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  • moduli stabilization

  • 1/N corrections in AdS/CFT duality

  • models of inflationary cosmology

  • models of supersymmetry phenomenology

Why string loops?

e.g. Kim, McAllister ‘18

e.g M.B., Marsh, McAllister, Pajer ’12

e.g Alday ’18 
                      Cho, Collier, Yin ‘18

e.g. M.B, Haack, Körs ’05,   
Michael’s talk



Plane wave in pure spinor/hybrid
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Berkovits, “Conformal Field Theory for the Superstring in a Ramond-Ramond 
Plane Wave Background”, hep-th/0203248 

“It has therefore been proven that the action for the 
superstring in an R-R plane wave background is an 

exact conformal field theory”  



Dreams

covariant pure spinor/hybrid AdS or plane wave  
worldsheet equation of motion + spacetime supersymmetry 

partial differential equations

[some math argument]



Courtesy of the Archives of the Institute for 

Advanced Study. Photograph by Hermann Landshoff. 

Harish-Chandra (1923-1983) Harish-Chandra defined automorphic: 

1. invariant under G 
2. differential equation  
3. falloff condition

see also Angelantonj, Florakis, Pioline



FullSimplify[GreenFunction[Helmholtz1D, y[x], {x, -t, t}, 0], x > 0]
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Helmholtz1D = {y''[x] + m^2 y[x], y'[-t] == 0, y'[t] == 0}
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R2
<latexit sha1_base64="VTJxVBg42MBSwDB/Ye8dnBmDTdM=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWMU85BkDbOT2WTIPJaZWSEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY2up37riWrDlLy344SGAg8kixnB1kkPWTeK0d3ksdorlf2KPwNaJkFOypCj3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOoxILasJsdvAEnTqlj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFlmDGZpJZKMl8UpxxZhabfoz7TlFg+dgQTzdytiAyxxsS6jIouhGDx5WXSrFYCvxLcnpdrV3kcBTiGEziDAC6gBjdQhwYQEPAMr/Dmae/Fe/c+5q0rXj5zBH/gff4AHveP8g==</latexit><latexit sha1_base64="VTJxVBg42MBSwDB/Ye8dnBmDTdM=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWMU85BkDbOT2WTIPJaZWSEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY2up37riWrDlLy344SGAg8kixnB1kkPWTeK0d3ksdorlf2KPwNaJkFOypCj3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOoxILasJsdvAEnTqlj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFlmDGZpJZKMl8UpxxZhabfoz7TlFg+dgQTzdytiAyxxsS6jIouhGDx5WXSrFYCvxLcnpdrV3kcBTiGEziDAC6gBjdQhwYQEPAMr/Dmae/Fe/c+5q0rXj5zBH/gff4AHveP8g==</latexit><latexit sha1_base64="VTJxVBg42MBSwDB/Ye8dnBmDTdM=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWMU85BkDbOT2WTIPJaZWSEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY2up37riWrDlLy344SGAg8kixnB1kkPWTeK0d3ksdorlf2KPwNaJkFOypCj3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOoxILasJsdvAEnTqlj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFlmDGZpJZKMl8UpxxZhabfoz7TlFg+dgQTzdytiAyxxsS6jIouhGDx5WXSrFYCvxLcnpdrV3kcBTiGEziDAC6gBjdQhwYQEPAMr/Dmae/Fe/c+5q0rXj5zBH/gff4AHveP8g==</latexit><latexit sha1_base64="VTJxVBg42MBSwDB/Ye8dnBmDTdM=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWMU85BkDbOT2WTIPJaZWSEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY2up37riWrDlLy344SGAg8kixnB1kkPWTeK0d3ksdorlf2KPwNaJkFOypCj3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOoxILasJsdvAEnTqlj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFlmDGZpJZKMl8UpxxZhabfoz7TlFg+dgQTzdytiAyxxsS6jIouhGDx5WXSrFYCvxLcnpdrV3kcBTiGEziDAC6gBjdQhwYQEPAMr/Dmae/Fe/c+5q0rXj5zBH/gff4AHveP8g==</latexit>

� 1

2⇡
K0(m|k� x|)

<latexit sha1_base64="jF2mnKVgEunXX7SIWN0f0r+t39k=">AAACEXicbVDNS8MwHE3n15xfVY9egkOYh412CHocehG8THAfsJaRZukWlqYlScXR9V/w4r/ixYMiXr15878x63rQzQchj/fej+T3vIhRqSzr2yisrK6tbxQ3S1vbO7t75v5BW4axwKSFQxaKrockYZSTlqKKkW4kCAo8Rjre+Grmd+6JkDTkd2oSETdAQ059ipHSUt+sVBMbOqGOwLoT0RTe9K1KME0cz4fjtJrdD+n0FPbNslWzMsBlYuekDHI0++aXMwhxHBCuMENS9mwrUm6ChKKYkbTkxJJECI/RkPQ05Sgg0k2yjVJ4opUB9EOhD1cwU39PJCiQchJ4OhkgNZKL3kz8z+vFyr9wE8qjWBGO5w/5MYMqhLN64IAKghWbaIKwoPqvEI+QQFjpEku6BHtx5WXSrtdsq2bfnpUbl3kdRXAEjkEF2OAcNMA1aIIWwOARPINX8GY8GS/Gu/ExjxaMfOYQ/IHx+QOsWpuo</latexit><latexit sha1_base64="jF2mnKVgEunXX7SIWN0f0r+t39k=">AAACEXicbVDNS8MwHE3n15xfVY9egkOYh412CHocehG8THAfsJaRZukWlqYlScXR9V/w4r/ixYMiXr15878x63rQzQchj/fej+T3vIhRqSzr2yisrK6tbxQ3S1vbO7t75v5BW4axwKSFQxaKrockYZSTlqKKkW4kCAo8Rjre+Grmd+6JkDTkd2oSETdAQ059ipHSUt+sVBMbOqGOwLoT0RTe9K1KME0cz4fjtJrdD+n0FPbNslWzMsBlYuekDHI0++aXMwhxHBCuMENS9mwrUm6ChKKYkbTkxJJECI/RkPQ05Sgg0k2yjVJ4opUB9EOhD1cwU39PJCiQchJ4OhkgNZKL3kz8z+vFyr9wE8qjWBGO5w/5MYMqhLN64IAKghWbaIKwoPqvEI+QQFjpEku6BHtx5WXSrtdsq2bfnpUbl3kdRXAEjkEF2OAcNMA1aIIWwOARPINX8GY8GS/Gu/ExjxaMfOYQ/IHx+QOsWpuo</latexit><latexit sha1_base64="jF2mnKVgEunXX7SIWN0f0r+t39k=">AAACEXicbVDNS8MwHE3n15xfVY9egkOYh412CHocehG8THAfsJaRZukWlqYlScXR9V/w4r/ixYMiXr15878x63rQzQchj/fej+T3vIhRqSzr2yisrK6tbxQ3S1vbO7t75v5BW4axwKSFQxaKrockYZSTlqKKkW4kCAo8Rjre+Grmd+6JkDTkd2oSETdAQ059ipHSUt+sVBMbOqGOwLoT0RTe9K1KME0cz4fjtJrdD+n0FPbNslWzMsBlYuekDHI0++aXMwhxHBCuMENS9mwrUm6ChKKYkbTkxJJECI/RkPQ05Sgg0k2yjVJ4opUB9EOhD1cwU39PJCiQchJ4OhkgNZKL3kz8z+vFyr9wE8qjWBGO5w/5MYMqhLN64IAKghWbaIKwoPqvEI+QQFjpEku6BHtx5WXSrtdsq2bfnpUbl3kdRXAEjkEF2OAcNMA1aIIWwOARPINX8GY8GS/Gu/ExjxaMfOYQ/IHx+QOsWpuo</latexit><latexit sha1_base64="jF2mnKVgEunXX7SIWN0f0r+t39k=">AAACEXicbVDNS8MwHE3n15xfVY9egkOYh412CHocehG8THAfsJaRZukWlqYlScXR9V/w4r/ixYMiXr15878x63rQzQchj/fej+T3vIhRqSzr2yisrK6tbxQ3S1vbO7t75v5BW4axwKSFQxaKrockYZSTlqKKkW4kCAo8Rjre+Grmd+6JkDTkd2oSETdAQ059ipHSUt+sVBMbOqGOwLoT0RTe9K1KME0cz4fjtJrdD+n0FPbNslWzMsBlYuekDHI0++aXMwhxHBCuMENS9mwrUm6ChKKYkbTkxJJECI/RkPQ05Sgg0k2yjVJ4opUB9EOhD1cwU39PJCiQchJ4OhkgNZKL3kz8z+vFyr9wE8qjWBGO5w/5MYMqhLN64IAKghWbaIKwoPqvEI+QQFjpEku6BHtx5WXSrtdsq2bfnpUbl3kdRXAEjkEF2OAcNMA1aIIWwOARPINX8GY8GS/Gu/ExjxaMfOYQ/IHx+QOsWpuo</latexit>

Bessel function

Simplify[GreenFunction[Laplacian[G[x, y],{x, y}] - m^2 G[x, y], 
  G[x, y], {x, y}  FullRegion[2], {k, l}], m > 0]

⇠ logm
<latexit sha1_base64="zTNQBEYwQK6es+m5PMpbJ39gU44=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUB2CbOT2WTIPNaZ2UBY8h1ePCji1Y/x5t84SfagiQUNRVU33V1xypmxvv/tra1vbG5tl3bKu3v7B4eVo+OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7dzfz2mGrDlHy0k5RGAg8kSxjB1klRaJhAecjVAIlpr1L1a/4caJUEBalCgUav8hX2FckElZZwbEw38FMb5VhbRjidlsPM0BSTER7QrqMSC2qifH70FJ07pY8SpV1Ji+bq74kcC2MmInadAtuhWfZm4n9eN7PJTZQzmWaWSrJYlGQcWYVmCaA+05RYPnEEE83crYgMscbEupzKLoRg+eVV0rqsBX4teLiq1m+LOEpwCmdwAQFcQx3uoQFNIPAEz/AKb97Ye/HevY9F65pXzJzAH3ifP3kjkeQ=</latexit><latexit sha1_base64="zTNQBEYwQK6es+m5PMpbJ39gU44=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUB2CbOT2WTIPNaZ2UBY8h1ePCji1Y/x5t84SfagiQUNRVU33V1xypmxvv/tra1vbG5tl3bKu3v7B4eVo+OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7dzfz2mGrDlHy0k5RGAg8kSxjB1klRaJhAecjVAIlpr1L1a/4caJUEBalCgUav8hX2FckElZZwbEw38FMb5VhbRjidlsPM0BSTER7QrqMSC2qifH70FJ07pY8SpV1Ji+bq74kcC2MmInadAtuhWfZm4n9eN7PJTZQzmWaWSrJYlGQcWYVmCaA+05RYPnEEE83crYgMscbEupzKLoRg+eVV0rqsBX4teLiq1m+LOEpwCmdwAQFcQx3uoQFNIPAEz/AKb97Ye/HevY9F65pXzJzAH3ifP3kjkeQ=</latexit><latexit sha1_base64="zTNQBEYwQK6es+m5PMpbJ39gU44=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUB2CbOT2WTIPNaZ2UBY8h1ePCji1Y/x5t84SfagiQUNRVU33V1xypmxvv/tra1vbG5tl3bKu3v7B4eVo+OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7dzfz2mGrDlHy0k5RGAg8kSxjB1klRaJhAecjVAIlpr1L1a/4caJUEBalCgUav8hX2FckElZZwbEw38FMb5VhbRjidlsPM0BSTER7QrqMSC2qifH70FJ07pY8SpV1Ji+bq74kcC2MmInadAtuhWfZm4n9eN7PJTZQzmWaWSrJYlGQcWYVmCaA+05RYPnEEE83crYgMscbEupzKLoRg+eVV0rqsBX4teLiq1m+LOEpwCmdwAQFcQx3uoQFNIPAEz/AKb97Ye/HevY9F65pXzJzAH3ifP3kjkeQ=</latexit><latexit sha1_base64="zTNQBEYwQK6es+m5PMpbJ39gU44=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUB2CbOT2WTIPNaZ2UBY8h1ePCji1Y/x5t84SfagiQUNRVU33V1xypmxvv/tra1vbG5tl3bKu3v7B4eVo+OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7dzfz2mGrDlHy0k5RGAg8kSxjB1klRaJhAecjVAIlpr1L1a/4caJUEBalCgUav8hX2FckElZZwbEw38FMb5VhbRjidlsPM0BSTER7QrqMSC2qifH70FJ07pY8SpV1Ji+bq74kcC2MmInadAtuhWfZm4n9eN7PJTZQzmWaWSrJYlGQcWYVmCaA+05RYPnEEE83crYgMscbEupzKLoRg+eVV0rqsBX4teLiq1m+LOEpwCmdwAQFcQx3uoQFNIPAEz/AKb97Ye/HevY9F65pXzJzAH3ifP3kjkeQ=</latexit>

for small 
mass



2
<latexit sha1_base64="H7bzIEyHIQuRD8iOO7Vcy74mnus=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99Ljsu1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AEyujcs=</latexit><latexit sha1_base64="H7bzIEyHIQuRD8iOO7Vcy74mnus=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99Ljsu1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AEyujcs=</latexit><latexit sha1_base64="H7bzIEyHIQuRD8iOO7Vcy74mnus=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99Ljsu1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AEyujcs=</latexit><latexit sha1_base64="H7bzIEyHIQuRD8iOO7Vcy74mnus=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99Ljsu1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AEyujcs=</latexit>

R2
<latexit sha1_base64="VTJxVBg42MBSwDB/Ye8dnBmDTdM=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWMU85BkDbOT2WTIPJaZWSEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY2up37riWrDlLy344SGAg8kixnB1kkPWTeK0d3ksdorlf2KPwNaJkFOypCj3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOoxILasJsdvAEnTqlj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFlmDGZpJZKMl8UpxxZhabfoz7TlFg+dgQTzdytiAyxxsS6jIouhGDx5WXSrFYCvxLcnpdrV3kcBTiGEziDAC6gBjdQhwYQEPAMr/Dmae/Fe/c+5q0rXj5zBH/gff4AHveP8g==</latexit><latexit sha1_base64="VTJxVBg42MBSwDB/Ye8dnBmDTdM=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWMU85BkDbOT2WTIPJaZWSEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY2up37riWrDlLy344SGAg8kixnB1kkPWTeK0d3ksdorlf2KPwNaJkFOypCj3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOoxILasJsdvAEnTqlj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFlmDGZpJZKMl8UpxxZhabfoz7TlFg+dgQTzdytiAyxxsS6jIouhGDx5WXSrFYCvxLcnpdrV3kcBTiGEziDAC6gBjdQhwYQEPAMr/Dmae/Fe/c+5q0rXj5zBH/gff4AHveP8g==</latexit><latexit sha1_base64="VTJxVBg42MBSwDB/Ye8dnBmDTdM=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWMU85BkDbOT2WTIPJaZWSEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY2up37riWrDlLy344SGAg8kixnB1kkPWTeK0d3ksdorlf2KPwNaJkFOypCj3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOoxILasJsdvAEnTqlj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFlmDGZpJZKMl8UpxxZhabfoz7TlFg+dgQTzdytiAyxxsS6jIouhGDx5WXSrFYCvxLcnpdrV3kcBTiGEziDAC6gBjdQhwYQEPAMr/Dmae/Fe/c+5q0rXj5zBH/gff4AHveP8g==</latexit><latexit sha1_base64="VTJxVBg42MBSwDB/Ye8dnBmDTdM=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWMU85BkDbOT2WTIPJaZWSEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY2up37riWrDlLy344SGAg8kixnB1kkPWTeK0d3ksdorlf2KPwNaJkFOypCj3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOoxILasJsdvAEnTqlj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFlmDGZpJZKMl8UpxxZhabfoz7TlFg+dgQTzdytiAyxxsS6jIouhGDx5WXSrFYCvxLcnpdrV3kcBTiGEziDAC6gBjdQhwYQEPAMr/Dmae/Fe/c+5q0rXj5zBH/gff4AHveP8g==</latexit>

� 1

2⇡
K0(m|k� x|)

<latexit sha1_base64="jF2mnKVgEunXX7SIWN0f0r+t39k=">AAACEXicbVDNS8MwHE3n15xfVY9egkOYh412CHocehG8THAfsJaRZukWlqYlScXR9V/w4r/ixYMiXr15878x63rQzQchj/fej+T3vIhRqSzr2yisrK6tbxQ3S1vbO7t75v5BW4axwKSFQxaKrockYZSTlqKKkW4kCAo8Rjre+Grmd+6JkDTkd2oSETdAQ059ipHSUt+sVBMbOqGOwLoT0RTe9K1KME0cz4fjtJrdD+n0FPbNslWzMsBlYuekDHI0++aXMwhxHBCuMENS9mwrUm6ChKKYkbTkxJJECI/RkPQ05Sgg0k2yjVJ4opUB9EOhD1cwU39PJCiQchJ4OhkgNZKL3kz8z+vFyr9wE8qjWBGO5w/5MYMqhLN64IAKghWbaIKwoPqvEI+QQFjpEku6BHtx5WXSrtdsq2bfnpUbl3kdRXAEjkEF2OAcNMA1aIIWwOARPINX8GY8GS/Gu/ExjxaMfOYQ/IHx+QOsWpuo</latexit><latexit sha1_base64="jF2mnKVgEunXX7SIWN0f0r+t39k=">AAACEXicbVDNS8MwHE3n15xfVY9egkOYh412CHocehG8THAfsJaRZukWlqYlScXR9V/w4r/ixYMiXr15878x63rQzQchj/fej+T3vIhRqSzr2yisrK6tbxQ3S1vbO7t75v5BW4axwKSFQxaKrockYZSTlqKKkW4kCAo8Rjre+Grmd+6JkDTkd2oSETdAQ059ipHSUt+sVBMbOqGOwLoT0RTe9K1KME0cz4fjtJrdD+n0FPbNslWzMsBlYuekDHI0++aXMwhxHBCuMENS9mwrUm6ChKKYkbTkxJJECI/RkPQ05Sgg0k2yjVJ4opUB9EOhD1cwU39PJCiQchJ4OhkgNZKL3kz8z+vFyr9wE8qjWBGO5w/5MYMqhLN64IAKghWbaIKwoPqvEI+QQFjpEku6BHtx5WXSrtdsq2bfnpUbl3kdRXAEjkEF2OAcNMA1aIIWwOARPINX8GY8GS/Gu/ExjxaMfOYQ/IHx+QOsWpuo</latexit><latexit sha1_base64="jF2mnKVgEunXX7SIWN0f0r+t39k=">AAACEXicbVDNS8MwHE3n15xfVY9egkOYh412CHocehG8THAfsJaRZukWlqYlScXR9V/w4r/ixYMiXr15878x63rQzQchj/fej+T3vIhRqSzr2yisrK6tbxQ3S1vbO7t75v5BW4axwKSFQxaKrockYZSTlqKKkW4kCAo8Rjre+Grmd+6JkDTkd2oSETdAQ059ipHSUt+sVBMbOqGOwLoT0RTe9K1KME0cz4fjtJrdD+n0FPbNslWzMsBlYuekDHI0++aXMwhxHBCuMENS9mwrUm6ChKKYkbTkxJJECI/RkPQ05Sgg0k2yjVJ4opUB9EOhD1cwU39PJCiQchJ4OhkgNZKL3kz8z+vFyr9wE8qjWBGO5w/5MYMqhLN64IAKghWbaIKwoPqvEI+QQFjpEku6BHtx5WXSrtdsq2bfnpUbl3kdRXAEjkEF2OAcNMA1aIIWwOARPINX8GY8GS/Gu/ExjxaMfOYQ/IHx+QOsWpuo</latexit><latexit sha1_base64="jF2mnKVgEunXX7SIWN0f0r+t39k=">AAACEXicbVDNS8MwHE3n15xfVY9egkOYh412CHocehG8THAfsJaRZukWlqYlScXR9V/w4r/ixYMiXr15878x63rQzQchj/fej+T3vIhRqSzr2yisrK6tbxQ3S1vbO7t75v5BW4axwKSFQxaKrockYZSTlqKKkW4kCAo8Rjre+Grmd+6JkDTkd2oSETdAQ059ipHSUt+sVBMbOqGOwLoT0RTe9K1KME0cz4fjtJrdD+n0FPbNslWzMsBlYuekDHI0++aXMwhxHBCuMENS9mwrUm6ChKKYkbTkxJJECI/RkPQ05Sgg0k2yjVJ4opUB9EOhD1cwU39PJCiQchJ4OhkgNZKL3kz8z+vFyr9wE8qjWBGO5w/5MYMqhLN64IAKghWbaIKwoPqvEI+QQFjpEku6BHtx5WXSrtdsq2bfnpUbl3kdRXAEjkEF2OAcNMA1aIIWwOARPINX8GY8GS/Gu/ExjxaMfOYQ/IHx+QOsWpuo</latexit>

1

2⇡

mK1(m|k� x|)
|k� x|

<latexit sha1_base64="QlRV2U7zp87mQMjaOpOhi4nnQXs=">AAACKnicbVDNS8MwHE3n15xfVY9egkOYB0c7BD1OvQheJrgPWMtIs3QLS9qSpOLo+vd48V/xsoMyvPqHmHU96OaDkMd770fye17EqFSWNTMKa+sbm1vF7dLO7t7+gXl41JJhLDBp4pCFouMhSRgNSFNRxUgnEgRxj5G2N7qb++1nIiQNgyc1jojL0SCgPsVIaaln3iQ2dEKdgDUnoilM+EPPrvBJ4ng+HKUX2f2STs7z1IqR9syyVbUywFVi56QMcjR65tTphzjmJFCYISm7thUpN0FCUcxIWnJiSSKER2hAupoGiBPpJtmqKTzTSh/6odAnUDBTf08kiEs55p5OcqSGctmbi/953Vj5125CgyhWJMCLh/yYQRXCeW+wTwXBio01QVhQ/VeIh0ggrHS7JV2CvbzyKmnVqrZVtR8vy/XbvI4iOAGnoAJscAXq4B40QBNg8ArewQf4NN6MqTEzvhbRgpHPHIM/ML5/ADv7ppM=</latexit><latexit sha1_base64="QlRV2U7zp87mQMjaOpOhi4nnQXs=">AAACKnicbVDNS8MwHE3n15xfVY9egkOYB0c7BD1OvQheJrgPWMtIs3QLS9qSpOLo+vd48V/xsoMyvPqHmHU96OaDkMd770fye17EqFSWNTMKa+sbm1vF7dLO7t7+gXl41JJhLDBp4pCFouMhSRgNSFNRxUgnEgRxj5G2N7qb++1nIiQNgyc1jojL0SCgPsVIaaln3iQ2dEKdgDUnoilM+EPPrvBJ4ng+HKUX2f2STs7z1IqR9syyVbUywFVi56QMcjR65tTphzjmJFCYISm7thUpN0FCUcxIWnJiSSKER2hAupoGiBPpJtmqKTzTSh/6odAnUDBTf08kiEs55p5OcqSGctmbi/953Vj5125CgyhWJMCLh/yYQRXCeW+wTwXBio01QVhQ/VeIh0ggrHS7JV2CvbzyKmnVqrZVtR8vy/XbvI4iOAGnoAJscAXq4B40QBNg8ArewQf4NN6MqTEzvhbRgpHPHIM/ML5/ADv7ppM=</latexit><latexit sha1_base64="QlRV2U7zp87mQMjaOpOhi4nnQXs=">AAACKnicbVDNS8MwHE3n15xfVY9egkOYB0c7BD1OvQheJrgPWMtIs3QLS9qSpOLo+vd48V/xsoMyvPqHmHU96OaDkMd770fye17EqFSWNTMKa+sbm1vF7dLO7t7+gXl41JJhLDBp4pCFouMhSRgNSFNRxUgnEgRxj5G2N7qb++1nIiQNgyc1jojL0SCgPsVIaaln3iQ2dEKdgDUnoilM+EPPrvBJ4ng+HKUX2f2STs7z1IqR9syyVbUywFVi56QMcjR65tTphzjmJFCYISm7thUpN0FCUcxIWnJiSSKER2hAupoGiBPpJtmqKTzTSh/6odAnUDBTf08kiEs55p5OcqSGctmbi/953Vj5125CgyhWJMCLh/yYQRXCeW+wTwXBio01QVhQ/VeIh0ggrHS7JV2CvbzyKmnVqrZVtR8vy/XbvI4iOAGnoAJscAXq4B40QBNg8ArewQf4NN6MqTEzvhbRgpHPHIM/ML5/ADv7ppM=</latexit><latexit sha1_base64="QlRV2U7zp87mQMjaOpOhi4nnQXs=">AAACKnicbVDNS8MwHE3n15xfVY9egkOYB0c7BD1OvQheJrgPWMtIs3QLS9qSpOLo+vd48V/xsoMyvPqHmHU96OaDkMd770fye17EqFSWNTMKa+sbm1vF7dLO7t7+gXl41JJhLDBp4pCFouMhSRgNSFNRxUgnEgRxj5G2N7qb++1nIiQNgyc1jojL0SCgPsVIaaln3iQ2dEKdgDUnoilM+EPPrvBJ4ng+HKUX2f2STs7z1IqR9syyVbUywFVi56QMcjR65tTphzjmJFCYISm7thUpN0FCUcxIWnJiSSKER2hAupoGiBPpJtmqKTzTSh/6odAnUDBTf08kiEs55p5OcqSGctmbi/953Vj5125CgyhWJMCLh/yYQRXCeW+wTwXBio01QVhQ/VeIh0ggrHS7JV2CvbzyKmnVqrZVtR8vy/XbvI4iOAGnoAJscAXq4B40QBNg8ArewQf4NN6MqTEzvhbRgpHPHIM/ML5/ADv7ppM=</latexit>

Bessel function

Simplify[GreenFunction[Laplacian[G[x, y],{x, y}] - m^2 G[x, y], 
  G[x, y], {x, y}  FullRegion[2], {k, l}], m > 0]

for small 
mass

⇠ m · 1

m
<latexit sha1_base64="za4hTjQ5qG6BIcpglMD7juxHs4M=">AAACAHicbVBNSwMxFHxbv2r9WvXgwUuwCJ7Krgh6LHrxWMHWQncp2Wy2DU02S5IVytKLf8WLB0W8+jO8+W9M2z1o60BgmJnHy5so40wbz/t2Kiura+sb1c3a1vbO7p67f9DRMleEtonkUnUjrClnKW0bZjjtZopiEXH6EI1upv7DI1WayfTejDMaCjxIWcIINlbqu0eBZgKJgMTSoMJHgbRpJCZ9t+41vBnQMvFLUocSrb77FcSS5IKmhnCsdc/3MhMWWBlGOJ3UglzTDJMRHtCepSkWVIfF7IAJOrVKjBKp7EsNmqm/JwostB6LyCYFNkO96E3F/7xebpKrsGBplhuakvmiJOfISDRtA8VMUWL42BJMFLN/RWSIFSbGdlazJfiLJy+TznnD9xr+3UW9eV3WUYVjOIEz8OESmnALLWgDgQk8wyu8OU/Oi/PufMyjFaecOYQ/cD5/ALyVldc=</latexit><latexit sha1_base64="za4hTjQ5qG6BIcpglMD7juxHs4M=">AAACAHicbVBNSwMxFHxbv2r9WvXgwUuwCJ7Krgh6LHrxWMHWQncp2Wy2DU02S5IVytKLf8WLB0W8+jO8+W9M2z1o60BgmJnHy5so40wbz/t2Kiura+sb1c3a1vbO7p67f9DRMleEtonkUnUjrClnKW0bZjjtZopiEXH6EI1upv7DI1WayfTejDMaCjxIWcIINlbqu0eBZgKJgMTSoMJHgbRpJCZ9t+41vBnQMvFLUocSrb77FcSS5IKmhnCsdc/3MhMWWBlGOJ3UglzTDJMRHtCepSkWVIfF7IAJOrVKjBKp7EsNmqm/JwostB6LyCYFNkO96E3F/7xebpKrsGBplhuakvmiJOfISDRtA8VMUWL42BJMFLN/RWSIFSbGdlazJfiLJy+TznnD9xr+3UW9eV3WUYVjOIEz8OESmnALLWgDgQk8wyu8OU/Oi/PufMyjFaecOYQ/cD5/ALyVldc=</latexit><latexit sha1_base64="za4hTjQ5qG6BIcpglMD7juxHs4M=">AAACAHicbVBNSwMxFHxbv2r9WvXgwUuwCJ7Krgh6LHrxWMHWQncp2Wy2DU02S5IVytKLf8WLB0W8+jO8+W9M2z1o60BgmJnHy5so40wbz/t2Kiura+sb1c3a1vbO7p67f9DRMleEtonkUnUjrClnKW0bZjjtZopiEXH6EI1upv7DI1WayfTejDMaCjxIWcIINlbqu0eBZgKJgMTSoMJHgbRpJCZ9t+41vBnQMvFLUocSrb77FcSS5IKmhnCsdc/3MhMWWBlGOJ3UglzTDJMRHtCepSkWVIfF7IAJOrVKjBKp7EsNmqm/JwostB6LyCYFNkO96E3F/7xebpKrsGBplhuakvmiJOfISDRtA8VMUWL42BJMFLN/RWSIFSbGdlazJfiLJy+TznnD9xr+3UW9eV3WUYVjOIEz8OESmnALLWgDgQk8wyu8OU/Oi/PufMyjFaecOYQ/cD5/ALyVldc=</latexit><latexit sha1_base64="za4hTjQ5qG6BIcpglMD7juxHs4M=">AAACAHicbVBNSwMxFHxbv2r9WvXgwUuwCJ7Krgh6LHrxWMHWQncp2Wy2DU02S5IVytKLf8WLB0W8+jO8+W9M2z1o60BgmJnHy5so40wbz/t2Kiura+sb1c3a1vbO7p67f9DRMleEtonkUnUjrClnKW0bZjjtZopiEXH6EI1upv7DI1WayfTejDMaCjxIWcIINlbqu0eBZgKJgMTSoMJHgbRpJCZ9t+41vBnQMvFLUocSrb77FcSS5IKmhnCsdc/3MhMWWBlGOJ3UglzTDJMRHtCepSkWVIfF7IAJOrVKjBKp7EsNmqm/JwostB6LyCYFNkO96E3F/7xebpKrsGBplhuakvmiJOfISDRtA8VMUWL42BJMFLN/RWSIFSbGdlazJfiLJy+TznnD9xr+3UW9eV3WUYVjOIEz8OESmnALLWgDgQk8wyu8OU/Oi/PufMyjFaecOYQ/cD5/ALyVldc=</latexit>

Integrate[m %, m]



2
<latexit sha1_base64="H7bzIEyHIQuRD8iOO7Vcy74mnus=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99Ljsu1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AEyujcs=</latexit><latexit sha1_base64="H7bzIEyHIQuRD8iOO7Vcy74mnus=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99Ljsu1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AEyujcs=</latexit><latexit sha1_base64="H7bzIEyHIQuRD8iOO7Vcy74mnus=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99Ljsu1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AEyujcs=</latexit><latexit sha1_base64="H7bzIEyHIQuRD8iOO7Vcy74mnus=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99Ljsu1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AEyujcs=</latexit>

R2
<latexit sha1_base64="VTJxVBg42MBSwDB/Ye8dnBmDTdM=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWMU85BkDbOT2WTIPJaZWSEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY2up37riWrDlLy344SGAg8kixnB1kkPWTeK0d3ksdorlf2KPwNaJkFOypCj3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOoxILasJsdvAEnTqlj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFlmDGZpJZKMl8UpxxZhabfoz7TlFg+dgQTzdytiAyxxsS6jIouhGDx5WXSrFYCvxLcnpdrV3kcBTiGEziDAC6gBjdQhwYQEPAMr/Dmae/Fe/c+5q0rXj5zBH/gff4AHveP8g==</latexit><latexit sha1_base64="VTJxVBg42MBSwDB/Ye8dnBmDTdM=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWMU85BkDbOT2WTIPJaZWSEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY2up37riWrDlLy344SGAg8kixnB1kkPWTeK0d3ksdorlf2KPwNaJkFOypCj3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOoxILasJsdvAEnTqlj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFlmDGZpJZKMl8UpxxZhabfoz7TlFg+dgQTzdytiAyxxsS6jIouhGDx5WXSrFYCvxLcnpdrV3kcBTiGEziDAC6gBjdQhwYQEPAMr/Dmae/Fe/c+5q0rXj5zBH/gff4AHveP8g==</latexit><latexit sha1_base64="VTJxVBg42MBSwDB/Ye8dnBmDTdM=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWMU85BkDbOT2WTIPJaZWSEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY2up37riWrDlLy344SGAg8kixnB1kkPWTeK0d3ksdorlf2KPwNaJkFOypCj3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOoxILasJsdvAEnTqlj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFlmDGZpJZKMl8UpxxZhabfoz7TlFg+dgQTzdytiAyxxsS6jIouhGDx5WXSrFYCvxLcnpdrV3kcBTiGEziDAC6gBjdQhwYQEPAMr/Dmae/Fe/c+5q0rXj5zBH/gff4AHveP8g==</latexit><latexit sha1_base64="VTJxVBg42MBSwDB/Ye8dnBmDTdM=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWMU85BkDbOT2WTIPJaZWSEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY2up37riWrDlLy344SGAg8kixnB1kkPWTeK0d3ksdorlf2KPwNaJkFOypCj3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOoxILasJsdvAEnTqlj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFlmDGZpJZKMl8UpxxZhabfoz7TlFg+dgQTzdytiAyxxsS6jIouhGDx5WXSrFYCvxLcnpdrV3kcBTiGEziDAC6gBjdQhwYQEPAMr/Dmae/Fe/c+5q0rXj5zBH/gff4AHveP8g==</latexit>

� 1

2⇡
K0(m|k� x|)

<latexit sha1_base64="jF2mnKVgEunXX7SIWN0f0r+t39k=">AAACEXicbVDNS8MwHE3n15xfVY9egkOYh412CHocehG8THAfsJaRZukWlqYlScXR9V/w4r/ixYMiXr15878x63rQzQchj/fej+T3vIhRqSzr2yisrK6tbxQ3S1vbO7t75v5BW4axwKSFQxaKrockYZSTlqKKkW4kCAo8Rjre+Grmd+6JkDTkd2oSETdAQ059ipHSUt+sVBMbOqGOwLoT0RTe9K1KME0cz4fjtJrdD+n0FPbNslWzMsBlYuekDHI0++aXMwhxHBCuMENS9mwrUm6ChKKYkbTkxJJECI/RkPQ05Sgg0k2yjVJ4opUB9EOhD1cwU39PJCiQchJ4OhkgNZKL3kz8z+vFyr9wE8qjWBGO5w/5MYMqhLN64IAKghWbaIKwoPqvEI+QQFjpEku6BHtx5WXSrtdsq2bfnpUbl3kdRXAEjkEF2OAcNMA1aIIWwOARPINX8GY8GS/Gu/ExjxaMfOYQ/IHx+QOsWpuo</latexit><latexit sha1_base64="jF2mnKVgEunXX7SIWN0f0r+t39k=">AAACEXicbVDNS8MwHE3n15xfVY9egkOYh412CHocehG8THAfsJaRZukWlqYlScXR9V/w4r/ixYMiXr15878x63rQzQchj/fej+T3vIhRqSzr2yisrK6tbxQ3S1vbO7t75v5BW4axwKSFQxaKrockYZSTlqKKkW4kCAo8Rjre+Grmd+6JkDTkd2oSETdAQ059ipHSUt+sVBMbOqGOwLoT0RTe9K1KME0cz4fjtJrdD+n0FPbNslWzMsBlYuekDHI0++aXMwhxHBCuMENS9mwrUm6ChKKYkbTkxJJECI/RkPQ05Sgg0k2yjVJ4opUB9EOhD1cwU39PJCiQchJ4OhkgNZKL3kz8z+vFyr9wE8qjWBGO5w/5MYMqhLN64IAKghWbaIKwoPqvEI+QQFjpEku6BHtx5WXSrtdsq2bfnpUbl3kdRXAEjkEF2OAcNMA1aIIWwOARPINX8GY8GS/Gu/ExjxaMfOYQ/IHx+QOsWpuo</latexit><latexit sha1_base64="jF2mnKVgEunXX7SIWN0f0r+t39k=">AAACEXicbVDNS8MwHE3n15xfVY9egkOYh412CHocehG8THAfsJaRZukWlqYlScXR9V/w4r/ixYMiXr15878x63rQzQchj/fej+T3vIhRqSzr2yisrK6tbxQ3S1vbO7t75v5BW4axwKSFQxaKrockYZSTlqKKkW4kCAo8Rjre+Grmd+6JkDTkd2oSETdAQ059ipHSUt+sVBMbOqGOwLoT0RTe9K1KME0cz4fjtJrdD+n0FPbNslWzMsBlYuekDHI0++aXMwhxHBCuMENS9mwrUm6ChKKYkbTkxJJECI/RkPQ05Sgg0k2yjVJ4opUB9EOhD1cwU39PJCiQchJ4OhkgNZKL3kz8z+vFyr9wE8qjWBGO5w/5MYMqhLN64IAKghWbaIKwoPqvEI+QQFjpEku6BHtx5WXSrtdsq2bfnpUbl3kdRXAEjkEF2OAcNMA1aIIWwOARPINX8GY8GS/Gu/ExjxaMfOYQ/IHx+QOsWpuo</latexit><latexit sha1_base64="jF2mnKVgEunXX7SIWN0f0r+t39k=">AAACEXicbVDNS8MwHE3n15xfVY9egkOYh412CHocehG8THAfsJaRZukWlqYlScXR9V/w4r/ixYMiXr15878x63rQzQchj/fej+T3vIhRqSzr2yisrK6tbxQ3S1vbO7t75v5BW4axwKSFQxaKrockYZSTlqKKkW4kCAo8Rjre+Grmd+6JkDTkd2oSETdAQ059ipHSUt+sVBMbOqGOwLoT0RTe9K1KME0cz4fjtJrdD+n0FPbNslWzMsBlYuekDHI0++aXMwhxHBCuMENS9mwrUm6ChKKYkbTkxJJECI/RkPQ05Sgg0k2yjVJ4opUB9EOhD1cwU39PJCiQchJ4OhkgNZKL3kz8z+vFyr9wE8qjWBGO5w/5MYMqhLN64IAKghWbaIKwoPqvEI+QQFjpEku6BHtx5WXSrtdsq2bfnpUbl3kdRXAEjkEF2OAcNMA1aIIWwOARPINX8GY8GS/Gu/ExjxaMfOYQ/IHx+QOsWpuo</latexit>

Integrate[m %, m]

1

2⇡

mK1(m|k� x|)
|k� x|

<latexit sha1_base64="QlRV2U7zp87mQMjaOpOhi4nnQXs=">AAACKnicbVDNS8MwHE3n15xfVY9egkOYB0c7BD1OvQheJrgPWMtIs3QLS9qSpOLo+vd48V/xsoMyvPqHmHU96OaDkMd770fye17EqFSWNTMKa+sbm1vF7dLO7t7+gXl41JJhLDBp4pCFouMhSRgNSFNRxUgnEgRxj5G2N7qb++1nIiQNgyc1jojL0SCgPsVIaaln3iQ2dEKdgDUnoilM+EPPrvBJ4ng+HKUX2f2STs7z1IqR9syyVbUywFVi56QMcjR65tTphzjmJFCYISm7thUpN0FCUcxIWnJiSSKER2hAupoGiBPpJtmqKTzTSh/6odAnUDBTf08kiEs55p5OcqSGctmbi/953Vj5125CgyhWJMCLh/yYQRXCeW+wTwXBio01QVhQ/VeIh0ggrHS7JV2CvbzyKmnVqrZVtR8vy/XbvI4iOAGnoAJscAXq4B40QBNg8ArewQf4NN6MqTEzvhbRgpHPHIM/ML5/ADv7ppM=</latexit><latexit sha1_base64="QlRV2U7zp87mQMjaOpOhi4nnQXs=">AAACKnicbVDNS8MwHE3n15xfVY9egkOYB0c7BD1OvQheJrgPWMtIs3QLS9qSpOLo+vd48V/xsoMyvPqHmHU96OaDkMd770fye17EqFSWNTMKa+sbm1vF7dLO7t7+gXl41JJhLDBp4pCFouMhSRgNSFNRxUgnEgRxj5G2N7qb++1nIiQNgyc1jojL0SCgPsVIaaln3iQ2dEKdgDUnoilM+EPPrvBJ4ng+HKUX2f2STs7z1IqR9syyVbUywFVi56QMcjR65tTphzjmJFCYISm7thUpN0FCUcxIWnJiSSKER2hAupoGiBPpJtmqKTzTSh/6odAnUDBTf08kiEs55p5OcqSGctmbi/953Vj5125CgyhWJMCLh/yYQRXCeW+wTwXBio01QVhQ/VeIh0ggrHS7JV2CvbzyKmnVqrZVtR8vy/XbvI4iOAGnoAJscAXq4B40QBNg8ArewQf4NN6MqTEzvhbRgpHPHIM/ML5/ADv7ppM=</latexit><latexit sha1_base64="QlRV2U7zp87mQMjaOpOhi4nnQXs=">AAACKnicbVDNS8MwHE3n15xfVY9egkOYB0c7BD1OvQheJrgPWMtIs3QLS9qSpOLo+vd48V/xsoMyvPqHmHU96OaDkMd770fye17EqFSWNTMKa+sbm1vF7dLO7t7+gXl41JJhLDBp4pCFouMhSRgNSFNRxUgnEgRxj5G2N7qb++1nIiQNgyc1jojL0SCgPsVIaaln3iQ2dEKdgDUnoilM+EPPrvBJ4ng+HKUX2f2STs7z1IqR9syyVbUywFVi56QMcjR65tTphzjmJFCYISm7thUpN0FCUcxIWnJiSSKER2hAupoGiBPpJtmqKTzTSh/6odAnUDBTf08kiEs55p5OcqSGctmbi/953Vj5125CgyhWJMCLh/yYQRXCeW+wTwXBio01QVhQ/VeIh0ggrHS7JV2CvbzyKmnVqrZVtR8vy/XbvI4iOAGnoAJscAXq4B40QBNg8ArewQf4NN6MqTEzvhbRgpHPHIM/ML5/ADv7ppM=</latexit><latexit sha1_base64="QlRV2U7zp87mQMjaOpOhi4nnQXs=">AAACKnicbVDNS8MwHE3n15xfVY9egkOYB0c7BD1OvQheJrgPWMtIs3QLS9qSpOLo+vd48V/xsoMyvPqHmHU96OaDkMd770fye17EqFSWNTMKa+sbm1vF7dLO7t7+gXl41JJhLDBp4pCFouMhSRgNSFNRxUgnEgRxj5G2N7qb++1nIiQNgyc1jojL0SCgPsVIaaln3iQ2dEKdgDUnoilM+EPPrvBJ4ng+HKUX2f2STs7z1IqR9syyVbUywFVi56QMcjR65tTphzjmJFCYISm7thUpN0FCUcxIWnJiSSKER2hAupoGiBPpJtmqKTzTSh/6odAnUDBTf08kiEs55p5OcqSGctmbi/953Vj5125CgyhWJMCLh/yYQRXCeW+wTwXBio01QVhQ/VeIh0ggrHS7JV2CvbzyKmnVqrZVtR8vy/XbvI4iOAGnoAJscAXq4B40QBNg8ArewQf4NN6MqTEzvhbRgpHPHIM/ML5/ADv7ppM=</latexit>

D[%, m]/m

FullSimplify[%]

� 1

2⇡
K0(m|k� x|)

<latexit sha1_base64="jF2mnKVgEunXX7SIWN0f0r+t39k=">AAACEXicbVDNS8MwHE3n15xfVY9egkOYh412CHocehG8THAfsJaRZukWlqYlScXR9V/w4r/ixYMiXr15878x63rQzQchj/fej+T3vIhRqSzr2yisrK6tbxQ3S1vbO7t75v5BW4axwKSFQxaKrockYZSTlqKKkW4kCAo8Rjre+Grmd+6JkDTkd2oSETdAQ059ipHSUt+sVBMbOqGOwLoT0RTe9K1KME0cz4fjtJrdD+n0FPbNslWzMsBlYuekDHI0++aXMwhxHBCuMENS9mwrUm6ChKKYkbTkxJJECI/RkPQ05Sgg0k2yjVJ4opUB9EOhD1cwU39PJCiQchJ4OhkgNZKL3kz8z+vFyr9wE8qjWBGO5w/5MYMqhLN64IAKghWbaIKwoPqvEI+QQFjpEku6BHtx5WXSrtdsq2bfnpUbl3kdRXAEjkEF2OAcNMA1aIIWwOARPINX8GY8GS/Gu/ExjxaMfOYQ/IHx+QOsWpuo</latexit><latexit sha1_base64="jF2mnKVgEunXX7SIWN0f0r+t39k=">AAACEXicbVDNS8MwHE3n15xfVY9egkOYh412CHocehG8THAfsJaRZukWlqYlScXR9V/w4r/ixYMiXr15878x63rQzQchj/fej+T3vIhRqSzr2yisrK6tbxQ3S1vbO7t75v5BW4axwKSFQxaKrockYZSTlqKKkW4kCAo8Rjre+Grmd+6JkDTkd2oSETdAQ059ipHSUt+sVBMbOqGOwLoT0RTe9K1KME0cz4fjtJrdD+n0FPbNslWzMsBlYuekDHI0++aXMwhxHBCuMENS9mwrUm6ChKKYkbTkxJJECI/RkPQ05Sgg0k2yjVJ4opUB9EOhD1cwU39PJCiQchJ4OhkgNZKL3kz8z+vFyr9wE8qjWBGO5w/5MYMqhLN64IAKghWbaIKwoPqvEI+QQFjpEku6BHtx5WXSrtdsq2bfnpUbl3kdRXAEjkEF2OAcNMA1aIIWwOARPINX8GY8GS/Gu/ExjxaMfOYQ/IHx+QOsWpuo</latexit><latexit sha1_base64="jF2mnKVgEunXX7SIWN0f0r+t39k=">AAACEXicbVDNS8MwHE3n15xfVY9egkOYh412CHocehG8THAfsJaRZukWlqYlScXR9V/w4r/ixYMiXr15878x63rQzQchj/fej+T3vIhRqSzr2yisrK6tbxQ3S1vbO7t75v5BW4axwKSFQxaKrockYZSTlqKKkW4kCAo8Rjre+Grmd+6JkDTkd2oSETdAQ059ipHSUt+sVBMbOqGOwLoT0RTe9K1KME0cz4fjtJrdD+n0FPbNslWzMsBlYuekDHI0++aXMwhxHBCuMENS9mwrUm6ChKKYkbTkxJJECI/RkPQ05Sgg0k2yjVJ4opUB9EOhD1cwU39PJCiQchJ4OhkgNZKL3kz8z+vFyr9wE8qjWBGO5w/5MYMqhLN64IAKghWbaIKwoPqvEI+QQFjpEku6BHtx5WXSrtdsq2bfnpUbl3kdRXAEjkEF2OAcNMA1aIIWwOARPINX8GY8GS/Gu/ExjxaMfOYQ/IHx+QOsWpuo</latexit><latexit sha1_base64="jF2mnKVgEunXX7SIWN0f0r+t39k=">AAACEXicbVDNS8MwHE3n15xfVY9egkOYh412CHocehG8THAfsJaRZukWlqYlScXR9V/w4r/ixYMiXr15878x63rQzQchj/fej+T3vIhRqSzr2yisrK6tbxQ3S1vbO7t75v5BW4axwKSFQxaKrockYZSTlqKKkW4kCAo8Rjre+Grmd+6JkDTkd2oSETdAQ059ipHSUt+sVBMbOqGOwLoT0RTe9K1KME0cz4fjtJrdD+n0FPbNslWzMsBlYuekDHI0++aXMwhxHBCuMENS9mwrUm6ChKKYkbTkxJJECI/RkPQ05Sgg0k2yjVJ4opUB9EOhD1cwU39PJCiQchJ4OhkgNZKL3kz8z+vFyr9wE8qjWBGO5w/5MYMqhLN64IAKghWbaIKwoPqvEI+QQFjpEku6BHtx5WXSrtdsq2bfnpUbl3kdRXAEjkEF2OAcNMA1aIIWwOARPINX8GY8GS/Gu/ExjxaMfOYQ/IHx+QOsWpuo</latexit>

� 1

4⇡
K0(m|k� x|) + 1

2⇡m

K1(m|k� x|)
|k� x| � 1

4⇡
K2(m|k� x|)

<latexit sha1_base64="E/2w188x/cAgRUNC1DQJCNhU0u8="></latexit><latexit sha1_base64="E/2w188x/cAgRUNC1DQJCNhU0u8="></latexit><latexit sha1_base64="E/2w188x/cAgRUNC1DQJCNhU0u8="></latexit><latexit sha1_base64="E/2w188x/cAgRUNC1DQJCNhU0u8="></latexit>

Bessel function

Simplify[GreenFunction[Laplacian[G[x, y],{x, y}] - m^2 G[x, y], 
  G[x, y], {x, y}  FullRegion[2], {k, l}], m > 0]



⌧
<latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit>

1
<latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit>

⌧
<latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit>
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<latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit>

correlation functions of  
worldsheet scalars/fermions

flat space:  
only 2-vertex, no 3-vertex, 4…  

background field: sigma model!  
graviton vertex operators: “almost” background …

e.g. Lerche, Schellekens, Nilsson, Warner ‘86
Stieberger, Taylor ‘02

vertex 
operators

Worldsheet Feynman graphs 

G G



⌧
<latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit>
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<latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit> 1

<latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit>

E1(0, z) = � ln
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<latexit sha1_base64="Fqn005JppevQzjDMmw3LA0hSYmU="></latexit><latexit sha1_base64="Fqn005JppevQzjDMmw3LA0hSYmU="></latexit><latexit sha1_base64="Fqn005JppevQzjDMmw3LA0hSYmU="></latexit><latexit sha1_base64="Fqn005JppevQzjDMmw3LA0hSYmU="></latexit>

G(z, z0) =
↵0

2
E1(0, z � z0)

<latexit sha1_base64="Myx2+j0F+QrgRLNB5dmvywTRn3c=">AAACD3icbVDLSgMxFM3UV62vUZdugkVboZaZIuhGKIrosoJ9QGcYMmnahmYyQ5IR2qF/4MZfceNCEbdu3fk3pu0stHogcDjnHm7u8SNGpbKsLyOzsLi0vJJdza2tb2xumds7DRnGApM6DlkoWj6ShFFO6ooqRlqRICjwGWn6g8uJ37wnQtKQ36lhRNwA9TjtUoyUljzz8Lo4Ko0KR/AcJg5iUR8VoBPqBKyMrzy7aJVGx9r2zLxVtqaAf4mdkjxIUfPMT6cT4jggXGGGpGzbVqTcBAlFMSPjnBNLEiE8QD3S1pSjgEg3md4zhgda6cBuKPTjCk7Vn4kEBVIOA19PBkj15bw3Ef/z2rHqnrkJ5VGsCMezRd2YQRXCSTmwQwXBig01QVhQ/VeI+0ggrHSFOV2CPX/yX9KolG2rbN+e5KsXaR1ZsAf2QRHY4BRUwQ2ogTrA4AE8gRfwajwaz8ab8T4bzRhpZhf8gvHxDc3umVg=</latexit><latexit sha1_base64="Myx2+j0F+QrgRLNB5dmvywTRn3c=">AAACD3icbVDLSgMxFM3UV62vUZdugkVboZaZIuhGKIrosoJ9QGcYMmnahmYyQ5IR2qF/4MZfceNCEbdu3fk3pu0stHogcDjnHm7u8SNGpbKsLyOzsLi0vJJdza2tb2xumds7DRnGApM6DlkoWj6ShFFO6ooqRlqRICjwGWn6g8uJ37wnQtKQ36lhRNwA9TjtUoyUljzz8Lo4Ko0KR/AcJg5iUR8VoBPqBKyMrzy7aJVGx9r2zLxVtqaAf4mdkjxIUfPMT6cT4jggXGGGpGzbVqTcBAlFMSPjnBNLEiE8QD3S1pSjgEg3md4zhgda6cBuKPTjCk7Vn4kEBVIOA19PBkj15bw3Ef/z2rHqnrkJ5VGsCMezRd2YQRXCSTmwQwXBig01QVhQ/VeI+0ggrHSFOV2CPX/yX9KolG2rbN+e5KsXaR1ZsAf2QRHY4BRUwQ2ogTrA4AE8gRfwajwaz8ab8T4bzRhpZhf8gvHxDc3umVg=</latexit><latexit sha1_base64="Myx2+j0F+QrgRLNB5dmvywTRn3c=">AAACD3icbVDLSgMxFM3UV62vUZdugkVboZaZIuhGKIrosoJ9QGcYMmnahmYyQ5IR2qF/4MZfceNCEbdu3fk3pu0stHogcDjnHm7u8SNGpbKsLyOzsLi0vJJdza2tb2xumds7DRnGApM6DlkoWj6ShFFO6ooqRlqRICjwGWn6g8uJ37wnQtKQ36lhRNwA9TjtUoyUljzz8Lo4Ko0KR/AcJg5iUR8VoBPqBKyMrzy7aJVGx9r2zLxVtqaAf4mdkjxIUfPMT6cT4jggXGGGpGzbVqTcBAlFMSPjnBNLEiE8QD3S1pSjgEg3md4zhgda6cBuKPTjCk7Vn4kEBVIOA19PBkj15bw3Ef/z2rHqnrkJ5VGsCMezRd2YQRXCSTmwQwXBig01QVhQ/VeI+0ggrHSFOV2CPX/yX9KolG2rbN+e5KsXaR1ZsAf2QRHY4BRUwQ2ogTrA4AE8gRfwajwaz8ab8T4bzRhpZhf8gvHxDc3umVg=</latexit><latexit sha1_base64="Myx2+j0F+QrgRLNB5dmvywTRn3c=">AAACD3icbVDLSgMxFM3UV62vUZdugkVboZaZIuhGKIrosoJ9QGcYMmnahmYyQ5IR2qF/4MZfceNCEbdu3fk3pu0stHogcDjnHm7u8SNGpbKsLyOzsLi0vJJdza2tb2xumds7DRnGApM6DlkoWj6ShFFO6ooqRlqRICjwGWn6g8uJ37wnQtKQ36lhRNwA9TjtUoyUljzz8Lo4Ko0KR/AcJg5iUR8VoBPqBKyMrzy7aJVGx9r2zLxVtqaAf4mdkjxIUfPMT6cT4jggXGGGpGzbVqTcBAlFMSPjnBNLEiE8QD3S1pSjgEg3md4zhgda6cBuKPTjCk7Vn4kEBVIOA19PBkj15bw3Ef/z2rHqnrkJ5VGsCMezRd2YQRXCSTmwQwXBig01QVhQ/VeI+0ggrHSFOV2CPX/yX9KolG2rbN+e5KsXaR1ZsAf2QRHY4BRUwQ2ogTrA4AE8gRfwajwaz8ab8T4bzRhpZhf8gvHxDc3umVg=</latexit>

2

↵0 @z̄@zG(z, z0) = �2⇡�2(z � z0) +
1

4⇡⌧2<latexit sha1_base64="X9MybqZDLk+xdJDGOwnwo2DgEqA="></latexit><latexit sha1_base64="X9MybqZDLk+xdJDGOwnwo2DgEqA="></latexit><latexit sha1_base64="X9MybqZDLk+xdJDGOwnwo2DgEqA="></latexit><latexit sha1_base64="X9MybqZDLk+xdJDGOwnwo2DgEqA="></latexit>

e.g.  
Polchinski’s 
book, Ch.7 

Kronecker-Eisenstein function
… 

A.Weil, ’76



⌧1
<latexit sha1_base64="CKixu0aouGnda/jFa2QeXSGeFM8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u0izXtArV/yqPwdZJUFOKpCj3it/dfuaZQlXyCS1thP4KYYTalAwyaelbmZ5StmIDnjHUUUTbsPJ/NopOXNKn8TauFJI5urviQlNrB0nketMKA7tsjcT//M6GcbX4USoNEOu2GJRnEmCmsxeJ31hOEM5doQyI9ythA2poQxdQCUXQrD88ippXlQDvxrcX1ZqN3kcRTiBUziHAK6gBndQhwYweIRneIU3T3sv3rv3sWgtePnMMfyB9/kDSP2O7A==</latexit><latexit sha1_base64="CKixu0aouGnda/jFa2QeXSGeFM8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u0izXtArV/yqPwdZJUFOKpCj3it/dfuaZQlXyCS1thP4KYYTalAwyaelbmZ5StmIDnjHUUUTbsPJ/NopOXNKn8TauFJI5urviQlNrB0nketMKA7tsjcT//M6GcbX4USoNEOu2GJRnEmCmsxeJ31hOEM5doQyI9ythA2poQxdQCUXQrD88ippXlQDvxrcX1ZqN3kcRTiBUziHAK6gBndQhwYweIRneIU3T3sv3rv3sWgtePnMMfyB9/kDSP2O7A==</latexit><latexit sha1_base64="CKixu0aouGnda/jFa2QeXSGeFM8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u0izXtArV/yqPwdZJUFOKpCj3it/dfuaZQlXyCS1thP4KYYTalAwyaelbmZ5StmIDnjHUUUTbsPJ/NopOXNKn8TauFJI5urviQlNrB0nketMKA7tsjcT//M6GcbX4USoNEOu2GJRnEmCmsxeJ31hOEM5doQyI9ythA2poQxdQCUXQrD88ippXlQDvxrcX1ZqN3kcRTiBUziHAK6gBndQhwYweIRneIU3T3sv3rv3sWgtePnMMfyB9/kDSP2O7A==</latexit><latexit sha1_base64="CKixu0aouGnda/jFa2QeXSGeFM8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u0izXtArV/yqPwdZJUFOKpCj3it/dfuaZQlXyCS1thP4KYYTalAwyaelbmZ5StmIDnjHUUUTbsPJ/NopOXNKn8TauFJI5urviQlNrB0nketMKA7tsjcT//M6GcbX4USoNEOu2GJRnEmCmsxeJ31hOEM5doQyI9ythA2poQxdQCUXQrD88ippXlQDvxrcX1ZqN3kcRTiBUziHAK6gBndQhwYweIRneIU3T3sv3rv3sWgtePnMMfyB9/kDSP2O7A==</latexit>

i⌧2
<latexit sha1_base64="nqNkU5Psh/l8vDlShzdoOXYqUeI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKHUF6SNN+rV+uuFV3AbJOvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CSz0q91PCEsjEd8q6likbc+Nni3hm5sMqAhLG2pZAs1N8TGY2MmUaB7YwojsyqNxf/87ophjd+JlSSIldsuShMJcGYzJ8nA6E5Qzm1hDIt7K2EjaimDG1EJRuCt/ryOmnVqp5b9R6uKvXbPI4inME5XIIH11CHe2hAExhIeIZXeHMmzovz7nwsWwtOPnMKf+B8/gBnsY+K</latexit><latexit sha1_base64="nqNkU5Psh/l8vDlShzdoOXYqUeI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKHUF6SNN+rV+uuFV3AbJOvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CSz0q91PCEsjEd8q6likbc+Nni3hm5sMqAhLG2pZAs1N8TGY2MmUaB7YwojsyqNxf/87ophjd+JlSSIldsuShMJcGYzJ8nA6E5Qzm1hDIt7K2EjaimDG1EJRuCt/ryOmnVqp5b9R6uKvXbPI4inME5XIIH11CHe2hAExhIeIZXeHMmzovz7nwsWwtOPnMKf+B8/gBnsY+K</latexit><latexit sha1_base64="nqNkU5Psh/l8vDlShzdoOXYqUeI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKHUF6SNN+rV+uuFV3AbJOvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CSz0q91PCEsjEd8q6likbc+Nni3hm5sMqAhLG2pZAs1N8TGY2MmUaB7YwojsyqNxf/87ophjd+JlSSIldsuShMJcGYzJ8nA6E5Qzm1hDIt7K2EjaimDG1EJRuCt/ryOmnVqp5b9R6uKvXbPI4inME5XIIH11CHe2hAExhIeIZXeHMmzovz7nwsWwtOPnMKf+B8/gBnsY+K</latexit><latexit sha1_base64="nqNkU5Psh/l8vDlShzdoOXYqUeI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKHUF6SNN+rV+uuFV3AbJOvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CSz0q91PCEsjEd8q6likbc+Nni3hm5sMqAhLG2pZAs1N8TGY2MmUaB7YwojsyqNxf/87ophjd+JlSSIldsuShMJcGYzJ8nA6E5Qzm1hDIt7K2EjaimDG1EJRuCt/ryOmnVqp5b9R6uKvXbPI4inME5XIIH11CHe2hAExhIeIZXeHMmzovz7nwsWwtOPnMKf+B8/gBnsY+K</latexit>⌧ ! ⌧ + 1

<latexit sha1_base64="3JBU6VMAzWX5i1fQZQHDT/s2f9o=">AAACAHicdVDJSgNBEO1xjXGLevDgpTEIgjB0D8HkGPTiMYJZIDOEnk4nadKz0F2jhJCLv+LFgyJe/Qxv/o2dRVDRBwWP96qoqhemShog5MNZWl5ZXVvPbeQ3t7Z3dgt7+w2TZJqLOk9UolshM0LJWNRBghKtVAsWhUo0w+Hl1G/eCm1kEt/AKBVBxPqx7EnOwEqdwqEPLMO+lv0BMK2TOzwVzminUCQu8SgtU0xcj5YIObekVPJIhWDqkhmKaIFap/DudxOeRSIGrpgxbUpSCMZMg+RKTPJ+ZkTK+JD1RdvSmEXCBOPZAxN8YpUu7iXaVgx4pn6fGLPImFEU2s6IwcD89qbiX147g14lGMs4zUDEfL6olykMCZ6mgbtSCw5qZAnjWtpbMR8wzTjYzPI2hK9P8f+k4bmUuPS6VKxeLOLIoSN0jE4RRWVURVeohuqIowl6QE/o2bl3Hp0X53XeuuQsZg7QDzhvn2yzlkk=</latexit><latexit sha1_base64="3JBU6VMAzWX5i1fQZQHDT/s2f9o=">AAACAHicdVDJSgNBEO1xjXGLevDgpTEIgjB0D8HkGPTiMYJZIDOEnk4nadKz0F2jhJCLv+LFgyJe/Qxv/o2dRVDRBwWP96qoqhemShog5MNZWl5ZXVvPbeQ3t7Z3dgt7+w2TZJqLOk9UolshM0LJWNRBghKtVAsWhUo0w+Hl1G/eCm1kEt/AKBVBxPqx7EnOwEqdwqEPLMO+lv0BMK2TOzwVzminUCQu8SgtU0xcj5YIObekVPJIhWDqkhmKaIFap/DudxOeRSIGrpgxbUpSCMZMg+RKTPJ+ZkTK+JD1RdvSmEXCBOPZAxN8YpUu7iXaVgx4pn6fGLPImFEU2s6IwcD89qbiX147g14lGMs4zUDEfL6olykMCZ6mgbtSCw5qZAnjWtpbMR8wzTjYzPI2hK9P8f+k4bmUuPS6VKxeLOLIoSN0jE4RRWVURVeohuqIowl6QE/o2bl3Hp0X53XeuuQsZg7QDzhvn2yzlkk=</latexit><latexit sha1_base64="3JBU6VMAzWX5i1fQZQHDT/s2f9o=">AAACAHicdVDJSgNBEO1xjXGLevDgpTEIgjB0D8HkGPTiMYJZIDOEnk4nadKz0F2jhJCLv+LFgyJe/Qxv/o2dRVDRBwWP96qoqhemShog5MNZWl5ZXVvPbeQ3t7Z3dgt7+w2TZJqLOk9UolshM0LJWNRBghKtVAsWhUo0w+Hl1G/eCm1kEt/AKBVBxPqx7EnOwEqdwqEPLMO+lv0BMK2TOzwVzminUCQu8SgtU0xcj5YIObekVPJIhWDqkhmKaIFap/DudxOeRSIGrpgxbUpSCMZMg+RKTPJ+ZkTK+JD1RdvSmEXCBOPZAxN8YpUu7iXaVgx4pn6fGLPImFEU2s6IwcD89qbiX147g14lGMs4zUDEfL6olykMCZ6mgbtSCw5qZAnjWtpbMR8wzTjYzPI2hK9P8f+k4bmUuPS6VKxeLOLIoSN0jE4RRWVURVeohuqIowl6QE/o2bl3Hp0X53XeuuQsZg7QDzhvn2yzlkk=</latexit><latexit sha1_base64="3JBU6VMAzWX5i1fQZQHDT/s2f9o=">AAACAHicdVDJSgNBEO1xjXGLevDgpTEIgjB0D8HkGPTiMYJZIDOEnk4nadKz0F2jhJCLv+LFgyJe/Qxv/o2dRVDRBwWP96qoqhemShog5MNZWl5ZXVvPbeQ3t7Z3dgt7+w2TZJqLOk9UolshM0LJWNRBghKtVAsWhUo0w+Hl1G/eCm1kEt/AKBVBxPqx7EnOwEqdwqEPLMO+lv0BMK2TOzwVzminUCQu8SgtU0xcj5YIObekVPJIhWDqkhmKaIFap/DudxOeRSIGrpgxbUpSCMZMg+RKTPJ+ZkTK+JD1RdvSmEXCBOPZAxN8YpUu7iXaVgx4pn6fGLPImFEU2s6IwcD89qbiX147g14lGMs4zUDEfL6olykMCZ6mgbtSCw5qZAnjWtpbMR8wzTjYzPI2hK9P8f+k4bmUuPS6VKxeLOLIoSN0jE4RRWVURVeohuqIowl6QE/o2bl3Hp0X53XeuuQsZg7QDzhvn2yzlkk=</latexit>

⌧ ! �1/⌧
<latexit sha1_base64="DnohYCEbn/+g16H76PwN596xQeI=">AAACAXicdVDJSgNBEO2JW4xb1IvgpTEIXhy7QzA5Br14jGAWyAyhp9NJGnsWumuUEOLFX/HiQRGv/oU3/8bOIqjog4LHe1VU1QsSJQ0Q8uFkFhaXlleyq7m19Y3Nrfz2TsPEqeaizmMV61bAjFAyEnWQoEQr0YKFgRLN4Pp84jdvhDYyjq5gmAg/ZP1I9iRnYKVOfs8DlmJPy/4AmNbxLT6mJxOtky8QlxQpLVNM3CItEXJqSalUJBWCqUumKKA5ap38u9eNeRqKCLhixrQpScAfMQ2SKzHOeakRCePXrC/alkYsFMYfTT8Y40OrdHEv1rYiwFP1+8SIhcYMw8B2hgwG5rc3Ef/y2in0Kv5IRkkKIuKzRb1UYYjxJA7clVpwUENLGNfS3or5gGnGwYaWsyF8fYr/J42iS4lLL0uF6tk8jizaRwfoCFFURlV0gWqojji6Qw/oCT07986j8+K8zlozznxmF/2A8/YJ4fmWhA==</latexit><latexit sha1_base64="DnohYCEbn/+g16H76PwN596xQeI=">AAACAXicdVDJSgNBEO2JW4xb1IvgpTEIXhy7QzA5Br14jGAWyAyhp9NJGnsWumuUEOLFX/HiQRGv/oU3/8bOIqjog4LHe1VU1QsSJQ0Q8uFkFhaXlleyq7m19Y3Nrfz2TsPEqeaizmMV61bAjFAyEnWQoEQr0YKFgRLN4Pp84jdvhDYyjq5gmAg/ZP1I9iRnYKVOfs8DlmJPy/4AmNbxLT6mJxOtky8QlxQpLVNM3CItEXJqSalUJBWCqUumKKA5ap38u9eNeRqKCLhixrQpScAfMQ2SKzHOeakRCePXrC/alkYsFMYfTT8Y40OrdHEv1rYiwFP1+8SIhcYMw8B2hgwG5rc3Ef/y2in0Kv5IRkkKIuKzRb1UYYjxJA7clVpwUENLGNfS3or5gGnGwYaWsyF8fYr/J42iS4lLL0uF6tk8jizaRwfoCFFURlV0gWqojji6Qw/oCT07986j8+K8zlozznxmF/2A8/YJ4fmWhA==</latexit><latexit sha1_base64="DnohYCEbn/+g16H76PwN596xQeI=">AAACAXicdVDJSgNBEO2JW4xb1IvgpTEIXhy7QzA5Br14jGAWyAyhp9NJGnsWumuUEOLFX/HiQRGv/oU3/8bOIqjog4LHe1VU1QsSJQ0Q8uFkFhaXlleyq7m19Y3Nrfz2TsPEqeaizmMV61bAjFAyEnWQoEQr0YKFgRLN4Pp84jdvhDYyjq5gmAg/ZP1I9iRnYKVOfs8DlmJPy/4AmNbxLT6mJxOtky8QlxQpLVNM3CItEXJqSalUJBWCqUumKKA5ap38u9eNeRqKCLhixrQpScAfMQ2SKzHOeakRCePXrC/alkYsFMYfTT8Y40OrdHEv1rYiwFP1+8SIhcYMw8B2hgwG5rc3Ef/y2in0Kv5IRkkKIuKzRb1UYYjxJA7clVpwUENLGNfS3or5gGnGwYaWsyF8fYr/J42iS4lLL0uF6tk8jizaRwfoCFFURlV0gWqojji6Qw/oCT07986j8+K8zlozznxmF/2A8/YJ4fmWhA==</latexit><latexit sha1_base64="DnohYCEbn/+g16H76PwN596xQeI=">AAACAXicdVDJSgNBEO2JW4xb1IvgpTEIXhy7QzA5Br14jGAWyAyhp9NJGnsWumuUEOLFX/HiQRGv/oU3/8bOIqjog4LHe1VU1QsSJQ0Q8uFkFhaXlleyq7m19Y3Nrfz2TsPEqeaizmMV61bAjFAyEnWQoEQr0YKFgRLN4Pp84jdvhDYyjq5gmAg/ZP1I9iRnYKVOfs8DlmJPy/4AmNbxLT6mJxOtky8QlxQpLVNM3CItEXJqSalUJBWCqUumKKA5ap38u9eNeRqKCLhixrQpScAfMQ2SKzHOeakRCePXrC/alkYsFMYfTT8Y40OrdHEv1rYiwFP1+8SIhcYMw8B2hgwG5rc3Ef/y2in0Kv5IRkkKIuKzRb1UYYjxJA7clVpwUENLGNfS3or5gGnGwYaWsyF8fYr/J42iS4lLL0uF6tk8jizaRwfoCFFURlV0gWqojji6Qw/oCT07986j8+K8zlozznxmF/2A8/YJ4fmWhA==</latexit>

      one possible choice of fundamental domain: (“lagom”)

UV



⌧1
<latexit sha1_base64="CKixu0aouGnda/jFa2QeXSGeFM8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u0izXtArV/yqPwdZJUFOKpCj3it/dfuaZQlXyCS1thP4KYYTalAwyaelbmZ5StmIDnjHUUUTbsPJ/NopOXNKn8TauFJI5urviQlNrB0nketMKA7tsjcT//M6GcbX4USoNEOu2GJRnEmCmsxeJ31hOEM5doQyI9ythA2poQxdQCUXQrD88ippXlQDvxrcX1ZqN3kcRTiBUziHAK6gBndQhwYweIRneIU3T3sv3rv3sWgtePnMMfyB9/kDSP2O7A==</latexit><latexit sha1_base64="CKixu0aouGnda/jFa2QeXSGeFM8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u0izXtArV/yqPwdZJUFOKpCj3it/dfuaZQlXyCS1thP4KYYTalAwyaelbmZ5StmIDnjHUUUTbsPJ/NopOXNKn8TauFJI5urviQlNrB0nketMKA7tsjcT//M6GcbX4USoNEOu2GJRnEmCmsxeJ31hOEM5doQyI9ythA2poQxdQCUXQrD88ippXlQDvxrcX1ZqN3kcRTiBUziHAK6gBndQhwYweIRneIU3T3sv3rv3sWgtePnMMfyB9/kDSP2O7A==</latexit><latexit sha1_base64="CKixu0aouGnda/jFa2QeXSGeFM8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u0izXtArV/yqPwdZJUFOKpCj3it/dfuaZQlXyCS1thP4KYYTalAwyaelbmZ5StmIDnjHUUUTbsPJ/NopOXNKn8TauFJI5urviQlNrB0nketMKA7tsjcT//M6GcbX4USoNEOu2GJRnEmCmsxeJ31hOEM5doQyI9ythA2poQxdQCUXQrD88ippXlQDvxrcX1ZqN3kcRTiBUziHAK6gBndQhwYweIRneIU3T3sv3rv3sWgtePnMMfyB9/kDSP2O7A==</latexit><latexit sha1_base64="CKixu0aouGnda/jFa2QeXSGeFM8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u0izXtArV/yqPwdZJUFOKpCj3it/dfuaZQlXyCS1thP4KYYTalAwyaelbmZ5StmIDnjHUUUTbsPJ/NopOXNKn8TauFJI5urviQlNrB0nketMKA7tsjcT//M6GcbX4USoNEOu2GJRnEmCmsxeJ31hOEM5doQyI9ythA2poQxdQCUXQrD88ippXlQDvxrcX1ZqN3kcRTiBUziHAK6gBndQhwYweIRneIU3T3sv3rv3sWgtePnMMfyB9/kDSP2O7A==</latexit>

i⌧2
<latexit sha1_base64="nqNkU5Psh/l8vDlShzdoOXYqUeI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKHUF6SNN+rV+uuFV3AbJOvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CSz0q91PCEsjEd8q6likbc+Nni3hm5sMqAhLG2pZAs1N8TGY2MmUaB7YwojsyqNxf/87ophjd+JlSSIldsuShMJcGYzJ8nA6E5Qzm1hDIt7K2EjaimDG1EJRuCt/ryOmnVqp5b9R6uKvXbPI4inME5XIIH11CHe2hAExhIeIZXeHMmzovz7nwsWwtOPnMKf+B8/gBnsY+K</latexit><latexit sha1_base64="nqNkU5Psh/l8vDlShzdoOXYqUeI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKHUF6SNN+rV+uuFV3AbJOvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CSz0q91PCEsjEd8q6likbc+Nni3hm5sMqAhLG2pZAs1N8TGY2MmUaB7YwojsyqNxf/87ophjd+JlSSIldsuShMJcGYzJ8nA6E5Qzm1hDIt7K2EjaimDG1EJRuCt/ryOmnVqp5b9R6uKvXbPI4inME5XIIH11CHe2hAExhIeIZXeHMmzovz7nwsWwtOPnMKf+B8/gBnsY+K</latexit><latexit sha1_base64="nqNkU5Psh/l8vDlShzdoOXYqUeI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKHUF6SNN+rV+uuFV3AbJOvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CSz0q91PCEsjEd8q6likbc+Nni3hm5sMqAhLG2pZAs1N8TGY2MmUaB7YwojsyqNxf/87ophjd+JlSSIldsuShMJcGYzJ8nA6E5Qzm1hDIt7K2EjaimDG1EJRuCt/ryOmnVqp5b9R6uKvXbPI4inME5XIIH11CHe2hAExhIeIZXeHMmzovz7nwsWwtOPnMKf+B8/gBnsY+K</latexit><latexit sha1_base64="nqNkU5Psh/l8vDlShzdoOXYqUeI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKHUF6SNN+rV+uuFV3AbJOvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CSz0q91PCEsjEd8q6likbc+Nni3hm5sMqAhLG2pZAs1N8TGY2MmUaB7YwojsyqNxf/87ophjd+JlSSIldsuShMJcGYzJ8nA6E5Qzm1hDIt7K2EjaimDG1EJRuCt/ryOmnVqp5b9R6uKvXbPI4inME5XIIH11CHe2hAExhIeIZXeHMmzovz7nwsWwtOPnMKf+B8/gBnsY+K</latexit>⌧ ! ⌧ + 1

<latexit sha1_base64="3JBU6VMAzWX5i1fQZQHDT/s2f9o=">AAACAHicdVDJSgNBEO1xjXGLevDgpTEIgjB0D8HkGPTiMYJZIDOEnk4nadKz0F2jhJCLv+LFgyJe/Qxv/o2dRVDRBwWP96qoqhemShog5MNZWl5ZXVvPbeQ3t7Z3dgt7+w2TZJqLOk9UolshM0LJWNRBghKtVAsWhUo0w+Hl1G/eCm1kEt/AKBVBxPqx7EnOwEqdwqEPLMO+lv0BMK2TOzwVzminUCQu8SgtU0xcj5YIObekVPJIhWDqkhmKaIFap/DudxOeRSIGrpgxbUpSCMZMg+RKTPJ+ZkTK+JD1RdvSmEXCBOPZAxN8YpUu7iXaVgx4pn6fGLPImFEU2s6IwcD89qbiX147g14lGMs4zUDEfL6olykMCZ6mgbtSCw5qZAnjWtpbMR8wzTjYzPI2hK9P8f+k4bmUuPS6VKxeLOLIoSN0jE4RRWVURVeohuqIowl6QE/o2bl3Hp0X53XeuuQsZg7QDzhvn2yzlkk=</latexit><latexit sha1_base64="3JBU6VMAzWX5i1fQZQHDT/s2f9o=">AAACAHicdVDJSgNBEO1xjXGLevDgpTEIgjB0D8HkGPTiMYJZIDOEnk4nadKz0F2jhJCLv+LFgyJe/Qxv/o2dRVDRBwWP96qoqhemShog5MNZWl5ZXVvPbeQ3t7Z3dgt7+w2TZJqLOk9UolshM0LJWNRBghKtVAsWhUo0w+Hl1G/eCm1kEt/AKBVBxPqx7EnOwEqdwqEPLMO+lv0BMK2TOzwVzminUCQu8SgtU0xcj5YIObekVPJIhWDqkhmKaIFap/DudxOeRSIGrpgxbUpSCMZMg+RKTPJ+ZkTK+JD1RdvSmEXCBOPZAxN8YpUu7iXaVgx4pn6fGLPImFEU2s6IwcD89qbiX147g14lGMs4zUDEfL6olykMCZ6mgbtSCw5qZAnjWtpbMR8wzTjYzPI2hK9P8f+k4bmUuPS6VKxeLOLIoSN0jE4RRWVURVeohuqIowl6QE/o2bl3Hp0X53XeuuQsZg7QDzhvn2yzlkk=</latexit><latexit sha1_base64="3JBU6VMAzWX5i1fQZQHDT/s2f9o=">AAACAHicdVDJSgNBEO1xjXGLevDgpTEIgjB0D8HkGPTiMYJZIDOEnk4nadKz0F2jhJCLv+LFgyJe/Qxv/o2dRVDRBwWP96qoqhemShog5MNZWl5ZXVvPbeQ3t7Z3dgt7+w2TZJqLOk9UolshM0LJWNRBghKtVAsWhUo0w+Hl1G/eCm1kEt/AKBVBxPqx7EnOwEqdwqEPLMO+lv0BMK2TOzwVzminUCQu8SgtU0xcj5YIObekVPJIhWDqkhmKaIFap/DudxOeRSIGrpgxbUpSCMZMg+RKTPJ+ZkTK+JD1RdvSmEXCBOPZAxN8YpUu7iXaVgx4pn6fGLPImFEU2s6IwcD89qbiX147g14lGMs4zUDEfL6olykMCZ6mgbtSCw5qZAnjWtpbMR8wzTjYzPI2hK9P8f+k4bmUuPS6VKxeLOLIoSN0jE4RRWVURVeohuqIowl6QE/o2bl3Hp0X53XeuuQsZg7QDzhvn2yzlkk=</latexit><latexit sha1_base64="3JBU6VMAzWX5i1fQZQHDT/s2f9o=">AAACAHicdVDJSgNBEO1xjXGLevDgpTEIgjB0D8HkGPTiMYJZIDOEnk4nadKz0F2jhJCLv+LFgyJe/Qxv/o2dRVDRBwWP96qoqhemShog5MNZWl5ZXVvPbeQ3t7Z3dgt7+w2TZJqLOk9UolshM0LJWNRBghKtVAsWhUo0w+Hl1G/eCm1kEt/AKBVBxPqx7EnOwEqdwqEPLMO+lv0BMK2TOzwVzminUCQu8SgtU0xcj5YIObekVPJIhWDqkhmKaIFap/DudxOeRSIGrpgxbUpSCMZMg+RKTPJ+ZkTK+JD1RdvSmEXCBOPZAxN8YpUu7iXaVgx4pn6fGLPImFEU2s6IwcD89qbiX147g14lGMs4zUDEfL6olykMCZ6mgbtSCw5qZAnjWtpbMR8wzTjYzPI2hK9P8f+k4bmUuPS6VKxeLOLIoSN0jE4RRWVURVeohuqIowl6QE/o2bl3Hp0X53XeuuQsZg7QDzhvn2yzlkk=</latexit>

⌧ ! �1/⌧
<latexit sha1_base64="DnohYCEbn/+g16H76PwN596xQeI=">AAACAXicdVDJSgNBEO2JW4xb1IvgpTEIXhy7QzA5Br14jGAWyAyhp9NJGnsWumuUEOLFX/HiQRGv/oU3/8bOIqjog4LHe1VU1QsSJQ0Q8uFkFhaXlleyq7m19Y3Nrfz2TsPEqeaizmMV61bAjFAyEnWQoEQr0YKFgRLN4Pp84jdvhDYyjq5gmAg/ZP1I9iRnYKVOfs8DlmJPy/4AmNbxLT6mJxOtky8QlxQpLVNM3CItEXJqSalUJBWCqUumKKA5ap38u9eNeRqKCLhixrQpScAfMQ2SKzHOeakRCePXrC/alkYsFMYfTT8Y40OrdHEv1rYiwFP1+8SIhcYMw8B2hgwG5rc3Ef/y2in0Kv5IRkkKIuKzRb1UYYjxJA7clVpwUENLGNfS3or5gGnGwYaWsyF8fYr/J42iS4lLL0uF6tk8jizaRwfoCFFURlV0gWqojji6Qw/oCT07986j8+K8zlozznxmF/2A8/YJ4fmWhA==</latexit><latexit sha1_base64="DnohYCEbn/+g16H76PwN596xQeI=">AAACAXicdVDJSgNBEO2JW4xb1IvgpTEIXhy7QzA5Br14jGAWyAyhp9NJGnsWumuUEOLFX/HiQRGv/oU3/8bOIqjog4LHe1VU1QsSJQ0Q8uFkFhaXlleyq7m19Y3Nrfz2TsPEqeaizmMV61bAjFAyEnWQoEQr0YKFgRLN4Pp84jdvhDYyjq5gmAg/ZP1I9iRnYKVOfs8DlmJPy/4AmNbxLT6mJxOtky8QlxQpLVNM3CItEXJqSalUJBWCqUumKKA5ap38u9eNeRqKCLhixrQpScAfMQ2SKzHOeakRCePXrC/alkYsFMYfTT8Y40OrdHEv1rYiwFP1+8SIhcYMw8B2hgwG5rc3Ef/y2in0Kv5IRkkKIuKzRb1UYYjxJA7clVpwUENLGNfS3or5gGnGwYaWsyF8fYr/J42iS4lLL0uF6tk8jizaRwfoCFFURlV0gWqojji6Qw/oCT07986j8+K8zlozznxmF/2A8/YJ4fmWhA==</latexit><latexit sha1_base64="DnohYCEbn/+g16H76PwN596xQeI=">AAACAXicdVDJSgNBEO2JW4xb1IvgpTEIXhy7QzA5Br14jGAWyAyhp9NJGnsWumuUEOLFX/HiQRGv/oU3/8bOIqjog4LHe1VU1QsSJQ0Q8uFkFhaXlleyq7m19Y3Nrfz2TsPEqeaizmMV61bAjFAyEnWQoEQr0YKFgRLN4Pp84jdvhDYyjq5gmAg/ZP1I9iRnYKVOfs8DlmJPy/4AmNbxLT6mJxOtky8QlxQpLVNM3CItEXJqSalUJBWCqUumKKA5ap38u9eNeRqKCLhixrQpScAfMQ2SKzHOeakRCePXrC/alkYsFMYfTT8Y40OrdHEv1rYiwFP1+8SIhcYMw8B2hgwG5rc3Ef/y2in0Kv5IRkkKIuKzRb1UYYjxJA7clVpwUENLGNfS3or5gGnGwYaWsyF8fYr/J42iS4lLL0uF6tk8jizaRwfoCFFURlV0gWqojji6Qw/oCT07986j8+K8zlozznxmF/2A8/YJ4fmWhA==</latexit><latexit sha1_base64="DnohYCEbn/+g16H76PwN596xQeI=">AAACAXicdVDJSgNBEO2JW4xb1IvgpTEIXhy7QzA5Br14jGAWyAyhp9NJGnsWumuUEOLFX/HiQRGv/oU3/8bOIqjog4LHe1VU1QsSJQ0Q8uFkFhaXlleyq7m19Y3Nrfz2TsPEqeaizmMV61bAjFAyEnWQoEQr0YKFgRLN4Pp84jdvhDYyjq5gmAg/ZP1I9iRnYKVOfs8DlmJPy/4AmNbxLT6mJxOtky8QlxQpLVNM3CItEXJqSalUJBWCqUumKKA5ap38u9eNeRqKCLhixrQpScAfMQ2SKzHOeakRCePXrC/alkYsFMYfTT8Y40OrdHEv1rYiwFP1+8SIhcYMw8B2hgwG5rc3Ef/y2in0Kv5IRkkKIuKzRb1UYYjxJA7clVpwUENLGNfS3or5gGnGwYaWsyF8fYr/J42iS4lLL0uF6tk8jizaRwfoCFFURlV0gWqojji6Qw/oCT07986j8+K8zlozznxmF/2A8/YJ4fmWhA==</latexit>

another possible choice of fundamental domain: (“lagom”)

UV



IR

Polchinski 
exercise 7.5c 

⌧1
<latexit sha1_base64="CKixu0aouGnda/jFa2QeXSGeFM8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u0izXtArV/yqPwdZJUFOKpCj3it/dfuaZQlXyCS1thP4KYYTalAwyaelbmZ5StmIDnjHUUUTbsPJ/NopOXNKn8TauFJI5urviQlNrB0nketMKA7tsjcT//M6GcbX4USoNEOu2GJRnEmCmsxeJ31hOEM5doQyI9ythA2poQxdQCUXQrD88ippXlQDvxrcX1ZqN3kcRTiBUziHAK6gBndQhwYweIRneIU3T3sv3rv3sWgtePnMMfyB9/kDSP2O7A==</latexit><latexit sha1_base64="CKixu0aouGnda/jFa2QeXSGeFM8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u0izXtArV/yqPwdZJUFOKpCj3it/dfuaZQlXyCS1thP4KYYTalAwyaelbmZ5StmIDnjHUUUTbsPJ/NopOXNKn8TauFJI5urviQlNrB0nketMKA7tsjcT//M6GcbX4USoNEOu2GJRnEmCmsxeJ31hOEM5doQyI9ythA2poQxdQCUXQrD88ippXlQDvxrcX1ZqN3kcRTiBUziHAK6gBndQhwYweIRneIU3T3sv3rv3sWgtePnMMfyB9/kDSP2O7A==</latexit><latexit sha1_base64="CKixu0aouGnda/jFa2QeXSGeFM8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u0izXtArV/yqPwdZJUFOKpCj3it/dfuaZQlXyCS1thP4KYYTalAwyaelbmZ5StmIDnjHUUUTbsPJ/NopOXNKn8TauFJI5urviQlNrB0nketMKA7tsjcT//M6GcbX4USoNEOu2GJRnEmCmsxeJ31hOEM5doQyI9ythA2poQxdQCUXQrD88ippXlQDvxrcX1ZqN3kcRTiBUziHAK6gBndQhwYweIRneIU3T3sv3rv3sWgtePnMMfyB9/kDSP2O7A==</latexit><latexit sha1_base64="CKixu0aouGnda/jFa2QeXSGeFM8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u0izXtArV/yqPwdZJUFOKpCj3it/dfuaZQlXyCS1thP4KYYTalAwyaelbmZ5StmIDnjHUUUTbsPJ/NopOXNKn8TauFJI5urviQlNrB0nketMKA7tsjcT//M6GcbX4USoNEOu2GJRnEmCmsxeJ31hOEM5doQyI9ythA2poQxdQCUXQrD88ippXlQDvxrcX1ZqN3kcRTiBUziHAK6gBndQhwYweIRneIU3T3sv3rv3sWgtePnMMfyB9/kDSP2O7A==</latexit>

i⌧2
<latexit sha1_base64="nqNkU5Psh/l8vDlShzdoOXYqUeI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKHUF6SNN+rV+uuFV3AbJOvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CSz0q91PCEsjEd8q6likbc+Nni3hm5sMqAhLG2pZAs1N8TGY2MmUaB7YwojsyqNxf/87ophjd+JlSSIldsuShMJcGYzJ8nA6E5Qzm1hDIt7K2EjaimDG1EJRuCt/ryOmnVqp5b9R6uKvXbPI4inME5XIIH11CHe2hAExhIeIZXeHMmzovz7nwsWwtOPnMKf+B8/gBnsY+K</latexit><latexit sha1_base64="nqNkU5Psh/l8vDlShzdoOXYqUeI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKHUF6SNN+rV+uuFV3AbJOvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CSz0q91PCEsjEd8q6likbc+Nni3hm5sMqAhLG2pZAs1N8TGY2MmUaB7YwojsyqNxf/87ophjd+JlSSIldsuShMJcGYzJ8nA6E5Qzm1hDIt7K2EjaimDG1EJRuCt/ryOmnVqp5b9R6uKvXbPI4inME5XIIH11CHe2hAExhIeIZXeHMmzovz7nwsWwtOPnMKf+B8/gBnsY+K</latexit><latexit sha1_base64="nqNkU5Psh/l8vDlShzdoOXYqUeI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKHUF6SNN+rV+uuFV3AbJOvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CSz0q91PCEsjEd8q6likbc+Nni3hm5sMqAhLG2pZAs1N8TGY2MmUaB7YwojsyqNxf/87ophjd+JlSSIldsuShMJcGYzJ8nA6E5Qzm1hDIt7K2EjaimDG1EJRuCt/ryOmnVqp5b9R6uKvXbPI4inME5XIIH11CHe2hAExhIeIZXeHMmzovz7nwsWwtOPnMKf+B8/gBnsY+K</latexit><latexit sha1_base64="nqNkU5Psh/l8vDlShzdoOXYqUeI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKHUF6SNN+rV+uuFV3AbJOvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CSz0q91PCEsjEd8q6likbc+Nni3hm5sMqAhLG2pZAs1N8TGY2MmUaB7YwojsyqNxf/87ophjd+JlSSIldsuShMJcGYzJ8nA6E5Qzm1hDIt7K2EjaimDG1EJRuCt/ryOmnVqp5b9R6uKvXbPI4inME5XIIH11CHe2hAExhIeIZXeHMmzovz7nwsWwtOPnMKf+B8/gBnsY+K</latexit>

cutoff

UV
cutoff?

(mass: smooth!)



IR

Polchinski 
exercise 7.5c 

⌧1
<latexit sha1_base64="CKixu0aouGnda/jFa2QeXSGeFM8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u0izXtArV/yqPwdZJUFOKpCj3it/dfuaZQlXyCS1thP4KYYTalAwyaelbmZ5StmIDnjHUUUTbsPJ/NopOXNKn8TauFJI5urviQlNrB0nketMKA7tsjcT//M6GcbX4USoNEOu2GJRnEmCmsxeJ31hOEM5doQyI9ythA2poQxdQCUXQrD88ippXlQDvxrcX1ZqN3kcRTiBUziHAK6gBndQhwYweIRneIU3T3sv3rv3sWgtePnMMfyB9/kDSP2O7A==</latexit><latexit sha1_base64="CKixu0aouGnda/jFa2QeXSGeFM8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u0izXtArV/yqPwdZJUFOKpCj3it/dfuaZQlXyCS1thP4KYYTalAwyaelbmZ5StmIDnjHUUUTbsPJ/NopOXNKn8TauFJI5urviQlNrB0nketMKA7tsjcT//M6GcbX4USoNEOu2GJRnEmCmsxeJ31hOEM5doQyI9ythA2poQxdQCUXQrD88ippXlQDvxrcX1ZqN3kcRTiBUziHAK6gBndQhwYweIRneIU3T3sv3rv3sWgtePnMMfyB9/kDSP2O7A==</latexit><latexit sha1_base64="CKixu0aouGnda/jFa2QeXSGeFM8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u0izXtArV/yqPwdZJUFOKpCj3it/dfuaZQlXyCS1thP4KYYTalAwyaelbmZ5StmIDnjHUUUTbsPJ/NopOXNKn8TauFJI5urviQlNrB0nketMKA7tsjcT//M6GcbX4USoNEOu2GJRnEmCmsxeJ31hOEM5doQyI9ythA2poQxdQCUXQrD88ippXlQDvxrcX1ZqN3kcRTiBUziHAK6gBndQhwYweIRneIU3T3sv3rv3sWgtePnMMfyB9/kDSP2O7A==</latexit><latexit sha1_base64="CKixu0aouGnda/jFa2QeXSGeFM8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u0izXtArV/yqPwdZJUFOKpCj3it/dfuaZQlXyCS1thP4KYYTalAwyaelbmZ5StmIDnjHUUUTbsPJ/NopOXNKn8TauFJI5urviQlNrB0nketMKA7tsjcT//M6GcbX4USoNEOu2GJRnEmCmsxeJ31hOEM5doQyI9ythA2poQxdQCUXQrD88ippXlQDvxrcX1ZqN3kcRTiBUziHAK6gBndQhwYweIRneIU3T3sv3rv3sWgtePnMMfyB9/kDSP2O7A==</latexit>

i⌧2
<latexit sha1_base64="nqNkU5Psh/l8vDlShzdoOXYqUeI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKHUF6SNN+rV+uuFV3AbJOvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CSz0q91PCEsjEd8q6likbc+Nni3hm5sMqAhLG2pZAs1N8TGY2MmUaB7YwojsyqNxf/87ophjd+JlSSIldsuShMJcGYzJ8nA6E5Qzm1hDIt7K2EjaimDG1EJRuCt/ryOmnVqp5b9R6uKvXbPI4inME5XIIH11CHe2hAExhIeIZXeHMmzovz7nwsWwtOPnMKf+B8/gBnsY+K</latexit><latexit sha1_base64="nqNkU5Psh/l8vDlShzdoOXYqUeI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKHUF6SNN+rV+uuFV3AbJOvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CSz0q91PCEsjEd8q6likbc+Nni3hm5sMqAhLG2pZAs1N8TGY2MmUaB7YwojsyqNxf/87ophjd+JlSSIldsuShMJcGYzJ8nA6E5Qzm1hDIt7K2EjaimDG1EJRuCt/ryOmnVqp5b9R6uKvXbPI4inME5XIIH11CHe2hAExhIeIZXeHMmzovz7nwsWwtOPnMKf+B8/gBnsY+K</latexit><latexit sha1_base64="nqNkU5Psh/l8vDlShzdoOXYqUeI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKHUF6SNN+rV+uuFV3AbJOvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CSz0q91PCEsjEd8q6likbc+Nni3hm5sMqAhLG2pZAs1N8TGY2MmUaB7YwojsyqNxf/87ophjd+JlSSIldsuShMJcGYzJ8nA6E5Qzm1hDIt7K2EjaimDG1EJRuCt/ryOmnVqp5b9R6uKvXbPI4inME5XIIH11CHe2hAExhIeIZXeHMmzovz7nwsWwtOPnMKf+B8/gBnsY+K</latexit><latexit sha1_base64="nqNkU5Psh/l8vDlShzdoOXYqUeI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKHUF6SNN+rV+uuFV3AbJOvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CSz0q91PCEsjEd8q6likbc+Nni3hm5sMqAhLG2pZAs1N8TGY2MmUaB7YwojsyqNxf/87ophjd+JlSSIldsuShMJcGYzJ8nA6E5Qzm1hDIt7K2EjaimDG1EJRuCt/ryOmnVqp5b9R6uKvXbPI4inME5XIIH11CHe2hAExhIeIZXeHMmzovz7nwsWwtOPnMKf+B8/gBnsY+K</latexit>

cutoff

UV
cutoff?

looks complicated for  #
<latexit sha1_base64="r4b0iVfSqtBws5Fv1dT4tOBXr5c=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHoxWMF+yHtUrJp2oYm2SWZLZSlv8KLB0W8+nO8+W9M2z1o64PA472ZycyLEiks+v63t7a+sbm1Xdgp7u7tHxyWjo4bNk4N43UWy9i0Imq5FJrXUaDkrcRwqiLJm9HobuY3x9xYEetHnCQ8VHSgRV8wik566oypwSFH2i2V/Yo/B1klQU7KkKPWLX11ejFLFdfIJLW2HfgJhpkbJ5jk02IntTyhbEQHvO2oporbMJsvPCXnTumRfmzc00jm6u+OjCprJypylYri0C57M/E/r51i/ybMhE5S5JotPuqnkmBMZteTnjCcoZw4QpkRblfChtRQhi6jogshWD55lTQuK4FfCR6uytXbPI4CnMIZXEAA11CFe6hBHRgoeIZXePOM9+K9ex+L0jUv7zmBP/A+fwAOZpCP</latexit><latexit sha1_base64="r4b0iVfSqtBws5Fv1dT4tOBXr5c=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHoxWMF+yHtUrJp2oYm2SWZLZSlv8KLB0W8+nO8+W9M2z1o64PA472ZycyLEiks+v63t7a+sbm1Xdgp7u7tHxyWjo4bNk4N43UWy9i0Imq5FJrXUaDkrcRwqiLJm9HobuY3x9xYEetHnCQ8VHSgRV8wik566oypwSFH2i2V/Yo/B1klQU7KkKPWLX11ejFLFdfIJLW2HfgJhpkbJ5jk02IntTyhbEQHvO2oporbMJsvPCXnTumRfmzc00jm6u+OjCprJypylYri0C57M/E/r51i/ybMhE5S5JotPuqnkmBMZteTnjCcoZw4QpkRblfChtRQhi6jogshWD55lTQuK4FfCR6uytXbPI4CnMIZXEAA11CFe6hBHRgoeIZXePOM9+K9ex+L0jUv7zmBP/A+fwAOZpCP</latexit><latexit sha1_base64="r4b0iVfSqtBws5Fv1dT4tOBXr5c=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHoxWMF+yHtUrJp2oYm2SWZLZSlv8KLB0W8+nO8+W9M2z1o64PA472ZycyLEiks+v63t7a+sbm1Xdgp7u7tHxyWjo4bNk4N43UWy9i0Imq5FJrXUaDkrcRwqiLJm9HobuY3x9xYEetHnCQ8VHSgRV8wik566oypwSFH2i2V/Yo/B1klQU7KkKPWLX11ejFLFdfIJLW2HfgJhpkbJ5jk02IntTyhbEQHvO2oporbMJsvPCXnTumRfmzc00jm6u+OjCprJypylYri0C57M/E/r51i/ybMhE5S5JotPuqnkmBMZteTnjCcoZw4QpkRblfChtRQhi6jogshWD55lTQuK4FfCR6uytXbPI4CnMIZXEAA11CFe6hBHRgoeIZXePOM9+K9ex+L0jUv7zmBP/A+fwAOZpCP</latexit><latexit sha1_base64="r4b0iVfSqtBws5Fv1dT4tOBXr5c=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHoxWMF+yHtUrJp2oYm2SWZLZSlv8KLB0W8+nO8+W9M2z1o64PA472ZycyLEiks+v63t7a+sbm1Xdgp7u7tHxyWjo4bNk4N43UWy9i0Imq5FJrXUaDkrcRwqiLJm9HobuY3x9xYEetHnCQ8VHSgRV8wik566oypwSFH2i2V/Yo/B1klQU7KkKPWLX11ejFLFdfIJLW2HfgJhpkbJ5jk02IntTyhbEQHvO2oporbMJsvPCXnTumRfmzc00jm6u+OjCprJypylYri0C57M/E/r51i/ybMhE5S5JotPuqnkmBMZteTnjCcoZw4QpkRblfChtRQhi6jogshWD55lTQuK4FfCR6uytXbPI4CnMIZXEAA11CFe6hBHRgoeIZXePOM9+K9ex+L0jUv7zmBP/A+fwAOZpCP</latexit>

⌧2 ! 0
<latexit sha1_base64="/Z0t4LkjSiC/lIlxrq0RD6j6MQs=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJIi6LHoxWMF+wFNCJvtpl262YTdiRJC/StePCji1R/izX/jts1BWx8MPN6bYWZemAquwXG+rbX1jc2t7cpOdXdv/+DQPjru6iRTlHVoIhLVD4lmgkvWAQ6C9VPFSBwK1gsnNzO/98CU5om8hzxlfkxGkkecEjBSYNc8IFnQ9BQfjYEolTxiJ7DrTsOZA68StyR1VKId2F/eMKFZzCRQQbQeuE4KfkEUcCrYtOplmqWETsiIDQyVJGbaL+bHT/GZUYY4SpQpCXiu/p4oSKx1HoemMyYw1sveTPzPG2QQXfkFl2kGTNLFoigTGBI8SwIPuWIURG4IoYqbWzEdE0UomLyqJgR3+eVV0m02XKfh3l3UW9dlHBV0gk7ROXLRJWqhW9RGHURRjp7RK3qznqwX6936WLSuWeVMDf2B9fkDZBeUlQ==</latexit><latexit sha1_base64="/Z0t4LkjSiC/lIlxrq0RD6j6MQs=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJIi6LHoxWMF+wFNCJvtpl262YTdiRJC/StePCji1R/izX/jts1BWx8MPN6bYWZemAquwXG+rbX1jc2t7cpOdXdv/+DQPjru6iRTlHVoIhLVD4lmgkvWAQ6C9VPFSBwK1gsnNzO/98CU5om8hzxlfkxGkkecEjBSYNc8IFnQ9BQfjYEolTxiJ7DrTsOZA68StyR1VKId2F/eMKFZzCRQQbQeuE4KfkEUcCrYtOplmqWETsiIDQyVJGbaL+bHT/GZUYY4SpQpCXiu/p4oSKx1HoemMyYw1sveTPzPG2QQXfkFl2kGTNLFoigTGBI8SwIPuWIURG4IoYqbWzEdE0UomLyqJgR3+eVV0m02XKfh3l3UW9dlHBV0gk7ROXLRJWqhW9RGHURRjp7RK3qznqwX6936WLSuWeVMDf2B9fkDZBeUlQ==</latexit><latexit sha1_base64="/Z0t4LkjSiC/lIlxrq0RD6j6MQs=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJIi6LHoxWMF+wFNCJvtpl262YTdiRJC/StePCji1R/izX/jts1BWx8MPN6bYWZemAquwXG+rbX1jc2t7cpOdXdv/+DQPjru6iRTlHVoIhLVD4lmgkvWAQ6C9VPFSBwK1gsnNzO/98CU5om8hzxlfkxGkkecEjBSYNc8IFnQ9BQfjYEolTxiJ7DrTsOZA68StyR1VKId2F/eMKFZzCRQQbQeuE4KfkEUcCrYtOplmqWETsiIDQyVJGbaL+bHT/GZUYY4SpQpCXiu/p4oSKx1HoemMyYw1sveTPzPG2QQXfkFl2kGTNLFoigTGBI8SwIPuWIURG4IoYqbWzEdE0UomLyqJgR3+eVV0m02XKfh3l3UW9dlHBV0gk7ROXLRJWqhW9RGHURRjp7RK3qznqwX6936WLSuWeVMDf2B9fkDZBeUlQ==</latexit><latexit sha1_base64="/Z0t4LkjSiC/lIlxrq0RD6j6MQs=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJIi6LHoxWMF+wFNCJvtpl262YTdiRJC/StePCji1R/izX/jts1BWx8MPN6bYWZemAquwXG+rbX1jc2t7cpOdXdv/+DQPjru6iRTlHVoIhLVD4lmgkvWAQ6C9VPFSBwK1gsnNzO/98CU5om8hzxlfkxGkkecEjBSYNc8IFnQ9BQfjYEolTxiJ7DrTsOZA68StyR1VKId2F/eMKFZzCRQQbQeuE4KfkEUcCrYtOplmqWETsiIDQyVJGbaL+bHT/GZUYY4SpQpCXiu/p4oSKx1HoemMyYw1sveTPzPG2QQXfkFl2kGTNLFoigTGBI8SwIPuWIURG4IoYqbWzEdE0UomLyqJgR3+eVV0m02XKfh3l3UW9dlHBV0gk7ROXLRJWqhW9RGHURRjp7RK3qznqwX6936WLSuWeVMDf2B9fkDZBeUlQ==</latexit>

(mass: smooth!)



looks complicated for  #
<latexit sha1_base64="r4b0iVfSqtBws5Fv1dT4tOBXr5c=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHoxWMF+yHtUrJp2oYm2SWZLZSlv8KLB0W8+nO8+W9M2z1o64PA472ZycyLEiks+v63t7a+sbm1Xdgp7u7tHxyWjo4bNk4N43UWy9i0Imq5FJrXUaDkrcRwqiLJm9HobuY3x9xYEetHnCQ8VHSgRV8wik566oypwSFH2i2V/Yo/B1klQU7KkKPWLX11ejFLFdfIJLW2HfgJhpkbJ5jk02IntTyhbEQHvO2oporbMJsvPCXnTumRfmzc00jm6u+OjCprJypylYri0C57M/E/r51i/ybMhE5S5JotPuqnkmBMZteTnjCcoZw4QpkRblfChtRQhi6jogshWD55lTQuK4FfCR6uytXbPI4CnMIZXEAA11CFe6hBHRgoeIZXePOM9+K9ex+L0jUv7zmBP/A+fwAOZpCP</latexit><latexit sha1_base64="r4b0iVfSqtBws5Fv1dT4tOBXr5c=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHoxWMF+yHtUrJp2oYm2SWZLZSlv8KLB0W8+nO8+W9M2z1o64PA472ZycyLEiks+v63t7a+sbm1Xdgp7u7tHxyWjo4bNk4N43UWy9i0Imq5FJrXUaDkrcRwqiLJm9HobuY3x9xYEetHnCQ8VHSgRV8wik566oypwSFH2i2V/Yo/B1klQU7KkKPWLX11ejFLFdfIJLW2HfgJhpkbJ5jk02IntTyhbEQHvO2oporbMJsvPCXnTumRfmzc00jm6u+OjCprJypylYri0C57M/E/r51i/ybMhE5S5JotPuqnkmBMZteTnjCcoZw4QpkRblfChtRQhi6jogshWD55lTQuK4FfCR6uytXbPI4CnMIZXEAA11CFe6hBHRgoeIZXePOM9+K9ex+L0jUv7zmBP/A+fwAOZpCP</latexit><latexit sha1_base64="r4b0iVfSqtBws5Fv1dT4tOBXr5c=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHoxWMF+yHtUrJp2oYm2SWZLZSlv8KLB0W8+nO8+W9M2z1o64PA472ZycyLEiks+v63t7a+sbm1Xdgp7u7tHxyWjo4bNk4N43UWy9i0Imq5FJrXUaDkrcRwqiLJm9HobuY3x9xYEetHnCQ8VHSgRV8wik566oypwSFH2i2V/Yo/B1klQU7KkKPWLX11ejFLFdfIJLW2HfgJhpkbJ5jk02IntTyhbEQHvO2oporbMJsvPCXnTumRfmzc00jm6u+OjCprJypylYri0C57M/E/r51i/ybMhE5S5JotPuqnkmBMZteTnjCcoZw4QpkRblfChtRQhi6jogshWD55lTQuK4FfCR6uytXbPI4CnMIZXEAA11CFe6hBHRgoeIZXePOM9+K9ex+L0jUv7zmBP/A+fwAOZpCP</latexit><latexit sha1_base64="r4b0iVfSqtBws5Fv1dT4tOBXr5c=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHoxWMF+yHtUrJp2oYm2SWZLZSlv8KLB0W8+nO8+W9M2z1o64PA472ZycyLEiks+v63t7a+sbm1Xdgp7u7tHxyWjo4bNk4N43UWy9i0Imq5FJrXUaDkrcRwqiLJm9HobuY3x9xYEetHnCQ8VHSgRV8wik566oypwSFH2i2V/Yo/B1klQU7KkKPWLX11ejFLFdfIJLW2HfgJhpkbJ5jk02IntTyhbEQHvO2oporbMJsvPCXnTumRfmzc00jm6u+OjCprJypylYri0C57M/E/r51i/ybMhE5S5JotPuqnkmBMZteTnjCcoZw4QpkRblfChtRQhi6jogshWD55lTQuK4FfCR6uytXbPI4CnMIZXEAA11CFe6hBHRgoeIZXePOM9+K9ex+L0jUv7zmBP/A+fwAOZpCP</latexit>

Polchinski 
exercise 7.5c ⌧2 ! 0

<latexit sha1_base64="/Z0t4LkjSiC/lIlxrq0RD6j6MQs=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJIi6LHoxWMF+wFNCJvtpl262YTdiRJC/StePCji1R/izX/jts1BWx8MPN6bYWZemAquwXG+rbX1jc2t7cpOdXdv/+DQPjru6iRTlHVoIhLVD4lmgkvWAQ6C9VPFSBwK1gsnNzO/98CU5om8hzxlfkxGkkecEjBSYNc8IFnQ9BQfjYEolTxiJ7DrTsOZA68StyR1VKId2F/eMKFZzCRQQbQeuE4KfkEUcCrYtOplmqWETsiIDQyVJGbaL+bHT/GZUYY4SpQpCXiu/p4oSKx1HoemMyYw1sveTPzPG2QQXfkFl2kGTNLFoigTGBI8SwIPuWIURG4IoYqbWzEdE0UomLyqJgR3+eVV0m02XKfh3l3UW9dlHBV0gk7ROXLRJWqhW9RGHURRjp7RK3qznqwX6936WLSuWeVMDf2B9fkDZBeUlQ==</latexit><latexit sha1_base64="/Z0t4LkjSiC/lIlxrq0RD6j6MQs=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJIi6LHoxWMF+wFNCJvtpl262YTdiRJC/StePCji1R/izX/jts1BWx8MPN6bYWZemAquwXG+rbX1jc2t7cpOdXdv/+DQPjru6iRTlHVoIhLVD4lmgkvWAQ6C9VPFSBwK1gsnNzO/98CU5om8hzxlfkxGkkecEjBSYNc8IFnQ9BQfjYEolTxiJ7DrTsOZA68StyR1VKId2F/eMKFZzCRQQbQeuE4KfkEUcCrYtOplmqWETsiIDQyVJGbaL+bHT/GZUYY4SpQpCXiu/p4oSKx1HoemMyYw1sveTPzPG2QQXfkFl2kGTNLFoigTGBI8SwIPuWIURG4IoYqbWzEdE0UomLyqJgR3+eVV0m02XKfh3l3UW9dlHBV0gk7ROXLRJWqhW9RGHURRjp7RK3qznqwX6936WLSuWeVMDf2B9fkDZBeUlQ==</latexit><latexit sha1_base64="/Z0t4LkjSiC/lIlxrq0RD6j6MQs=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJIi6LHoxWMF+wFNCJvtpl262YTdiRJC/StePCji1R/izX/jts1BWx8MPN6bYWZemAquwXG+rbX1jc2t7cpOdXdv/+DQPjru6iRTlHVoIhLVD4lmgkvWAQ6C9VPFSBwK1gsnNzO/98CU5om8hzxlfkxGkkecEjBSYNc8IFnQ9BQfjYEolTxiJ7DrTsOZA68StyR1VKId2F/eMKFZzCRQQbQeuE4KfkEUcCrYtOplmqWETsiIDQyVJGbaL+bHT/GZUYY4SpQpCXiu/p4oSKx1HoemMyYw1sveTPzPG2QQXfkFl2kGTNLFoigTGBI8SwIPuWIURG4IoYqbWzEdE0UomLyqJgR3+eVV0m02XKfh3l3UW9dlHBV0gk7ROXLRJWqhW9RGHURRjp7RK3qznqwX6936WLSuWeVMDf2B9fkDZBeUlQ==</latexit><latexit sha1_base64="/Z0t4LkjSiC/lIlxrq0RD6j6MQs=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJIi6LHoxWMF+wFNCJvtpl262YTdiRJC/StePCji1R/izX/jts1BWx8MPN6bYWZemAquwXG+rbX1jc2t7cpOdXdv/+DQPjru6iRTlHVoIhLVD4lmgkvWAQ6C9VPFSBwK1gsnNzO/98CU5om8hzxlfkxGkkecEjBSYNc8IFnQ9BQfjYEolTxiJ7DrTsOZA68StyR1VKId2F/eMKFZzCRQQbQeuE4KfkEUcCrYtOplmqWETsiIDQyVJGbaL+bHT/GZUYY4SpQpCXiu/p4oSKx1HoemMyYw1sveTPzPG2QQXfkFl2kGTNLFoigTGBI8SwIPuWIURG4IoYqbWzEdE0UomLyqJgR3+eVV0m02XKfh3l3UW9dlHBV0gk7ROXLRJWqhW9RGHURRjp7RK3qznqwX6936WLSuWeVMDf2B9fkDZBeUlQ==</latexit>

⌧1
<latexit sha1_base64="CKixu0aouGnda/jFa2QeXSGeFM8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u0izXtArV/yqPwdZJUFOKpCj3it/dfuaZQlXyCS1thP4KYYTalAwyaelbmZ5StmIDnjHUUUTbsPJ/NopOXNKn8TauFJI5urviQlNrB0nketMKA7tsjcT//M6GcbX4USoNEOu2GJRnEmCmsxeJ31hOEM5doQyI9ythA2poQxdQCUXQrD88ippXlQDvxrcX1ZqN3kcRTiBUziHAK6gBndQhwYweIRneIU3T3sv3rv3sWgtePnMMfyB9/kDSP2O7A==</latexit><latexit sha1_base64="CKixu0aouGnda/jFa2QeXSGeFM8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u0izXtArV/yqPwdZJUFOKpCj3it/dfuaZQlXyCS1thP4KYYTalAwyaelbmZ5StmIDnjHUUUTbsPJ/NopOXNKn8TauFJI5urviQlNrB0nketMKA7tsjcT//M6GcbX4USoNEOu2GJRnEmCmsxeJ31hOEM5doQyI9ythA2poQxdQCUXQrD88ippXlQDvxrcX1ZqN3kcRTiBUziHAK6gBndQhwYweIRneIU3T3sv3rv3sWgtePnMMfyB9/kDSP2O7A==</latexit><latexit sha1_base64="CKixu0aouGnda/jFa2QeXSGeFM8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u0izXtArV/yqPwdZJUFOKpCj3it/dfuaZQlXyCS1thP4KYYTalAwyaelbmZ5StmIDnjHUUUTbsPJ/NopOXNKn8TauFJI5urviQlNrB0nketMKA7tsjcT//M6GcbX4USoNEOu2GJRnEmCmsxeJ31hOEM5doQyI9ythA2poQxdQCUXQrD88ippXlQDvxrcX1ZqN3kcRTiBUziHAK6gBndQhwYweIRneIU3T3sv3rv3sWgtePnMMfyB9/kDSP2O7A==</latexit><latexit sha1_base64="CKixu0aouGnda/jFa2QeXSGeFM8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u0izXtArV/yqPwdZJUFOKpCj3it/dfuaZQlXyCS1thP4KYYTalAwyaelbmZ5StmIDnjHUUUTbsPJ/NopOXNKn8TauFJI5urviQlNrB0nketMKA7tsjcT//M6GcbX4USoNEOu2GJRnEmCmsxeJ31hOEM5doQyI9ythA2poQxdQCUXQrD88ippXlQDvxrcX1ZqN3kcRTiBUziHAK6gBndQhwYweIRneIU3T3sv3rv3sWgtePnMMfyB9/kDSP2O7A==</latexit>

cutoff?
UV



on the Poincaré disk  #
<latexit sha1_base64="r4b0iVfSqtBws5Fv1dT4tOBXr5c=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHoxWMF+yHtUrJp2oYm2SWZLZSlv8KLB0W8+nO8+W9M2z1o64PA472ZycyLEiks+v63t7a+sbm1Xdgp7u7tHxyWjo4bNk4N43UWy9i0Imq5FJrXUaDkrcRwqiLJm9HobuY3x9xYEetHnCQ8VHSgRV8wik566oypwSFH2i2V/Yo/B1klQU7KkKPWLX11ejFLFdfIJLW2HfgJhpkbJ5jk02IntTyhbEQHvO2oporbMJsvPCXnTumRfmzc00jm6u+OjCprJypylYri0C57M/E/r51i/ybMhE5S5JotPuqnkmBMZteTnjCcoZw4QpkRblfChtRQhi6jogshWD55lTQuK4FfCR6uytXbPI4CnMIZXEAA11CFe6hBHRgoeIZXePOM9+K9ex+L0jUv7zmBP/A+fwAOZpCP</latexit><latexit sha1_base64="r4b0iVfSqtBws5Fv1dT4tOBXr5c=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHoxWMF+yHtUrJp2oYm2SWZLZSlv8KLB0W8+nO8+W9M2z1o64PA472ZycyLEiks+v63t7a+sbm1Xdgp7u7tHxyWjo4bNk4N43UWy9i0Imq5FJrXUaDkrcRwqiLJm9HobuY3x9xYEetHnCQ8VHSgRV8wik566oypwSFH2i2V/Yo/B1klQU7KkKPWLX11ejFLFdfIJLW2HfgJhpkbJ5jk02IntTyhbEQHvO2oporbMJsvPCXnTumRfmzc00jm6u+OjCprJypylYri0C57M/E/r51i/ybMhE5S5JotPuqnkmBMZteTnjCcoZw4QpkRblfChtRQhi6jogshWD55lTQuK4FfCR6uytXbPI4CnMIZXEAA11CFe6hBHRgoeIZXePOM9+K9ex+L0jUv7zmBP/A+fwAOZpCP</latexit><latexit sha1_base64="r4b0iVfSqtBws5Fv1dT4tOBXr5c=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHoxWMF+yHtUrJp2oYm2SWZLZSlv8KLB0W8+nO8+W9M2z1o64PA472ZycyLEiks+v63t7a+sbm1Xdgp7u7tHxyWjo4bNk4N43UWy9i0Imq5FJrXUaDkrcRwqiLJm9HobuY3x9xYEetHnCQ8VHSgRV8wik566oypwSFH2i2V/Yo/B1klQU7KkKPWLX11ejFLFdfIJLW2HfgJhpkbJ5jk02IntTyhbEQHvO2oporbMJsvPCXnTumRfmzc00jm6u+OjCprJypylYri0C57M/E/r51i/ybMhE5S5JotPuqnkmBMZteTnjCcoZw4QpkRblfChtRQhi6jogshWD55lTQuK4FfCR6uytXbPI4CnMIZXEAA11CFe6hBHRgoeIZXePOM9+K9ex+L0jUv7zmBP/A+fwAOZpCP</latexit><latexit sha1_base64="r4b0iVfSqtBws5Fv1dT4tOBXr5c=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHoxWMF+yHtUrJp2oYm2SWZLZSlv8KLB0W8+nO8+W9M2z1o64PA472ZycyLEiks+v63t7a+sbm1Xdgp7u7tHxyWjo4bNk4N43UWy9i0Imq5FJrXUaDkrcRwqiLJm9HobuY3x9xYEetHnCQ8VHSgRV8wik566oypwSFH2i2V/Yo/B1klQU7KkKPWLX11ejFLFdfIJLW2HfgJhpkbJ5jk02IntTyhbEQHvO2oporbMJsvPCXnTumRfmzc00jm6u+OjCprJypylYri0C57M/E/r51i/ybMhE5S5JotPuqnkmBMZteTnjCcoZw4QpkRblfChtRQhi6jogshWD55lTQuK4FfCR6uytXbPI4CnMIZXEAA11CFe6hBHRgoeIZXePOM9+K9ex+L0jUv7zmBP/A+fwAOZpCP</latexit>

Polchinski 
exercise 7.5c q = e2⇡i⌧

<latexit sha1_base64="Tk/eOj1cFuIJ7YDtIaAXk9PtRzM=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5IUQS9C0YvHCvYDmlg220m7dLOJuxulxP4ULx4U8eov8ea/cdvmoK0PBh7vzTAzL0g4U9pxvq3Cyura+kZxs7S1vbO7Z5f3WypOJYUmjXksOwFRwJmApmaaQyeRQKKAQzsYXU399gNIxWJxq8cJ+BEZCBYySrSRenb5/gLuspqXMMywp0k66dkVp+rMgJeJm5MKytHo2V9eP6ZpBEJTTpTquk6i/YxIzSiHSclLFSSEjsgAuoYKEoHys9npE3xslD4OY2lKaDxTf09kJFJqHAWmMyJ6qBa9qfif1011eO5nTCSpBkHni8KUYx3jaQ64zyRQzceGECqZuRXTIZGEapNWyYTgLr68TFq1qutU3ZvTSv0yj6OIDtEROkEuOkN1dI0aqIkoekTP6BW9WU/Wi/VufcxbC1Y+c4D+wPr8AW7Ok3Q=</latexit><latexit sha1_base64="Tk/eOj1cFuIJ7YDtIaAXk9PtRzM=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5IUQS9C0YvHCvYDmlg220m7dLOJuxulxP4ULx4U8eov8ea/cdvmoK0PBh7vzTAzL0g4U9pxvq3Cyura+kZxs7S1vbO7Z5f3WypOJYUmjXksOwFRwJmApmaaQyeRQKKAQzsYXU399gNIxWJxq8cJ+BEZCBYySrSRenb5/gLuspqXMMywp0k66dkVp+rMgJeJm5MKytHo2V9eP6ZpBEJTTpTquk6i/YxIzSiHSclLFSSEjsgAuoYKEoHys9npE3xslD4OY2lKaDxTf09kJFJqHAWmMyJ6qBa9qfif1011eO5nTCSpBkHni8KUYx3jaQ64zyRQzceGECqZuRXTIZGEapNWyYTgLr68TFq1qutU3ZvTSv0yj6OIDtEROkEuOkN1dI0aqIkoekTP6BW9WU/Wi/VufcxbC1Y+c4D+wPr8AW7Ok3Q=</latexit><latexit sha1_base64="Tk/eOj1cFuIJ7YDtIaAXk9PtRzM=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5IUQS9C0YvHCvYDmlg220m7dLOJuxulxP4ULx4U8eov8ea/cdvmoK0PBh7vzTAzL0g4U9pxvq3Cyura+kZxs7S1vbO7Z5f3WypOJYUmjXksOwFRwJmApmaaQyeRQKKAQzsYXU399gNIxWJxq8cJ+BEZCBYySrSRenb5/gLuspqXMMywp0k66dkVp+rMgJeJm5MKytHo2V9eP6ZpBEJTTpTquk6i/YxIzSiHSclLFSSEjsgAuoYKEoHys9npE3xslD4OY2lKaDxTf09kJFJqHAWmMyJ6qBa9qfif1011eO5nTCSpBkHni8KUYx3jaQ64zyRQzceGECqZuRXTIZGEapNWyYTgLr68TFq1qutU3ZvTSv0yj6OIDtEROkEuOkN1dI0aqIkoekTP6BW9WU/Wi/VufcxbC1Y+c4D+wPr8AW7Ok3Q=</latexit><latexit sha1_base64="Tk/eOj1cFuIJ7YDtIaAXk9PtRzM=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5IUQS9C0YvHCvYDmlg220m7dLOJuxulxP4ULx4U8eov8ea/cdvmoK0PBh7vzTAzL0g4U9pxvq3Cyura+kZxs7S1vbO7Z5f3WypOJYUmjXksOwFRwJmApmaaQyeRQKKAQzsYXU399gNIxWJxq8cJ+BEZCBYySrSRenb5/gLuspqXMMywp0k66dkVp+rMgJeJm5MKytHo2V9eP6ZpBEJTTpTquk6i/YxIzSiHSclLFSSEjsgAuoYKEoHys9npE3xslD4OY2lKaDxTf09kJFJqHAWmMyJ6qBa9qfif1011eO5nTCSpBkHni8KUYx3jaQ64zyRQzceGECqZuRXTIZGEapNWyYTgLr68TFq1qutU3ZvTSv0yj6OIDtEROkEuOkN1dI0aqIkoekTP6BW9WU/Wi/VufcxbC1Y+c4D+wPr8AW7Ok3Q=</latexit>

Mathematica help page 
for EllipticTheta



⌧
<latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit>

1
<latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit> 1

<latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit>

E1(0, z) = � ln

����
#1(z, ⌧)

⌘(⌧)

����
2

+
2⇡(Im z)2

⌧2
<latexit sha1_base64="Fqn005JppevQzjDMmw3LA0hSYmU="></latexit><latexit sha1_base64="Fqn005JppevQzjDMmw3LA0hSYmU="></latexit><latexit sha1_base64="Fqn005JppevQzjDMmw3LA0hSYmU="></latexit><latexit sha1_base64="Fqn005JppevQzjDMmw3LA0hSYmU="></latexit>

G(z, z0) =
↵0

2
E1(0, z � z0)

<latexit sha1_base64="Myx2+j0F+QrgRLNB5dmvywTRn3c=">AAACD3icbVDLSgMxFM3UV62vUZdugkVboZaZIuhGKIrosoJ9QGcYMmnahmYyQ5IR2qF/4MZfceNCEbdu3fk3pu0stHogcDjnHm7u8SNGpbKsLyOzsLi0vJJdza2tb2xumds7DRnGApM6DlkoWj6ShFFO6ooqRlqRICjwGWn6g8uJ37wnQtKQ36lhRNwA9TjtUoyUljzz8Lo4Ko0KR/AcJg5iUR8VoBPqBKyMrzy7aJVGx9r2zLxVtqaAf4mdkjxIUfPMT6cT4jggXGGGpGzbVqTcBAlFMSPjnBNLEiE8QD3S1pSjgEg3md4zhgda6cBuKPTjCk7Vn4kEBVIOA19PBkj15bw3Ef/z2rHqnrkJ5VGsCMezRd2YQRXCSTmwQwXBig01QVhQ/VeI+0ggrHSFOV2CPX/yX9KolG2rbN+e5KsXaR1ZsAf2QRHY4BRUwQ2ogTrA4AE8gRfwajwaz8ab8T4bzRhpZhf8gvHxDc3umVg=</latexit><latexit sha1_base64="Myx2+j0F+QrgRLNB5dmvywTRn3c=">AAACD3icbVDLSgMxFM3UV62vUZdugkVboZaZIuhGKIrosoJ9QGcYMmnahmYyQ5IR2qF/4MZfceNCEbdu3fk3pu0stHogcDjnHm7u8SNGpbKsLyOzsLi0vJJdza2tb2xumds7DRnGApM6DlkoWj6ShFFO6ooqRlqRICjwGWn6g8uJ37wnQtKQ36lhRNwA9TjtUoyUljzz8Lo4Ko0KR/AcJg5iUR8VoBPqBKyMrzy7aJVGx9r2zLxVtqaAf4mdkjxIUfPMT6cT4jggXGGGpGzbVqTcBAlFMSPjnBNLEiE8QD3S1pSjgEg3md4zhgda6cBuKPTjCk7Vn4kEBVIOA19PBkj15bw3Ef/z2rHqnrkJ5VGsCMezRd2YQRXCSTmwQwXBig01QVhQ/VeI+0ggrHSFOV2CPX/yX9KolG2rbN+e5KsXaR1ZsAf2QRHY4BRUwQ2ogTrA4AE8gRfwajwaz8ab8T4bzRhpZhf8gvHxDc3umVg=</latexit><latexit sha1_base64="Myx2+j0F+QrgRLNB5dmvywTRn3c=">AAACD3icbVDLSgMxFM3UV62vUZdugkVboZaZIuhGKIrosoJ9QGcYMmnahmYyQ5IR2qF/4MZfceNCEbdu3fk3pu0stHogcDjnHm7u8SNGpbKsLyOzsLi0vJJdza2tb2xumds7DRnGApM6DlkoWj6ShFFO6ooqRlqRICjwGWn6g8uJ37wnQtKQ36lhRNwA9TjtUoyUljzz8Lo4Ko0KR/AcJg5iUR8VoBPqBKyMrzy7aJVGx9r2zLxVtqaAf4mdkjxIUfPMT6cT4jggXGGGpGzbVqTcBAlFMSPjnBNLEiE8QD3S1pSjgEg3md4zhgda6cBuKPTjCk7Vn4kEBVIOA19PBkj15bw3Ef/z2rHqnrkJ5VGsCMezRd2YQRXCSTmwQwXBig01QVhQ/VeI+0ggrHSFOV2CPX/yX9KolG2rbN+e5KsXaR1ZsAf2QRHY4BRUwQ2ogTrA4AE8gRfwajwaz8ab8T4bzRhpZhf8gvHxDc3umVg=</latexit><latexit sha1_base64="Myx2+j0F+QrgRLNB5dmvywTRn3c=">AAACD3icbVDLSgMxFM3UV62vUZdugkVboZaZIuhGKIrosoJ9QGcYMmnahmYyQ5IR2qF/4MZfceNCEbdu3fk3pu0stHogcDjnHm7u8SNGpbKsLyOzsLi0vJJdza2tb2xumds7DRnGApM6DlkoWj6ShFFO6ooqRlqRICjwGWn6g8uJ37wnQtKQ36lhRNwA9TjtUoyUljzz8Lo4Ko0KR/AcJg5iUR8VoBPqBKyMrzy7aJVGx9r2zLxVtqaAf4mdkjxIUfPMT6cT4jggXGGGpGzbVqTcBAlFMSPjnBNLEiE8QD3S1pSjgEg3md4zhgda6cBuKPTjCk7Vn4kEBVIOA19PBkj15bw3Ef/z2rHqnrkJ5VGsCMezRd2YQRXCSTmwQwXBig01QVhQ/VeI+0ggrHSFOV2CPX/yX9KolG2rbN+e5KsXaR1ZsAf2QRHY4BRUwQ2ogTrA4AE8gRfwajwaz8ab8T4bzRhpZhf8gvHxDc3umVg=</latexit>

2

↵0 @z̄@zG(z, z0) = �2⇡�2(z � z0) +
1

4⇡⌧2<latexit sha1_base64="X9MybqZDLk+xdJDGOwnwo2DgEqA="></latexit><latexit sha1_base64="X9MybqZDLk+xdJDGOwnwo2DgEqA="></latexit><latexit sha1_base64="X9MybqZDLk+xdJDGOwnwo2DgEqA="></latexit><latexit sha1_base64="X9MybqZDLk+xdJDGOwnwo2DgEqA="></latexit>

e.g.  
Polchinski’s 
book, Ch.7 

Kronecker-Eisenstein function
… 

A.Weil, ’76



• for a spacetime torus we could ask the same:

⌧
<latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit>

1
<latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit>

E1(0, z) = � ln

����
#1(z, ⌧)

⌘(⌧)

����
2

+
2⇡(Im z)2

⌧2
<latexit sha1_base64="Fqn005JppevQzjDMmw3LA0hSYmU="></latexit><latexit sha1_base64="Fqn005JppevQzjDMmw3LA0hSYmU="></latexit><latexit sha1_base64="Fqn005JppevQzjDMmw3LA0hSYmU="></latexit><latexit sha1_base64="Fqn005JppevQzjDMmw3LA0hSYmU="></latexit>

G(z, z0) =
↵0

2
E1(0, z � z0)

<latexit sha1_base64="Myx2+j0F+QrgRLNB5dmvywTRn3c=">AAACD3icbVDLSgMxFM3UV62vUZdugkVboZaZIuhGKIrosoJ9QGcYMmnahmYyQ5IR2qF/4MZfceNCEbdu3fk3pu0stHogcDjnHm7u8SNGpbKsLyOzsLi0vJJdza2tb2xumds7DRnGApM6DlkoWj6ShFFO6ooqRlqRICjwGWn6g8uJ37wnQtKQ36lhRNwA9TjtUoyUljzz8Lo4Ko0KR/AcJg5iUR8VoBPqBKyMrzy7aJVGx9r2zLxVtqaAf4mdkjxIUfPMT6cT4jggXGGGpGzbVqTcBAlFMSPjnBNLEiE8QD3S1pSjgEg3md4zhgda6cBuKPTjCk7Vn4kEBVIOA19PBkj15bw3Ef/z2rHqnrkJ5VGsCMezRd2YQRXCSTmwQwXBig01QVhQ/VeI+0ggrHSFOV2CPX/yX9KolG2rbN+e5KsXaR1ZsAf2QRHY4BRUwQ2ogTrA4AE8gRfwajwaz8ab8T4bzRhpZhf8gvHxDc3umVg=</latexit><latexit sha1_base64="Myx2+j0F+QrgRLNB5dmvywTRn3c=">AAACD3icbVDLSgMxFM3UV62vUZdugkVboZaZIuhGKIrosoJ9QGcYMmnahmYyQ5IR2qF/4MZfceNCEbdu3fk3pu0stHogcDjnHm7u8SNGpbKsLyOzsLi0vJJdza2tb2xumds7DRnGApM6DlkoWj6ShFFO6ooqRlqRICjwGWn6g8uJ37wnQtKQ36lhRNwA9TjtUoyUljzz8Lo4Ko0KR/AcJg5iUR8VoBPqBKyMrzy7aJVGx9r2zLxVtqaAf4mdkjxIUfPMT6cT4jggXGGGpGzbVqTcBAlFMSPjnBNLEiE8QD3S1pSjgEg3md4zhgda6cBuKPTjCk7Vn4kEBVIOA19PBkj15bw3Ef/z2rHqnrkJ5VGsCMezRd2YQRXCSTmwQwXBig01QVhQ/VeI+0ggrHSFOV2CPX/yX9KolG2rbN+e5KsXaR1ZsAf2QRHY4BRUwQ2ogTrA4AE8gRfwajwaz8ab8T4bzRhpZhf8gvHxDc3umVg=</latexit><latexit sha1_base64="Myx2+j0F+QrgRLNB5dmvywTRn3c=">AAACD3icbVDLSgMxFM3UV62vUZdugkVboZaZIuhGKIrosoJ9QGcYMmnahmYyQ5IR2qF/4MZfceNCEbdu3fk3pu0stHogcDjnHm7u8SNGpbKsLyOzsLi0vJJdza2tb2xumds7DRnGApM6DlkoWj6ShFFO6ooqRlqRICjwGWn6g8uJ37wnQtKQ36lhRNwA9TjtUoyUljzz8Lo4Ko0KR/AcJg5iUR8VoBPqBKyMrzy7aJVGx9r2zLxVtqaAf4mdkjxIUfPMT6cT4jggXGGGpGzbVqTcBAlFMSPjnBNLEiE8QD3S1pSjgEg3md4zhgda6cBuKPTjCk7Vn4kEBVIOA19PBkj15bw3Ef/z2rHqnrkJ5VGsCMezRd2YQRXCSTmwQwXBig01QVhQ/VeI+0ggrHSFOV2CPX/yX9KolG2rbN+e5KsXaR1ZsAf2QRHY4BRUwQ2ogTrA4AE8gRfwajwaz8ab8T4bzRhpZhf8gvHxDc3umVg=</latexit><latexit sha1_base64="Myx2+j0F+QrgRLNB5dmvywTRn3c=">AAACD3icbVDLSgMxFM3UV62vUZdugkVboZaZIuhGKIrosoJ9QGcYMmnahmYyQ5IR2qF/4MZfceNCEbdu3fk3pu0stHogcDjnHm7u8SNGpbKsLyOzsLi0vJJdza2tb2xumds7DRnGApM6DlkoWj6ShFFO6ooqRlqRICjwGWn6g8uJ37wnQtKQ36lhRNwA9TjtUoyUljzz8Lo4Ko0KR/AcJg5iUR8VoBPqBKyMrzy7aJVGx9r2zLxVtqaAf4mdkjxIUfPMT6cT4jggXGGGpGzbVqTcBAlFMSPjnBNLEiE8QD3S1pSjgEg3md4zhgda6cBuKPTjCk7Vn4kEBVIOA19PBkj15bw3Ef/z2rHqnrkJ5VGsCMezRd2YQRXCSTmwQwXBig01QVhQ/VeI+0ggrHSFOV2CPX/yX9KolG2rbN+e5KsXaR1ZsAf2QRHY4BRUwQ2ogTrA4AE8gRfwajwaz8ab8T4bzRhpZhf8gvHxDc3umVg=</latexit>

2

↵0 @z̄@zG(z, z0) = �2⇡�2(z � z0) +
1

4⇡⌧2<latexit sha1_base64="X9MybqZDLk+xdJDGOwnwo2DgEqA="></latexit><latexit sha1_base64="X9MybqZDLk+xdJDGOwnwo2DgEqA="></latexit><latexit sha1_base64="X9MybqZDLk+xdJDGOwnwo2DgEqA="></latexit><latexit sha1_base64="X9MybqZDLk+xdJDGOwnwo2DgEqA="></latexit>

z ! �
<latexit sha1_base64="ij3L4q/25EPkV5ngyysbey7My64=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBIR9Fj04rGC/YA2lM120yzd7IbdiVpD/4oXD4p49Y9489+4bXPQ1gcDj/dmmJkXpoIb8LxvZ2V1bX1js7RV3t7Z3dt3DyotozJNWZMqoXQnJIYJLlkTOAjWSTUjSShYOxxdT/32PdOGK3kH45QFCRlKHnFKwEp9t/KEe5oPYyBaqwfcS2Ped6tezZsBLxO/IFVUoNF3v3oDRbOESaCCGNP1vRSCnGjgVLBJuZcZlhI6IkPWtVSShJkgn90+wSdWGeBIaVsS8Ez9PZGTxJhxEtrOhEBsFr2p+J/XzSC6DHIu0wyYpPNFUSYwKDwNAg+4ZhTE2BJCNbe3YhoTTSjYuMo2BH/x5WXSOqv5Xs2/Pa/Wr4o4SugIHaNT5KMLVEc3qIGaiKJH9Ixe0ZszcV6cd+dj3rriFDOH6A+czx/uFZRb</latexit><latexit sha1_base64="ij3L4q/25EPkV5ngyysbey7My64=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBIR9Fj04rGC/YA2lM120yzd7IbdiVpD/4oXD4p49Y9489+4bXPQ1gcDj/dmmJkXpoIb8LxvZ2V1bX1js7RV3t7Z3dt3DyotozJNWZMqoXQnJIYJLlkTOAjWSTUjSShYOxxdT/32PdOGK3kH45QFCRlKHnFKwEp9t/KEe5oPYyBaqwfcS2Ped6tezZsBLxO/IFVUoNF3v3oDRbOESaCCGNP1vRSCnGjgVLBJuZcZlhI6IkPWtVSShJkgn90+wSdWGeBIaVsS8Ez9PZGTxJhxEtrOhEBsFr2p+J/XzSC6DHIu0wyYpPNFUSYwKDwNAg+4ZhTE2BJCNbe3YhoTTSjYuMo2BH/x5WXSOqv5Xs2/Pa/Wr4o4SugIHaNT5KMLVEc3qIGaiKJH9Ixe0ZszcV6cd+dj3rriFDOH6A+czx/uFZRb</latexit><latexit sha1_base64="ij3L4q/25EPkV5ngyysbey7My64=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBIR9Fj04rGC/YA2lM120yzd7IbdiVpD/4oXD4p49Y9489+4bXPQ1gcDj/dmmJkXpoIb8LxvZ2V1bX1js7RV3t7Z3dt3DyotozJNWZMqoXQnJIYJLlkTOAjWSTUjSShYOxxdT/32PdOGK3kH45QFCRlKHnFKwEp9t/KEe5oPYyBaqwfcS2Ped6tezZsBLxO/IFVUoNF3v3oDRbOESaCCGNP1vRSCnGjgVLBJuZcZlhI6IkPWtVSShJkgn90+wSdWGeBIaVsS8Ez9PZGTxJhxEtrOhEBsFr2p+J/XzSC6DHIu0wyYpPNFUSYwKDwNAg+4ZhTE2BJCNbe3YhoTTSjYuMo2BH/x5WXSOqv5Xs2/Pa/Wr4o4SugIHaNT5KMLVEc3qIGaiKJH9Ixe0ZszcV6cd+dj3rriFDOH6A+czx/uFZRb</latexit><latexit sha1_base64="ij3L4q/25EPkV5ngyysbey7My64=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBIR9Fj04rGC/YA2lM120yzd7IbdiVpD/4oXD4p49Y9489+4bXPQ1gcDj/dmmJkXpoIb8LxvZ2V1bX1js7RV3t7Z3dt3DyotozJNWZMqoXQnJIYJLlkTOAjWSTUjSShYOxxdT/32PdOGK3kH45QFCRlKHnFKwEp9t/KEe5oPYyBaqwfcS2Ped6tezZsBLxO/IFVUoNF3v3oDRbOESaCCGNP1vRSCnGjgVLBJuZcZlhI6IkPWtVSShJkgn90+wSdWGeBIaVsS8Ez9PZGTxJhxEtrOhEBsFr2p+J/XzSC6DHIu0wyYpPNFUSYwKDwNAg+4ZhTE2BJCNbe3YhoTTSjYuMo2BH/x5WXSOqv5Xs2/Pa/Wr4o4SugIHaNT5KMLVEc3qIGaiKJH9Ixe0ZszcV6cd+dj3rriFDOH6A+czx/uFZRb</latexit>

⌧ ! U
<latexit sha1_base64="4uAmKXrOETkKIAyu7RsKftVYAXY=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIoMeiF48VTFtoQ9lsN+3SzW7Ynagl9K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5USq4Ac/7dkpr6xubW+Xtys7u3v6Be1htGZVpygKqhNKdiBgmuGQBcBCsk2pGkkiwdjS+mfntB6YNV/IeJikLEzKUPOaUgJX6brUHJMM9zYcjIFqrRxz03ZpX9+bAq8QvSA0VaPbdr95A0SxhEqggxnR9L4UwJxo4FWxa6WWGpYSOyZB1LZUkYSbM57dP8alVBjhW2pYEPFd/T+QkMWaSRLYzITAyy95M/M/rZhBfhTmXaQZM0sWiOBMYFJ4FgQdcMwpiYgmhmttbMR0RTSjYuCo2BH/55VXSOq/7Xt2/u6g1ros4yugYnaAz5KNL1EC3qIkCRNETekav6M2ZOi/Ou/OxaC05xcwR+gPn8wfD8ZQ/</latexit><latexit sha1_base64="4uAmKXrOETkKIAyu7RsKftVYAXY=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIoMeiF48VTFtoQ9lsN+3SzW7Ynagl9K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5USq4Ac/7dkpr6xubW+Xtys7u3v6Be1htGZVpygKqhNKdiBgmuGQBcBCsk2pGkkiwdjS+mfntB6YNV/IeJikLEzKUPOaUgJX6brUHJMM9zYcjIFqrRxz03ZpX9+bAq8QvSA0VaPbdr95A0SxhEqggxnR9L4UwJxo4FWxa6WWGpYSOyZB1LZUkYSbM57dP8alVBjhW2pYEPFd/T+QkMWaSRLYzITAyy95M/M/rZhBfhTmXaQZM0sWiOBMYFJ4FgQdcMwpiYgmhmttbMR0RTSjYuCo2BH/55VXSOq/7Xt2/u6g1ros4yugYnaAz5KNL1EC3qIkCRNETekav6M2ZOi/Ou/OxaC05xcwR+gPn8wfD8ZQ/</latexit><latexit sha1_base64="4uAmKXrOETkKIAyu7RsKftVYAXY=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIoMeiF48VTFtoQ9lsN+3SzW7Ynagl9K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5USq4Ac/7dkpr6xubW+Xtys7u3v6Be1htGZVpygKqhNKdiBgmuGQBcBCsk2pGkkiwdjS+mfntB6YNV/IeJikLEzKUPOaUgJX6brUHJMM9zYcjIFqrRxz03ZpX9+bAq8QvSA0VaPbdr95A0SxhEqggxnR9L4UwJxo4FWxa6WWGpYSOyZB1LZUkYSbM57dP8alVBjhW2pYEPFd/T+QkMWaSRLYzITAyy95M/M/rZhBfhTmXaQZM0sWiOBMYFJ4FgQdcMwpiYgmhmttbMR0RTSjYuCo2BH/55VXSOq/7Xt2/u6g1ros4yugYnaAz5KNL1EC3qIkCRNETekav6M2ZOi/Ou/OxaC05xcwR+gPn8wfD8ZQ/</latexit><latexit sha1_base64="4uAmKXrOETkKIAyu7RsKftVYAXY=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIoMeiF48VTFtoQ9lsN+3SzW7Ynagl9K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5USq4Ac/7dkpr6xubW+Xtys7u3v6Be1htGZVpygKqhNKdiBgmuGQBcBCsk2pGkkiwdjS+mfntB6YNV/IeJikLEzKUPOaUgJX6brUHJMM9zYcjIFqrRxz03ZpX9+bAq8QvSA0VaPbdr95A0SxhEqggxnR9L4UwJxo4FWxa6WWGpYSOyZB1LZUkYSbM57dP8alVBjhW2pYEPFd/T+QkMWaSRLYzITAyy95M/M/rZhBfhTmXaQZM0sWiOBMYFJ4FgQdcMwpiYgmhmttbMR0RTSjYuCo2BH/55VXSOq/7Xt2/u6g1ros4yugYnaAz5KNL1EC3qIkCRNETekav6M2ZOi/Ou/OxaC05xcwR+gPn8wfD8ZQ/</latexit>

coupling 
correction

loop correction to holomorphic 
gauge kinetic function

ln |f(�)|2 = ln f(�) + ln f(�) = 2Re ln f(�)
<latexit sha1_base64="PXcpsQBpy5DqF2VYJaqJaY7y/RU="></latexit><latexit sha1_base64="PXcpsQBpy5DqF2VYJaqJaY7y/RU="></latexit><latexit sha1_base64="PXcpsQBpy5DqF2VYJaqJaY7y/RU="></latexit><latexit sha1_base64="PXcpsQBpy5DqF2VYJaqJaY7y/RU="></latexit>

e.g.  
Polchinski’s 
book, Ch.7 

“theta lift” of genus 2 #
<latexit sha1_base64="r4b0iVfSqtBws5Fv1dT4tOBXr5c=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHoxWMF+yHtUrJp2oYm2SWZLZSlv8KLB0W8+nO8+W9M2z1o64PA472ZycyLEiks+v63t7a+sbm1Xdgp7u7tHxyWjo4bNk4N43UWy9i0Imq5FJrXUaDkrcRwqiLJm9HobuY3x9xYEetHnCQ8VHSgRV8wik566oypwSFH2i2V/Yo/B1klQU7KkKPWLX11ejFLFdfIJLW2HfgJhpkbJ5jk02IntTyhbEQHvO2oporbMJsvPCXnTumRfmzc00jm6u+OjCprJypylYri0C57M/E/r51i/ybMhE5S5JotPuqnkmBMZteTnjCcoZw4QpkRblfChtRQhi6jogshWD55lTQuK4FfCR6uytXbPI4CnMIZXEAA11CFe6hBHRgoeIZXePOM9+K9ex+L0jUv7zmBP/A+fwAOZpCP</latexit><latexit sha1_base64="r4b0iVfSqtBws5Fv1dT4tOBXr5c=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHoxWMF+yHtUrJp2oYm2SWZLZSlv8KLB0W8+nO8+W9M2z1o64PA472ZycyLEiks+v63t7a+sbm1Xdgp7u7tHxyWjo4bNk4N43UWy9i0Imq5FJrXUaDkrcRwqiLJm9HobuY3x9xYEetHnCQ8VHSgRV8wik566oypwSFH2i2V/Yo/B1klQU7KkKPWLX11ejFLFdfIJLW2HfgJhpkbJ5jk02IntTyhbEQHvO2oporbMJsvPCXnTumRfmzc00jm6u+OjCprJypylYri0C57M/E/r51i/ybMhE5S5JotPuqnkmBMZteTnjCcoZw4QpkRblfChtRQhi6jogshWD55lTQuK4FfCR6uytXbPI4CnMIZXEAA11CFe6hBHRgoeIZXePOM9+K9ex+L0jUv7zmBP/A+fwAOZpCP</latexit><latexit sha1_base64="r4b0iVfSqtBws5Fv1dT4tOBXr5c=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHoxWMF+yHtUrJp2oYm2SWZLZSlv8KLB0W8+nO8+W9M2z1o64PA472ZycyLEiks+v63t7a+sbm1Xdgp7u7tHxyWjo4bNk4N43UWy9i0Imq5FJrXUaDkrcRwqiLJm9HobuY3x9xYEetHnCQ8VHSgRV8wik566oypwSFH2i2V/Yo/B1klQU7KkKPWLX11ejFLFdfIJLW2HfgJhpkbJ5jk02IntTyhbEQHvO2oporbMJsvPCXnTumRfmzc00jm6u+OjCprJypylYri0C57M/E/r51i/ybMhE5S5JotPuqnkmBMZteTnjCcoZw4QpkRblfChtRQhi6jogshWD55lTQuK4FfCR6uytXbPI4CnMIZXEAA11CFe6hBHRgoeIZXePOM9+K9ex+L0jUv7zmBP/A+fwAOZpCP</latexit><latexit sha1_base64="r4b0iVfSqtBws5Fv1dT4tOBXr5c=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHoxWMF+yHtUrJp2oYm2SWZLZSlv8KLB0W8+nO8+W9M2z1o64PA472ZycyLEiks+v63t7a+sbm1Xdgp7u7tHxyWjo4bNk4N43UWy9i0Imq5FJrXUaDkrcRwqiLJm9HobuY3x9xYEetHnCQ8VHSgRV8wik566oypwSFH2i2V/Yo/B1klQU7KkKPWLX11ejFLFdfIJLW2HfgJhpkbJ5jk02IntTyhbEQHvO2oporbMJsvPCXnTumRfmzc00jm6u+OjCprJypylYri0C57M/E/r51i/ybMhE5S5JotPuqnkmBMZteTnjCcoZw4QpkRblfChtRQhi6jogshWD55lTQuK4FfCR6uytXbPI4CnMIZXEAA11CFe6hBHRgoeIZXePOM9+K9ex+L0jUv7zmBP/A+fwAOZpCP</latexit>

M.B., Haack, Körs ‘04



• not manifestly independent of which fundamental cell, 
    but cancellation between the two terms

no “memory” 
of winding

⌧
<latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit>

1
<latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit>

=

⌧
<latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit>

1
<latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit>

E1(0, z) = � ln

����
#1(z, ⌧)

⌘(⌧)

����
2

+
2⇡(Im z)2

⌧2
<latexit sha1_base64="Fqn005JppevQzjDMmw3LA0hSYmU="></latexit><latexit sha1_base64="Fqn005JppevQzjDMmw3LA0hSYmU="></latexit><latexit sha1_base64="Fqn005JppevQzjDMmw3LA0hSYmU="></latexit><latexit sha1_base64="Fqn005JppevQzjDMmw3LA0hSYmU="></latexit>

G(z, z0) =
↵0

2
E1(0, z � z0)

<latexit sha1_base64="Myx2+j0F+QrgRLNB5dmvywTRn3c=">AAACD3icbVDLSgMxFM3UV62vUZdugkVboZaZIuhGKIrosoJ9QGcYMmnahmYyQ5IR2qF/4MZfceNCEbdu3fk3pu0stHogcDjnHm7u8SNGpbKsLyOzsLi0vJJdza2tb2xumds7DRnGApM6DlkoWj6ShFFO6ooqRlqRICjwGWn6g8uJ37wnQtKQ36lhRNwA9TjtUoyUljzz8Lo4Ko0KR/AcJg5iUR8VoBPqBKyMrzy7aJVGx9r2zLxVtqaAf4mdkjxIUfPMT6cT4jggXGGGpGzbVqTcBAlFMSPjnBNLEiE8QD3S1pSjgEg3md4zhgda6cBuKPTjCk7Vn4kEBVIOA19PBkj15bw3Ef/z2rHqnrkJ5VGsCMezRd2YQRXCSTmwQwXBig01QVhQ/VeI+0ggrHSFOV2CPX/yX9KolG2rbN+e5KsXaR1ZsAf2QRHY4BRUwQ2ogTrA4AE8gRfwajwaz8ab8T4bzRhpZhf8gvHxDc3umVg=</latexit><latexit sha1_base64="Myx2+j0F+QrgRLNB5dmvywTRn3c=">AAACD3icbVDLSgMxFM3UV62vUZdugkVboZaZIuhGKIrosoJ9QGcYMmnahmYyQ5IR2qF/4MZfceNCEbdu3fk3pu0stHogcDjnHm7u8SNGpbKsLyOzsLi0vJJdza2tb2xumds7DRnGApM6DlkoWj6ShFFO6ooqRlqRICjwGWn6g8uJ37wnQtKQ36lhRNwA9TjtUoyUljzz8Lo4Ko0KR/AcJg5iUR8VoBPqBKyMrzy7aJVGx9r2zLxVtqaAf4mdkjxIUfPMT6cT4jggXGGGpGzbVqTcBAlFMSPjnBNLEiE8QD3S1pSjgEg3md4zhgda6cBuKPTjCk7Vn4kEBVIOA19PBkj15bw3Ef/z2rHqnrkJ5VGsCMezRd2YQRXCSTmwQwXBig01QVhQ/VeI+0ggrHSFOV2CPX/yX9KolG2rbN+e5KsXaR1ZsAf2QRHY4BRUwQ2ogTrA4AE8gRfwajwaz8ab8T4bzRhpZhf8gvHxDc3umVg=</latexit><latexit sha1_base64="Myx2+j0F+QrgRLNB5dmvywTRn3c=">AAACD3icbVDLSgMxFM3UV62vUZdugkVboZaZIuhGKIrosoJ9QGcYMmnahmYyQ5IR2qF/4MZfceNCEbdu3fk3pu0stHogcDjnHm7u8SNGpbKsLyOzsLi0vJJdza2tb2xumds7DRnGApM6DlkoWj6ShFFO6ooqRlqRICjwGWn6g8uJ37wnQtKQ36lhRNwA9TjtUoyUljzz8Lo4Ko0KR/AcJg5iUR8VoBPqBKyMrzy7aJVGx9r2zLxVtqaAf4mdkjxIUfPMT6cT4jggXGGGpGzbVqTcBAlFMSPjnBNLEiE8QD3S1pSjgEg3md4zhgda6cBuKPTjCk7Vn4kEBVIOA19PBkj15bw3Ef/z2rHqnrkJ5VGsCMezRd2YQRXCSTmwQwXBig01QVhQ/VeI+0ggrHSFOV2CPX/yX9KolG2rbN+e5KsXaR1ZsAf2QRHY4BRUwQ2ogTrA4AE8gRfwajwaz8ab8T4bzRhpZhf8gvHxDc3umVg=</latexit><latexit sha1_base64="Myx2+j0F+QrgRLNB5dmvywTRn3c=">AAACD3icbVDLSgMxFM3UV62vUZdugkVboZaZIuhGKIrosoJ9QGcYMmnahmYyQ5IR2qF/4MZfceNCEbdu3fk3pu0stHogcDjnHm7u8SNGpbKsLyOzsLi0vJJdza2tb2xumds7DRnGApM6DlkoWj6ShFFO6ooqRlqRICjwGWn6g8uJ37wnQtKQ36lhRNwA9TjtUoyUljzz8Lo4Ko0KR/AcJg5iUR8VoBPqBKyMrzy7aJVGx9r2zLxVtqaAf4mdkjxIUfPMT6cT4jggXGGGpGzbVqTcBAlFMSPjnBNLEiE8QD3S1pSjgEg3md4zhgda6cBuKPTjCk7Vn4kEBVIOA19PBkj15bw3Ef/z2rHqnrkJ5VGsCMezRd2YQRXCSTmwQwXBig01QVhQ/VeI+0ggrHSFOV2CPX/yX9KolG2rbN+e5KsXaR1ZsAf2QRHY4BRUwQ2ogTrA4AE8gRfwajwaz8ab8T4bzRhpZhf8gvHxDc3umVg=</latexit>

2

↵0 @z̄@zG(z, z0) = �2⇡�2(z � z0) +
1

4⇡⌧2<latexit sha1_base64="X9MybqZDLk+xdJDGOwnwo2DgEqA="></latexit><latexit sha1_base64="X9MybqZDLk+xdJDGOwnwo2DgEqA="></latexit><latexit sha1_base64="X9MybqZDLk+xdJDGOwnwo2DgEqA="></latexit><latexit sha1_base64="X9MybqZDLk+xdJDGOwnwo2DgEqA="></latexit>

e.g.  
Polchinski’s 
book, Ch.7 



Fourier-expand Kronecker-Eisenstein

Es(w, z) = ⇡�s�(s)⌧ s2

0X

k,`

e
2⇡i
⌧2

Im((w+k+`⌧)z̄)

|w + k + `⌧ |2s Re s > 1

<latexit sha1_base64="W61id/yhbJM1c1MkLCUs9AZruoY="></latexit><latexit sha1_base64="W61id/yhbJM1c1MkLCUs9AZruoY="></latexit><latexit sha1_base64="W61id/yhbJM1c1MkLCUs9AZruoY="></latexit><latexit sha1_base64="W61id/yhbJM1c1MkLCUs9AZruoY="></latexit>

but wanted w = 0, s = 1 ?

… 
A.Weil, ’76 

… 
M.B., Haack, Kang, Sjörs ‘14

e.g. Polchinski’s book,  
exercise 7.3 



“position-twist duality”

cf. Ewald method for Madelung constant:  
     screen ion, gives Yukawa suppression 

(generalizes to any dimension)

Fourier-expand Kronecker-Eisenstein

… 
A.Weil, ’76 

… 
M.B., Haack, Kang, Sjörs ‘14

integral representation: analytic continuation to all s, 
including functional relation:

Es(w, z) = e
2⇡i
⌧2

Imwz̄E1�s(z, w)
<latexit sha1_base64="Je9imfh7WZyh0fpFpt9sB8GAXd8="></latexit><latexit sha1_base64="Je9imfh7WZyh0fpFpt9sB8GAXd8="></latexit><latexit sha1_base64="Je9imfh7WZyh0fpFpt9sB8GAXd8="></latexit><latexit sha1_base64="Je9imfh7WZyh0fpFpt9sB8GAXd8="></latexit>

Es(w, z) = ⇡�s�(s)⌧ s2

0X

k,`

e
2⇡i
⌧2

Im((w+k+`⌧)z̄)

|w + k + `⌧ |2s Re s > 1

<latexit sha1_base64="W61id/yhbJM1c1MkLCUs9AZruoY="></latexit><latexit sha1_base64="W61id/yhbJM1c1MkLCUs9AZruoY="></latexit><latexit sha1_base64="W61id/yhbJM1c1MkLCUs9AZruoY="></latexit><latexit sha1_base64="W61id/yhbJM1c1MkLCUs9AZruoY="></latexit>

e.g. Polchinski’s book,  
exercise 7.3 



Fourier-expand Kronecker-Eisenstein

… 
A.Weil, ’76 

… 
M.B., Haack, Kang, Sjörs ‘14

integral representation: analytic continuation to all s, 
including functional relation:

Es(w, z) = ⇡�s�(s)⌧ s2

0X

k,`

e
2⇡i
⌧2

Im((w+k+`⌧)z̄)

|w + k + `⌧ |2s Re s > 1

<latexit sha1_base64="W61id/yhbJM1c1MkLCUs9AZruoY="></latexit><latexit sha1_base64="W61id/yhbJM1c1MkLCUs9AZruoY="></latexit><latexit sha1_base64="W61id/yhbJM1c1MkLCUs9AZruoY="></latexit><latexit sha1_base64="W61id/yhbJM1c1MkLCUs9AZruoY="></latexit>

Es(w + 1, z) = Es(w, z)

Es(w + ⌧, z) = Es(w, z)

Es(w, z + 1) = e2⇡ivEs(w, z)

Es(w, z + ⌧) = e�2⇡iuEs(w, z)
<latexit sha1_base64="sCXB0wVieQ2j+6Ax2CjLAi4AmqE="></latexit><latexit sha1_base64="sCXB0wVieQ2j+6Ax2CjLAi4AmqE="></latexit><latexit sha1_base64="sCXB0wVieQ2j+6Ax2CjLAi4AmqE="></latexit><latexit sha1_base64="sCXB0wVieQ2j+6Ax2CjLAi4AmqE="></latexit>

w = u+ v⌧
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orbifold e.g. Witten ‘18

e.g. Polchinski’s book,  
exercise 7.3 



Z from G

1. 

2. 

e�E0
0(�� 1

2+⌧(↵� 1
2 ),0) = e�2⇡(↵� 1

2 )
2⌧2

����
#1(� � 1

2 + (↵� 1
2 )⌧)

⌘(⌧)

����
2

=

������

#
h
↵
�

i
(0, ⌧)

⌘(⌧)

������

2

,

w = z = 0 , s = 1 + ✏
<latexit sha1_base64="ZT5V16cg7hskgNXbw+R1t2caAhw=">AAACAXicbVDLSgNBEOyNrxhfUS+Cl8EgCIawK4KCBIJePEYwD8guYXYymwyZfTAzq8QlXvwVLx4U8epfePNvnE32oIkFDUVVN91dbsSZVKb5beQWFpeWV/KrhbX1jc2t4vZOU4axILRBQh6Ktosl5SygDcUUp+1IUOy7nLbc4VXqt+6okCwMbtUooo6P+wHzGMFKS93i3n31oWraZVS2L5CsWsc2jSTjqVUyK+YEaJ5YGSlBhnq3+GX3QhL7NFCEYyk7lhkpJ8FCMcLpuGDHkkaYDHGfdjQNsE+lk0w+GKNDrfSQFwpdgUIT9fdEgn0pR76rO32sBnLWS8X/vE6svHMnYUEUKxqQ6SIv5kiFKI0D9ZigRPGRJpgIpm9FZIAFJkqHVtAhWLMvz5PmScUyK9bNaal2mcWRh304gCOw4AxqcA11aACBR3iGV3gznowX4934mLbmjGxmF/7A+PwBtiSVIw==</latexit><latexit sha1_base64="ZT5V16cg7hskgNXbw+R1t2caAhw=">AAACAXicbVDLSgNBEOyNrxhfUS+Cl8EgCIawK4KCBIJePEYwD8guYXYymwyZfTAzq8QlXvwVLx4U8epfePNvnE32oIkFDUVVN91dbsSZVKb5beQWFpeWV/KrhbX1jc2t4vZOU4axILRBQh6Ktosl5SygDcUUp+1IUOy7nLbc4VXqt+6okCwMbtUooo6P+wHzGMFKS93i3n31oWraZVS2L5CsWsc2jSTjqVUyK+YEaJ5YGSlBhnq3+GX3QhL7NFCEYyk7lhkpJ8FCMcLpuGDHkkaYDHGfdjQNsE+lk0w+GKNDrfSQFwpdgUIT9fdEgn0pR76rO32sBnLWS8X/vE6svHMnYUEUKxqQ6SIv5kiFKI0D9ZigRPGRJpgIpm9FZIAFJkqHVtAhWLMvz5PmScUyK9bNaal2mcWRh304gCOw4AxqcA11aACBR3iGV3gznowX4934mLbmjGxmF/7A+PwBtiSVIw==</latexit><latexit sha1_base64="ZT5V16cg7hskgNXbw+R1t2caAhw=">AAACAXicbVDLSgNBEOyNrxhfUS+Cl8EgCIawK4KCBIJePEYwD8guYXYymwyZfTAzq8QlXvwVLx4U8epfePNvnE32oIkFDUVVN91dbsSZVKb5beQWFpeWV/KrhbX1jc2t4vZOU4axILRBQh6Ktosl5SygDcUUp+1IUOy7nLbc4VXqt+6okCwMbtUooo6P+wHzGMFKS93i3n31oWraZVS2L5CsWsc2jSTjqVUyK+YEaJ5YGSlBhnq3+GX3QhL7NFCEYyk7lhkpJ8FCMcLpuGDHkkaYDHGfdjQNsE+lk0w+GKNDrfSQFwpdgUIT9fdEgn0pR76rO32sBnLWS8X/vE6svHMnYUEUKxqQ6SIv5kiFKI0D9ZigRPGRJpgIpm9FZIAFJkqHVtAhWLMvz5PmScUyK9bNaal2mcWRh304gCOw4AxqcA11aACBR3iGV3gznowX4934mLbmjGxmF/7A+PwBtiSVIw==</latexit><latexit sha1_base64="ZT5V16cg7hskgNXbw+R1t2caAhw=">AAACAXicbVDLSgNBEOyNrxhfUS+Cl8EgCIawK4KCBIJePEYwD8guYXYymwyZfTAzq8QlXvwVLx4U8epfePNvnE32oIkFDUVVN91dbsSZVKb5beQWFpeWV/KrhbX1jc2t4vZOU4axILRBQh6Ktosl5SygDcUUp+1IUOy7nLbc4VXqt+6okCwMbtUooo6P+wHzGMFKS93i3n31oWraZVS2L5CsWsc2jSTjqVUyK+YEaJ5YGSlBhnq3+GX3QhL7NFCEYyk7lhkpJ8FCMcLpuGDHkkaYDHGfdjQNsE+lk0w+GKNDrfSQFwpdgUIT9fdEgn0pR76rO32sBnLWS8X/vE6svHMnYUEUKxqQ6SIv5kiFKI0D9ZigRPGRJpgIpm9FZIAFJkqHVtAhWLMvz5PmScUyK9bNaal2mcWRh304gCOw4AxqcA11aACBR3iGV3gznowX4934mLbmjGxmF/7A+PwBtiSVIw==</latexit>

Fleig et al  
(1511.04265, eq.10.11)E1+✏(0, 0) =

1

⇡

0X

m,n

⌧1+✏
2

|m+ n⌧ |2(1+✏)

=
1

✏
+ 2(�E � log 2� log(

p
⌧2|⌘(⌧)|

2) +O(✏)
<latexit sha1_base64="44i2vMQwaTAs0zbKt6wOxXeyDh4="></latexit><latexit sha1_base64="44i2vMQwaTAs0zbKt6wOxXeyDh4="></latexit><latexit sha1_base64="44i2vMQwaTAs0zbKt6wOxXeyDh4="></latexit><latexit sha1_base64="44i2vMQwaTAs0zbKt6wOxXeyDh4="></latexit>

w 6= 0 , z = 0 , s = 1 + ✏
<latexit sha1_base64="LsZvG7w/VJ8BcVl44eBJCiE34Yg=">AAACD3icbZDLSgMxFIYzXmu9VV26CRZFsJQZERSkUHTjsoK9QKeUTHqmDc1kxiSj1KFv4MZXceNCEbdu3fk2ZtoutPWHwMd/zuHk/F7EmdK2/W3NzS8sLi1nVrKra+sbm7mt7ZoKY0mhSkMeyoZHFHAmoKqZ5tCIJJDA41D3+pdpvX4HUrFQ3OhBBK2AdAXzGSXaWO3cwb0r4Bbb2C3gAnbP8UPJTtGQKjlHLkSK8bQxbxftkfAsOBPIo4kq7dyX2wlpHIDQlBOlmo4d6VZCpGaUwzDrxgoiQvukC02DggSgWsnoniHeN04H+6E0T2g8cn9PJCRQahB4pjMguqema6n5X60Za/+slTARxRoEHS/yY451iNNwcIdJoJoPDBAqmfkrpj0iCdUmwqwJwZk+eRZqx0XHLjrXJ/nyxSSODNpFe+gQOegUldEVqqAqougRPaNX9GY9WS/Wu/Uxbp2zJjM76I+szx98opkt</latexit><latexit sha1_base64="LsZvG7w/VJ8BcVl44eBJCiE34Yg=">AAACD3icbZDLSgMxFIYzXmu9VV26CRZFsJQZERSkUHTjsoK9QKeUTHqmDc1kxiSj1KFv4MZXceNCEbdu3fk2ZtoutPWHwMd/zuHk/F7EmdK2/W3NzS8sLi1nVrKra+sbm7mt7ZoKY0mhSkMeyoZHFHAmoKqZ5tCIJJDA41D3+pdpvX4HUrFQ3OhBBK2AdAXzGSXaWO3cwb0r4Bbb2C3gAnbP8UPJTtGQKjlHLkSK8bQxbxftkfAsOBPIo4kq7dyX2wlpHIDQlBOlmo4d6VZCpGaUwzDrxgoiQvukC02DggSgWsnoniHeN04H+6E0T2g8cn9PJCRQahB4pjMguqema6n5X60Za/+slTARxRoEHS/yY451iNNwcIdJoJoPDBAqmfkrpj0iCdUmwqwJwZk+eRZqx0XHLjrXJ/nyxSSODNpFe+gQOegUldEVqqAqougRPaNX9GY9WS/Wu/Uxbp2zJjM76I+szx98opkt</latexit><latexit sha1_base64="LsZvG7w/VJ8BcVl44eBJCiE34Yg=">AAACD3icbZDLSgMxFIYzXmu9VV26CRZFsJQZERSkUHTjsoK9QKeUTHqmDc1kxiSj1KFv4MZXceNCEbdu3fk2ZtoutPWHwMd/zuHk/F7EmdK2/W3NzS8sLi1nVrKra+sbm7mt7ZoKY0mhSkMeyoZHFHAmoKqZ5tCIJJDA41D3+pdpvX4HUrFQ3OhBBK2AdAXzGSXaWO3cwb0r4Bbb2C3gAnbP8UPJTtGQKjlHLkSK8bQxbxftkfAsOBPIo4kq7dyX2wlpHIDQlBOlmo4d6VZCpGaUwzDrxgoiQvukC02DggSgWsnoniHeN04H+6E0T2g8cn9PJCRQahB4pjMguqema6n5X60Za/+slTARxRoEHS/yY451iNNwcIdJoJoPDBAqmfkrpj0iCdUmwqwJwZk+eRZqx0XHLjrXJ/nyxSSODNpFe+gQOegUldEVqqAqougRPaNX9GY9WS/Wu/Uxbp2zJjM76I+szx98opkt</latexit><latexit sha1_base64="LsZvG7w/VJ8BcVl44eBJCiE34Yg=">AAACD3icbZDLSgMxFIYzXmu9VV26CRZFsJQZERSkUHTjsoK9QKeUTHqmDc1kxiSj1KFv4MZXceNCEbdu3fk2ZtoutPWHwMd/zuHk/F7EmdK2/W3NzS8sLi1nVrKra+sbm7mt7ZoKY0mhSkMeyoZHFHAmoKqZ5tCIJJDA41D3+pdpvX4HUrFQ3OhBBK2AdAXzGSXaWO3cwb0r4Bbb2C3gAnbP8UPJTtGQKjlHLkSK8bQxbxftkfAsOBPIo4kq7dyX2wlpHIDQlBOlmo4d6VZCpGaUwzDrxgoiQvukC02DggSgWsnoniHeN04H+6E0T2g8cn9PJCRQahB4pjMguqema6n5X60Za/+slTARxRoEHS/yY451iNNwcIdJoJoPDBAqmfkrpj0iCdUmwqwJwZk+eRZqx0XHLjrXJ/nyxSSODNpFe+gQOegUldEVqqAqougRPaNX9GY9WS/Wu/Uxbp2zJjM76I+szx98opkt</latexit>

p
⌧2|⌘(⌧)|2

<latexit sha1_base64="xtZ/c74OMrt+27aib8KuTu5rlxU=">AAACBHicbVC7TsMwFHV4lvIKMHaJqJDKUiUVEowVLIxFog+pKZHjOq1Vxwn2DVKVdmDhV1gYQIiVj2Djb3DaDNBypCsdn3OvfO/xY84U2Pa3sbK6tr6xWdgqbu/s7u2bB4ctFSWS0CaJeCQ7PlaUM0GbwIDTTiwpDn1O2/7oKvPbD1QqFolbGMe0F+KBYAEjGLTkmSVX3UtIXcCJV5tOXAq4kj1OJ3c1zyzbVXsGa5k4OSmjHA3P/HL7EUlCKoBwrFTXsWPopVgCI5xOi26iaIzJCA9oV1OBQ6p66eyIqXWilb4VRFKXAGum/p5IcajUOPR1Z4hhqBa9TPzP6yYQXPRSJuIEqCDzj4KEWxBZWSJWn0lKgI81wUQyvatFhlhiAjq3og7BWTx5mbRqVceuOjdn5fplHkcBldAxqiAHnaM6ukYN1EQEPaJn9IrejCfjxXg3PuatK0Y+c4T+wPj8AcOBmCM=</latexit><latexit sha1_base64="xtZ/c74OMrt+27aib8KuTu5rlxU=">AAACBHicbVC7TsMwFHV4lvIKMHaJqJDKUiUVEowVLIxFog+pKZHjOq1Vxwn2DVKVdmDhV1gYQIiVj2Djb3DaDNBypCsdn3OvfO/xY84U2Pa3sbK6tr6xWdgqbu/s7u2bB4ctFSWS0CaJeCQ7PlaUM0GbwIDTTiwpDn1O2/7oKvPbD1QqFolbGMe0F+KBYAEjGLTkmSVX3UtIXcCJV5tOXAq4kj1OJ3c1zyzbVXsGa5k4OSmjHA3P/HL7EUlCKoBwrFTXsWPopVgCI5xOi26iaIzJCA9oV1OBQ6p66eyIqXWilb4VRFKXAGum/p5IcajUOPR1Z4hhqBa9TPzP6yYQXPRSJuIEqCDzj4KEWxBZWSJWn0lKgI81wUQyvatFhlhiAjq3og7BWTx5mbRqVceuOjdn5fplHkcBldAxqiAHnaM6ukYN1EQEPaJn9IrejCfjxXg3PuatK0Y+c4T+wPj8AcOBmCM=</latexit><latexit sha1_base64="xtZ/c74OMrt+27aib8KuTu5rlxU=">AAACBHicbVC7TsMwFHV4lvIKMHaJqJDKUiUVEowVLIxFog+pKZHjOq1Vxwn2DVKVdmDhV1gYQIiVj2Djb3DaDNBypCsdn3OvfO/xY84U2Pa3sbK6tr6xWdgqbu/s7u2bB4ctFSWS0CaJeCQ7PlaUM0GbwIDTTiwpDn1O2/7oKvPbD1QqFolbGMe0F+KBYAEjGLTkmSVX3UtIXcCJV5tOXAq4kj1OJ3c1zyzbVXsGa5k4OSmjHA3P/HL7EUlCKoBwrFTXsWPopVgCI5xOi26iaIzJCA9oV1OBQ6p66eyIqXWilb4VRFKXAGum/p5IcajUOPR1Z4hhqBa9TPzP6yYQXPRSJuIEqCDzj4KEWxBZWSJWn0lKgI81wUQyvatFhlhiAjq3og7BWTx5mbRqVceuOjdn5fplHkcBldAxqiAHnaM6ukYN1EQEPaJn9IrejCfjxXg3PuatK0Y+c4T+wPj8AcOBmCM=</latexit><latexit sha1_base64="xtZ/c74OMrt+27aib8KuTu5rlxU=">AAACBHicbVC7TsMwFHV4lvIKMHaJqJDKUiUVEowVLIxFog+pKZHjOq1Vxwn2DVKVdmDhV1gYQIiVj2Djb3DaDNBypCsdn3OvfO/xY84U2Pa3sbK6tr6xWdgqbu/s7u2bB4ctFSWS0CaJeCQ7PlaUM0GbwIDTTiwpDn1O2/7oKvPbD1QqFolbGMe0F+KBYAEjGLTkmSVX3UtIXcCJV5tOXAq4kj1OJ3c1zyzbVXsGa5k4OSmjHA3P/HL7EUlCKoBwrFTXsWPopVgCI5xOi26iaIzJCA9oV1OBQ6p66eyIqXWilb4VRFKXAGum/p5IcajUOPR1Z4hhqBa9TPzP6yYQXPRSJuIEqCDzj4KEWxBZWSJWn0lKgI81wUQyvatFhlhiAjq3og7BWTx5mbRqVceuOjdn5fplHkcBldAxqiAHnaM6ukYN1EQEPaJn9IrejCfjxXg3PuatK0Y+c4T+wPj8AcOBmCM=</latexit>

per boson

per fermion pair
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gauge couplings = 2: moduli space 
metric of D-brane scalars

if N = 2 spacetime supersymmetry,

“ladder operator” differential equation

M.B., Haack, Körs ‘05



Worldsheet Feynman diagram

“modular graph function”
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Worldsheet Feynman diagram

Green, Sethi ’98 
…Follows from spacetime supersymmetry 

…. if the torus is complexified dilaton (F-theory torus)!

eigenfunction of upper half-plane Laplacian:
Why? 

“modular graph function”

=

Z
d2z G(z)G(�z) =

Z 1

0
dx

Z 1

0
dy G(x, y)G(�x,�y)
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Courtesy of the Archives of the Institute for 

Advanced Study. Photograph by Hermann Landshoff. 

Harish-Chandra (1923-1983) 

Harish-Chandra

r2
⌧ E2 = ⌧22 (@

2
⌧1 + @2

⌧2)E2(⌧) = 2E2(⌧)
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BMN: limit of  

Bergman, Gaberdiel, Green 
… 
Takayanagi 
…
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ds2 = �2dx+dx� �m2

X
(xi)2(dx+)2 +

X
(dxi)2
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plane gravitational wave
Berenstein, Maldacena, Nastase ‘02
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Z
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2
m2(Xi)2 + fermions

◆
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gauge fixing gives:



BMN: limit of  

Bergman, Gaberdiel, Green 
… 
Takayanagi 
…
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<latexit sha1_base64="flN/Ij0HBDo0PwKRhZqteYBVY5c=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUQZdFNy4r2Ac0MUym03bozCTOo1BD8VfcuFDErf/hzr9x2mahrQcuHM65l3vviVNGlfa8b6ewsrq2vlHcLG1t7+zuufsHTZUYiUkDJyyR7RgpwqggDU01I+1UEsRjRlrx8Hrqt0ZEKpqIOz1OSchRX9AexUhbKXKPAm5gQB4MHUF+Xw00MlE1cstexZsBLhM/J2WQox65X0E3wYYToTFDSnV8L9VhhqSmmJFJKTCKpAgPUZ90LBWIExVms+sn8NQqXdhLpC2h4Uz9PZEhrtSYx7aTIz1Qi95U/M/rGN27DDMqUqOJwPNFPcOgTuA0CtilkmDNxpYgLKm9FeIBkghrG1jJhuAvvrxMmtWK71X82/Ny7SqPowiOwQk4Az64ADVwA+qgATB4BM/gFbw5T86L8+58zFsLTj5zCP7A+fwBnnCUqw==</latexit><latexit sha1_base64="flN/Ij0HBDo0PwKRhZqteYBVY5c=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUQZdFNy4r2Ac0MUym03bozCTOo1BD8VfcuFDErf/hzr9x2mahrQcuHM65l3vviVNGlfa8b6ewsrq2vlHcLG1t7+zuufsHTZUYiUkDJyyR7RgpwqggDU01I+1UEsRjRlrx8Hrqt0ZEKpqIOz1OSchRX9AexUhbKXKPAm5gQB4MHUF+Xw00MlE1cstexZsBLhM/J2WQox65X0E3wYYToTFDSnV8L9VhhqSmmJFJKTCKpAgPUZ90LBWIExVms+sn8NQqXdhLpC2h4Uz9PZEhrtSYx7aTIz1Qi95U/M/rGN27DDMqUqOJwPNFPcOgTuA0CtilkmDNxpYgLKm9FeIBkghrG1jJhuAvvrxMmtWK71X82/Ny7SqPowiOwQk4Az64ADVwA+qgATB4BM/gFbw5T86L8+58zFsLTj5zCP7A+fwBnnCUqw==</latexit><latexit sha1_base64="flN/Ij0HBDo0PwKRhZqteYBVY5c=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUQZdFNy4r2Ac0MUym03bozCTOo1BD8VfcuFDErf/hzr9x2mahrQcuHM65l3vviVNGlfa8b6ewsrq2vlHcLG1t7+zuufsHTZUYiUkDJyyR7RgpwqggDU01I+1UEsRjRlrx8Hrqt0ZEKpqIOz1OSchRX9AexUhbKXKPAm5gQB4MHUF+Xw00MlE1cstexZsBLhM/J2WQox65X0E3wYYToTFDSnV8L9VhhqSmmJFJKTCKpAgPUZ90LBWIExVms+sn8NQqXdhLpC2h4Uz9PZEhrtSYx7aTIz1Qi95U/M/rGN27DDMqUqOJwPNFPcOgTuA0CtilkmDNxpYgLKm9FeIBkghrG1jJhuAvvrxMmtWK71X82/Ny7SqPowiOwQk4Az64ADVwA+qgATB4BM/gFbw5T86L8+58zFsLTj5zCP7A+fwBnnCUqw==</latexit><latexit sha1_base64="flN/Ij0HBDo0PwKRhZqteYBVY5c=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUQZdFNy4r2Ac0MUym03bozCTOo1BD8VfcuFDErf/hzr9x2mahrQcuHM65l3vviVNGlfa8b6ewsrq2vlHcLG1t7+zuufsHTZUYiUkDJyyR7RgpwqggDU01I+1UEsRjRlrx8Hrqt0ZEKpqIOz1OSchRX9AexUhbKXKPAm5gQB4MHUF+Xw00MlE1cstexZsBLhM/J2WQox65X0E3wYYToTFDSnV8L9VhhqSmmJFJKTCKpAgPUZ90LBWIExVms+sn8NQqXdhLpC2h4Uz9PZEhrtSYx7aTIz1Qi95U/M/rGN27DDMqUqOJwPNFPcOgTuA0CtilkmDNxpYgLKm9FeIBkghrG1jJhuAvvrxMmtWK71X82/Ny7SqPowiOwQk4Az64ADVwA+qgATB4BM/gFbw5T86L8+58zFsLTj5zCP7A+fwBnnCUqw==</latexit>

here:
ds2 = �2dx+dx� �m2

X
(xi)2(dx+)2 +

X
(dxi)2

<latexit sha1_base64="1sH+B3taxeAeVv2BRflXfG2wEPA=">AAACIHicbVDLSgMxFM3UV62vUZdugkWolJaZQagboejGZQX7gLZTMpm0DU1mhiQjLUM/xY2/4saFIrrTrzHTdqGtBy45nHMvN/d4EaNSWdaXkVlb39jcym7ndnb39g/Mw6OGDGOBSR2HLBQtD0nCaEDqiipGWpEgiHuMNL3RTeo3H4iQNAzu1SQiXY4GAe1TjJSWembFl64Dr2DJ8cduUVepxF2nI2MOC2OXnrtOITX0W5yL/lztmXmrbM0AV4m9IHmwQK1nfnb8EMecBAozJGXbtiLVTZBQFDMyzXViSSKER2hA2poGiBPZTWYHTuGZVnzYD4WuQMGZ+nsiQVzKCfd0J0dqKJe9VPzPa8eqf9lNaBDFigR4vqgfM6hCmKYFfSoIVmyiCcKC6r9CPEQCYaUzzekQ7OWTV0nDKdtW2b67yFevF3FkwQk4BQVggwqogltQA3WAwSN4Bq/gzXgyXox342PemjEWM8fgD4zvH/O8n8E=</latexit><latexit sha1_base64="1sH+B3taxeAeVv2BRflXfG2wEPA=">AAACIHicbVDLSgMxFM3UV62vUZdugkWolJaZQagboejGZQX7gLZTMpm0DU1mhiQjLUM/xY2/4saFIrrTrzHTdqGtBy45nHMvN/d4EaNSWdaXkVlb39jcym7ndnb39g/Mw6OGDGOBSR2HLBQtD0nCaEDqiipGWpEgiHuMNL3RTeo3H4iQNAzu1SQiXY4GAe1TjJSWembFl64Dr2DJ8cduUVepxF2nI2MOC2OXnrtOITX0W5yL/lztmXmrbM0AV4m9IHmwQK1nfnb8EMecBAozJGXbtiLVTZBQFDMyzXViSSKER2hA2poGiBPZTWYHTuGZVnzYD4WuQMGZ+nsiQVzKCfd0J0dqKJe9VPzPa8eqf9lNaBDFigR4vqgfM6hCmKYFfSoIVmyiCcKC6r9CPEQCYaUzzekQ7OWTV0nDKdtW2b67yFevF3FkwQk4BQVggwqogltQA3WAwSN4Bq/gzXgyXox342PemjEWM8fgD4zvH/O8n8E=</latexit><latexit sha1_base64="1sH+B3taxeAeVv2BRflXfG2wEPA=">AAACIHicbVDLSgMxFM3UV62vUZdugkWolJaZQagboejGZQX7gLZTMpm0DU1mhiQjLUM/xY2/4saFIrrTrzHTdqGtBy45nHMvN/d4EaNSWdaXkVlb39jcym7ndnb39g/Mw6OGDGOBSR2HLBQtD0nCaEDqiipGWpEgiHuMNL3RTeo3H4iQNAzu1SQiXY4GAe1TjJSWembFl64Dr2DJ8cduUVepxF2nI2MOC2OXnrtOITX0W5yL/lztmXmrbM0AV4m9IHmwQK1nfnb8EMecBAozJGXbtiLVTZBQFDMyzXViSSKER2hA2poGiBPZTWYHTuGZVnzYD4WuQMGZ+nsiQVzKCfd0J0dqKJe9VPzPa8eqf9lNaBDFigR4vqgfM6hCmKYFfSoIVmyiCcKC6r9CPEQCYaUzzekQ7OWTV0nDKdtW2b67yFevF3FkwQk4BQVggwqogltQA3WAwSN4Bq/gzXgyXox342PemjEWM8fgD4zvH/O8n8E=</latexit><latexit sha1_base64="1sH+B3taxeAeVv2BRflXfG2wEPA=">AAACIHicbVDLSgMxFM3UV62vUZdugkWolJaZQagboejGZQX7gLZTMpm0DU1mhiQjLUM/xY2/4saFIrrTrzHTdqGtBy45nHMvN/d4EaNSWdaXkVlb39jcym7ndnb39g/Mw6OGDGOBSR2HLBQtD0nCaEDqiipGWpEgiHuMNL3RTeo3H4iQNAzu1SQiXY4GAe1TjJSWembFl64Dr2DJ8cduUVepxF2nI2MOC2OXnrtOITX0W5yL/lztmXmrbM0AV4m9IHmwQK1nfnb8EMecBAozJGXbtiLVTZBQFDMyzXViSSKER2hA2poGiBPZTWYHTuGZVnzYD4WuQMGZ+nsiQVzKCfd0J0dqKJe9VPzPa8eqf9lNaBDFigR4vqgfM6hCmKYFfSoIVmyiCcKC6r9CPEQCYaUzzekQ7OWTV0nDKdtW2b67yFevF3FkwQk4BQVggwqogltQA3WAwSN4Bq/gzXgyXox342PemjEWM8fgD4zvH/O8n8E=</latexit>

plane gravitational wave
Berenstein, Maldacena, Nastase ‘02

cf. qn±b = e�2⇡⌧2(n±b)e2⇡i⌧1(n±b)
<latexit sha1_base64="jeev539WAFK1V2F7HOvREp0ajzM=">AAACJ3icbZDLSgMxGIUz9VbrrerSTbAU6sIyUwTdKEU3LivYC3TaIZNm2tAkMyYZoQx9Gze+ihtBRXTpm5i2g2jrD4HDd/KTnONHjCpt259WZml5ZXUtu57b2Nza3snv7jVUGEtM6jhkoWz5SBFGBalrqhlpRZIg7jPS9IdXE795T6SiobjVo4h0OOoLGlCMtEFe/uKumwg34tAfw3NIuslxxY0odDWKvUpp5hyNDZ/i1HB+DC9fsMv2dOCicFJRAOnUvPyL2wtxzInQmCGl2o4d6U6CpKaYkXHOjRWJEB6iPmkbKRAnqpNMc45h0ZAeDEJpjtBwSn9vJIgrNeImSpEjPVDz3gT+57VjHZx1EiqiWBOBZw8FMYM6hJPSYI9KgjUbGYGwpOavEA+QRFibanOmBGc+8qJoVMqOXXZuTgrVy7SOLDgAh6AEHHAKquAa1EAdYPAAnsAreLMerWfr3fqYXc1Y6c4++DPW1zfxkKQf</latexit><latexit sha1_base64="jeev539WAFK1V2F7HOvREp0ajzM=">AAACJ3icbZDLSgMxGIUz9VbrrerSTbAU6sIyUwTdKEU3LivYC3TaIZNm2tAkMyYZoQx9Gze+ihtBRXTpm5i2g2jrD4HDd/KTnONHjCpt259WZml5ZXUtu57b2Nza3snv7jVUGEtM6jhkoWz5SBFGBalrqhlpRZIg7jPS9IdXE795T6SiobjVo4h0OOoLGlCMtEFe/uKumwg34tAfw3NIuslxxY0odDWKvUpp5hyNDZ/i1HB+DC9fsMv2dOCicFJRAOnUvPyL2wtxzInQmCGl2o4d6U6CpKaYkXHOjRWJEB6iPmkbKRAnqpNMc45h0ZAeDEJpjtBwSn9vJIgrNeImSpEjPVDz3gT+57VjHZx1EiqiWBOBZw8FMYM6hJPSYI9KgjUbGYGwpOavEA+QRFibanOmBGc+8qJoVMqOXXZuTgrVy7SOLDgAh6AEHHAKquAa1EAdYPAAnsAreLMerWfr3fqYXc1Y6c4++DPW1zfxkKQf</latexit><latexit sha1_base64="jeev539WAFK1V2F7HOvREp0ajzM=">AAACJ3icbZDLSgMxGIUz9VbrrerSTbAU6sIyUwTdKEU3LivYC3TaIZNm2tAkMyYZoQx9Gze+ihtBRXTpm5i2g2jrD4HDd/KTnONHjCpt259WZml5ZXUtu57b2Nza3snv7jVUGEtM6jhkoWz5SBFGBalrqhlpRZIg7jPS9IdXE795T6SiobjVo4h0OOoLGlCMtEFe/uKumwg34tAfw3NIuslxxY0odDWKvUpp5hyNDZ/i1HB+DC9fsMv2dOCicFJRAOnUvPyL2wtxzInQmCGl2o4d6U6CpKaYkXHOjRWJEB6iPmkbKRAnqpNMc45h0ZAeDEJpjtBwSn9vJIgrNeImSpEjPVDz3gT+57VjHZx1EiqiWBOBZw8FMYM6hJPSYI9KgjUbGYGwpOavEA+QRFibanOmBGc+8qJoVMqOXXZuTgrVy7SOLDgAh6AEHHAKquAa1EAdYPAAnsAreLMerWfr3fqYXc1Y6c4++DPW1zfxkKQf</latexit><latexit sha1_base64="jeev539WAFK1V2F7HOvREp0ajzM=">AAACJ3icbZDLSgMxGIUz9VbrrerSTbAU6sIyUwTdKEU3LivYC3TaIZNm2tAkMyYZoQx9Gze+ihtBRXTpm5i2g2jrD4HDd/KTnONHjCpt259WZml5ZXUtu57b2Nza3snv7jVUGEtM6jhkoWz5SBFGBalrqhlpRZIg7jPS9IdXE795T6SiobjVo4h0OOoLGlCMtEFe/uKumwg34tAfw3NIuslxxY0odDWKvUpp5hyNDZ/i1HB+DC9fsMv2dOCicFJRAOnUvPyL2wtxzInQmCGl2o4d6U6CpKaYkXHOjRWJEB6iPmkbKRAnqpNMc45h0ZAeDEJpjtBwSn9vJIgrNeImSpEjPVDz3gT+57VjHZx1EiqiWBOBZw8FMYM6hJPSYI9KgjUbGYGwpOavEA+QRFibanOmBGc+8qJoVMqOXXZuTgrVy7SOLDgAh6AEHHAKquAa1EAdYPAAnsAreLMerWfr3fqYXc1Y6c4++DPW1zfxkKQf</latexit>

| {z }
<latexit sha1_base64="ZZpHQ8LH/e9dx3tlA+2EvFfsAdg=">AAACBHicbVDLSsNAFJ34rPUVddlNsAiuQiKKLotuXFawD2hCmUxu2qGTSZiZCCVk4cZfceNCEbd+hDv/xkmbhbYeGOZwzr3ce0+QMiqV43wbK6tr6xubta369s7u3r55cNiVSSYIdEjCEtEPsARGOXQUVQz6qQAcBwx6weSm9HsPICRN+L2apuDHeMRpRAlWWhqaDS/jIYhAYAK5N5Zp+bv2BYmLYmg2HduZwVombkWaqEJ7aH55YUKyGLgiDEs5cJ1U+TkWihIGRd3LJOgBEzyCgaYcxyD9fHZEYZ1oJbSiROjHlTVTf3fkOJZyGge6MsZqLBe9UvzPG2QquvJzytNMASfzQVHGLJVYZSJWSAUQxaaaYCKo3tUiY6wDUTq3ug7BXTx5mXTPbNex3bvzZuu6iqOGGugYnSIXXaIWukVt1EEEPaJn9IrejCfjxXg3PualK0bVc4T+wPj8AQwqmFQ=</latexit><latexit sha1_base64="ZZpHQ8LH/e9dx3tlA+2EvFfsAdg=">AAACBHicbVDLSsNAFJ34rPUVddlNsAiuQiKKLotuXFawD2hCmUxu2qGTSZiZCCVk4cZfceNCEbd+hDv/xkmbhbYeGOZwzr3ce0+QMiqV43wbK6tr6xubta369s7u3r55cNiVSSYIdEjCEtEPsARGOXQUVQz6qQAcBwx6weSm9HsPICRN+L2apuDHeMRpRAlWWhqaDS/jIYhAYAK5N5Zp+bv2BYmLYmg2HduZwVombkWaqEJ7aH55YUKyGLgiDEs5cJ1U+TkWihIGRd3LJOgBEzyCgaYcxyD9fHZEYZ1oJbSiROjHlTVTf3fkOJZyGge6MsZqLBe9UvzPG2QquvJzytNMASfzQVHGLJVYZSJWSAUQxaaaYCKo3tUiY6wDUTq3ug7BXTx5mXTPbNex3bvzZuu6iqOGGugYnSIXXaIWukVt1EEEPaJn9IrejCfjxXg3PualK0bVc4T+wPj8AQwqmFQ=</latexit><latexit sha1_base64="ZZpHQ8LH/e9dx3tlA+2EvFfsAdg=">AAACBHicbVDLSsNAFJ34rPUVddlNsAiuQiKKLotuXFawD2hCmUxu2qGTSZiZCCVk4cZfceNCEbd+hDv/xkmbhbYeGOZwzr3ce0+QMiqV43wbK6tr6xubta369s7u3r55cNiVSSYIdEjCEtEPsARGOXQUVQz6qQAcBwx6weSm9HsPICRN+L2apuDHeMRpRAlWWhqaDS/jIYhAYAK5N5Zp+bv2BYmLYmg2HduZwVombkWaqEJ7aH55YUKyGLgiDEs5cJ1U+TkWihIGRd3LJOgBEzyCgaYcxyD9fHZEYZ1oJbSiROjHlTVTf3fkOJZyGge6MsZqLBe9UvzPG2QquvJzytNMASfzQVHGLJVYZSJWSAUQxaaaYCKo3tUiY6wDUTq3ug7BXTx5mXTPbNex3bvzZuu6iqOGGugYnSIXXaIWukVt1EEEPaJn9IrejCfjxXg3PualK0bVc4T+wPj8AQwqmFQ=</latexit><latexit sha1_base64="ZZpHQ8LH/e9dx3tlA+2EvFfsAdg=">AAACBHicbVDLSsNAFJ34rPUVddlNsAiuQiKKLotuXFawD2hCmUxu2qGTSZiZCCVk4cZfceNCEbd+hDv/xkmbhbYeGOZwzr3ce0+QMiqV43wbK6tr6xubta369s7u3r55cNiVSSYIdEjCEtEPsARGOXQUVQz6qQAcBwx6weSm9HsPICRN+L2apuDHeMRpRAlWWhqaDS/jIYhAYAK5N5Zp+bv2BYmLYmg2HduZwVombkWaqEJ7aH55YUKyGLgiDEs5cJ1U+TkWihIGRd3LJOgBEzyCgaYcxyD9fHZEYZ1oJbSiROjHlTVTf3fkOJZyGge6MsZqLBe9UvzPG2QquvJzytNMASfzQVHGLJVYZSJWSAUQxaaaYCKo3tUiY6wDUTq3ug7BXTx5mXTPbNex3bvzZuu6iqOGGugYnSIXXaIWukVt1EEEPaJn9IrejCfjxXg3PualK0bVc4T+wPj8AQwqmFQ=</latexit>

m

2⇡

1X

k=1

cos(2⇡kb)

k
K1(2⇡km)

! m

4⇡2

1X

k=1

cos(2⇡kb)

k2
=

1

4
B2(b) =

1

24
(1 + 6b(b� 1))

<latexit sha1_base64="Hac+Z89HoMvcLKBwpfSyy2Yk6dA="></latexit><latexit sha1_base64="Hac+Z89HoMvcLKBwpfSyy2Yk6dA="></latexit><latexit sha1_base64="Hac+Z89HoMvcLKBwpfSyy2Yk6dA="></latexit><latexit sha1_base64="Hac+Z89HoMvcLKBwpfSyy2Yk6dA="></latexit>

| {z }
<latexit sha1_base64="ApdTJyNfridNM9ys58lzxcuadHc=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQZdFNy4r2Ac0oUwmN+3QySTMTIQSiht/xY0LRdz6Fe78GydtFtp6YJjDOffemXuClDOlHefbqqysrq1vVDdrW9s7u3v2/kFHJZmk0KYJT2QvIAo4E9DWTHPopRJIHHDoBuObwu8+gFQsEfd6koIfk6FgEaNEG2lgH3mZCEEGklDIvZFKi9ul8XQ6sOtOw5kBLxO3JHVUojWwv7wwoVkMQlNOlOq7Tqr9nEjNKIdpzcsUmPFjMoS+oYLEoPx8tsIUnxolxFEizREaz9TfHTmJlZrEgamMiR6pRa8Q//P6mY6u/JyJNNMg6PyhKONYJ7jIA4dMAtV8Ygihkpm/YjoiJg5tUquZENzFlZdJ57zhOg337qLevC7jqKJjdILOkIsuURPdohZqI4oe0TN6RW/Wk/VivVsf89KKVfYcoj+wPn8AGRGX3Q==</latexit><latexit sha1_base64="ApdTJyNfridNM9ys58lzxcuadHc=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQZdFNy4r2Ac0oUwmN+3QySTMTIQSiht/xY0LRdz6Fe78GydtFtp6YJjDOffemXuClDOlHefbqqysrq1vVDdrW9s7u3v2/kFHJZmk0KYJT2QvIAo4E9DWTHPopRJIHHDoBuObwu8+gFQsEfd6koIfk6FgEaNEG2lgH3mZCEEGklDIvZFKi9ul8XQ6sOtOw5kBLxO3JHVUojWwv7wwoVkMQlNOlOq7Tqr9nEjNKIdpzcsUmPFjMoS+oYLEoPx8tsIUnxolxFEizREaz9TfHTmJlZrEgamMiR6pRa8Q//P6mY6u/JyJNNMg6PyhKONYJ7jIA4dMAtV8Ygihkpm/YjoiJg5tUquZENzFlZdJ57zhOg337qLevC7jqKJjdILOkIsuURPdohZqI4oe0TN6RW/Wk/VivVsf89KKVfYcoj+wPn8AGRGX3Q==</latexit><latexit sha1_base64="ApdTJyNfridNM9ys58lzxcuadHc=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQZdFNy4r2Ac0oUwmN+3QySTMTIQSiht/xY0LRdz6Fe78GydtFtp6YJjDOffemXuClDOlHefbqqysrq1vVDdrW9s7u3v2/kFHJZmk0KYJT2QvIAo4E9DWTHPopRJIHHDoBuObwu8+gFQsEfd6koIfk6FgEaNEG2lgH3mZCEEGklDIvZFKi9ul8XQ6sOtOw5kBLxO3JHVUojWwv7wwoVkMQlNOlOq7Tqr9nEjNKIdpzcsUmPFjMoS+oYLEoPx8tsIUnxolxFEizREaz9TfHTmJlZrEgamMiR6pRa8Q//P6mY6u/JyJNNMg6PyhKONYJ7jIA4dMAtV8Ygihkpm/YjoiJg5tUquZENzFlZdJ57zhOg337qLevC7jqKJjdILOkIsuURPdohZqI4oe0TN6RW/Wk/VivVsf89KKVfYcoj+wPn8AGRGX3Q==</latexit><latexit sha1_base64="ApdTJyNfridNM9ys58lzxcuadHc=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQZdFNy4r2Ac0oUwmN+3QySTMTIQSiht/xY0LRdz6Fe78GydtFtp6YJjDOffemXuClDOlHefbqqysrq1vVDdrW9s7u3v2/kFHJZmk0KYJT2QvIAo4E9DWTHPopRJIHHDoBuObwu8+gFQsEfd6koIfk6FgEaNEG2lgH3mZCEEGklDIvZFKi9ul8XQ6sOtOw5kBLxO3JHVUojWwv7wwoVkMQlNOlOq7Tqr9nEjNKIdpzcsUmPFjMoS+oYLEoPx8tsIUnxolxFEizREaz9TfHTmJlZrEgamMiR6pRa8Q//P6mY6u/JyJNNMg6PyhKONYJ7jIA4dMAtV8Ygihkpm/YjoiJg5tUquZENzFlZdJ57zhOg337qLevC7jqKJjdILOkIsuURPdohZqI4oe0TN6RW/Wk/VivVsf89KKVfYcoj+wPn8AGRGX3Q==</latexit>

m ! 0
<latexit sha1_base64="+SGbhfS67B+GmGy+7Ba3C52gcPg=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSNcxOZpMh81hmZg1hyX948aCIV//Fm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6nfmtJ6oNU/LBThIaCjyQLGYEWyc9iq5mg6HFWqsx8nvlil/150CrJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE02mpmxqaYDLCA9pxVGJBTZjNr56iM6f0Uay0K2nRXP09kWFhzERErlNgOzTL3kz8z+ukNr4OMyaT1FJJFovilCOr0CwC1GeaEssnjmCimbsVkSHWmFgXVMmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEENDzDK7x5Y+/Fe/c+Fq0FL585hj/wPn8AXy6SaA==</latexit><latexit sha1_base64="+SGbhfS67B+GmGy+7Ba3C52gcPg=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSNcxOZpMh81hmZg1hyX948aCIV//Fm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6nfmtJ6oNU/LBThIaCjyQLGYEWyc9iq5mg6HFWqsx8nvlil/150CrJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE02mpmxqaYDLCA9pxVGJBTZjNr56iM6f0Uay0K2nRXP09kWFhzERErlNgOzTL3kz8z+ukNr4OMyaT1FJJFovilCOr0CwC1GeaEssnjmCimbsVkSHWmFgXVMmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEENDzDK7x5Y+/Fe/c+Fq0FL585hj/wPn8AXy6SaA==</latexit><latexit sha1_base64="+SGbhfS67B+GmGy+7Ba3C52gcPg=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSNcxOZpMh81hmZg1hyX948aCIV//Fm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6nfmtJ6oNU/LBThIaCjyQLGYEWyc9iq5mg6HFWqsx8nvlil/150CrJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE02mpmxqaYDLCA9pxVGJBTZjNr56iM6f0Uay0K2nRXP09kWFhzERErlNgOzTL3kz8z+ukNr4OMyaT1FJJFovilCOr0CwC1GeaEssnjmCimbsVkSHWmFgXVMmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEENDzDK7x5Y+/Fe/c+Fq0FL585hj/wPn8AXy6SaA==</latexit><latexit sha1_base64="+SGbhfS67B+GmGy+7Ba3C52gcPg=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSNcxOZpMh81hmZg1hyX948aCIV//Fm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6nfmtJ6oNU/LBThIaCjyQLGYEWyc9iq5mg6HFWqsx8nvlil/150CrJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE02mpmxqaYDLCA9pxVGJBTZjNr56iM6f0Uay0K2nRXP09kWFhzERErlNgOzTL3kz8z+ukNr4OMyaT1FJJFovilCOr0CwC1GeaEssnjmCimbsVkSHWmFgXVMmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEENDzDK7x5Y+/Fe/c+Fq0FL585hj/wPn8AXy6SaA==</latexit>

zero-point energy



Z(µ)(z + 1, ⌧) = Z(µ)(z, ⌧)
<latexit sha1_base64="AvKr7g7SllmZ4mVsxk0rhPeZWyE=">AAACEHicbZC7SgNBFIZn4y3G26qlzWAQE5SwK4I2QtDGMoK5YHYNs5NJMmRmd5mLEJc8go2vYmOhiK2lnW/jJNkiJv4w8POdczhz/iBmVCrH+bEyC4tLyyvZ1dza+sbmlr29U5ORFphUccQi0QiQJIyGpKqoYqQRC4J4wEg96F+N6vUHIiSNwls1iInPUTekHYqRMqhlH97dJwWP6+Kw8HjkHnsK6SK8gFN0wlp23ik5Y8F546YmD1JVWva3146w5iRUmCEpm64TKz9BQlHMyDDnaUlihPuoS5rGhogT6Sfjg4bwwJA27ETCvFDBMZ2eSBCXcsAD08mR6snZ2gj+V2tq1Tn3ExrGWpEQTxZ1NIMqgqN0YJsKghUbGIOwoOavEPeQQFiZDHMmBHf25HlTOym5Tsm9Oc2XL9M4smAP7IMCcMEZKINrUAFVgMETeAFv4N16tl6tD+tz0pqx0pld8EfW1y8mF5rC</latexit><latexit sha1_base64="AvKr7g7SllmZ4mVsxk0rhPeZWyE=">AAACEHicbZC7SgNBFIZn4y3G26qlzWAQE5SwK4I2QtDGMoK5YHYNs5NJMmRmd5mLEJc8go2vYmOhiK2lnW/jJNkiJv4w8POdczhz/iBmVCrH+bEyC4tLyyvZ1dza+sbmlr29U5ORFphUccQi0QiQJIyGpKqoYqQRC4J4wEg96F+N6vUHIiSNwls1iInPUTekHYqRMqhlH97dJwWP6+Kw8HjkHnsK6SK8gFN0wlp23ik5Y8F546YmD1JVWva3146w5iRUmCEpm64TKz9BQlHMyDDnaUlihPuoS5rGhogT6Sfjg4bwwJA27ETCvFDBMZ2eSBCXcsAD08mR6snZ2gj+V2tq1Tn3ExrGWpEQTxZ1NIMqgqN0YJsKghUbGIOwoOavEPeQQFiZDHMmBHf25HlTOym5Tsm9Oc2XL9M4smAP7IMCcMEZKINrUAFVgMETeAFv4N16tl6tD+tz0pqx0pld8EfW1y8mF5rC</latexit><latexit sha1_base64="AvKr7g7SllmZ4mVsxk0rhPeZWyE=">AAACEHicbZC7SgNBFIZn4y3G26qlzWAQE5SwK4I2QtDGMoK5YHYNs5NJMmRmd5mLEJc8go2vYmOhiK2lnW/jJNkiJv4w8POdczhz/iBmVCrH+bEyC4tLyyvZ1dza+sbmlr29U5ORFphUccQi0QiQJIyGpKqoYqQRC4J4wEg96F+N6vUHIiSNwls1iInPUTekHYqRMqhlH97dJwWP6+Kw8HjkHnsK6SK8gFN0wlp23ik5Y8F546YmD1JVWva3146w5iRUmCEpm64TKz9BQlHMyDDnaUlihPuoS5rGhogT6Sfjg4bwwJA27ETCvFDBMZ2eSBCXcsAD08mR6snZ2gj+V2tq1Tn3ExrGWpEQTxZ1NIMqgqN0YJsKghUbGIOwoOavEPeQQFiZDHMmBHf25HlTOym5Tsm9Oc2XL9M4smAP7IMCcMEZKINrUAFVgMETeAFv4N16tl6tD+tz0pqx0pld8EfW1y8mF5rC</latexit><latexit sha1_base64="AvKr7g7SllmZ4mVsxk0rhPeZWyE=">AAACEHicbZC7SgNBFIZn4y3G26qlzWAQE5SwK4I2QtDGMoK5YHYNs5NJMmRmd5mLEJc8go2vYmOhiK2lnW/jJNkiJv4w8POdczhz/iBmVCrH+bEyC4tLyyvZ1dza+sbmlr29U5ORFphUccQi0QiQJIyGpKqoYqQRC4J4wEg96F+N6vUHIiSNwls1iInPUTekHYqRMqhlH97dJwWP6+Kw8HjkHnsK6SK8gFN0wlp23ik5Y8F546YmD1JVWva3146w5iRUmCEpm64TKz9BQlHMyDDnaUlihPuoS5rGhogT6Sfjg4bwwJA27ETCvFDBMZ2eSBCXcsAD08mR6snZ2gj+V2tq1Tn3ExrGWpEQTxZ1NIMqgqN0YJsKghUbGIOwoOavEPeQQFiZDHMmBHf25HlTOym5Tsm9Oc2XL9M4smAP7IMCcMEZKINrUAFVgMETeAFv4N16tl6tD+tz0pqx0pld8EfW1y8mF5rC</latexit>

Z(µ)(z + ⌧, ⌧) = Z(µ)(z, ⌧)
<latexit sha1_base64="xsjznTTZp2/25yu3E131ljeZJL8=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0VoVUoigm6EohuXFewDm1gm00k7dDIJMxOhhv6DG3/FjQtF3Lpx5984abOorQfu5XDOvczc40WMSmVZP0ZuYXFpeSW/Wlhb39jcMrd3GjKMBSZ1HLJQtDwkCaOc1BVVjLQiQVDgMdL0Blep33wgQtKQ36phRNwA9Tj1KUZKSx3z8O4+KTlBXB6VHo8cheLjtJXhBZwyJlrHLFoVaww4T+yMFEGGWsf8drohjgPCFWZIyrZtRcpNkFAUMzIqOLEkEcID1CNtTTkKiHST8U0jeKCVLvRDoYsrOFanNxIUSDkMPD0ZINWXs14q/ue1Y+WfuwnlUawIx5OH/JhBFcI0INilgmDFhpogLKj+K8R9JBBWOsaCDsGePXmeNE4qtlWxb06L1cssjjzYA/ugBGxwBqrgGtRAHWDwBF7AG3g3no1X48P4nIzmjGxnF/yB8fUL/9+cVQ==</latexit><latexit sha1_base64="xsjznTTZp2/25yu3E131ljeZJL8=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0VoVUoigm6EohuXFewDm1gm00k7dDIJMxOhhv6DG3/FjQtF3Lpx5984abOorQfu5XDOvczc40WMSmVZP0ZuYXFpeSW/Wlhb39jcMrd3GjKMBSZ1HLJQtDwkCaOc1BVVjLQiQVDgMdL0Blep33wgQtKQ36phRNwA9Tj1KUZKSx3z8O4+KTlBXB6VHo8cheLjtJXhBZwyJlrHLFoVaww4T+yMFEGGWsf8drohjgPCFWZIyrZtRcpNkFAUMzIqOLEkEcID1CNtTTkKiHST8U0jeKCVLvRDoYsrOFanNxIUSDkMPD0ZINWXs14q/ue1Y+WfuwnlUawIx5OH/JhBFcI0INilgmDFhpogLKj+K8R9JBBWOsaCDsGePXmeNE4qtlWxb06L1cssjjzYA/ugBGxwBqrgGtRAHWDwBF7AG3g3no1X48P4nIzmjGxnF/yB8fUL/9+cVQ==</latexit><latexit sha1_base64="xsjznTTZp2/25yu3E131ljeZJL8=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0VoVUoigm6EohuXFewDm1gm00k7dDIJMxOhhv6DG3/FjQtF3Lpx5984abOorQfu5XDOvczc40WMSmVZP0ZuYXFpeSW/Wlhb39jcMrd3GjKMBSZ1HLJQtDwkCaOc1BVVjLQiQVDgMdL0Blep33wgQtKQ36phRNwA9Tj1KUZKSx3z8O4+KTlBXB6VHo8cheLjtJXhBZwyJlrHLFoVaww4T+yMFEGGWsf8drohjgPCFWZIyrZtRcpNkFAUMzIqOLEkEcID1CNtTTkKiHST8U0jeKCVLvRDoYsrOFanNxIUSDkMPD0ZINWXs14q/ue1Y+WfuwnlUawIx5OH/JhBFcI0INilgmDFhpogLKj+K8R9JBBWOsaCDsGePXmeNE4qtlWxb06L1cssjjzYA/ugBGxwBqrgGtRAHWDwBF7AG3g3no1X48P4nIzmjGxnF/yB8fUL/9+cVQ==</latexit><latexit sha1_base64="xsjznTTZp2/25yu3E131ljeZJL8=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0VoVUoigm6EohuXFewDm1gm00k7dDIJMxOhhv6DG3/FjQtF3Lpx5984abOorQfu5XDOvczc40WMSmVZP0ZuYXFpeSW/Wlhb39jcMrd3GjKMBSZ1HLJQtDwkCaOc1BVVjLQiQVDgMdL0Blep33wgQtKQ36phRNwA9Tj1KUZKSx3z8O4+KTlBXB6VHo8cheLjtJXhBZwyJlrHLFoVaww4T+yMFEGGWsf8drohjgPCFWZIyrZtRcpNkFAUMzIqOLEkEcID1CNtTTkKiHST8U0jeKCVLvRDoYsrOFanNxIUSDkMPD0ZINWXs14q/ue1Y+WfuwnlUawIx5OH/JhBFcI0INilgmDFhpogLKj+K8R9JBBWOsaCDsGePXmeNE4qtlWxb06L1cssjjzYA/ugBGxwBqrgGtRAHWDwBF7AG3g3no1X48P4nIzmjGxnF/yB8fUL/9+cVQ==</latexit>

Z(µ)(z/⌧,�1/⌧) = Z(µ)(z, ⌧)
<latexit sha1_base64="tz6049Dnqo+UWGvpd6Hz01SZ76g=">AAACFnicbVDLSgMxFM3UV62vUZdugkVooa0zIuhGKLpxWcE+sDOWTJppQzOZIckIdehXuPFX3LhQxK24829Mp13U1gOXezjnXpJ7vIhRqSzrx8gsLa+srmXXcxubW9s75u5eQ4axwKSOQxaKlockYZSTuqKKkVYkCAo8Rpre4GrsNx+IkDTkt2oYETdAPU59ipHSUscs390nBSeIi6PC47GjUFwq22kvwgs445VSrWPmrYqVAi4Se0ryYIpax/x2uiGOA8IVZkjKtm1Fyk2QUBQzMso5sSQRwgPUI21NOQqIdJP0rBE80koX+qHQxRVM1dmNBAVSDgNPTwZI9eW8Nxb/89qx8s/dhPIoVoTjyUN+zKAK4Tgj2KWCYMWGmiAsqP4rxH0kEFY6yZwOwZ4/eZE0Tiq2VbFvTvPVy2kcWXAADkEB2OAMVME1qIE6wOAJvIA38G48G6/Gh/E5Gc0Y05198AfG1y9sNJ0E</latexit><latexit sha1_base64="tz6049Dnqo+UWGvpd6Hz01SZ76g=">AAACFnicbVDLSgMxFM3UV62vUZdugkVooa0zIuhGKLpxWcE+sDOWTJppQzOZIckIdehXuPFX3LhQxK24829Mp13U1gOXezjnXpJ7vIhRqSzrx8gsLa+srmXXcxubW9s75u5eQ4axwKSOQxaKlockYZSTuqKKkVYkCAo8Rpre4GrsNx+IkDTkt2oYETdAPU59ipHSUscs390nBSeIi6PC47GjUFwq22kvwgs445VSrWPmrYqVAi4Se0ryYIpax/x2uiGOA8IVZkjKtm1Fyk2QUBQzMso5sSQRwgPUI21NOQqIdJP0rBE80koX+qHQxRVM1dmNBAVSDgNPTwZI9eW8Nxb/89qx8s/dhPIoVoTjyUN+zKAK4Tgj2KWCYMWGmiAsqP4rxH0kEFY6yZwOwZ4/eZE0Tiq2VbFvTvPVy2kcWXAADkEB2OAMVME1qIE6wOAJvIA38G48G6/Gh/E5Gc0Y05198AfG1y9sNJ0E</latexit><latexit sha1_base64="tz6049Dnqo+UWGvpd6Hz01SZ76g=">AAACFnicbVDLSgMxFM3UV62vUZdugkVooa0zIuhGKLpxWcE+sDOWTJppQzOZIckIdehXuPFX3LhQxK24829Mp13U1gOXezjnXpJ7vIhRqSzrx8gsLa+srmXXcxubW9s75u5eQ4axwKSOQxaKlockYZSTuqKKkVYkCAo8Rpre4GrsNx+IkDTkt2oYETdAPU59ipHSUscs390nBSeIi6PC47GjUFwq22kvwgs445VSrWPmrYqVAi4Se0ryYIpax/x2uiGOA8IVZkjKtm1Fyk2QUBQzMso5sSQRwgPUI21NOQqIdJP0rBE80koX+qHQxRVM1dmNBAVSDgNPTwZI9eW8Nxb/89qx8s/dhPIoVoTjyUN+zKAK4Tgj2KWCYMWGmiAsqP4rxH0kEFY6yZwOwZ4/eZE0Tiq2VbFvTvPVy2kcWXAADkEB2OAMVME1qIE6wOAJvIA38G48G6/Gh/E5Gc0Y05198AfG1y9sNJ0E</latexit><latexit sha1_base64="tz6049Dnqo+UWGvpd6Hz01SZ76g=">AAACFnicbVDLSgMxFM3UV62vUZdugkVooa0zIuhGKLpxWcE+sDOWTJppQzOZIckIdehXuPFX3LhQxK24829Mp13U1gOXezjnXpJ7vIhRqSzrx8gsLa+srmXXcxubW9s75u5eQ4axwKSOQxaKlockYZSTuqKKkVYkCAo8Rpre4GrsNx+IkDTkt2oYETdAPU59ipHSUscs390nBSeIi6PC47GjUFwq22kvwgs445VSrWPmrYqVAi4Se0ryYIpax/x2uiGOA8IVZkjKtm1Fyk2QUBQzMso5sSQRwgPUI21NOQqIdJP0rBE80koX+qHQxRVM1dmNBAVSDgNPTwZI9eW8Nxb/89qx8s/dhPIoVoTjyUN+zKAK4Tgj2KWCYMWGmiAsqP4rxH0kEFY6yZwOwZ4/eZE0Tiq2VbFvTvPVy2kcWXAADkEB2OAMVME1qIE6wOAJvIA38G48G6/Gh/E5Gc0Y05198AfG1y9sNJ0E</latexit>

Z(µ)(z, ⌧ + 1) = Z(µ)(z, ⌧)
<latexit sha1_base64="TSCKMSPZfMdg35boFloRhg78ihw=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0VsUUoigm6EohuXFewDm1gm00kdOpmEeQg19BPc+CtuXCji1qU7/8Zpm4W2HrhwOOde7r0nSBiVynG+rdzc/MLiUn65sLK6tr5hb241ZKwFJnUcs1i0AiQJo5zUFVWMtBJBUBQw0gz6FyO/eU+EpDG/VoOE+BHqcRpSjJSROvb+zW1a8iJdHpYeDj2F9IFbhmdwWi137KJTccaAs8TNSBFkqHXsL68bYx0RrjBDUrZdJ1F+ioSimJFhwdOSJAj3UY+0DeUoItJPxw8N4Z5RujCMhSmu4Fj9PZGiSMpBFJjOCKk7Oe2NxP+8tlbhqZ9SnmhFOJ4sCjWDKoajdGCXCoIVGxiCsKDmVojvkEBYmQwLJgR3+uVZ0jiquE7FvTouVs+zOPJgB+yCEnDBCaiCS1ADdYDBI3gGr+DNerJerHfrY9Kas7KZbfAH1ucPJ++awg==</latexit><latexit sha1_base64="TSCKMSPZfMdg35boFloRhg78ihw=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0VsUUoigm6EohuXFewDm1gm00kdOpmEeQg19BPc+CtuXCji1qU7/8Zpm4W2HrhwOOde7r0nSBiVynG+rdzc/MLiUn65sLK6tr5hb241ZKwFJnUcs1i0AiQJo5zUFVWMtBJBUBQw0gz6FyO/eU+EpDG/VoOE+BHqcRpSjJSROvb+zW1a8iJdHpYeDj2F9IFbhmdwWi137KJTccaAs8TNSBFkqHXsL68bYx0RrjBDUrZdJ1F+ioSimJFhwdOSJAj3UY+0DeUoItJPxw8N4Z5RujCMhSmu4Fj9PZGiSMpBFJjOCKk7Oe2NxP+8tlbhqZ9SnmhFOJ4sCjWDKoajdGCXCoIVGxiCsKDmVojvkEBYmQwLJgR3+uVZ0jiquE7FvTouVs+zOPJgB+yCEnDBCaiCS1ADdYDBI3gGr+DNerJerHfrY9Kas7KZbfAH1ucPJ++awg==</latexit><latexit sha1_base64="TSCKMSPZfMdg35boFloRhg78ihw=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0VsUUoigm6EohuXFewDm1gm00kdOpmEeQg19BPc+CtuXCji1qU7/8Zpm4W2HrhwOOde7r0nSBiVynG+rdzc/MLiUn65sLK6tr5hb241ZKwFJnUcs1i0AiQJo5zUFVWMtBJBUBQw0gz6FyO/eU+EpDG/VoOE+BHqcRpSjJSROvb+zW1a8iJdHpYeDj2F9IFbhmdwWi137KJTccaAs8TNSBFkqHXsL68bYx0RrjBDUrZdJ1F+ioSimJFhwdOSJAj3UY+0DeUoItJPxw8N4Z5RujCMhSmu4Fj9PZGiSMpBFJjOCKk7Oe2NxP+8tlbhqZ9SnmhFOJ4sCjWDKoajdGCXCoIVGxiCsKDmVojvkEBYmQwLJgR3+uVZ0jiquE7FvTouVs+zOPJgB+yCEnDBCaiCS1ADdYDBI3gGr+DNerJerHfrY9Kas7KZbfAH1ucPJ++awg==</latexit><latexit sha1_base64="TSCKMSPZfMdg35boFloRhg78ihw=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0VsUUoigm6EohuXFewDm1gm00kdOpmEeQg19BPc+CtuXCji1qU7/8Zpm4W2HrhwOOde7r0nSBiVynG+rdzc/MLiUn65sLK6tr5hb241ZKwFJnUcs1i0AiQJo5zUFVWMtBJBUBQw0gz6FyO/eU+EpDG/VoOE+BHqcRpSjJSROvb+zW1a8iJdHpYeDj2F9IFbhmdwWi137KJTccaAs8TNSBFkqHXsL68bYx0RrjBDUrZdJ1F+ioSimJFhwdOSJAj3UY+0DeUoItJPxw8N4Z5RujCMhSmu4Fj9PZGiSMpBFJjOCKk7Oe2NxP+8tlbhqZ9SnmhFOJ4sCjWDKoajdGCXCoIVGxiCsKDmVojvkEBYmQwLJgR3+uVZ0jiquE7FvTouVs+zOPJgB+yCEnDBCaiCS1ADdYDBI3gGr+DNerJerHfrY9Kas7KZbfAH1ucPJ++awg==</latexit>

z = a+ b⌧
<latexit sha1_base64="BTtRVwjqh/9Gujemy4xSS/2Y6M4=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoMgCGFXBL0IQS8eI5gHJEvonUySIbOz60xvIC75Di8eFPHqx3jzb5wke9DEgoaiqpvuriCWwqDrfju5ldW19Y38ZmFre2d3r7h/UDdRohmvsUhGuhmA4VIoXkOBkjdjzSEMJG8Ew9up3xhxbUSkHnAccz+EvhI9wQCt5D/RawpnNKBthKRTLLlldwa6TLyMlEiGaqf41e5GLAm5QibBmJbnxuinoFEwySeFdmJ4DGwIfd6yVEHIjZ/Ojp7QE6t0aS/SthTSmfp7IoXQmHEY2M4QcGAWvan4n9dKsHflp0LFCXLF5ot6iaQY0WkCtCs0ZyjHlgDTwt5K2QA0MLQ5FWwI3uLLy6R+Xvbcsnd/UarcZHHkyRE5JqfEI5ekQu5IldQII4/kmbySN2fkvDjvzse8NedkM4fkD5zPH7/4kMc=</latexit><latexit sha1_base64="BTtRVwjqh/9Gujemy4xSS/2Y6M4=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoMgCGFXBL0IQS8eI5gHJEvonUySIbOz60xvIC75Di8eFPHqx3jzb5wke9DEgoaiqpvuriCWwqDrfju5ldW19Y38ZmFre2d3r7h/UDdRohmvsUhGuhmA4VIoXkOBkjdjzSEMJG8Ew9up3xhxbUSkHnAccz+EvhI9wQCt5D/RawpnNKBthKRTLLlldwa6TLyMlEiGaqf41e5GLAm5QibBmJbnxuinoFEwySeFdmJ4DGwIfd6yVEHIjZ/Ojp7QE6t0aS/SthTSmfp7IoXQmHEY2M4QcGAWvan4n9dKsHflp0LFCXLF5ot6iaQY0WkCtCs0ZyjHlgDTwt5K2QA0MLQ5FWwI3uLLy6R+Xvbcsnd/UarcZHHkyRE5JqfEI5ekQu5IldQII4/kmbySN2fkvDjvzse8NedkM4fkD5zPH7/4kMc=</latexit><latexit sha1_base64="BTtRVwjqh/9Gujemy4xSS/2Y6M4=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoMgCGFXBL0IQS8eI5gHJEvonUySIbOz60xvIC75Di8eFPHqx3jzb5wke9DEgoaiqpvuriCWwqDrfju5ldW19Y38ZmFre2d3r7h/UDdRohmvsUhGuhmA4VIoXkOBkjdjzSEMJG8Ew9up3xhxbUSkHnAccz+EvhI9wQCt5D/RawpnNKBthKRTLLlldwa6TLyMlEiGaqf41e5GLAm5QibBmJbnxuinoFEwySeFdmJ4DGwIfd6yVEHIjZ/Ojp7QE6t0aS/SthTSmfp7IoXQmHEY2M4QcGAWvan4n9dKsHflp0LFCXLF5ot6iaQY0WkCtCs0ZyjHlgDTwt5K2QA0MLQ5FWwI3uLLy6R+Xvbcsnd/UarcZHHkyRE5JqfEI5ekQu5IldQII4/kmbySN2fkvDjvzse8NedkM4fkD5zPH7/4kMc=</latexit><latexit sha1_base64="BTtRVwjqh/9Gujemy4xSS/2Y6M4=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoMgCGFXBL0IQS8eI5gHJEvonUySIbOz60xvIC75Di8eFPHqx3jzb5wke9DEgoaiqpvuriCWwqDrfju5ldW19Y38ZmFre2d3r7h/UDdRohmvsUhGuhmA4VIoXkOBkjdjzSEMJG8Ew9up3xhxbUSkHnAccz+EvhI9wQCt5D/RawpnNKBthKRTLLlldwa6TLyMlEiGaqf41e5GLAm5QibBmJbnxuinoFEwySeFdmJ4DGwIfd6yVEHIjZ/Ojp7QE6t0aS/SthTSmfp7IoXQmHEY2M4QcGAWvan4n9dKsHflp0LFCXLF5ot6iaQY0WkCtCs0ZyjHlgDTwt5K2QA0MLQ5FWwI3uLLy6R+Xvbcsnd/UarcZHHkyRE5JqfEI5ekQu5IldQII4/kmbySN2fkvDjvzse8NedkM4fkD5zPH7/4kMc=</latexit>

BMN: limit of  

Bergman, Gaberdiel, Green 
… 
Takayanagi 
…

AdSp ⇥ Sp
<latexit sha1_base64="PTZw3rxDlkT4KuheMVv7RdX2rCU=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPVi8dK7Qe0MWw2m3bpZhN2J4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8IBVcg+N8W6W19Y3NrfJ2ZWd3b//APjxq6yRTlLVoIhLVDYhmgkvWAg6CdVPFSBwI1glGdzO/M2ZK80Q+wiRlXkwGkkecEjCSb9s3YdNPcR94zDRuPqW+XXVqzhx4lbgFqaICDd/+6ocJzWImgQqidc91UvByooBTwaaVfqZZSuiIDFjPUEnMIi+fXz7FZ0YJcZQoUxLwXP09kZNY60kcmM6YwFAvezPxP6+XQXTt5VymGTBJF4uiTGBI8CwGHHLFKIiJIYQqbm7FdEgUoWDCqpgQ3OWXV0n7ouY6Nffhslq/LeIooxN0is6Ri65QHd2jBmohisboGb2iNyu3Xqx362PRWrKKmWP0B9bnD4wMkvE=</latexit><latexit sha1_base64="PTZw3rxDlkT4KuheMVv7RdX2rCU=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPVi8dK7Qe0MWw2m3bpZhN2J4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8IBVcg+N8W6W19Y3NrfJ2ZWd3b//APjxq6yRTlLVoIhLVDYhmgkvWAg6CdVPFSBwI1glGdzO/M2ZK80Q+wiRlXkwGkkecEjCSb9s3YdNPcR94zDRuPqW+XXVqzhx4lbgFqaICDd/+6ocJzWImgQqidc91UvByooBTwaaVfqZZSuiIDFjPUEnMIi+fXz7FZ0YJcZQoUxLwXP09kZNY60kcmM6YwFAvezPxP6+XQXTt5VymGTBJF4uiTGBI8CwGHHLFKIiJIYQqbm7FdEgUoWDCqpgQ3OWXV0n7ouY6Nffhslq/LeIooxN0is6Ri65QHd2jBmohisboGb2iNyu3Xqx362PRWrKKmWP0B9bnD4wMkvE=</latexit><latexit sha1_base64="PTZw3rxDlkT4KuheMVv7RdX2rCU=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPVi8dK7Qe0MWw2m3bpZhN2J4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8IBVcg+N8W6W19Y3NrfJ2ZWd3b//APjxq6yRTlLVoIhLVDYhmgkvWAg6CdVPFSBwI1glGdzO/M2ZK80Q+wiRlXkwGkkecEjCSb9s3YdNPcR94zDRuPqW+XXVqzhx4lbgFqaICDd/+6ocJzWImgQqidc91UvByooBTwaaVfqZZSuiIDFjPUEnMIi+fXz7FZ0YJcZQoUxLwXP09kZNY60kcmM6YwFAvezPxP6+XQXTt5VymGTBJF4uiTGBI8CwGHHLFKIiJIYQqbm7FdEgUoWDCqpgQ3OWXV0n7ouY6Nffhslq/LeIooxN0is6Ri65QHd2jBmohisboGb2iNyu3Xqx362PRWrKKmWP0B9bnD4wMkvE=</latexit><latexit sha1_base64="PTZw3rxDlkT4KuheMVv7RdX2rCU=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPVi8dK7Qe0MWw2m3bpZhN2J4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8IBVcg+N8W6W19Y3NrfJ2ZWd3b//APjxq6yRTlLVoIhLVDYhmgkvWAg6CdVPFSBwI1glGdzO/M2ZK80Q+wiRlXkwGkkecEjCSb9s3YdNPcR94zDRuPqW+XXVqzhx4lbgFqaICDd/+6ocJzWImgQqidc91UvByooBTwaaVfqZZSuiIDFjPUEnMIi+fXz7FZ0YJcZQoUxLwXP09kZNY60kcmM6YwFAvezPxP6+XQXTt5VymGTBJF4uiTGBI8CwGHHLFKIiJIYQqbm7FdEgUoWDCqpgQ3OWXV0n7ouY6Nffhslq/LeIooxN0is6Ri65QHd2jBmohisboGb2iNyu3Xqx362PRWrKKmWP0B9bnD4wMkvE=</latexit>

lnZ(µ)
a,b = 4⇡⌧2�

(µ)
b +

1X

n=�1

X

±
ln
⇣
1� e�2⇡⌧2

p
µ⌧�1

2 +(n±b)2+2⇡i⌧1(n±b)±2⇡ia
⌘

<latexit sha1_base64="9cs8CBnQ4/ps9Y/qZoU/UxaMXLA="></latexit><latexit sha1_base64="9cs8CBnQ4/ps9Y/qZoU/UxaMXLA="></latexit><latexit sha1_base64="9cs8CBnQ4/ps9Y/qZoU/UxaMXLA="></latexit><latexit sha1_base64="9cs8CBnQ4/ps9Y/qZoU/UxaMXLA="></latexit>

µ ⌘ m2⌧2
<latexit sha1_base64="flN/Ij0HBDo0PwKRhZqteYBVY5c=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUQZdFNy4r2Ac0MUym03bozCTOo1BD8VfcuFDErf/hzr9x2mahrQcuHM65l3vviVNGlfa8b6ewsrq2vlHcLG1t7+zuufsHTZUYiUkDJyyR7RgpwqggDU01I+1UEsRjRlrx8Hrqt0ZEKpqIOz1OSchRX9AexUhbKXKPAm5gQB4MHUF+Xw00MlE1cstexZsBLhM/J2WQox65X0E3wYYToTFDSnV8L9VhhqSmmJFJKTCKpAgPUZ90LBWIExVms+sn8NQqXdhLpC2h4Uz9PZEhrtSYx7aTIz1Qi95U/M/rGN27DDMqUqOJwPNFPcOgTuA0CtilkmDNxpYgLKm9FeIBkghrG1jJhuAvvrxMmtWK71X82/Ny7SqPowiOwQk4Az64ADVwA+qgATB4BM/gFbw5T86L8+58zFsLTj5zCP7A+fwBnnCUqw==</latexit><latexit sha1_base64="flN/Ij0HBDo0PwKRhZqteYBVY5c=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUQZdFNy4r2Ac0MUym03bozCTOo1BD8VfcuFDErf/hzr9x2mahrQcuHM65l3vviVNGlfa8b6ewsrq2vlHcLG1t7+zuufsHTZUYiUkDJyyR7RgpwqggDU01I+1UEsRjRlrx8Hrqt0ZEKpqIOz1OSchRX9AexUhbKXKPAm5gQB4MHUF+Xw00MlE1cstexZsBLhM/J2WQox65X0E3wYYToTFDSnV8L9VhhqSmmJFJKTCKpAgPUZ90LBWIExVms+sn8NQqXdhLpC2h4Uz9PZEhrtSYx7aTIz1Qi95U/M/rGN27DDMqUqOJwPNFPcOgTuA0CtilkmDNxpYgLKm9FeIBkghrG1jJhuAvvrxMmtWK71X82/Ny7SqPowiOwQk4Az64ADVwA+qgATB4BM/gFbw5T86L8+58zFsLTj5zCP7A+fwBnnCUqw==</latexit><latexit sha1_base64="flN/Ij0HBDo0PwKRhZqteYBVY5c=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUQZdFNy4r2Ac0MUym03bozCTOo1BD8VfcuFDErf/hzr9x2mahrQcuHM65l3vviVNGlfa8b6ewsrq2vlHcLG1t7+zuufsHTZUYiUkDJyyR7RgpwqggDU01I+1UEsRjRlrx8Hrqt0ZEKpqIOz1OSchRX9AexUhbKXKPAm5gQB4MHUF+Xw00MlE1cstexZsBLhM/J2WQox65X0E3wYYToTFDSnV8L9VhhqSmmJFJKTCKpAgPUZ90LBWIExVms+sn8NQqXdhLpC2h4Uz9PZEhrtSYx7aTIz1Qi95U/M/rGN27DDMqUqOJwPNFPcOgTuA0CtilkmDNxpYgLKm9FeIBkghrG1jJhuAvvrxMmtWK71X82/Ny7SqPowiOwQk4Az64ADVwA+qgATB4BM/gFbw5T86L8+58zFsLTj5zCP7A+fwBnnCUqw==</latexit><latexit sha1_base64="flN/Ij0HBDo0PwKRhZqteYBVY5c=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUQZdFNy4r2Ac0MUym03bozCTOo1BD8VfcuFDErf/hzr9x2mahrQcuHM65l3vviVNGlfa8b6ewsrq2vlHcLG1t7+zuufsHTZUYiUkDJyyR7RgpwqggDU01I+1UEsRjRlrx8Hrqt0ZEKpqIOz1OSchRX9AexUhbKXKPAm5gQB4MHUF+Xw00MlE1cstexZsBLhM/J2WQox65X0E3wYYToTFDSnV8L9VhhqSmmJFJKTCKpAgPUZ90LBWIExVms+sn8NQqXdhLpC2h4Uz9PZEhrtSYx7aTIz1Qi95U/M/rGN27DDMqUqOJwPNFPcOgTuA0CtilkmDNxpYgLKm9FeIBkghrG1jJhuAvvrxMmtWK71X82/Ny7SqPowiOwQk4Az64ADVwA+qgATB4BM/gFbw5T86L8+58zFsLTj5zCP7A+fwBnnCUqw==</latexit>

here:
ds2 = �2dx+dx� �m2

X
(xi)2(dx+)2 +

X
(dxi)2

<latexit sha1_base64="1sH+B3taxeAeVv2BRflXfG2wEPA=">AAACIHicbVDLSgMxFM3UV62vUZdugkWolJaZQagboejGZQX7gLZTMpm0DU1mhiQjLUM/xY2/4saFIrrTrzHTdqGtBy45nHMvN/d4EaNSWdaXkVlb39jcym7ndnb39g/Mw6OGDGOBSR2HLBQtD0nCaEDqiipGWpEgiHuMNL3RTeo3H4iQNAzu1SQiXY4GAe1TjJSWembFl64Dr2DJ8cduUVepxF2nI2MOC2OXnrtOITX0W5yL/lztmXmrbM0AV4m9IHmwQK1nfnb8EMecBAozJGXbtiLVTZBQFDMyzXViSSKER2hA2poGiBPZTWYHTuGZVnzYD4WuQMGZ+nsiQVzKCfd0J0dqKJe9VPzPa8eqf9lNaBDFigR4vqgfM6hCmKYFfSoIVmyiCcKC6r9CPEQCYaUzzekQ7OWTV0nDKdtW2b67yFevF3FkwQk4BQVggwqogltQA3WAwSN4Bq/gzXgyXox342PemjEWM8fgD4zvH/O8n8E=</latexit><latexit sha1_base64="1sH+B3taxeAeVv2BRflXfG2wEPA=">AAACIHicbVDLSgMxFM3UV62vUZdugkWolJaZQagboejGZQX7gLZTMpm0DU1mhiQjLUM/xY2/4saFIrrTrzHTdqGtBy45nHMvN/d4EaNSWdaXkVlb39jcym7ndnb39g/Mw6OGDGOBSR2HLBQtD0nCaEDqiipGWpEgiHuMNL3RTeo3H4iQNAzu1SQiXY4GAe1TjJSWembFl64Dr2DJ8cduUVepxF2nI2MOC2OXnrtOITX0W5yL/lztmXmrbM0AV4m9IHmwQK1nfnb8EMecBAozJGXbtiLVTZBQFDMyzXViSSKER2hA2poGiBPZTWYHTuGZVnzYD4WuQMGZ+nsiQVzKCfd0J0dqKJe9VPzPa8eqf9lNaBDFigR4vqgfM6hCmKYFfSoIVmyiCcKC6r9CPEQCYaUzzekQ7OWTV0nDKdtW2b67yFevF3FkwQk4BQVggwqogltQA3WAwSN4Bq/gzXgyXox342PemjEWM8fgD4zvH/O8n8E=</latexit><latexit sha1_base64="1sH+B3taxeAeVv2BRflXfG2wEPA=">AAACIHicbVDLSgMxFM3UV62vUZdugkWolJaZQagboejGZQX7gLZTMpm0DU1mhiQjLUM/xY2/4saFIrrTrzHTdqGtBy45nHMvN/d4EaNSWdaXkVlb39jcym7ndnb39g/Mw6OGDGOBSR2HLBQtD0nCaEDqiipGWpEgiHuMNL3RTeo3H4iQNAzu1SQiXY4GAe1TjJSWembFl64Dr2DJ8cduUVepxF2nI2MOC2OXnrtOITX0W5yL/lztmXmrbM0AV4m9IHmwQK1nfnb8EMecBAozJGXbtiLVTZBQFDMyzXViSSKER2hA2poGiBPZTWYHTuGZVnzYD4WuQMGZ+nsiQVzKCfd0J0dqKJe9VPzPa8eqf9lNaBDFigR4vqgfM6hCmKYFfSoIVmyiCcKC6r9CPEQCYaUzzekQ7OWTV0nDKdtW2b67yFevF3FkwQk4BQVggwqogltQA3WAwSN4Bq/gzXgyXox342PemjEWM8fgD4zvH/O8n8E=</latexit><latexit sha1_base64="1sH+B3taxeAeVv2BRflXfG2wEPA=">AAACIHicbVDLSgMxFM3UV62vUZdugkWolJaZQagboejGZQX7gLZTMpm0DU1mhiQjLUM/xY2/4saFIrrTrzHTdqGtBy45nHMvN/d4EaNSWdaXkVlb39jcym7ndnb39g/Mw6OGDGOBSR2HLBQtD0nCaEDqiipGWpEgiHuMNL3RTeo3H4iQNAzu1SQiXY4GAe1TjJSWembFl64Dr2DJ8cduUVepxF2nI2MOC2OXnrtOITX0W5yL/lztmXmrbM0AV4m9IHmwQK1nfnb8EMecBAozJGXbtiLVTZBQFDMyzXViSSKER2hA2poGiBPZTWYHTuGZVnzYD4WuQMGZ+nsiQVzKCfd0J0dqKJe9VPzPa8eqf9lNaBDFigR4vqgfM6hCmKYFfSoIVmyiCcKC6r9CPEQCYaUzzekQ7OWTV0nDKdtW2b67yFevF3FkwQk4BQVggwqogltQA3WAwSN4Bq/gzXgyXox342PemjEWM8fgD4zvH/O8n8E=</latexit>

plane gravitational wave
Berenstein, Maldacena, Nastase ‘02

cf. qn±b = e�2⇡⌧2(n±b)e2⇡i⌧1(n±b)
<latexit sha1_base64="jeev539WAFK1V2F7HOvREp0ajzM=">AAACJ3icbZDLSgMxGIUz9VbrrerSTbAU6sIyUwTdKEU3LivYC3TaIZNm2tAkMyYZoQx9Gze+ihtBRXTpm5i2g2jrD4HDd/KTnONHjCpt259WZml5ZXUtu57b2Nza3snv7jVUGEtM6jhkoWz5SBFGBalrqhlpRZIg7jPS9IdXE795T6SiobjVo4h0OOoLGlCMtEFe/uKumwg34tAfw3NIuslxxY0odDWKvUpp5hyNDZ/i1HB+DC9fsMv2dOCicFJRAOnUvPyL2wtxzInQmCGl2o4d6U6CpKaYkXHOjRWJEB6iPmkbKRAnqpNMc45h0ZAeDEJpjtBwSn9vJIgrNeImSpEjPVDz3gT+57VjHZx1EiqiWBOBZw8FMYM6hJPSYI9KgjUbGYGwpOavEA+QRFibanOmBGc+8qJoVMqOXXZuTgrVy7SOLDgAh6AEHHAKquAa1EAdYPAAnsAreLMerWfr3fqYXc1Y6c4++DPW1zfxkKQf</latexit><latexit sha1_base64="jeev539WAFK1V2F7HOvREp0ajzM=">AAACJ3icbZDLSgMxGIUz9VbrrerSTbAU6sIyUwTdKEU3LivYC3TaIZNm2tAkMyYZoQx9Gze+ihtBRXTpm5i2g2jrD4HDd/KTnONHjCpt259WZml5ZXUtu57b2Nza3snv7jVUGEtM6jhkoWz5SBFGBalrqhlpRZIg7jPS9IdXE795T6SiobjVo4h0OOoLGlCMtEFe/uKumwg34tAfw3NIuslxxY0odDWKvUpp5hyNDZ/i1HB+DC9fsMv2dOCicFJRAOnUvPyL2wtxzInQmCGl2o4d6U6CpKaYkXHOjRWJEB6iPmkbKRAnqpNMc45h0ZAeDEJpjtBwSn9vJIgrNeImSpEjPVDz3gT+57VjHZx1EiqiWBOBZw8FMYM6hJPSYI9KgjUbGYGwpOavEA+QRFibanOmBGc+8qJoVMqOXXZuTgrVy7SOLDgAh6AEHHAKquAa1EAdYPAAnsAreLMerWfr3fqYXc1Y6c4++DPW1zfxkKQf</latexit><latexit sha1_base64="jeev539WAFK1V2F7HOvREp0ajzM=">AAACJ3icbZDLSgMxGIUz9VbrrerSTbAU6sIyUwTdKEU3LivYC3TaIZNm2tAkMyYZoQx9Gze+ihtBRXTpm5i2g2jrD4HDd/KTnONHjCpt259WZml5ZXUtu57b2Nza3snv7jVUGEtM6jhkoWz5SBFGBalrqhlpRZIg7jPS9IdXE795T6SiobjVo4h0OOoLGlCMtEFe/uKumwg34tAfw3NIuslxxY0odDWKvUpp5hyNDZ/i1HB+DC9fsMv2dOCicFJRAOnUvPyL2wtxzInQmCGl2o4d6U6CpKaYkXHOjRWJEB6iPmkbKRAnqpNMc45h0ZAeDEJpjtBwSn9vJIgrNeImSpEjPVDz3gT+57VjHZx1EiqiWBOBZw8FMYM6hJPSYI9KgjUbGYGwpOavEA+QRFibanOmBGc+8qJoVMqOXXZuTgrVy7SOLDgAh6AEHHAKquAa1EAdYPAAnsAreLMerWfr3fqYXc1Y6c4++DPW1zfxkKQf</latexit><latexit sha1_base64="jeev539WAFK1V2F7HOvREp0ajzM=">AAACJ3icbZDLSgMxGIUz9VbrrerSTbAU6sIyUwTdKEU3LivYC3TaIZNm2tAkMyYZoQx9Gze+ihtBRXTpm5i2g2jrD4HDd/KTnONHjCpt259WZml5ZXUtu57b2Nza3snv7jVUGEtM6jhkoWz5SBFGBalrqhlpRZIg7jPS9IdXE795T6SiobjVo4h0OOoLGlCMtEFe/uKumwg34tAfw3NIuslxxY0odDWKvUpp5hyNDZ/i1HB+DC9fsMv2dOCicFJRAOnUvPyL2wtxzInQmCGl2o4d6U6CpKaYkXHOjRWJEB6iPmkbKRAnqpNMc45h0ZAeDEJpjtBwSn9vJIgrNeImSpEjPVDz3gT+57VjHZx1EiqiWBOBZw8FMYM6hJPSYI9KgjUbGYGwpOavEA+QRFibanOmBGc+8qJoVMqOXXZuTgrVy7SOLDgAh6AEHHAKquAa1EAdYPAAnsAreLMerWfr3fqYXc1Y6c4++DPW1zfxkKQf</latexit>

| {z }
<latexit sha1_base64="ZZpHQ8LH/e9dx3tlA+2EvFfsAdg=">AAACBHicbVDLSsNAFJ34rPUVddlNsAiuQiKKLotuXFawD2hCmUxu2qGTSZiZCCVk4cZfceNCEbd+hDv/xkmbhbYeGOZwzr3ce0+QMiqV43wbK6tr6xubta369s7u3r55cNiVSSYIdEjCEtEPsARGOXQUVQz6qQAcBwx6weSm9HsPICRN+L2apuDHeMRpRAlWWhqaDS/jIYhAYAK5N5Zp+bv2BYmLYmg2HduZwVombkWaqEJ7aH55YUKyGLgiDEs5cJ1U+TkWihIGRd3LJOgBEzyCgaYcxyD9fHZEYZ1oJbSiROjHlTVTf3fkOJZyGge6MsZqLBe9UvzPG2QquvJzytNMASfzQVHGLJVYZSJWSAUQxaaaYCKo3tUiY6wDUTq3ug7BXTx5mXTPbNex3bvzZuu6iqOGGugYnSIXXaIWukVt1EEEPaJn9IrejCfjxXg3PualK0bVc4T+wPj8AQwqmFQ=</latexit><latexit sha1_base64="ZZpHQ8LH/e9dx3tlA+2EvFfsAdg=">AAACBHicbVDLSsNAFJ34rPUVddlNsAiuQiKKLotuXFawD2hCmUxu2qGTSZiZCCVk4cZfceNCEbd+hDv/xkmbhbYeGOZwzr3ce0+QMiqV43wbK6tr6xubta369s7u3r55cNiVSSYIdEjCEtEPsARGOXQUVQz6qQAcBwx6weSm9HsPICRN+L2apuDHeMRpRAlWWhqaDS/jIYhAYAK5N5Zp+bv2BYmLYmg2HduZwVombkWaqEJ7aH55YUKyGLgiDEs5cJ1U+TkWihIGRd3LJOgBEzyCgaYcxyD9fHZEYZ1oJbSiROjHlTVTf3fkOJZyGge6MsZqLBe9UvzPG2QquvJzytNMASfzQVHGLJVYZSJWSAUQxaaaYCKo3tUiY6wDUTq3ug7BXTx5mXTPbNex3bvzZuu6iqOGGugYnSIXXaIWukVt1EEEPaJn9IrejCfjxXg3PualK0bVc4T+wPj8AQwqmFQ=</latexit><latexit sha1_base64="ZZpHQ8LH/e9dx3tlA+2EvFfsAdg=">AAACBHicbVDLSsNAFJ34rPUVddlNsAiuQiKKLotuXFawD2hCmUxu2qGTSZiZCCVk4cZfceNCEbd+hDv/xkmbhbYeGOZwzr3ce0+QMiqV43wbK6tr6xubta369s7u3r55cNiVSSYIdEjCEtEPsARGOXQUVQz6qQAcBwx6weSm9HsPICRN+L2apuDHeMRpRAlWWhqaDS/jIYhAYAK5N5Zp+bv2BYmLYmg2HduZwVombkWaqEJ7aH55YUKyGLgiDEs5cJ1U+TkWihIGRd3LJOgBEzyCgaYcxyD9fHZEYZ1oJbSiROjHlTVTf3fkOJZyGge6MsZqLBe9UvzPG2QquvJzytNMASfzQVHGLJVYZSJWSAUQxaaaYCKo3tUiY6wDUTq3ug7BXTx5mXTPbNex3bvzZuu6iqOGGugYnSIXXaIWukVt1EEEPaJn9IrejCfjxXg3PualK0bVc4T+wPj8AQwqmFQ=</latexit><latexit sha1_base64="ZZpHQ8LH/e9dx3tlA+2EvFfsAdg=">AAACBHicbVDLSsNAFJ34rPUVddlNsAiuQiKKLotuXFawD2hCmUxu2qGTSZiZCCVk4cZfceNCEbd+hDv/xkmbhbYeGOZwzr3ce0+QMiqV43wbK6tr6xubta369s7u3r55cNiVSSYIdEjCEtEPsARGOXQUVQz6qQAcBwx6weSm9HsPICRN+L2apuDHeMRpRAlWWhqaDS/jIYhAYAK5N5Zp+bv2BYmLYmg2HduZwVombkWaqEJ7aH55YUKyGLgiDEs5cJ1U+TkWihIGRd3LJOgBEzyCgaYcxyD9fHZEYZ1oJbSiROjHlTVTf3fkOJZyGge6MsZqLBe9UvzPG2QquvJzytNMASfzQVHGLJVYZSJWSAUQxaaaYCKo3tUiY6wDUTq3ug7BXTx5mXTPbNex3bvzZuu6iqOGGugYnSIXXaIWukVt1EEEPaJn9IrejCfjxXg3PualK0bVc4T+wPj8AQwqmFQ=</latexit>



BMN: limit of  

Bergman, Gaberdiel, Green 
… 
Takayanagi 
…

AdSp ⇥ Sp
<latexit sha1_base64="PTZw3rxDlkT4KuheMVv7RdX2rCU=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPVi8dK7Qe0MWw2m3bpZhN2J4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8IBVcg+N8W6W19Y3NrfJ2ZWd3b//APjxq6yRTlLVoIhLVDYhmgkvWAg6CdVPFSBwI1glGdzO/M2ZK80Q+wiRlXkwGkkecEjCSb9s3YdNPcR94zDRuPqW+XXVqzhx4lbgFqaICDd/+6ocJzWImgQqidc91UvByooBTwaaVfqZZSuiIDFjPUEnMIi+fXz7FZ0YJcZQoUxLwXP09kZNY60kcmM6YwFAvezPxP6+XQXTt5VymGTBJF4uiTGBI8CwGHHLFKIiJIYQqbm7FdEgUoWDCqpgQ3OWXV0n7ouY6Nffhslq/LeIooxN0is6Ri65QHd2jBmohisboGb2iNyu3Xqx362PRWrKKmWP0B9bnD4wMkvE=</latexit><latexit sha1_base64="PTZw3rxDlkT4KuheMVv7RdX2rCU=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPVi8dK7Qe0MWw2m3bpZhN2J4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8IBVcg+N8W6W19Y3NrfJ2ZWd3b//APjxq6yRTlLVoIhLVDYhmgkvWAg6CdVPFSBwI1glGdzO/M2ZK80Q+wiRlXkwGkkecEjCSb9s3YdNPcR94zDRuPqW+XXVqzhx4lbgFqaICDd/+6ocJzWImgQqidc91UvByooBTwaaVfqZZSuiIDFjPUEnMIi+fXz7FZ0YJcZQoUxLwXP09kZNY60kcmM6YwFAvezPxP6+XQXTt5VymGTBJF4uiTGBI8CwGHHLFKIiJIYQqbm7FdEgUoWDCqpgQ3OWXV0n7ouY6Nffhslq/LeIooxN0is6Ri65QHd2jBmohisboGb2iNyu3Xqx362PRWrKKmWP0B9bnD4wMkvE=</latexit><latexit sha1_base64="PTZw3rxDlkT4KuheMVv7RdX2rCU=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPVi8dK7Qe0MWw2m3bpZhN2J4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8IBVcg+N8W6W19Y3NrfJ2ZWd3b//APjxq6yRTlLVoIhLVDYhmgkvWAg6CdVPFSBwI1glGdzO/M2ZK80Q+wiRlXkwGkkecEjCSb9s3YdNPcR94zDRuPqW+XXVqzhx4lbgFqaICDd/+6ocJzWImgQqidc91UvByooBTwaaVfqZZSuiIDFjPUEnMIi+fXz7FZ0YJcZQoUxLwXP09kZNY60kcmM6YwFAvezPxP6+XQXTt5VymGTBJF4uiTGBI8CwGHHLFKIiJIYQqbm7FdEgUoWDCqpgQ3OWXV0n7ouY6Nffhslq/LeIooxN0is6Ri65QHd2jBmohisboGb2iNyu3Xqx362PRWrKKmWP0B9bnD4wMkvE=</latexit><latexit sha1_base64="PTZw3rxDlkT4KuheMVv7RdX2rCU=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPVi8dK7Qe0MWw2m3bpZhN2J4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8IBVcg+N8W6W19Y3NrfJ2ZWd3b//APjxq6yRTlLVoIhLVDYhmgkvWAg6CdVPFSBwI1glGdzO/M2ZK80Q+wiRlXkwGkkecEjCSb9s3YdNPcR94zDRuPqW+XXVqzhx4lbgFqaICDd/+6ocJzWImgQqidc91UvByooBTwaaVfqZZSuiIDFjPUEnMIi+fXz7FZ0YJcZQoUxLwXP09kZNY60kcmM6YwFAvezPxP6+XQXTt5VymGTBJF4uiTGBI8CwGHHLFKIiJIYQqbm7FdEgUoWDCqpgQ3OWXV0n7ouY6Nffhslq/LeIooxN0is6Ri65QHd2jBmohisboGb2iNyu3Xqx362PRWrKKmWP0B9bnD4wMkvE=</latexit>

lnZ(µ)
a,b = 4⇡⌧2�

(µ)
b +

1X

n=�1

X

±
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⇣
1� e�2⇡⌧2

p
µ⌧�1

2 +(n±b)2+2⇡i⌧1(n±b)±2⇡ia
⌘

<latexit sha1_base64="9cs8CBnQ4/ps9Y/qZoU/UxaMXLA="></latexit><latexit sha1_base64="9cs8CBnQ4/ps9Y/qZoU/UxaMXLA="></latexit><latexit sha1_base64="9cs8CBnQ4/ps9Y/qZoU/UxaMXLA="></latexit><latexit sha1_base64="9cs8CBnQ4/ps9Y/qZoU/UxaMXLA="></latexit>

cf. 

µ ⌘ m2⌧2
<latexit sha1_base64="flN/Ij0HBDo0PwKRhZqteYBVY5c=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUQZdFNy4r2Ac0MUym03bozCTOo1BD8VfcuFDErf/hzr9x2mahrQcuHM65l3vviVNGlfa8b6ewsrq2vlHcLG1t7+zuufsHTZUYiUkDJyyR7RgpwqggDU01I+1UEsRjRlrx8Hrqt0ZEKpqIOz1OSchRX9AexUhbKXKPAm5gQB4MHUF+Xw00MlE1cstexZsBLhM/J2WQox65X0E3wYYToTFDSnV8L9VhhqSmmJFJKTCKpAgPUZ90LBWIExVms+sn8NQqXdhLpC2h4Uz9PZEhrtSYx7aTIz1Qi95U/M/rGN27DDMqUqOJwPNFPcOgTuA0CtilkmDNxpYgLKm9FeIBkghrG1jJhuAvvrxMmtWK71X82/Ny7SqPowiOwQk4Az64ADVwA+qgATB4BM/gFbw5T86L8+58zFsLTj5zCP7A+fwBnnCUqw==</latexit><latexit sha1_base64="flN/Ij0HBDo0PwKRhZqteYBVY5c=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUQZdFNy4r2Ac0MUym03bozCTOo1BD8VfcuFDErf/hzr9x2mahrQcuHM65l3vviVNGlfa8b6ewsrq2vlHcLG1t7+zuufsHTZUYiUkDJyyR7RgpwqggDU01I+1UEsRjRlrx8Hrqt0ZEKpqIOz1OSchRX9AexUhbKXKPAm5gQB4MHUF+Xw00MlE1cstexZsBLhM/J2WQox65X0E3wYYToTFDSnV8L9VhhqSmmJFJKTCKpAgPUZ90LBWIExVms+sn8NQqXdhLpC2h4Uz9PZEhrtSYx7aTIz1Qi95U/M/rGN27DDMqUqOJwPNFPcOgTuA0CtilkmDNxpYgLKm9FeIBkghrG1jJhuAvvrxMmtWK71X82/Ny7SqPowiOwQk4Az64ADVwA+qgATB4BM/gFbw5T86L8+58zFsLTj5zCP7A+fwBnnCUqw==</latexit><latexit sha1_base64="flN/Ij0HBDo0PwKRhZqteYBVY5c=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUQZdFNy4r2Ac0MUym03bozCTOo1BD8VfcuFDErf/hzr9x2mahrQcuHM65l3vviVNGlfa8b6ewsrq2vlHcLG1t7+zuufsHTZUYiUkDJyyR7RgpwqggDU01I+1UEsRjRlrx8Hrqt0ZEKpqIOz1OSchRX9AexUhbKXKPAm5gQB4MHUF+Xw00MlE1cstexZsBLhM/J2WQox65X0E3wYYToTFDSnV8L9VhhqSmmJFJKTCKpAgPUZ90LBWIExVms+sn8NQqXdhLpC2h4Uz9PZEhrtSYx7aTIz1Qi95U/M/rGN27DDMqUqOJwPNFPcOgTuA0CtilkmDNxpYgLKm9FeIBkghrG1jJhuAvvrxMmtWK71X82/Ny7SqPowiOwQk4Az64ADVwA+qgATB4BM/gFbw5T86L8+58zFsLTj5zCP7A+fwBnnCUqw==</latexit><latexit sha1_base64="flN/Ij0HBDo0PwKRhZqteYBVY5c=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUQZdFNy4r2Ac0MUym03bozCTOo1BD8VfcuFDErf/hzr9x2mahrQcuHM65l3vviVNGlfa8b6ewsrq2vlHcLG1t7+zuufsHTZUYiUkDJyyR7RgpwqggDU01I+1UEsRjRlrx8Hrqt0ZEKpqIOz1OSchRX9AexUhbKXKPAm5gQB4MHUF+Xw00MlE1cstexZsBLhM/J2WQox65X0E3wYYToTFDSnV8L9VhhqSmmJFJKTCKpAgPUZ90LBWIExVms+sn8NQqXdhLpC2h4Uz9PZEhrtSYx7aTIz1Qi95U/M/rGN27DDMqUqOJwPNFPcOgTuA0CtilkmDNxpYgLKm9FeIBkghrG1jJhuAvvrxMmtWK71X82/Ny7SqPowiOwQk4Az64ADVwA+qgATB4BM/gFbw5T86L8+58zFsLTj5zCP7A+fwBnnCUqw==</latexit>

here:
ds2 = �2dx+dx� �m2

X
(xi)2(dx+)2 +

X
(dxi)2

<latexit sha1_base64="1sH+B3taxeAeVv2BRflXfG2wEPA=">AAACIHicbVDLSgMxFM3UV62vUZdugkWolJaZQagboejGZQX7gLZTMpm0DU1mhiQjLUM/xY2/4saFIrrTrzHTdqGtBy45nHMvN/d4EaNSWdaXkVlb39jcym7ndnb39g/Mw6OGDGOBSR2HLBQtD0nCaEDqiipGWpEgiHuMNL3RTeo3H4iQNAzu1SQiXY4GAe1TjJSWembFl64Dr2DJ8cduUVepxF2nI2MOC2OXnrtOITX0W5yL/lztmXmrbM0AV4m9IHmwQK1nfnb8EMecBAozJGXbtiLVTZBQFDMyzXViSSKER2hA2poGiBPZTWYHTuGZVnzYD4WuQMGZ+nsiQVzKCfd0J0dqKJe9VPzPa8eqf9lNaBDFigR4vqgfM6hCmKYFfSoIVmyiCcKC6r9CPEQCYaUzzekQ7OWTV0nDKdtW2b67yFevF3FkwQk4BQVggwqogltQA3WAwSN4Bq/gzXgyXox342PemjEWM8fgD4zvH/O8n8E=</latexit><latexit sha1_base64="1sH+B3taxeAeVv2BRflXfG2wEPA=">AAACIHicbVDLSgMxFM3UV62vUZdugkWolJaZQagboejGZQX7gLZTMpm0DU1mhiQjLUM/xY2/4saFIrrTrzHTdqGtBy45nHMvN/d4EaNSWdaXkVlb39jcym7ndnb39g/Mw6OGDGOBSR2HLBQtD0nCaEDqiipGWpEgiHuMNL3RTeo3H4iQNAzu1SQiXY4GAe1TjJSWembFl64Dr2DJ8cduUVepxF2nI2MOC2OXnrtOITX0W5yL/lztmXmrbM0AV4m9IHmwQK1nfnb8EMecBAozJGXbtiLVTZBQFDMyzXViSSKER2hA2poGiBPZTWYHTuGZVnzYD4WuQMGZ+nsiQVzKCfd0J0dqKJe9VPzPa8eqf9lNaBDFigR4vqgfM6hCmKYFfSoIVmyiCcKC6r9CPEQCYaUzzekQ7OWTV0nDKdtW2b67yFevF3FkwQk4BQVggwqogltQA3WAwSN4Bq/gzXgyXox342PemjEWM8fgD4zvH/O8n8E=</latexit><latexit sha1_base64="1sH+B3taxeAeVv2BRflXfG2wEPA=">AAACIHicbVDLSgMxFM3UV62vUZdugkWolJaZQagboejGZQX7gLZTMpm0DU1mhiQjLUM/xY2/4saFIrrTrzHTdqGtBy45nHMvN/d4EaNSWdaXkVlb39jcym7ndnb39g/Mw6OGDGOBSR2HLBQtD0nCaEDqiipGWpEgiHuMNL3RTeo3H4iQNAzu1SQiXY4GAe1TjJSWembFl64Dr2DJ8cduUVepxF2nI2MOC2OXnrtOITX0W5yL/lztmXmrbM0AV4m9IHmwQK1nfnb8EMecBAozJGXbtiLVTZBQFDMyzXViSSKER2hA2poGiBPZTWYHTuGZVnzYD4WuQMGZ+nsiQVzKCfd0J0dqKJe9VPzPa8eqf9lNaBDFigR4vqgfM6hCmKYFfSoIVmyiCcKC6r9CPEQCYaUzzekQ7OWTV0nDKdtW2b67yFevF3FkwQk4BQVggwqogltQA3WAwSN4Bq/gzXgyXox342PemjEWM8fgD4zvH/O8n8E=</latexit><latexit sha1_base64="1sH+B3taxeAeVv2BRflXfG2wEPA=">AAACIHicbVDLSgMxFM3UV62vUZdugkWolJaZQagboejGZQX7gLZTMpm0DU1mhiQjLUM/xY2/4saFIrrTrzHTdqGtBy45nHMvN/d4EaNSWdaXkVlb39jcym7ndnb39g/Mw6OGDGOBSR2HLBQtD0nCaEDqiipGWpEgiHuMNL3RTeo3H4iQNAzu1SQiXY4GAe1TjJSWembFl64Dr2DJ8cduUVepxF2nI2MOC2OXnrtOITX0W5yL/lztmXmrbM0AV4m9IHmwQK1nfnb8EMecBAozJGXbtiLVTZBQFDMyzXViSSKER2hA2poGiBPZTWYHTuGZVnzYD4WuQMGZ+nsiQVzKCfd0J0dqKJe9VPzPa8eqf9lNaBDFigR4vqgfM6hCmKYFfSoIVmyiCcKC6r9CPEQCYaUzzekQ7OWTV0nDKdtW2b67yFevF3FkwQk4BQVggwqogltQA3WAwSN4Bq/gzXgyXox342PemjEWM8fgD4zvH/O8n8E=</latexit>

plane gravitational wave
Berenstein, Maldacena, Nastase ‘02

qn±b = e�2⇡⌧2(n±b)e2⇡i⌧1(n±b)
<latexit sha1_base64="jeev539WAFK1V2F7HOvREp0ajzM=">AAACJ3icbZDLSgMxGIUz9VbrrerSTbAU6sIyUwTdKEU3LivYC3TaIZNm2tAkMyYZoQx9Gze+ihtBRXTpm5i2g2jrD4HDd/KTnONHjCpt259WZml5ZXUtu57b2Nza3snv7jVUGEtM6jhkoWz5SBFGBalrqhlpRZIg7jPS9IdXE795T6SiobjVo4h0OOoLGlCMtEFe/uKumwg34tAfw3NIuslxxY0odDWKvUpp5hyNDZ/i1HB+DC9fsMv2dOCicFJRAOnUvPyL2wtxzInQmCGl2o4d6U6CpKaYkXHOjRWJEB6iPmkbKRAnqpNMc45h0ZAeDEJpjtBwSn9vJIgrNeImSpEjPVDz3gT+57VjHZx1EiqiWBOBZw8FMYM6hJPSYI9KgjUbGYGwpOavEA+QRFibanOmBGc+8qJoVMqOXXZuTgrVy7SOLDgAh6AEHHAKquAa1EAdYPAAnsAreLMerWfr3fqYXc1Y6c4++DPW1zfxkKQf</latexit><latexit sha1_base64="jeev539WAFK1V2F7HOvREp0ajzM=">AAACJ3icbZDLSgMxGIUz9VbrrerSTbAU6sIyUwTdKEU3LivYC3TaIZNm2tAkMyYZoQx9Gze+ihtBRXTpm5i2g2jrD4HDd/KTnONHjCpt259WZml5ZXUtu57b2Nza3snv7jVUGEtM6jhkoWz5SBFGBalrqhlpRZIg7jPS9IdXE795T6SiobjVo4h0OOoLGlCMtEFe/uKumwg34tAfw3NIuslxxY0odDWKvUpp5hyNDZ/i1HB+DC9fsMv2dOCicFJRAOnUvPyL2wtxzInQmCGl2o4d6U6CpKaYkXHOjRWJEB6iPmkbKRAnqpNMc45h0ZAeDEJpjtBwSn9vJIgrNeImSpEjPVDz3gT+57VjHZx1EiqiWBOBZw8FMYM6hJPSYI9KgjUbGYGwpOavEA+QRFibanOmBGc+8qJoVMqOXXZuTgrVy7SOLDgAh6AEHHAKquAa1EAdYPAAnsAreLMerWfr3fqYXc1Y6c4++DPW1zfxkKQf</latexit><latexit sha1_base64="jeev539WAFK1V2F7HOvREp0ajzM=">AAACJ3icbZDLSgMxGIUz9VbrrerSTbAU6sIyUwTdKEU3LivYC3TaIZNm2tAkMyYZoQx9Gze+ihtBRXTpm5i2g2jrD4HDd/KTnONHjCpt259WZml5ZXUtu57b2Nza3snv7jVUGEtM6jhkoWz5SBFGBalrqhlpRZIg7jPS9IdXE795T6SiobjVo4h0OOoLGlCMtEFe/uKumwg34tAfw3NIuslxxY0odDWKvUpp5hyNDZ/i1HB+DC9fsMv2dOCicFJRAOnUvPyL2wtxzInQmCGl2o4d6U6CpKaYkXHOjRWJEB6iPmkbKRAnqpNMc45h0ZAeDEJpjtBwSn9vJIgrNeImSpEjPVDz3gT+57VjHZx1EiqiWBOBZw8FMYM6hJPSYI9KgjUbGYGwpOavEA+QRFibanOmBGc+8qJoVMqOXXZuTgrVy7SOLDgAh6AEHHAKquAa1EAdYPAAnsAreLMerWfr3fqYXc1Y6c4++DPW1zfxkKQf</latexit><latexit sha1_base64="jeev539WAFK1V2F7HOvREp0ajzM=">AAACJ3icbZDLSgMxGIUz9VbrrerSTbAU6sIyUwTdKEU3LivYC3TaIZNm2tAkMyYZoQx9Gze+ihtBRXTpm5i2g2jrD4HDd/KTnONHjCpt259WZml5ZXUtu57b2Nza3snv7jVUGEtM6jhkoWz5SBFGBalrqhlpRZIg7jPS9IdXE795T6SiobjVo4h0OOoLGlCMtEFe/uKumwg34tAfw3NIuslxxY0odDWKvUpp5hyNDZ/i1HB+DC9fsMv2dOCicFJRAOnUvPyL2wtxzInQmCGl2o4d6U6CpKaYkXHOjRWJEB6iPmkbKRAnqpNMc45h0ZAeDEJpjtBwSn9vJIgrNeImSpEjPVDz3gT+57VjHZx1EiqiWBOBZw8FMYM6hJPSYI9KgjUbGYGwpOavEA+QRFibanOmBGc+8qJoVMqOXXZuTgrVy7SOLDgAh6AEHHAKquAa1EAdYPAAnsAreLMerWfr3fqYXc1Y6c4++DPW1zfxkKQf</latexit>

| {z }
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• all background metrics have plane-wave “massive” limit,  
   so first step is solve Helmholtz equation (Laplacian + mass) 

       to find massive Green’s function on the torus

• in background field method, compute corrections due to 
interactions by usual Feynman diagrams e.g. with 3-vertex

G from Z

Penrose ‘76



Fourier series 

Mellin transform 
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Our actual integral (6.1) has no more poles in s than the Gamma function (K⌫(z) has a pole
in the argument y, but no poles in z, though it grows at infinity by NIST 10.41.), so we go
ahead and do the same calculation. Here, the argument of the Gamma function is s/2 so
we pick up poles at negative even integers s = �2n, and the residues we pick up are Bessel
functions of half-integer order, that are elementary, and we find:

(6.3)
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Z �+i1

��i1
x�sfs(y) ds =

1X

n=0

Res[x�sfs(y), s = �2n] = e�
p

x2+y2 .

I checked (see Mathematica file invMellin.nb) that the residue summation indeed pro-

duces the series expansion coe�cients of e�
p

x2+y2 up to order 15. The relevant orthogonal
polynomials are the reverse Bessel polynomials ✓n(y), with generating function

(6.4) ey(1�
p
1�2t) = 1 + y

1X

n=1

✓n�1(y)
tn

n!

for which the orthogonality weight function was found only relatively recently [3].
The obvious next step, and perhaps the most interesting, is to directly transform with one

more Gamma function and the denominator, when there is no Bessel function. With some
care, this might allow us to invert Z(µ) from Es, up to a specific ambiguity.

7. Mellin transform M and uniqueness

In the above, we saw an elementary counterexample to uniqueness if we neglect to specify
growth: the inverse Mellin transform of �(s) is M

�1(�(s)) = e�x if Re s > 0, but the inverse
of the same function M

�1(�(s)) = e�x+x�1 if �2 < Re s < �1. Clearly the latter grows at
x ! 1, but the stronger negativity of Re s compensates. Stated purely in terms of growth
this condition sounds somewhat vague, but as we saw above, the ambiguity of the inverse
Mellin transform is actually a simple and sharp statement about which poles are included
by the Mellin contour.

• In particular, we can multiply the solution Es(w, z) of the homogeneous PDEs in s by
an arbitrary function of s and they will still be solutions. (This of course ceases to be true
if we have a right-hand side in the PDEs in s.) By imposing growth conditions in µ, we can
restrict the pole structure in s. At first it may seem unnatural to think about growth in µ,
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Iwaniec’s book on automorphic forms p.205:

(5.3) K⌫(y) =

p
⇡(y/2)⌫

�(⌫ + 1/2)

Z 1

1

(z2 � 1)⌫�1/2e�yzdz

We see that the z integral above is essentially a derivative of this with respect to y, if we
identify ⌫ = s/2 � 1/2. Using the identity (d/dy)K⌫(y) = (⌫/y)K⌫(y) � K⌫+1(y) gives the
result.
Comment: this is somewhat related to the Fourier transform of (x2 + y2)�s with respect

to x, given in Bump Ch.1. Let us review that calculation. For r 6= 0, we claim

(5.4)
⇣y
⇡

⌘s

�(s)

Z 1

�1
(x2 + y2)�se2⇡irxdx = 2|r|s�1/2pyKs�1/2(2⇡|r|y) .

Bump shows this by writing the integral representation for the � function and then changing
variables t 7! ⇡t(x2 + y2)/y, which by hand couples the two integral representations:
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This makes the x integration Gaussian, and performing that, the t integral turns into the
integral representation for the K Bessel function. The above proof seems a little more
straightforward.

6. Inverse Mellin transform of 2(s�1)/2y(s+1)/2�(s/2)Ks/2+1/2(y)

We compute, for fixed y, the inverse Mellin transform s ! x

(6.1)

Z �+i1

��i1
x�sfs(y) ds , where fs(y) =

1
p
⇡
2(s�1)/2y(s+1)/2�(s/2)Ks/2+1/2(y)

where s = � + it and � is a real number in the region of convergence. As a warmup, we
inverse-transform the Gamma function:
(6.2)
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1
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I

C

x�s�(s) ds =
1X

n=0

Res[x�s�(s), s = �n] =
1X

n=0

(�x)n

n!
= e�x

where � = 1/2, for example, and the closed curve C plane includes an arc at infinity as
shown in the figure.
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inverse Mellin of Gamma:



Our actual integral (6.1) has no more poles in s than the Gamma function (K⌫(z) has a pole
in the argument y, but no poles in z, though it grows at infinity by NIST 10.41.), so we go
ahead and do the same calculation. Here, the argument of the Gamma function is s/2 so
we pick up poles at negative even integers s = �2n, and the residues we pick up are Bessel
functions of half-integer order, that are elementary, and we find:
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I checked (see Mathematica file invMellin.nb) that the residue summation indeed pro-

duces the series expansion coe�cients of e�
p

x2+y2 up to order 15. The relevant orthogonal
polynomials are the reverse Bessel polynomials ✓n(y), with generating function
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for which the orthogonality weight function was found only relatively recently [3].
The obvious next step, and perhaps the most interesting, is to directly transform with one

more Gamma function and the denominator, when there is no Bessel function. With some
care, this might allow us to invert Z(µ) from Es, up to a specific ambiguity.

7. Mellin transform M and uniqueness

In the above, we saw an elementary counterexample to uniqueness if we neglect to specify
growth: the inverse Mellin transform of �(s) is M

�1(�(s)) = e�x if Re s > 0, but the inverse
of the same function M

�1(�(s)) = e�x+x�1 if �2 < Re s < �1. Clearly the latter grows at
x ! 1, but the stronger negativity of Re s compensates. Stated purely in terms of growth
this condition sounds somewhat vague, but as we saw above, the ambiguity of the inverse
Mellin transform is actually a simple and sharp statement about which poles are included
by the Mellin contour.

• In particular, we can multiply the solution Es(w, z) of the homogeneous PDEs in s by
an arbitrary function of s and they will still be solutions. (This of course ceases to be true
if we have a right-hand side in the PDEs in s.) By imposing growth conditions in µ, we can
restrict the pole structure in s. At first it may seem unnatural to think about growth in µ,
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<latexit sha1_base64="ViCgCooCuT8QWqeoa1RLfmyJ1Jw="></latexit><latexit sha1_base64="ViCgCooCuT8QWqeoa1RLfmyJ1Jw="></latexit><latexit sha1_base64="ViCgCooCuT8QWqeoa1RLfmyJ1Jw="></latexit><latexit sha1_base64="ViCgCooCuT8QWqeoa1RLfmyJ1Jw="></latexit>



Worldsheet conformal field theory  
with Ramond-Ramond-supported curved background?

Berkovits-Vafa-Witten ’99 
“harmonic hybrid”AdS3 ⇥ S3 ⇥K3

<latexit sha1_base64="b3aA6i3HqKfWR14gILa3aUPaEc4=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSK+iy6kZwU6m9QBvDZDJph04uzJwIpRTc+CpuXCji1pdw59s4bYNo6w8DH/85hzPn9xLBFVjWl5FbWFxaXsmvFtbWNza3zO2dhopTSVmdxiKWLY8oJnjE6sBBsFYiGQk9wZpe/3Jcb94zqXgc3cIgYU5IuhEPOCWgLdfcO/drbhl3gIdM4drdD16XXbNolayJ8DzYGRRRpqprfnb8mKYhi4AKolTbthJwhkQCp4KNCp1UsYTQPumytsaI6D3OcHLDCB9qx8dBLPWLAE/c3xNDEio1CD3dGRLoqdna2Pyv1k4hOHOGPEpSYBGdLgpSgSHG40CwzyWjIAYaCJVc/xXTHpGEgo6toEOwZ0+eh8ZxybZK9s1JsXKRxZFH++gAHSEbnaIKukJVVEcUPaAn9IJejUfj2Xgz3qetOSOb2UV/ZHx8A25mlhc=</latexit><latexit sha1_base64="b3aA6i3HqKfWR14gILa3aUPaEc4=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSK+iy6kZwU6m9QBvDZDJph04uzJwIpRTc+CpuXCji1pdw59s4bYNo6w8DH/85hzPn9xLBFVjWl5FbWFxaXsmvFtbWNza3zO2dhopTSVmdxiKWLY8oJnjE6sBBsFYiGQk9wZpe/3Jcb94zqXgc3cIgYU5IuhEPOCWgLdfcO/drbhl3gIdM4drdD16XXbNolayJ8DzYGRRRpqprfnb8mKYhi4AKolTbthJwhkQCp4KNCp1UsYTQPumytsaI6D3OcHLDCB9qx8dBLPWLAE/c3xNDEio1CD3dGRLoqdna2Pyv1k4hOHOGPEpSYBGdLgpSgSHG40CwzyWjIAYaCJVc/xXTHpGEgo6toEOwZ0+eh8ZxybZK9s1JsXKRxZFH++gAHSEbnaIKukJVVEcUPaAn9IJejUfj2Xgz3qetOSOb2UV/ZHx8A25mlhc=</latexit><latexit sha1_base64="b3aA6i3HqKfWR14gILa3aUPaEc4=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSK+iy6kZwU6m9QBvDZDJph04uzJwIpRTc+CpuXCji1pdw59s4bYNo6w8DH/85hzPn9xLBFVjWl5FbWFxaXsmvFtbWNza3zO2dhopTSVmdxiKWLY8oJnjE6sBBsFYiGQk9wZpe/3Jcb94zqXgc3cIgYU5IuhEPOCWgLdfcO/drbhl3gIdM4drdD16XXbNolayJ8DzYGRRRpqprfnb8mKYhi4AKolTbthJwhkQCp4KNCp1UsYTQPumytsaI6D3OcHLDCB9qx8dBLPWLAE/c3xNDEio1CD3dGRLoqdna2Pyv1k4hOHOGPEpSYBGdLgpSgSHG40CwzyWjIAYaCJVc/xXTHpGEgo6toEOwZ0+eh8ZxybZK9s1JsXKRxZFH++gAHSEbnaIKukJVVEcUPaAn9IJejUfj2Xgz3qetOSOb2UV/ZHx8A25mlhc=</latexit><latexit sha1_base64="b3aA6i3HqKfWR14gILa3aUPaEc4=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSK+iy6kZwU6m9QBvDZDJph04uzJwIpRTc+CpuXCji1pdw59s4bYNo6w8DH/85hzPn9xLBFVjWl5FbWFxaXsmvFtbWNza3zO2dhopTSVmdxiKWLY8oJnjE6sBBsFYiGQk9wZpe/3Jcb94zqXgc3cIgYU5IuhEPOCWgLdfcO/drbhl3gIdM4drdD16XXbNolayJ8DzYGRRRpqprfnb8mKYhi4AKolTbthJwhkQCp4KNCp1UsYTQPumytsaI6D3OcHLDCB9qx8dBLPWLAE/c3xNDEio1CD3dGRLoqdna2Pyv1k4hOHOGPEpSYBGdLgpSgSHG40CwzyWjIAYaCJVc/xXTHpGEgo6toEOwZ0+eh8ZxybZK9s1JsXKRxZFH++gAHSEbnaIKukJVVEcUPaAn9IJejUfj2Xgz3qetOSOb2UV/ZHx8A25mlhc=</latexit>

6 dimensions
| {z }

<latexit sha1_base64="9abx9puB3YxPXp3egA3tzLI0nhc=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyVRQZdFNy4r2FpoQplMbtqhk0mYmQglFDf+ihsXirj1K9z5N07aLLT1wDCHc+69M/cEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJoU0TnshuQBRwJqCtmebQTSWQOOBwH4yuC//+AaRiibjT4xT8mAwEixgl2kh9+8DLRAgykIRC7g1VWtxnNJ5M+nbdaThT4EXilqSOSrT69pcXJjSLQWjKiVI910m1nxOpGeUwqXmZAjN+RAbQM1SQGJSfT1eY4GOjhDhKpDlC46n6uyMnsVLjODCVMdFDNe8V4n9eL9PRpZ8zkWYaBJ09FGUc6wQXeeCQSaCajw0hVDLzV0yHxMShTWo1E4I7v/Ii6Zw2XKfh3p7Xm1dlHFV0iI7QCXLRBWqiG9RCbUTRI3pGr+jNerJerHfrY1ZascqeffQH1ucPHCGX3w==</latexit><latexit sha1_base64="9abx9puB3YxPXp3egA3tzLI0nhc=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyVRQZdFNy4r2FpoQplMbtqhk0mYmQglFDf+ihsXirj1K9z5N07aLLT1wDCHc+69M/cEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJoU0TnshuQBRwJqCtmebQTSWQOOBwH4yuC//+AaRiibjT4xT8mAwEixgl2kh9+8DLRAgykIRC7g1VWtxnNJ5M+nbdaThT4EXilqSOSrT69pcXJjSLQWjKiVI910m1nxOpGeUwqXmZAjN+RAbQM1SQGJSfT1eY4GOjhDhKpDlC46n6uyMnsVLjODCVMdFDNe8V4n9eL9PRpZ8zkWYaBJ09FGUc6wQXeeCQSaCajw0hVDLzV0yHxMShTWo1E4I7v/Ii6Zw2XKfh3p7Xm1dlHFV0iI7QCXLRBWqiG9RCbUTRI3pGr+jNerJerHfrY1ZascqeffQH1ucPHCGX3w==</latexit><latexit sha1_base64="9abx9puB3YxPXp3egA3tzLI0nhc=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyVRQZdFNy4r2FpoQplMbtqhk0mYmQglFDf+ihsXirj1K9z5N07aLLT1wDCHc+69M/cEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJoU0TnshuQBRwJqCtmebQTSWQOOBwH4yuC//+AaRiibjT4xT8mAwEixgl2kh9+8DLRAgykIRC7g1VWtxnNJ5M+nbdaThT4EXilqSOSrT69pcXJjSLQWjKiVI910m1nxOpGeUwqXmZAjN+RAbQM1SQGJSfT1eY4GOjhDhKpDlC46n6uyMnsVLjODCVMdFDNe8V4n9eL9PRpZ8zkWYaBJ09FGUc6wQXeeCQSaCajw0hVDLzV0yHxMShTWo1E4I7v/Ii6Zw2XKfh3p7Xm1dlHFV0iI7QCXLRBWqiG9RCbUTRI3pGr+jNerJerHfrY1ZascqeffQH1ucPHCGX3w==</latexit><latexit sha1_base64="9abx9puB3YxPXp3egA3tzLI0nhc=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyVRQZdFNy4r2FpoQplMbtqhk0mYmQglFDf+ihsXirj1K9z5N07aLLT1wDCHc+69M/cEKWdKO863VVlaXlldq67XNja3tnfs3b2OSjJJoU0TnshuQBRwJqCtmebQTSWQOOBwH4yuC//+AaRiibjT4xT8mAwEixgl2kh9+8DLRAgykIRC7g1VWtxnNJ5M+nbdaThT4EXilqSOSrT69pcXJjSLQWjKiVI910m1nxOpGeUwqXmZAjN+RAbQM1SQGJSfT1eY4GOjhDhKpDlC46n6uyMnsVLjODCVMdFDNe8V4n9eL9PRpZ8zkWYaBJ09FGUc6wQXeeCQSaCajw0hVDLzV0yHxMShTWo1E4I7v/Ii6Zw2XKfh3p7Xm1dlHFV0iI7QCXLRBWqiG9RCbUTRI3pGr+jNerJerHfrY1ZascqeffQH1ucPHCGX3w==</latexit>

superfield

�m
ab

<latexit sha1_base64="NPeu8Hkz7xh3O51Ef/gx6kgEyiA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIeix68VjBfkAbw2S7aZfubsLuplBC/okXD4p49Z9489+4bXPQ1gcDj/dmmJkXpZxp43nfztr6xubWdmWnuru3f3DoHh23dZIpQlsk4YnqRqApZ5K2DDOcdlNFQUScdqLx3czvTKjSLJGPZprSQMBQspgRMFYKXbev2VDAUy6KMAccFaFb8+reHHiV+CWpoRLN0P3qDxKSCSoN4aB1z/dSE+SgDCOcFtV+pmkKZAxD2rNUgqA6yOeXF/jcKgMcJ8qWNHiu/p7IQWg9FZHtFGBGetmbif95vczEN0HOZJoZKsliUZxxbBI8iwEPmKLE8KklQBSzt2IyAgXE2LCqNgR/+eVV0r6s+17df7iqNW7LOCroFJ2hC+Sja9RA96iJWoigCXpGr+jNyZ0X5935WLSuOeXMCfoD5/MHvKKTtQ==</latexit><latexit sha1_base64="NPeu8Hkz7xh3O51Ef/gx6kgEyiA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIeix68VjBfkAbw2S7aZfubsLuplBC/okXD4p49Z9489+4bXPQ1gcDj/dmmJkXpZxp43nfztr6xubWdmWnuru3f3DoHh23dZIpQlsk4YnqRqApZ5K2DDOcdlNFQUScdqLx3czvTKjSLJGPZprSQMBQspgRMFYKXbev2VDAUy6KMAccFaFb8+reHHiV+CWpoRLN0P3qDxKSCSoN4aB1z/dSE+SgDCOcFtV+pmkKZAxD2rNUgqA6yOeXF/jcKgMcJ8qWNHiu/p7IQWg9FZHtFGBGetmbif95vczEN0HOZJoZKsliUZxxbBI8iwEPmKLE8KklQBSzt2IyAgXE2LCqNgR/+eVV0r6s+17df7iqNW7LOCroFJ2hC+Sja9RA96iJWoigCXpGr+jNyZ0X5935WLSuOeXMCfoD5/MHvKKTtQ==</latexit><latexit sha1_base64="NPeu8Hkz7xh3O51Ef/gx6kgEyiA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIeix68VjBfkAbw2S7aZfubsLuplBC/okXD4p49Z9489+4bXPQ1gcDj/dmmJkXpZxp43nfztr6xubWdmWnuru3f3DoHh23dZIpQlsk4YnqRqApZ5K2DDOcdlNFQUScdqLx3czvTKjSLJGPZprSQMBQspgRMFYKXbev2VDAUy6KMAccFaFb8+reHHiV+CWpoRLN0P3qDxKSCSoN4aB1z/dSE+SgDCOcFtV+pmkKZAxD2rNUgqA6yOeXF/jcKgMcJ8qWNHiu/p7IQWg9FZHtFGBGetmbif95vczEN0HOZJoZKsliUZxxbBI8iwEPmKLE8KklQBSzt2IyAgXE2LCqNgR/+eVV0r6s+17df7iqNW7LOCroFJ2hC+Sja9RA96iJWoigCXpGr+jNyZ0X5935WLSuOeXMCfoD5/MHvKKTtQ==</latexit><latexit sha1_base64="NPeu8Hkz7xh3O51Ef/gx6kgEyiA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIeix68VjBfkAbw2S7aZfubsLuplBC/okXD4p49Z9489+4bXPQ1gcDj/dmmJkXpZxp43nfztr6xubWdmWnuru3f3DoHh23dZIpQlsk4YnqRqApZ5K2DDOcdlNFQUScdqLx3czvTKjSLJGPZprSQMBQspgRMFYKXbev2VDAUy6KMAccFaFb8+reHHiV+CWpoRLN0P3qDxKSCSoN4aB1z/dSE+SgDCOcFtV+pmkKZAxD2rNUgqA6yOeXF/jcKgMcJ8qWNHiu/p7IQWg9FZHtFGBGetmbif95vczEN0HOZJoZKsliUZxxbBI8iwEPmKLE8KklQBSzt2IyAgXE2LCqNgR/+eVV0r6s+17df7iqNW7LOCroFJ2hC+Sja9RA96iJWoigCXpGr+jNyZ0X5935WLSuOeXMCfoD5/MHvKKTtQ==</latexit>

a = 1, . . . , 4
<latexit sha1_base64="KI5w9eFsvKbP9nDXo49g7ru9OJ0=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCh1J2paAXoejFYwX7Ae1Ssmm2Dc0mS5ItlKX/xIsHRbz6T7z5b0zbPWjrg4HHezPMzAsTzrTxvG+nsLG5tb1T3C3t7R8cHrnHJy0tU0Vok0guVSfEmnImaNMww2knURTHIaftcHw/99sTqjST4slMExrEeChYxAg2Vuq7Lka3yK/0+EAajSqo1nfLXtVbAK0TPydlyNHou1+9gSRpTIUhHGvd9b3EBBlWhhFOZ6VeqmmCyRgPaddSgWOqg2xx+QxdWGWAIqlsCYMW6u+JDMdaT+PQdsbYjPSqNxf/87qpiW6CjIkkNVSQ5aIo5chINI8BDZiixPCpJZgoZm9FZIQVJsaGVbIh+Ksvr5PWVdX3qv5jrVy/y+MowhmcwyX4cA11eIAGNIHABJ7hFd6czHlx3p2PZWvByWdO4Q+czx+Qi5Go</latexit><latexit sha1_base64="KI5w9eFsvKbP9nDXo49g7ru9OJ0=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCh1J2paAXoejFYwX7Ae1Ssmm2Dc0mS5ItlKX/xIsHRbz6T7z5b0zbPWjrg4HHezPMzAsTzrTxvG+nsLG5tb1T3C3t7R8cHrnHJy0tU0Vok0guVSfEmnImaNMww2knURTHIaftcHw/99sTqjST4slMExrEeChYxAg2Vuq7Lka3yK/0+EAajSqo1nfLXtVbAK0TPydlyNHou1+9gSRpTIUhHGvd9b3EBBlWhhFOZ6VeqmmCyRgPaddSgWOqg2xx+QxdWGWAIqlsCYMW6u+JDMdaT+PQdsbYjPSqNxf/87qpiW6CjIkkNVSQ5aIo5chINI8BDZiixPCpJZgoZm9FZIQVJsaGVbIh+Ksvr5PWVdX3qv5jrVy/y+MowhmcwyX4cA11eIAGNIHABJ7hFd6czHlx3p2PZWvByWdO4Q+czx+Qi5Go</latexit><latexit sha1_base64="KI5w9eFsvKbP9nDXo49g7ru9OJ0=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCh1J2paAXoejFYwX7Ae1Ssmm2Dc0mS5ItlKX/xIsHRbz6T7z5b0zbPWjrg4HHezPMzAsTzrTxvG+nsLG5tb1T3C3t7R8cHrnHJy0tU0Vok0guVSfEmnImaNMww2knURTHIaftcHw/99sTqjST4slMExrEeChYxAg2Vuq7Lka3yK/0+EAajSqo1nfLXtVbAK0TPydlyNHou1+9gSRpTIUhHGvd9b3EBBlWhhFOZ6VeqmmCyRgPaddSgWOqg2xx+QxdWGWAIqlsCYMW6u+JDMdaT+PQdsbYjPSqNxf/87qpiW6CjIkkNVSQ5aIo5chINI8BDZiixPCpJZgoZm9FZIQVJsaGVbIh+Ksvr5PWVdX3qv5jrVy/y+MowhmcwyX4cA11eIAGNIHABJ7hFd6czHlx3p2PZWvByWdO4Q+czx+Qi5Go</latexit><latexit sha1_base64="KI5w9eFsvKbP9nDXo49g7ru9OJ0=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCh1J2paAXoejFYwX7Ae1Ssmm2Dc0mS5ItlKX/xIsHRbz6T7z5b0zbPWjrg4HHezPMzAsTzrTxvG+nsLG5tb1T3C3t7R8cHrnHJy0tU0Vok0guVSfEmnImaNMww2knURTHIaftcHw/99sTqjST4slMExrEeChYxAg2Vuq7Lka3yK/0+EAajSqo1nfLXtVbAK0TPydlyNHou1+9gSRpTIUhHGvd9b3EBBlWhhFOZ6VeqmmCyRgPaddSgWOqg2xx+QxdWGWAIqlsCYMW6u+JDMdaT+PQdsbYjPSqNxf/87qpiW6CjIkkNVSQ5aIo5chINI8BDZiixPCpJZgoZm9FZIQVJsaGVbIh+Ksvr5PWVdX3qv5jrVy/y+MowhmcwyX4cA11eIAGNIHABJ7hFd6czHlx3p2PZWvByWdO4Q+czx+Qi5Go</latexit>

m = 1, . . . , 6
<latexit sha1_base64="Bw7gralRv9oxKCZmqxRtdvAmCf8=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCh1J2RdSLUPTisYL9gHYp2WzahmaTJckWytJ/4sWDIl79J978N6btHrT1wcDjvRlm5oUJZ9p43rdTWFvf2Nwqbpd2dvf2D9zDo6aWqSK0QSSXqh1iTTkTtGGY4bSdKIrjkNNWOLqf+a0xVZpJ8WQmCQ1iPBCszwg2Vuq5boxukV/p8kgajSroqueWvao3B1olfk7KkKPec7+6kSRpTIUhHGvd8b3EBBlWhhFOp6VuqmmCyQgPaMdSgWOqg2x++RSdWSVCfalsCYPm6u+JDMdaT+LQdsbYDPWyNxP/8zqp6d8EGRNJaqggi0X9lCMj0SwGFDFFieETSzBRzN6KyBArTIwNq2RD8JdfXiXNi6rvVf3Hy3LtLo+jCCdwCufgwzXU4AHq0AACY3iGV3hzMufFeXc+Fq0FJ585hj9wPn8ApneRtg==</latexit><latexit sha1_base64="Bw7gralRv9oxKCZmqxRtdvAmCf8=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCh1J2RdSLUPTisYL9gHYp2WzahmaTJckWytJ/4sWDIl79J978N6btHrT1wcDjvRlm5oUJZ9p43rdTWFvf2Nwqbpd2dvf2D9zDo6aWqSK0QSSXqh1iTTkTtGGY4bSdKIrjkNNWOLqf+a0xVZpJ8WQmCQ1iPBCszwg2Vuq5boxukV/p8kgajSroqueWvao3B1olfk7KkKPec7+6kSRpTIUhHGvd8b3EBBlWhhFOp6VuqmmCyQgPaMdSgWOqg2x++RSdWSVCfalsCYPm6u+JDMdaT+LQdsbYDPWyNxP/8zqp6d8EGRNJaqggi0X9lCMj0SwGFDFFieETSzBRzN6KyBArTIwNq2RD8JdfXiXNi6rvVf3Hy3LtLo+jCCdwCufgwzXU4AHq0AACY3iGV3hzMufFeXc+Fq0FJ585hj9wPn8ApneRtg==</latexit><latexit sha1_base64="Bw7gralRv9oxKCZmqxRtdvAmCf8=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCh1J2RdSLUPTisYL9gHYp2WzahmaTJckWytJ/4sWDIl79J978N6btHrT1wcDjvRlm5oUJZ9p43rdTWFvf2Nwqbpd2dvf2D9zDo6aWqSK0QSSXqh1iTTkTtGGY4bSdKIrjkNNWOLqf+a0xVZpJ8WQmCQ1iPBCszwg2Vuq5boxukV/p8kgajSroqueWvao3B1olfk7KkKPec7+6kSRpTIUhHGvd8b3EBBlWhhFOp6VuqmmCyQgPaMdSgWOqg2x++RSdWSVCfalsCYPm6u+JDMdaT+LQdsbYDPWyNxP/8zqp6d8EGRNJaqggi0X9lCMj0SwGFDFFieETSzBRzN6KyBArTIwNq2RD8JdfXiXNi6rvVf3Hy3LtLo+jCCdwCufgwzXU4AHq0AACY3iGV3hzMufFeXc+Fq0FJ585hj9wPn8ApneRtg==</latexit><latexit sha1_base64="Bw7gralRv9oxKCZmqxRtdvAmCf8=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCh1J2RdSLUPTisYL9gHYp2WzahmaTJckWytJ/4sWDIl79J978N6btHrT1wcDjvRlm5oUJZ9p43rdTWFvf2Nwqbpd2dvf2D9zDo6aWqSK0QSSXqh1iTTkTtGGY4bSdKIrjkNNWOLqf+a0xVZpJ8WQmCQ1iPBCszwg2Vuq5boxukV/p8kgajSroqueWvao3B1olfk7KkKPec7+6kSRpTIUhHGvd8b3EBBlWhhFOp6VuqmmCyQgPaMdSgWOqg2x++RSdWSVCfalsCYPm6u+JDMdaT+LQdsbYDPWyNxP/8zqp6d8EGRNJaqggi0X9lCMj0SwGFDFFieETSzBRzN6KyBArTIwNq2RD8JdfXiXNi6rvVf3Hy3LtLo+jCCdwCufgwzXU4AHq0AACY3iGV3hzMufFeXc+Fq0FJ585hj9wPn8ApneRtg==</latexit>

frame (vielbein) ⌧mab
<latexit sha1_base64="CleGQS/t6eFpmJ9vuS+Bj12gdAM=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOya5idzCZDZmaXeQhhyW948aCIV3/Gm3/jJNmDJhY0FFXddHfFGWfa+P63V1pb39jcKm9Xdnb39g+qh0dtnVpFaIukPFXdGGvKmaQtwwyn3UxRLGJOO/H4duZ3nqjSLJUPZpLRSOChZAkj2DgpDA22j7lAGMXTfrXm1/050CoJClKDAs1+9SscpMQKKg3hWOte4GcmyrEyjHA6rYRW0wyTMR7SnqMSC6qjfH7zFJ05ZYCSVLmSBs3V3xM5FlpPROw6BTYjvezNxP+8njXJdZQzmVlDJVksSixHJkWzANCAKUoMnziCiWLuVkRGWGFiXEwVF0Kw/PIqaV/UA78e3F/WGjdFHGU4gVM4hwCuoAF30IQWEMjgGV7hzbPei/fufSxaS14xcwx/4H3+AJQikV4=</latexit><latexit sha1_base64="CleGQS/t6eFpmJ9vuS+Bj12gdAM=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOya5idzCZDZmaXeQhhyW948aCIV3/Gm3/jJNmDJhY0FFXddHfFGWfa+P63V1pb39jcKm9Xdnb39g+qh0dtnVpFaIukPFXdGGvKmaQtwwyn3UxRLGJOO/H4duZ3nqjSLJUPZpLRSOChZAkj2DgpDA22j7lAGMXTfrXm1/050CoJClKDAs1+9SscpMQKKg3hWOte4GcmyrEyjHA6rYRW0wyTMR7SnqMSC6qjfH7zFJ05ZYCSVLmSBs3V3xM5FlpPROw6BTYjvezNxP+8njXJdZQzmVlDJVksSixHJkWzANCAKUoMnziCiWLuVkRGWGFiXEwVF0Kw/PIqaV/UA78e3F/WGjdFHGU4gVM4hwCuoAF30IQWEMjgGV7hzbPei/fufSxaS14xcwx/4H3+AJQikV4=</latexit><latexit sha1_base64="CleGQS/t6eFpmJ9vuS+Bj12gdAM=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOya5idzCZDZmaXeQhhyW948aCIV3/Gm3/jJNmDJhY0FFXddHfFGWfa+P63V1pb39jcKm9Xdnb39g+qh0dtnVpFaIukPFXdGGvKmaQtwwyn3UxRLGJOO/H4duZ3nqjSLJUPZpLRSOChZAkj2DgpDA22j7lAGMXTfrXm1/050CoJClKDAs1+9SscpMQKKg3hWOte4GcmyrEyjHA6rYRW0wyTMR7SnqMSC6qjfH7zFJ05ZYCSVLmSBs3V3xM5FlpPROw6BTYjvezNxP+8njXJdZQzmVlDJVksSixHJkWzANCAKUoMnziCiWLuVkRGWGFiXEwVF0Kw/PIqaV/UA78e3F/WGjdFHGU4gVM4hwCuoAF30IQWEMjgGV7hzbPei/fufSxaS14xcwx/4H3+AJQikV4=</latexit><latexit sha1_base64="CleGQS/t6eFpmJ9vuS+Bj12gdAM=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOya5idzCZDZmaXeQhhyW948aCIV3/Gm3/jJNmDJhY0FFXddHfFGWfa+P63V1pb39jcKm9Xdnb39g+qh0dtnVpFaIukPFXdGGvKmaQtwwyn3UxRLGJOO/H4duZ3nqjSLJUPZpLRSOChZAkj2DgpDA22j7lAGMXTfrXm1/050CoJClKDAs1+9SscpMQKKg3hWOte4GcmyrEyjHA6rYRW0wyTMR7SnqMSC6qjfH7zFJ05ZYCSVLmSBs3V3xM5FlpPROw6BTYjvezNxP+8njXJdZQzmVlDJVksSixHJkWzANCAKUoMnziCiWLuVkRGWGFiXEwVF0Kw/PIqaV/UA78e3F/WGjdFHGU4gVM4hwCuoAF30IQWEMjgGV7hzbPei/fufSxaS14xcwx/4H3+AJQikV4=</latexit>,

{�m, ⌧n} = 2⌘mn
<latexit sha1_base64="RyHx/skA7O8EUgV7M7iqccriesA=">AAACDXicbVC7SgNBFJ31GeNr1dJmMAoWEnaDoI0QtLGMYB6QTcLsZJIMmZldZu4KYdkfsPFXbCwUsbW382+cPApNPHDhcM693HtPGAtuwPO+naXlldW19dxGfnNre2fX3duvmSjRlFVpJCLdCIlhgitWBQ6CNWLNiAwFq4fDm7Fff2Da8EjdwyhmLUn6ivc4JWCljnscpIHhfUnaqczOAiBJO1VZkF3hUsBgrGKVddyCV/QmwIvEn5ECmqHScb+CbkQTyRRQQYxp+l4MrZRo4FSwLB8khsWEDkmfNS1VRDLTSiffZPjEKl3ci7QtBXii/p5IiTRmJEPbKQkMzLw3Fv/zmgn0LlspV3ECTNHpol4iMER4HA3ucs0oiJElhGpub8V0QDShYAPM2xD8+ZcXSa1U9L2if3deKF/P4sihQ3SETpGPLlAZ3aIKqiKKHtEzekVvzpPz4rw7H9PWJWc2c4D+wPn8Ac8Um/8=</latexit><latexit sha1_base64="RyHx/skA7O8EUgV7M7iqccriesA=">AAACDXicbVC7SgNBFJ31GeNr1dJmMAoWEnaDoI0QtLGMYB6QTcLsZJIMmZldZu4KYdkfsPFXbCwUsbW382+cPApNPHDhcM693HtPGAtuwPO+naXlldW19dxGfnNre2fX3duvmSjRlFVpJCLdCIlhgitWBQ6CNWLNiAwFq4fDm7Fff2Da8EjdwyhmLUn6ivc4JWCljnscpIHhfUnaqczOAiBJO1VZkF3hUsBgrGKVddyCV/QmwIvEn5ECmqHScb+CbkQTyRRQQYxp+l4MrZRo4FSwLB8khsWEDkmfNS1VRDLTSiffZPjEKl3ci7QtBXii/p5IiTRmJEPbKQkMzLw3Fv/zmgn0LlspV3ECTNHpol4iMER4HA3ucs0oiJElhGpub8V0QDShYAPM2xD8+ZcXSa1U9L2if3deKF/P4sihQ3SETpGPLlAZ3aIKqiKKHtEzekVvzpPz4rw7H9PWJWc2c4D+wPn8Ac8Um/8=</latexit><latexit sha1_base64="RyHx/skA7O8EUgV7M7iqccriesA=">AAACDXicbVC7SgNBFJ31GeNr1dJmMAoWEnaDoI0QtLGMYB6QTcLsZJIMmZldZu4KYdkfsPFXbCwUsbW382+cPApNPHDhcM693HtPGAtuwPO+naXlldW19dxGfnNre2fX3duvmSjRlFVpJCLdCIlhgitWBQ6CNWLNiAwFq4fDm7Fff2Da8EjdwyhmLUn6ivc4JWCljnscpIHhfUnaqczOAiBJO1VZkF3hUsBgrGKVddyCV/QmwIvEn5ECmqHScb+CbkQTyRRQQYxp+l4MrZRo4FSwLB8khsWEDkmfNS1VRDLTSiffZPjEKl3ci7QtBXii/p5IiTRmJEPbKQkMzLw3Fv/zmgn0LlspV3ECTNHpol4iMER4HA3ucs0oiJElhGpub8V0QDShYAPM2xD8+ZcXSa1U9L2if3deKF/P4sihQ3SETpGPLlAZ3aIKqiKKHtEzekVvzpPz4rw7H9PWJWc2c4D+wPn8Ac8Um/8=</latexit><latexit sha1_base64="RyHx/skA7O8EUgV7M7iqccriesA=">AAACDXicbVC7SgNBFJ31GeNr1dJmMAoWEnaDoI0QtLGMYB6QTcLsZJIMmZldZu4KYdkfsPFXbCwUsbW382+cPApNPHDhcM693HtPGAtuwPO+naXlldW19dxGfnNre2fX3duvmSjRlFVpJCLdCIlhgitWBQ6CNWLNiAwFq4fDm7Fff2Da8EjdwyhmLUn6ivc4JWCljnscpIHhfUnaqczOAiBJO1VZkF3hUsBgrGKVddyCV/QmwIvEn5ECmqHScb+CbkQTyRRQQYxp+l4MrZRo4FSwLB8khsWEDkmfNS1VRDLTSiffZPjEKl3ci7QtBXii/p5IiTRmJEPbKQkMzLw3Fv/zmgn0LlspV3ECTNHpol4iMER4HA3ucs0oiJElhGpub8V0QDShYAPM2xD8+ZcXSa1U9L2if3deKF/P4sihQ3SETpGPLlAZ3aIKqiKKHtEzekVvzpPz4rw7H9PWJWc2c4D+wPn8Ac8Um/8=</latexit>

Tr ⌧m�n = 4⌘mn
<latexit sha1_base64="7DnZq+ENxqdudxFl/wPuw18aWQs=">AAACE3icbVA9SwNBEN2L3/ErammzGAQRCXcS0EYI2lgqmA/IhWNus4lLdveO3TkhHPkPNv4VGwtFbG3s/DduYgo1Phh4vDfDzLw4lcKi7396hbn5hcWl5ZXi6tr6xmZpa7thk8wwXmeJTEwrBsul0LyOAiVvpYaDiiVvxoOLsd+848aKRN/gMOUdBX0teoIBOikqHeahUfTGjGh4REOELFI0tKKvINL0jFZpyBGiXFE9ikplv+JPQGdJMCVlMsVVVPoIuwnLFNfIJFjbDvwUOzkYFEzyUTHMLE+BDaDP245qUNx28slPI7rvlC7tJcaVRjpRf07koKwdqth1KsBb+9cbi/957Qx7p51c6DRDrtn3ol4mKSZ0HBDtCsMZyqEjwIxwt1J2CwYYuhiLLoTg78uzpHFcCfxKcF0t186ncSyTXbJHDkhATkiNXJIrUieM3JNH8kxevAfvyXv13r5bC950Zof8gvf+BZYpnLU=</latexit><latexit sha1_base64="7DnZq+ENxqdudxFl/wPuw18aWQs=">AAACE3icbVA9SwNBEN2L3/ErammzGAQRCXcS0EYI2lgqmA/IhWNus4lLdveO3TkhHPkPNv4VGwtFbG3s/DduYgo1Phh4vDfDzLw4lcKi7396hbn5hcWl5ZXi6tr6xmZpa7thk8wwXmeJTEwrBsul0LyOAiVvpYaDiiVvxoOLsd+848aKRN/gMOUdBX0teoIBOikqHeahUfTGjGh4REOELFI0tKKvINL0jFZpyBGiXFE9ikplv+JPQGdJMCVlMsVVVPoIuwnLFNfIJFjbDvwUOzkYFEzyUTHMLE+BDaDP245qUNx28slPI7rvlC7tJcaVRjpRf07koKwdqth1KsBb+9cbi/957Qx7p51c6DRDrtn3ol4mKSZ0HBDtCsMZyqEjwIxwt1J2CwYYuhiLLoTg78uzpHFcCfxKcF0t186ncSyTXbJHDkhATkiNXJIrUieM3JNH8kxevAfvyXv13r5bC950Zof8gvf+BZYpnLU=</latexit><latexit sha1_base64="7DnZq+ENxqdudxFl/wPuw18aWQs=">AAACE3icbVA9SwNBEN2L3/ErammzGAQRCXcS0EYI2lgqmA/IhWNus4lLdveO3TkhHPkPNv4VGwtFbG3s/DduYgo1Phh4vDfDzLw4lcKi7396hbn5hcWl5ZXi6tr6xmZpa7thk8wwXmeJTEwrBsul0LyOAiVvpYaDiiVvxoOLsd+848aKRN/gMOUdBX0teoIBOikqHeahUfTGjGh4REOELFI0tKKvINL0jFZpyBGiXFE9ikplv+JPQGdJMCVlMsVVVPoIuwnLFNfIJFjbDvwUOzkYFEzyUTHMLE+BDaDP245qUNx28slPI7rvlC7tJcaVRjpRf07koKwdqth1KsBb+9cbi/957Qx7p51c6DRDrtn3ol4mKSZ0HBDtCsMZyqEjwIxwt1J2CwYYuhiLLoTg78uzpHFcCfxKcF0t186ncSyTXbJHDkhATkiNXJIrUieM3JNH8kxevAfvyXv13r5bC950Zof8gvf+BZYpnLU=</latexit><latexit sha1_base64="7DnZq+ENxqdudxFl/wPuw18aWQs=">AAACE3icbVA9SwNBEN2L3/ErammzGAQRCXcS0EYI2lgqmA/IhWNus4lLdveO3TkhHPkPNv4VGwtFbG3s/DduYgo1Phh4vDfDzLw4lcKi7396hbn5hcWl5ZXi6tr6xmZpa7thk8wwXmeJTEwrBsul0LyOAiVvpYaDiiVvxoOLsd+848aKRN/gMOUdBX0teoIBOikqHeahUfTGjGh4REOELFI0tKKvINL0jFZpyBGiXFE9ikplv+JPQGdJMCVlMsVVVPoIuwnLFNfIJFjbDvwUOzkYFEzyUTHMLE+BDaDP245qUNx28slPI7rvlC7tJcaVRjpRf07koKwdqth1KsBb+9cbi/957Qx7p51c6DRDrtn3ol4mKSZ0HBDtCsMZyqEjwIxwt1J2CwYYuhiLLoTg78uzpHFcCfxKcF0t186ncSyTXbJHDkhATkiNXJIrUieM3JNH8kxevAfvyXv13r5bC950Zof8gvf+BZYpnLU=</latexit>

flat space curved space

� = ✓au�
a + ✓a✓b�m

abem + (✓3)a�
a
+

<latexit sha1_base64="vPOf5Auam7TRKIgJ1iRyV7PnFoU="></latexit><latexit sha1_base64="vPOf5Auam7TRKIgJ1iRyV7PnFoU="></latexit><latexit sha1_base64="vPOf5Auam7TRKIgJ1iRyV7PnFoU="></latexit><latexit sha1_base64="vPOf5Auam7TRKIgJ1iRyV7PnFoU="></latexit>

� = /ku
<latexit sha1_base64="tI4xeDrjMJEaT3qtsft/yuSwz9M=">AAACAnicbVDLSgMxFL1TX7W+Rl2Jm2gRXJUZEXQjFN24rGAf0BlKJs20oZnMkGSEMhQ3/oobF4q49Svc+Tdm2llo6wmBwzn33uSeIOFMacf5tkpLyyura+X1ysbm1vaOvbvXUnEqCW2SmMeyE2BFORO0qZnmtJNIiqOA03Ywusn99gOVisXiXo8T6kd4IFjICNZG6tkHHhkydIU8xbEaIu8oP2iEUtSzq07NmQItErcgVSjQ6NlfXj8maUSFJmaY6rpOov0MS80Ip5OKlyqaYDLCA9o1VOCIKj+brjBBJ0bpozCW5gqNpurvjgxHSo2jwFRGWA/VvJeL/3ndVIeXfsZEkmoqyOyhMOVIxyjPA/WZpETzsSGYSGb+isgQS0y0Sa1iQnDnV14krbOa69Tcu/Nq/bqIowyHcAyn4MIF1OEWGtAEAo/wDK/wZj1ZL9a79TErLVlFzz78gfX5A6bClQA=</latexit><latexit sha1_base64="tI4xeDrjMJEaT3qtsft/yuSwz9M=">AAACAnicbVDLSgMxFL1TX7W+Rl2Jm2gRXJUZEXQjFN24rGAf0BlKJs20oZnMkGSEMhQ3/oobF4q49Svc+Tdm2llo6wmBwzn33uSeIOFMacf5tkpLyyura+X1ysbm1vaOvbvXUnEqCW2SmMeyE2BFORO0qZnmtJNIiqOA03Ywusn99gOVisXiXo8T6kd4IFjICNZG6tkHHhkydIU8xbEaIu8oP2iEUtSzq07NmQItErcgVSjQ6NlfXj8maUSFJmaY6rpOov0MS80Ip5OKlyqaYDLCA9o1VOCIKj+brjBBJ0bpozCW5gqNpurvjgxHSo2jwFRGWA/VvJeL/3ndVIeXfsZEkmoqyOyhMOVIxyjPA/WZpETzsSGYSGb+isgQS0y0Sa1iQnDnV14krbOa69Tcu/Nq/bqIowyHcAyn4MIF1OEWGtAEAo/wDK/wZj1ZL9a79TErLVlFzz78gfX5A6bClQA=</latexit><latexit sha1_base64="tI4xeDrjMJEaT3qtsft/yuSwz9M=">AAACAnicbVDLSgMxFL1TX7W+Rl2Jm2gRXJUZEXQjFN24rGAf0BlKJs20oZnMkGSEMhQ3/oobF4q49Svc+Tdm2llo6wmBwzn33uSeIOFMacf5tkpLyyura+X1ysbm1vaOvbvXUnEqCW2SmMeyE2BFORO0qZnmtJNIiqOA03Ywusn99gOVisXiXo8T6kd4IFjICNZG6tkHHhkydIU8xbEaIu8oP2iEUtSzq07NmQItErcgVSjQ6NlfXj8maUSFJmaY6rpOov0MS80Ip5OKlyqaYDLCA9o1VOCIKj+brjBBJ0bpozCW5gqNpurvjgxHSo2jwFRGWA/VvJeL/3ndVIeXfsZEkmoqyOyhMOVIxyjPA/WZpETzsSGYSGb+isgQS0y0Sa1iQnDnV14krbOa69Tcu/Nq/bqIowyHcAyn4MIF1OEWGtAEAo/wDK/wZj1ZL9a79TErLVlFzz78gfX5A6bClQA=</latexit><latexit sha1_base64="tI4xeDrjMJEaT3qtsft/yuSwz9M=">AAACAnicbVDLSgMxFL1TX7W+Rl2Jm2gRXJUZEXQjFN24rGAf0BlKJs20oZnMkGSEMhQ3/oobF4q49Svc+Tdm2llo6wmBwzn33uSeIOFMacf5tkpLyyura+X1ysbm1vaOvbvXUnEqCW2SmMeyE2BFORO0qZnmtJNIiqOA03Ywusn99gOVisXiXo8T6kd4IFjICNZG6tkHHhkydIU8xbEaIu8oP2iEUtSzq07NmQItErcgVSjQ6NlfXj8maUSFJmaY6rpOov0MS80Ip5OKlyqaYDLCA9o1VOCIKj+brjBBJ0bpozCW5gqNpurvjgxHSo2jwFRGWA/VvJeL/3ndVIeXfsZEkmoqyOyhMOVIxyjPA/WZpETzsSGYSGb+isgQS0y0Sa1iQnDnV14krbOa69Tcu/Nq/bqIowyHcAyn4MIF1OEWGtAEAo/wDK/wZj1ZL9a79TErLVlFzz78gfX5A6bClQA=</latexit>

Dolan, Witten ‘99

ḡmn =
1

4
Tr ⌧m�n

<latexit sha1_base64="/yK9p00SFUYrCcUQg1PrKhMt/A4=">AAACIXicbVDLSgMxFM3U9/iqunRzsQgupMxIwW4E0Y3LClaFThnupGkNTTJDkhHKML/ixl9x40KR7sSfMa1d+DoQOJxzDzf3JJngxgbBu1eZm19YXFpe8VfX1jc2q1vb1ybNNWVtmopU3yZomOCKtS23gt1mmqFMBLtJhucT/+aeacNTdWVHGetKHCje5xStk+JqM0pQF4MyLiSoEvwTvwghSl0EGiUUkZZwpUuIDiGymMcSIsMHEmMXrQX1YAr4S8IZqZEZWnF1HPVSmkumLBVoTCcMMtstUFtOBSv9KDcsQzrEAes4qlAy0y2mF5aw75Qe9FPtnrIwVb8nCpTGjGTiJiXaO/Pbm4j/eZ3c9pvdgqsst0zRr0X9XIBNYVIX9Lhm1IqRI0g1d38FeocaqXWl+q6E8PfJf8n1UT0M6uFlo3Z6NqtjmeySPXJAQnJMTskFaZE2oeSBPJEX8uo9es/emzf+Gq14s8wO+QHv4xPQbaIQ</latexit><latexit sha1_base64="/yK9p00SFUYrCcUQg1PrKhMt/A4=">AAACIXicbVDLSgMxFM3U9/iqunRzsQgupMxIwW4E0Y3LClaFThnupGkNTTJDkhHKML/ixl9x40KR7sSfMa1d+DoQOJxzDzf3JJngxgbBu1eZm19YXFpe8VfX1jc2q1vb1ybNNWVtmopU3yZomOCKtS23gt1mmqFMBLtJhucT/+aeacNTdWVHGetKHCje5xStk+JqM0pQF4MyLiSoEvwTvwghSl0EGiUUkZZwpUuIDiGymMcSIsMHEmMXrQX1YAr4S8IZqZEZWnF1HPVSmkumLBVoTCcMMtstUFtOBSv9KDcsQzrEAes4qlAy0y2mF5aw75Qe9FPtnrIwVb8nCpTGjGTiJiXaO/Pbm4j/eZ3c9pvdgqsst0zRr0X9XIBNYVIX9Lhm1IqRI0g1d38FeocaqXWl+q6E8PfJf8n1UT0M6uFlo3Z6NqtjmeySPXJAQnJMTskFaZE2oeSBPJEX8uo9es/emzf+Gq14s8wO+QHv4xPQbaIQ</latexit><latexit sha1_base64="/yK9p00SFUYrCcUQg1PrKhMt/A4=">AAACIXicbVDLSgMxFM3U9/iqunRzsQgupMxIwW4E0Y3LClaFThnupGkNTTJDkhHKML/ixl9x40KR7sSfMa1d+DoQOJxzDzf3JJngxgbBu1eZm19YXFpe8VfX1jc2q1vb1ybNNWVtmopU3yZomOCKtS23gt1mmqFMBLtJhucT/+aeacNTdWVHGetKHCje5xStk+JqM0pQF4MyLiSoEvwTvwghSl0EGiUUkZZwpUuIDiGymMcSIsMHEmMXrQX1YAr4S8IZqZEZWnF1HPVSmkumLBVoTCcMMtstUFtOBSv9KDcsQzrEAes4qlAy0y2mF5aw75Qe9FPtnrIwVb8nCpTGjGTiJiXaO/Pbm4j/eZ3c9pvdgqsst0zRr0X9XIBNYVIX9Lhm1IqRI0g1d38FeocaqXWl+q6E8PfJf8n1UT0M6uFlo3Z6NqtjmeySPXJAQnJMTskFaZE2oeSBPJEX8uo9es/emzf+Gq14s8wO+QHv4xPQbaIQ</latexit><latexit sha1_base64="/yK9p00SFUYrCcUQg1PrKhMt/A4=">AAACIXicbVDLSgMxFM3U9/iqunRzsQgupMxIwW4E0Y3LClaFThnupGkNTTJDkhHKML/ixl9x40KR7sSfMa1d+DoQOJxzDzf3JJngxgbBu1eZm19YXFpe8VfX1jc2q1vb1ybNNWVtmopU3yZomOCKtS23gt1mmqFMBLtJhucT/+aeacNTdWVHGetKHCje5xStk+JqM0pQF4MyLiSoEvwTvwghSl0EGiUUkZZwpUuIDiGymMcSIsMHEmMXrQX1YAr4S8IZqZEZWnF1HPVSmkumLBVoTCcMMtstUFtOBSv9KDcsQzrEAes4qlAy0y2mF5aw75Qe9FPtnrIwVb8nCpTGjGTiJiXaO/Pbm4j/eZ3c9pvdgqsst0zRr0X9XIBNYVIX9Lhm1IqRI0g1d38FeocaqXWl+q6E8PfJf8n1UT0M6uFlo3Z6NqtjmeySPXJAQnJMTskFaZE2oeSBPJEX8uo9es/emzf+Gq14s8wO+QHv4xPQbaIQ</latexit>

vertex 
operators



Cadabra

@(J)@(A1)@(W2)@(W3);

 

  

  

Kasper Peeters

3-point gauge boson 1-loop amplitude in hybrid:

explicit_indices(_);

✓�s✓`m(em1 � ✓�m�1)(⇠2 + f2np�
np � k2p✓�

p✓)�s
<latexit sha1_base64="9RzsjQ8ULiGTDe9bTsiLYKql730="></latexit><latexit sha1_base64="9RzsjQ8ULiGTDe9bTsiLYKql730="></latexit><latexit sha1_base64="9RzsjQ8ULiGTDe9bTsiLYKql730="></latexit><latexit sha1_base64="9RzsjQ8ULiGTDe9bTsiLYKql730="></latexit>

(⇠3 + f3qr�
qr✓ � k3q✓�

q✓)
<latexit sha1_base64="a+9rJfxS9O+wMv5eFTeITsxgANw=">AAACL3icbVDLSgMxFM34rPVVdekmWISKWGasoMuiIC4r2Ae0dcikmTY08zC5I5ahf+TGX+lGRBG3/oXpdBRtPRA4OedcknucUHAFpvlizM0vLC4tZ1ayq2vrG5u5re2aCiJJWZUGIpANhygmuM+qwEGwRigZ8RzB6k7/YuzX75lUPPBvYBCytke6Pnc5JaAlO3dZaD1wu4QPsWvHJXyH5bCleNcjt3HCoceA4CPcT9zv+08kFQ7sXN4smgnwLLFSkkcpKnZu1OoENPKYD1QQpZqWGUI7JhI4FWyYbUWKhYT2SZc1NfWJx1Q7TvYd4n2tdLAbSH18wIn6eyImnlIDz9FJj0BPTXtj8T+vGYF71o65H0bAfDp5yI0EhgCPy8MdLhkFMdCEUMn1XzHtEUko6IqzugRreuVZUjsuWmbRuj7Jl8/TOjJoF+2hArLQKSqjK1RBVUTRIxqhV/RmPBnPxrvxMYnOGenMDvoD4/ML1DuoaA==</latexit><latexit sha1_base64="a+9rJfxS9O+wMv5eFTeITsxgANw=">AAACL3icbVDLSgMxFM34rPVVdekmWISKWGasoMuiIC4r2Ae0dcikmTY08zC5I5ahf+TGX+lGRBG3/oXpdBRtPRA4OedcknucUHAFpvlizM0vLC4tZ1ayq2vrG5u5re2aCiJJWZUGIpANhygmuM+qwEGwRigZ8RzB6k7/YuzX75lUPPBvYBCytke6Pnc5JaAlO3dZaD1wu4QPsWvHJXyH5bCleNcjt3HCoceA4CPcT9zv+08kFQ7sXN4smgnwLLFSkkcpKnZu1OoENPKYD1QQpZqWGUI7JhI4FWyYbUWKhYT2SZc1NfWJx1Q7TvYd4n2tdLAbSH18wIn6eyImnlIDz9FJj0BPTXtj8T+vGYF71o65H0bAfDp5yI0EhgCPy8MdLhkFMdCEUMn1XzHtEUko6IqzugRreuVZUjsuWmbRuj7Jl8/TOjJoF+2hArLQKSqjK1RBVUTRIxqhV/RmPBnPxrvxMYnOGenMDvoD4/ML1DuoaA==</latexit><latexit sha1_base64="a+9rJfxS9O+wMv5eFTeITsxgANw=">AAACL3icbVDLSgMxFM34rPVVdekmWISKWGasoMuiIC4r2Ae0dcikmTY08zC5I5ahf+TGX+lGRBG3/oXpdBRtPRA4OedcknucUHAFpvlizM0vLC4tZ1ayq2vrG5u5re2aCiJJWZUGIpANhygmuM+qwEGwRigZ8RzB6k7/YuzX75lUPPBvYBCytke6Pnc5JaAlO3dZaD1wu4QPsWvHJXyH5bCleNcjt3HCoceA4CPcT9zv+08kFQ7sXN4smgnwLLFSkkcpKnZu1OoENPKYD1QQpZqWGUI7JhI4FWyYbUWKhYT2SZc1NfWJx1Q7TvYd4n2tdLAbSH18wIn6eyImnlIDz9FJj0BPTXtj8T+vGYF71o65H0bAfDp5yI0EhgCPy8MdLhkFMdCEUMn1XzHtEUko6IqzugRreuVZUjsuWmbRuj7Jl8/TOjJoF+2hArLQKSqjK1RBVUTRIxqhV/RmPBnPxrvxMYnOGenMDvoD4/ML1DuoaA==</latexit><latexit sha1_base64="a+9rJfxS9O+wMv5eFTeITsxgANw=">AAACL3icbVDLSgMxFM34rPVVdekmWISKWGasoMuiIC4r2Ae0dcikmTY08zC5I5ahf+TGX+lGRBG3/oXpdBRtPRA4OedcknucUHAFpvlizM0vLC4tZ1ayq2vrG5u5re2aCiJJWZUGIpANhygmuM+qwEGwRigZ8RzB6k7/YuzX75lUPPBvYBCytke6Pnc5JaAlO3dZaD1wu4QPsWvHJXyH5bCleNcjt3HCoceA4CPcT9zv+08kFQ7sXN4smgnwLLFSkkcpKnZu1OoENPKYD1QQpZqWGUI7JhI4FWyYbUWKhYT2SZc1NfWJx1Q7TvYd4n2tdLAbSH18wIn6eyImnlIDz9FJj0BPTXtj8T+vGYF71o65H0bAfDp5yI0EhgCPy8MdLhkFMdCEUMn1XzHtEUko6IqzugRreuVZUjsuWmbRuj7Jl8/TOjJoF+2hArLQKSqjK1RBVUTRIxqhV/RmPBnPxrvxMYnOGenMDvoD4/ML1DuoaA==</latexit>

substitute(_,ruleZeroMode) ✓a✓b✓c✓d ! ✏abcd
<latexit sha1_base64="V+gyCJ1xW3xX+ttKBMf50xZy1Nw=">AAACLXicbZBNSwMxEIazflu/qh69BIvgqeyKoEdRDx4VrAptLbPZaRvMJksyq5Slf8iLf0UED4p49W+Y1ip+vRB4eGeGybxxpqSjMHwKxsYnJqemZ2ZLc/MLi0vl5ZUzZ3IrsCaMMvYiBodKaqyRJIUXmUVIY4Xn8dXBoH5+jdZJo0+pl2EzhY6WbSmAvNUqHzaoiwSXBfQ/Kf4i8UVJv9SwstMlsNbc8AZmTiqj/Vgskn6rXAmr4VD8L0QjqLCRjlvlh0ZiRJ6iJqHAuXoUZtQswJIUCv2u3GEG4go6WPeoIUXXLIbX9vmGdxLeNtY/TXzofp8oIHWul8a+MwXqut+1gflfrZ5Te7dZSJ3lhFp8LGrnipPhg+h4Ii0KUj0PIKz0f+WiCxYE+YBLPoTo98l/4WyrGoXV6GS7src/imOGrbF1tskitsP22BE7ZjUm2C27Z0/sObgLHoOX4PWjdSwYzayyHwre3gEEeKsC</latexit><latexit sha1_base64="V+gyCJ1xW3xX+ttKBMf50xZy1Nw=">AAACLXicbZBNSwMxEIazflu/qh69BIvgqeyKoEdRDx4VrAptLbPZaRvMJksyq5Slf8iLf0UED4p49W+Y1ip+vRB4eGeGybxxpqSjMHwKxsYnJqemZ2ZLc/MLi0vl5ZUzZ3IrsCaMMvYiBodKaqyRJIUXmUVIY4Xn8dXBoH5+jdZJo0+pl2EzhY6WbSmAvNUqHzaoiwSXBfQ/Kf4i8UVJv9SwstMlsNbc8AZmTiqj/Vgskn6rXAmr4VD8L0QjqLCRjlvlh0ZiRJ6iJqHAuXoUZtQswJIUCv2u3GEG4go6WPeoIUXXLIbX9vmGdxLeNtY/TXzofp8oIHWul8a+MwXqut+1gflfrZ5Te7dZSJ3lhFp8LGrnipPhg+h4Ii0KUj0PIKz0f+WiCxYE+YBLPoTo98l/4WyrGoXV6GS7src/imOGrbF1tskitsP22BE7ZjUm2C27Z0/sObgLHoOX4PWjdSwYzayyHwre3gEEeKsC</latexit><latexit sha1_base64="V+gyCJ1xW3xX+ttKBMf50xZy1Nw=">AAACLXicbZBNSwMxEIazflu/qh69BIvgqeyKoEdRDx4VrAptLbPZaRvMJksyq5Slf8iLf0UED4p49W+Y1ip+vRB4eGeGybxxpqSjMHwKxsYnJqemZ2ZLc/MLi0vl5ZUzZ3IrsCaMMvYiBodKaqyRJIUXmUVIY4Xn8dXBoH5+jdZJo0+pl2EzhY6WbSmAvNUqHzaoiwSXBfQ/Kf4i8UVJv9SwstMlsNbc8AZmTiqj/Vgskn6rXAmr4VD8L0QjqLCRjlvlh0ZiRJ6iJqHAuXoUZtQswJIUCv2u3GEG4go6WPeoIUXXLIbX9vmGdxLeNtY/TXzofp8oIHWul8a+MwXqut+1gflfrZ5Te7dZSJ3lhFp8LGrnipPhg+h4Ii0KUj0PIKz0f+WiCxYE+YBLPoTo98l/4WyrGoXV6GS7src/imOGrbF1tskitsP22BE7ZjUm2C27Z0/sObgLHoOX4PWjdSwYzayyHwre3gEEeKsC</latexit><latexit sha1_base64="V+gyCJ1xW3xX+ttKBMf50xZy1Nw=">AAACLXicbZBNSwMxEIazflu/qh69BIvgqeyKoEdRDx4VrAptLbPZaRvMJksyq5Slf8iLf0UED4p49W+Y1ip+vRB4eGeGybxxpqSjMHwKxsYnJqemZ2ZLc/MLi0vl5ZUzZ3IrsCaMMvYiBodKaqyRJIUXmUVIY4Xn8dXBoH5+jdZJo0+pl2EzhY6WbSmAvNUqHzaoiwSXBfQ/Kf4i8UVJv9SwstMlsNbc8AZmTiqj/Vgskn6rXAmr4VD8L0QjqLCRjlvlh0ZiRJ6iJqHAuXoUZtQswJIUCv2u3GEG4go6WPeoIUXXLIbX9vmGdxLeNtY/TXzofp8oIHWul8a+MwXqut+1gflfrZ5Te7dZSJ3lhFp8LGrnipPhg+h4Ii0KUj0PIKz0f+WiCxYE+YBLPoTo98l/4WyrGoXV6GS7src/imOGrbF1tskitsP22BE7ZjUm2C27Z0/sObgLHoOX4PWjdSwYzayyHwre3gEEeKsC</latexit>

✓�s✓`mem1 f2np�
np✓�sf3qr�

qr✓
<latexit sha1_base64="UWChes/8OczYQLLmyIWKb4r9Z8Y="></latexit><latexit sha1_base64="UWChes/8OczYQLLmyIWKb4r9Z8Y="></latexit><latexit sha1_base64="UWChes/8OczYQLLmyIWKb4r9Z8Y="></latexit><latexit sha1_base64="UWChes/8OczYQLLmyIWKb4r9Z8Y="></latexit>

substitute(_,$\xi2->0, \xi3->0, \chi1->0, \chi2->0, \chi3->0$);

✓a�sab✓
b`mem1 f2np�

npc
d✓

d�s
cef3qr�

qre
f✓

f
<latexit sha1_base64="Jh4acXk6iLS+PcBvAp807bg1rjc="></latexit><latexit sha1_base64="Jh4acXk6iLS+PcBvAp807bg1rjc="></latexit><latexit sha1_base64="Jh4acXk6iLS+PcBvAp807bg1rjc="></latexit><latexit sha1_base64="Jh4acXk6iLS+PcBvAp807bg1rjc="></latexit>

✏abdf�sab`mem1 f2np�
npc

d�
s
cef3qr�

qre
f

<latexit sha1_base64="jSwdbOcBg/h5kWNPz00BrTQ+6hU="></latexit><latexit sha1_base64="jSwdbOcBg/h5kWNPz00BrTQ+6hU="></latexit><latexit sha1_base64="jSwdbOcBg/h5kWNPz00BrTQ+6hU="></latexit><latexit sha1_base64="jSwdbOcBg/h5kWNPz00BrTQ+6hU="></latexit>



Cadabra

\Gamma{#}::GammaMatrix(metric=\eta).

ex:= \Gamma^{m n} \Gamma^{p q};

join_gamma(_);

Kasper Peeters

gamma matrix algebra:

�mn�pq
<latexit sha1_base64="q56hirB8Jy4zczbKhzbj4EUnzEc=">AAACAXicbZDLSgMxFIbP1Futt1E3gptgEVyVGRF0WXShywr2Au1YMmmmDU0yY5IRylA3voobF4q49S3c+TamF0Fbfwh8/OccTs4fJpxp43lfTm5hcWl5Jb9aWFvf2Nxyt3dqOk4VoVUS81g1QqwpZ5JWDTOcNhJFsQg5rYf9i1G9fk+VZrG8MYOEBgJ3JYsYwcZabXevdYmFwLeZQHL4wwm6G7bdolfyxkLz4E+hCFNV2u5nqxOTVFBpCMdaN30vMUGGlWGE02GhlWqaYNLHXdq0KLGgOsjGFwzRoXU6KIqVfdKgsft7IsNC64EIbafApqdnayPzv1ozNdFZkDGZpIZKMlkUpRyZGI3iQB2mKDF8YAETxexfEelhhYmxoRVsCP7syfNQOy75Xsm/PimWz6dx5GEfDuAIfDiFMlxBBapA4AGe4AVenUfn2Xlz3ietOWc6swt/5Hx8A0ITlsE=</latexit><latexit sha1_base64="q56hirB8Jy4zczbKhzbj4EUnzEc=">AAACAXicbZDLSgMxFIbP1Futt1E3gptgEVyVGRF0WXShywr2Au1YMmmmDU0yY5IRylA3voobF4q49S3c+TamF0Fbfwh8/OccTs4fJpxp43lfTm5hcWl5Jb9aWFvf2Nxyt3dqOk4VoVUS81g1QqwpZ5JWDTOcNhJFsQg5rYf9i1G9fk+VZrG8MYOEBgJ3JYsYwcZabXevdYmFwLeZQHL4wwm6G7bdolfyxkLz4E+hCFNV2u5nqxOTVFBpCMdaN30vMUGGlWGE02GhlWqaYNLHXdq0KLGgOsjGFwzRoXU6KIqVfdKgsft7IsNC64EIbafApqdnayPzv1ozNdFZkDGZpIZKMlkUpRyZGI3iQB2mKDF8YAETxexfEelhhYmxoRVsCP7syfNQOy75Xsm/PimWz6dx5GEfDuAIfDiFMlxBBapA4AGe4AVenUfn2Xlz3ietOWc6swt/5Hx8A0ITlsE=</latexit><latexit sha1_base64="q56hirB8Jy4zczbKhzbj4EUnzEc=">AAACAXicbZDLSgMxFIbP1Futt1E3gptgEVyVGRF0WXShywr2Au1YMmmmDU0yY5IRylA3voobF4q49S3c+TamF0Fbfwh8/OccTs4fJpxp43lfTm5hcWl5Jb9aWFvf2Nxyt3dqOk4VoVUS81g1QqwpZ5JWDTOcNhJFsQg5rYf9i1G9fk+VZrG8MYOEBgJ3JYsYwcZabXevdYmFwLeZQHL4wwm6G7bdolfyxkLz4E+hCFNV2u5nqxOTVFBpCMdaN30vMUGGlWGE02GhlWqaYNLHXdq0KLGgOsjGFwzRoXU6KIqVfdKgsft7IsNC64EIbafApqdnayPzv1ozNdFZkDGZpIZKMlkUpRyZGI3iQB2mKDF8YAETxexfEelhhYmxoRVsCP7syfNQOy75Xsm/PimWz6dx5GEfDuAIfDiFMlxBBapA4AGe4AVenUfn2Xlz3ietOWc6swt/5Hx8A0ITlsE=</latexit><latexit sha1_base64="q56hirB8Jy4zczbKhzbj4EUnzEc=">AAACAXicbZDLSgMxFIbP1Futt1E3gptgEVyVGRF0WXShywr2Au1YMmmmDU0yY5IRylA3voobF4q49S3c+TamF0Fbfwh8/OccTs4fJpxp43lfTm5hcWl5Jb9aWFvf2Nxyt3dqOk4VoVUS81g1QqwpZ5JWDTOcNhJFsQg5rYf9i1G9fk+VZrG8MYOEBgJ3JYsYwcZabXevdYmFwLeZQHL4wwm6G7bdolfyxkLz4E+hCFNV2u5nqxOTVFBpCMdaN30vMUGGlWGE02GhlWqaYNLHXdq0KLGgOsjGFwzRoXU6KIqVfdKgsft7IsNC64EIbafApqdnayPzv1ozNdFZkDGZpIZKMlkUpRyZGI3iQB2mKDF8YAETxexfEelhhYmxoRVsCP7syfNQOy75Xsm/PimWz6dx5GEfDuAIfDiFMlxBBapA4AGe4AVenUfn2Xlz3ietOWc6swt/5Hx8A0ITlsE=</latexit>

�mnpq + �mq⌘np � �mp⌘nq � �nq⌘mp + �np⌘mq
<latexit sha1_base64="VZ8t1xyh7NHDnKpa6v5DrSNXwmc=">AAACWHicbZFLSwMxFIUzY2sfvmpdugkWQSiWGRF0WXShywr2AW0tmTRtQ5PMNMkIZZg/KbjQv+LGTDu22nohcPKdm9eJFzCqtON8WPZOJrubyxeKe/sHh0el43JL+aHEpIl95suOhxRhVJCmppqRTiAJ4h4jbW96n/jtVyIV9cWzngekz9FY0BHFSBs0KPm9B8Q5eok4FDCAs7i6BrO4R7RRxoiLl2serPgshiu+mC2NpKW65j/9yY6DUsWpOYuC28JNRQWk1RiU3npDH4ecCI0ZUqrrOoHuR0hqihmJi71QkQDhKRqTrpECcaL60SKYGJ4bMoQjX5ohNFzQ3ysixJWac890cqQnatNL4H9eN9Sj235ERRBqIvDyoFHIoPZhkjIcUkmwZnMjEJbU3BXiCZIIa/MXRROCu/nkbdG6qrlOzX26rtTv0jjy4BScgQvgghtQB4+gAZoAg3fwZWWsrPVpAztnF5attpWuOQF/yi5/AzOqs6Y=</latexit><latexit sha1_base64="VZ8t1xyh7NHDnKpa6v5DrSNXwmc=">AAACWHicbZFLSwMxFIUzY2sfvmpdugkWQSiWGRF0WXShywr2AW0tmTRtQ5PMNMkIZZg/KbjQv+LGTDu22nohcPKdm9eJFzCqtON8WPZOJrubyxeKe/sHh0el43JL+aHEpIl95suOhxRhVJCmppqRTiAJ4h4jbW96n/jtVyIV9cWzngekz9FY0BHFSBs0KPm9B8Q5eok4FDCAs7i6BrO4R7RRxoiLl2serPgshiu+mC2NpKW65j/9yY6DUsWpOYuC28JNRQWk1RiU3npDH4ecCI0ZUqrrOoHuR0hqihmJi71QkQDhKRqTrpECcaL60SKYGJ4bMoQjX5ohNFzQ3ysixJWac890cqQnatNL4H9eN9Sj235ERRBqIvDyoFHIoPZhkjIcUkmwZnMjEJbU3BXiCZIIa/MXRROCu/nkbdG6qrlOzX26rtTv0jjy4BScgQvgghtQB4+gAZoAg3fwZWWsrPVpAztnF5attpWuOQF/yi5/AzOqs6Y=</latexit><latexit sha1_base64="VZ8t1xyh7NHDnKpa6v5DrSNXwmc=">AAACWHicbZFLSwMxFIUzY2sfvmpdugkWQSiWGRF0WXShywr2AW0tmTRtQ5PMNMkIZZg/KbjQv+LGTDu22nohcPKdm9eJFzCqtON8WPZOJrubyxeKe/sHh0el43JL+aHEpIl95suOhxRhVJCmppqRTiAJ4h4jbW96n/jtVyIV9cWzngekz9FY0BHFSBs0KPm9B8Q5eok4FDCAs7i6BrO4R7RRxoiLl2serPgshiu+mC2NpKW65j/9yY6DUsWpOYuC28JNRQWk1RiU3npDH4ecCI0ZUqrrOoHuR0hqihmJi71QkQDhKRqTrpECcaL60SKYGJ4bMoQjX5ohNFzQ3ysixJWac890cqQnatNL4H9eN9Sj235ERRBqIvDyoFHIoPZhkjIcUkmwZnMjEJbU3BXiCZIIa/MXRROCu/nkbdG6qrlOzX26rtTv0jjy4BScgQvgghtQB4+gAZoAg3fwZWWsrPVpAztnF5attpWuOQF/yi5/AzOqs6Y=</latexit><latexit sha1_base64="VZ8t1xyh7NHDnKpa6v5DrSNXwmc=">AAACWHicbZFLSwMxFIUzY2sfvmpdugkWQSiWGRF0WXShywr2AW0tmTRtQ5PMNMkIZZg/KbjQv+LGTDu22nohcPKdm9eJFzCqtON8WPZOJrubyxeKe/sHh0el43JL+aHEpIl95suOhxRhVJCmppqRTiAJ4h4jbW96n/jtVyIV9cWzngekz9FY0BHFSBs0KPm9B8Q5eok4FDCAs7i6BrO4R7RRxoiLl2serPgshiu+mC2NpKW65j/9yY6DUsWpOYuC28JNRQWk1RiU3npDH4ecCI0ZUqrrOoHuR0hqihmJi71QkQDhKRqTrpECcaL60SKYGJ4bMoQjX5ohNFzQ3ysixJWac890cqQnatNL4H9eN9Sj235ERRBqIvDyoFHIoPZhkjIcUkmwZnMjEJbU3BXiCZIIa/MXRROCu/nkbdG6qrlOzX26rtTv0jjy4BScgQvgghtQB4+gAZoAg3fwZWWsrPVpAztnF5attpWuOQF/yi5/AzOqs6Y=</latexit>

+⌘np⌘mq � ⌘mp⌘nq
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Plane wave in pure spinor/hybrid
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Berkovits, “Conformal Field Theory for the Superstring in a Ramond-Ramond 
Plane Wave Background”, hep-th/0203248 

“It has therefore been proven that the action for the 
superstring in an R-R plane wave background is an 

exact conformal field theory”  



Massive torus Green’s functions

Classical modular forms are holomorphic, mass is not. 
There are an infinite number of automorphic forms of weight 0, 
and an infinite number of ways to generalize Green’s functions.  

What are the partial differential equations that replace 
holomorphy when there is a mass scale? 
(“Renormalization group equations”?)

M.B., Bringmann, Gannon ’19

“Lowest” form:

“ladder operator”?

“eigenvalue operator” 
(spacetime supersymmetry?)
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Massive Automorphic Green’s functions 

Marcus Berg 
Karlstad University, Sweden 

work in progress with W. Linch, C.Mafra, O.Schlotterer 
work in progress with K.Bringmann, T.Gannon

caveat



Dreams

covariant pure spinor/hybrid AdS or plane wave 
worldsheet equation of motion + spacetime supersymmetry 

partial differential equations

Kaluza-Klein reduction? 
 of e.g. genus-2 moduli space: 
automorphic on bigger group G 



Thank you! 

Marcus Berg 
Karlstad University, Sweden 

work in progress with W. Linch, C.Mafra, O.Schlotterer 
work in progress with K.Bringmann, T.Gannon


