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In the planar limit, N ! 1:

• Conformal symmetry

• Supersymmetry

• Planar integrability
<latexit sha1_base64="+GGaJhYccoObrhl+sSY3VQTPeOA="></latexit>

• Conformal symmetry partially broken

• Supersymmetry partially or completely broken
<latexit sha1_base64="tFxJC57fxGNMxbR5+XhYtagO0aA="></latexit>

AdS/CFT
<latexit sha1_base64="83CXmGGHjkqA7Q1WYWEEeFQnBcM=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXY2a0tt1VC+KyYl/QDiWTybShmQdJRihDP8KNC0Xc+j3u/BszbQUVPXDhcM693HuPG3MmFUIfxtLyyuraem4jv7m1vbNb2NtvyygRhLZIxCPRdbGknIW0pZjitBsLigOX0447rmd+554KyaKwqSYxdQI8DJnPCFZa6lx6d6f16+agUESmXULVcgUis4Ss6rmtCUKV6gWCliYZimCBxqDw3vcikgQ0VIRjKXsWipWTYqEY4XSa7yeSxpiM8ZD2NA1xQKWTzs6dwmOteNCPhK5QwZn6fSLFgZSTwNWdAVYj+dvLxL+8XqL8ipOyME4UDcl8kZ9wqCKY/Q49JihRfKIJJoLpWyEZYYGJ0gnldQhfn8L/Sds2rTPTvrWLtatFHDlwCI7ACbBAGdTADWiAFiBgDB7AE3g2YuPReDFe561LxmLmAPyA8fYJj5mPEQ==</latexit>

AdS/dCFT
<latexit sha1_base64="HBoebIdTyxnuJbp1atf94NoTDG8=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjOjte2uWhCXFfuCdiiZTNqGZh4mGaEM/Qk3LhRx6++482/MtBVU9MCFwzn3cu89bsSZVAh9GJml5ZXVtex6bmNza3snv7vXkmEsCG2SkIei42JJOQtoUzHFaScSFPsup213XEv99j0VkoVBQ00i6vh4GLABI1hpqXPh3Z54tatGP19Apl1ElVIZIrOIrMqZrQlC5co5gpYmKQpggXo//97zQhL7NFCEYym7FoqUk2ChGOF0muvFkkaYjPGQdjUNsE+lk8zuncIjrXhwEApdgYIz9ftEgn0pJ76rO32sRvK3l4p/ed1YDcpOwoIoVjQg80WDmEMVwvR56DFBieITTTARTN8KyQgLTJSOKKdD+PoU/k9atmmdmvaNXaheLuLIggNwCI6BBUqgCq5BHTQBARw8gCfwbNwZj8aL8TpvzRiLmX3wA8bbJ057j38=</latexit>

<latexit sha1_base64="vBT6rZTTo7qfJKq9MN0MNXQ+y60="></latexit>

Domain wall  ! Probe D-brane



Motivation
• Gain insight on the interplay between conformal symmetry, 

supersymmetry and integrability

• Test the AdS/CFT dictionary for set-ups with supersymmetry  
partially or completely broken (all tests positive)

• Exact results for novel types of observables such as one-point functions

• Produce input data for the boundary conformal bootstrap program. 

• Interesting connections to statistical physics and QI: matrix product
states and quantum quenches 

• Novel examples of  integrable boundary states, 
novel characterization at the discrete level 

• Novel microscopic duality relations for correlation functions
(Strong predictive/constraining power)



Plan of the talk

I. Overlaps and correlation functions in AdS/dCFT

II. Integrable boundary states in AdS/dCFT

III. Exact results for overlaps in N=4 SYM

IV. Duality relations for overlaps

V. Predicting new overlap formulas for ABJM theory

VI. Future directions



Conformal operators  ! String states
<latexit sha1_base64="/Oc0H7uRT/DUWwvxWX59MO+4quk="></latexit>

<latexit sha1_base64="n1xHHzS/wNb3uZ8cpfjlxMgZ9rM=">AAAB+HicdZDLSsNAFIYn9VbrpVGXbgaL4KokXqruim5cVrC20IQymZ60QyeTMDMRauyTuHGhiFsfxZ1v47SNoqI/DBy+/xzOmT9IOFPacd6twtz8wuJScbm0srq2XrY3Nq9VnEoKTRrzWLYDooAzAU3NNId2IoFEAYdWMDyf+K0bkIrF4kqPEvAj0hcsZJRog7p2+Q57QZilY08S0efQtStO9chxT2sudqrOVPiLuDmpoFyNrv3m9WKaRiA05USpjusk2s+I1IxyGJe8VEFC6JD0oWNKQSJQfjY9fIx3DenhMJbmCY2n9PtERiKlRlFgOiOiB+q3N4F/eZ1Uhyd+xkSSahB0tihMOdYxnqSAe0wC1XxkCkIlM7diOiCSUG2yKpkQPn+K/y+u96turXpweVipn+VxFNE22kF7yEXHqI4uUAM1EUUpukeP6Mm6tR6sZ+tl1lqw8pkt9EPW6wcz9pN3</latexit>

|ui
<latexit sha1_base64="T7zailDTwRuT4muOkOti+I3Y7VU=">AAACFHicdVDLSgMxFM3UV62vqks3wSIIQpmpWB+rogguK9hWaEvJpHfa0ExmSO4IpfQj3Pgrblwo4taFO//G9KGo6IHA4Zx7uLnHj6Uw6LrvTmpmdm5+Ib2YWVpeWV3Lrm9UTZRoDhUeyUhf+8yAFAoqKFDCdayBhb6Emt87G/m1G9BGROoK+zE0Q9ZRIhCcoZVa2b1z0QFlkCEYGgVUKISOZjZOTRKDpiYWivIuE+qklc25+QPXOy561M27Y9AvxZsqOTJFuZV9a7QjnoSgkEtmTN1zY2wOmEbBJQwzjcRAzHiPdaBuqWIhmOZgfNSQ7lilTYNI26eQjtXviQELjemHvp0MGXbNb28k/uXVEwyOmgOh4gRB8cmiIJEUIzpqiLaFBo6ybwnjWti/ju7XjKPtMWNL+LyU/k+qhbxXzO9fFnKl02kdabJFtsku8cghKZELUiYVwsktuSeP5Mm5cx6cZ+dlMppypplN8gPO6wfrKp6/</latexit>

Eigenstates of integrable super spin chain:

De Leeuw, C.K.
Zarembo ‘15

Jiang, Komatsu
Vescovi ‘19

| 0i (integrable) boundary state describing defect / probe brane
<latexit sha1_base64="D171Dfu4EQBZcEvVpDwx9jm13lg="></latexit>

h 0|ui is a one-point function
<latexit sha1_base64="PlKNcoRwlQznBToFWS9KDIV82iM="></latexit>

Beisert,
Staudacher ‘03

Similar idea: | 0i ⇠ determinant operators/giant graviton
<latexit sha1_base64="DZp+7sDVcBIhGUx/a8Qgx6ICTFU="></latexit>

Co-dimension one defect  ! Karch-Randall probe brane
<latexit sha1_base64="vWzQxt9X9uCewzgW/cOKs1mCJeE="></latexit>

Determinant operator  ! Giant graviton
<latexit sha1_base64="iFwG+w8om0jjwi8ssHyCH9BJq60="></latexit>

h 0|ui is a three-point function
<latexit sha1_base64="Asa6r9yf49S/WhayI6MKw1vJCjM="></latexit>

Karch.
Randall ‘01

<latexit sha1_base64="so3iYMq4Lq89hFs9xwU5E3eTWmY=">AAAB/nicdVDLSgMxFM34rPVVFVdugkVwVTNDn7tqQdxZsS9oS8lk0jY0kxmSjFCGgr/ixoUibv0Od/6N6UNQ0QOBwznncm+OG3KmNEIf1tLyyuraemIjubm1vbOb2ttvqCCShNZJwAPZcrGinAla10xz2golxb7LadMdVaZ+845KxQJR0+OQdn08EKzPCNZG6qUOz73bs8plDUIsPHhtohyHqpdKo4yTQ6VCEaJMDtmlrGMIQsVSHkHbkCnSYIFqL/Xe8QIS+VRowrFSbRuFuhtjqRnhdJLsRIqGmIzwgLYNFdinqhvPzp/AE6N4sB9I84SGM/X7RIx9pca+a5I+1kP125uKf3ntSPeL3ZiJMNJUkPmifsShDuC0C+gxSYnmY0MwkczcCskQS0y0aSxpSvj6KfyfNJyMnc9kb5x0+WJRRwIcgWNwCmxQAGVwBaqgDgiIwQN4As/WvfVovViv8+iStZg5AD9gvX0CqYeUsg==</latexit>

AdS/CFT and Overlaps

Minahan.
Zarembo ‘02



1 2 3 L

s1 sLs2 s3

SL+m = Sm | i = |s1s2s3 . . . sLi
<latexit sha1_base64="1GJCNr9RjxzakkBefr3M3qU9/FI="></latexit>

Eigenstates: H0|ui = E0|ui
<latexit sha1_base64="4zIMFs+ouqDC1WHtRDrLTxm7gH0="></latexit>

h 0|ui computable in closed form
<latexit sha1_base64="3Wr8Yg+t3JdnXNGrXhc1/eN58Vo="></latexit>

Identified types of relevance for AdS/dCFT:
<latexit sha1_base64="LE02/q0ZlcNh0Mh8Qvl7YOucThQ="></latexit>

<latexit sha1_base64="s8PrJjrui23+B9+aoD/JCJ5dC1M="></latexit>

|Bi = |MPSi =
X

{si}

Tr(ts1 . . . tsL)|s1 . . . sLi

<latexit sha1_base64="PvM0B5qJHu/kE2wq5+d+qBVCN7Q="></latexit>

|VBSi = |Ki⌦L
2 , K =

X

s1,s2

Ks1,s2 |s1s2i

Integrable boundary states
<latexit sha1_base64="NbL/DHwiWCC11TCPJMrPWP0tRIw=">AAACA3icdVBNSwMxFMz6WetX1ZtegkXwVDYVbL0VvehNwapQS3mbvtZgNrskb4VSBC/+FS8eFPHqn/DmvzGrFVR0IDDMzOPlTZRq5SgM34Kx8YnJqenCTHF2bn5hsbS0fOKSzEpsykQn9iwCh1oZbJIijWepRYgjjafR5V7un16hdSoxxzRIsR1D36iekkBe6pRWDwxh34LP8yjJTBfsgDsCQtcplcNKGIZCCJ4TUdsOPdnZqVdFnYvc8iizEQ47pdfzbiKzGA1JDc61RJhSewiWlNR4XTzPHKYgL6GPLU8NxOjaw48brvmGV7q8l1j/DPEP9fvEEGLnBnHkkzHQhfvt5eJfXiujXr09VCbNCI38XNTLNKeE54XwrrIoSQ88AWmV/yuXF2BBkq+t6Ev4upT/T06qFbFVqR5Vy43dUR0FtsbW2SYTrMYabJ8dsiaT7IbdsQf2GNwG98FT8PwZHQtGMyvsB4KXd4sgmBw=</latexit>

De Leeuw, C.K., Zarembo ‘15

C.K., Müller, Zarembo ‘20

<latexit sha1_base64="C1QCMzD9ISNZVKDlUl/As7EeaDM=">AAACC3icdVDLSgMxFM34tr5GXboJFsFVnRTR6soHiDsV+4K2lEx6pw1mkiHJCKW4d+OvuHGhiFt/wJ1/Y6ZWUNGzOpxzD/feEyaCGxsE797Y+MTk1PTMbG5ufmFxyV9eqRqVagYVpoTS9ZAaEFxCxXIroJ5ooHEooBZeHWd+7Rq04UqWbT+BVky7kkecUeuktr9+FuFEGcNdAGsQcE0lAxwpjQ87l1vHJ+X9tp8PCkEQEEJwRsjuTuDI3l6pSEqYZJZDHo1w3vbfmh3F0hikZYIa0yBBYlsDqi1nAm5yzdRAQtkV7ULDUUljMK3B8JcbvOGUznB/pKTFQ/V7YkBjY/px6CZjanvmt5eJf3mN1Eal1oDLJLUg2eeiKBXYKpwVgztcA7Oi7whlmrtbMetRTZl19eVcCV+f4v9JtVggO4Xti2L+4GhUxwxaQ+toExG0iw7QKTpHFcTQLbpHj+jJu/MevGfv5XN0zBtlVtEPeK8fdc2aDA==</latexit>

Of possible relevance for AdS/CFT:

<latexit sha1_base64="4rl6bxuCU7Y0QEhpbEiEV/Dj02E="></latexit>

Cross cap states: |Ci = |cii⌦L/2, where |cii = | "ij | "iL
2 +j + | #ij | #iL

2 +j

<latexit sha1_base64="+HpVAs/IlhXY7BUjDAIFzNj77+Q=">AAAB/3icdVDLSgNBEJyNrxhfq4IXL4NB8LTMLklMPAW9eBEimERIQpidTJIhsw9mesUQc/BXvHhQxKu/4c2/cfIQVLSgoajqprvLj6XQQMiHlVpYXFpeSa9m1tY3Nrfs7Z2ajhLFeJVFMlLXPtVcipBXQYDk17HiNPAlr/uDs4lfv+FKiyi8gmHMWwHthaIrGAUjte29CwpK3OJYRZ2EAdZAgeuTtp0lDvGK+ZyHiePlScktGZInbqmQw65DpsiiOSpt+73ZiVgS8BCYpFo3XBJDa0QVCCb5ONNMNI8pG9Aebxga0oDr1mh6/xgfGqWDu5EyFQKeqt8nRjTQehj4pjOg0Ne/vYn4l9dIoFtsjUQYJ8BDNlvUTSSGCE/CwB2hOAM5NIQyJcytmPWpogxMZBkTwten+H9S8xy34OQuvWz5dB5HGu2jA3SEXHSMyugcVVAVMXSHHtATerburUfrxXqdtaas+cwu+gHr7RNec5Za</latexit>

Matrix product states:

<latexit sha1_base64="V3Beaylw3bVdqByp9spCtA7h0Io=">AAAB/XicdVDLSgNBEJz1bXzFx83LYBA8LbNLosaT6MWjokmEJITZSScZnJ1dZnqFGMRf8eJBEa/+hzf/xkmMoKIFDUVVN91dUaqkRcbevYnJqemZ2bn53MLi0vJKfnWtapPMCKiIRCXmMuIWlNRQQYkKLlMDPI4U1KKr46FfuwZjZaIvsJ9CM+ZdLTtScHRSK79R5Qq0AHqU6DY9R45gD1r5AvNZuF8qhpT5YYmVg7IjJRaUd4s08NkIBTLGaSv/1mgnIotBo1Dc2nrAUmwOuEEpFNzmGpmFlIsr3oW6o5rHYJuD0fW3dNspbdpJjCuNdKR+nxjw2Np+HLnOmGPP/vaG4l9ePcPOfnMgdZqhe/FzUSdTFBM6jIK2pQGBqu8IF0a6W6noccMFusByLoSvT+n/pBr6wa5fPAsLh0fjOObIJtkiOyQge+SQnJBTUiGC3JB78kievDvvwXv2Xj5bJ7zxzDr5Ae/1A/nAlPE=</latexit>

Valence Bond States:

Caetano, Komatsu ‘21

<latexit sha1_base64="8KUn+tMTWG8oePFlqZEY6zxzpmI="></latexit>

Integrable boundary state h 0|:



p

-p

Pure reflection
+BYB for reflection matrix

-p
p

Entangled (p,-p) pairs
+BYB for initial state

Initial state

Boundary

Wick rotation

Ghoshal, 
Zamolodchikov ‘93Integrable boundaries in integrable QFTs

<latexit sha1_base64="nxtZtPrEaPTvOidcHEfj5To6EBo="></latexit>

• No particle production or annihilation

• Pure reflection, possibly change of internal quantum numbers

• Yang-Baxter relations fulfilled (order of reflection does not matter)
<latexit sha1_base64="yCrcyPtAEmV31tAHv0NQeCGmCG8="></latexit>

1

2



<latexit sha1_base64="8JOIvdhLQDJUJcvOgruTdHE8Cp0="></latexit>

H =
LX

n=1

(1� Pn,n+1)

Integrable spin chain boundary states
<latexit sha1_base64="hApu0gwENowSKEFGRSqSFG4pZzo="></latexit>

Piroli, Pozsgay
Vernier ‘17

L conserved charges, Q̂n, with eigenvalues Qn
<latexit sha1_base64="lLGvC6h6RKGzCTmD+ioiCUjj7L8="></latexit>

Qn ({pi}) = (�1)n Qn ({�pi})
<latexit sha1_base64="LFVVWDwnXEOtyW6DpfCjIeT3Ua0="></latexit>

(BYB observed to be fulfilled for all cases considered)
<latexit sha1_base64="OupbGyoYa9Ht0JJL6KRRyFNVRIc="></latexit>

bQ2m+1| 0i = 0, 8m
<latexit sha1_base64="qUCa8LFb4MPP29Enw6E3gr5jlyg="></latexit>

Example
<latexit sha1_base64="P9se/idIQdUm3wTk7PyrZD75Ezs=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ2ak2u6KIrisYB/QDiWTZtrQJBOSjFhKP8KNC0Xc+j3u/BvTh6CiB0IO59zLvffEijNjEfrwlpZXVtfWcxv5za3tnd3C3n7DpJkmtE5SnupWjA3lTNK6ZZbTltIUi5jTZjy8nPrNO6oNS+WtHSkaCdyXLGEEWyc1r+6xUJx2C0Xko7BcQhWI/NB9YcmREgoqZxUY+GiGIlig1i28d3opyQSVlnBsTDtAykZjrC0jnE7yncxQhckQ92nbUYkFNdF4tu4EHjulB5NUuyctnKnfO8ZYGDMSsasU2A7Mb28q/uW1M5uUozGTKrNUkvmgJOPQpnB6O+wxTYnlI0cw0cztCskAa0ysSyjvQvi6FP5PGqEfnPrhTVisXiziyIFDcAROQADOQRVcgxqoAwKG4AE8gWdPeY/ei/c6L13yFj0H4Ae8t0/DD4/b</latexit>

Excited states with K excitations (and momenta): |{pi}Ki=1i
<latexit sha1_base64="sqEF8quAURJodgWMnhzFwY0yjhI="></latexit>

Eigenstates: pi have to fulfil the Bethe equations
<latexit sha1_base64="ZBCNGtwY/W+stStzRMNajlHT/48="></latexit>



N = 4 SYM
<latexit sha1_base64="xLZfvmgEjdZHlffxhBfDG5ARKGY="></latexit>

h�i 6= 0
<latexit sha1_base64="xqJtMmCxppMlAJNMKWdJp8s3Los=">AAACBHicdVDLSgMxFM34rPVVddlNsAiuhszYarsT3bisYFXoDCWT3mmDmcyYZIRSXLjxV9y4UMStH+HOvzF9CCp64MLJOfeSe0+UCa4NIR/OzOzc/MJiYam4vLK6tl7a2DzXaa4YtFgqUnUZUQ2CS2gZbgRcZgpoEgm4iK6OR/7FDSjNU3lmBhmECe1JHnNGjZU6pXIgqOwJwEHW5zhQ04eEa0w6pQpxiV+vVX1MXL9GGl7DkhrxGvtV7LlkjAqaotkpvQfdlOUJSMME1brtkcyEQ6oMZwJui0GuIaPsivagbamkCehwOD7iFu9YpYvjVNmSBo/V7xNDmmg9SCLbmVDT17+9kfiX185NXA+HXGa5AckmH8W5wCbFo0RwlytgRgwsoUxxuytmfaooMza3og3h61L8Pzn3XW/P9U+rlcOjaRwFVEbbaBd56AAdohPURC3E0B16QE/o2bl3Hp0X53XSOuNMZ7bQDzhvn9crl5Y=</latexit>

h�i = 0
<latexit sha1_base64="HmpXdikMxZSLOp1SH1tM5HzHu28=">AAACAXicdVDLSgMxFM34rPU16kZwEyyCqyEzttouhKIblxXsAzpDyaRpG5rJDElGKEPd+CtuXCji1r9w59+YPgQVPXDh5Jx7yb0nTDhTGqEPa2FxaXllNbeWX9/Y3Nq2d3YbKk4loXUS81i2QqwoZ4LWNdOcthJJcRRy2gyHlxO/eUulYrG40aOEBhHuC9ZjBGsjdex9n2PR5xT6yYBBX84e5xB17AJykFcuFT2IHK+EKm7FkBJyK6dF6DpoigKYo9ax3/1uTNKICk04VqrtokQHGZaaEU7HeT9VNMFkiPu0bajAEVVBNr1gDI+M0oW9WJoSGk7V7xMZjpQaRaHpjLAeqN/eRPzLa6e6Vw4yJpJUU0FmH/VSDnUMJ3HALpOUaD4yBBPJzK6QDLDERJvQ8iaEr0vh/6ThOe6J410XC9WLeRw5cAAOwTFwwRmogitQA3VAwB14AE/g2bq3Hq0X63XWumDNZ/bAD1hvnzFqlhU=</latexit>

(x0, x1, x2)
<latexit sha1_base64="/5AhN+zPvFjaEYyP4CLoj4ecEpQ=">AAAB9HicdVDLSgMxFM3UV62vqks3wSJUkCEzttruim5cVrAPaIchk2ba0MzDJFNahn6HGxeKuPVj3Pk3pg9BRQ9cOJxzL/fe48WcSYXQh5FZWV1b38hu5ra2d3b38vsHTRklgtAGiXgk2h6WlLOQNhRTnLZjQXHgcdryhtczvzWiQrIovFOTmDoB7ofMZwQrLTnFsYvOxq6lyz518wVkIrtSLtkQmXYZVa2qJmVkVS9K0DLRHAWwRN3Nv3d7EUkCGirCsZQdC8XKSbFQjHA6zXUTSWNMhrhPO5qGOKDSSedHT+GJVnrQj4SuUMG5+n0ixYGUk8DTnQFWA/nbm4l/eZ1E+RUnZWGcKBqSxSI/4VBFcJYA7DFBieITTTARTN8KyQALTJTOKadD+PoU/k+atmmdm/ZtqVC7WsaRBUfgGBSBBS5BDdyAOmgAAu7BA3gCz8bIeDRejNdFa8ZYzhyCHzDePgEdE5EJ</latexit>

x3
<latexit sha1_base64="qTjq6kPXVfnQQkteefg1dvSmrcs=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GnomiSa3oBePEc0CyRB6Oj1Jk56F7h4xhHyCFw+KePWLvPk3dhZBRR8UPN6roqqenwiuNMYfVmZldW19I7uZ29re2d3L7x80VZxKyho0FrFs+0QxwSPW0FwL1k4kI6EvWMsfXc781h2TisfRrR4nzAvJIOIBp0Qb6ea+V+zlC9jGbqVcchG23TKuOlVDytipnpWQY+M5CrBEvZd/7/ZjmoYs0lQQpToOTrQ3IVJzKtg0100VSwgdkQHrGBqRkClvMj91ik6M0kdBLE1FGs3V7xMTEio1Dn3TGRI9VL+9mfiX10l1UPEmPEpSzSK6WBSkAukYzf5GfS4Z1WJsCKGSm1sRHRJJqDbp5EwIX5+i/0nTtZ2i7V6XCrWLZRxZOIJjOAUHzqEGV1CHBlAYwAM8wbMlrEfrxXpdtGas5cwh/ID19gl39Y3u</latexit>

U(N � k)
<latexit sha1_base64="5JQPBrJaOMTLUQozSLkUz4xQSek=">AAAB+HicdVDLSgNBEJyN7/jIqkcvg1HQg8vsmqi5Bb14kghuFJIQZicTM2T2wUyvGJd8iRcPinj1U7z5N05iBBUtaCiquunuChIpNBDybuWmpmdm5+YX8otLyysFe3WtruNUMe6zWMbqKqCaSxFxHwRIfpUoTsNA8sugfzLyL2+40iKOLmCQ8FZIryPRFYyCkdp2oQn8FjJ/Z+tsr7+1O2zbReIQ76hc8jBxvDKpuBVDysStHJSw65AximiCWtt+a3ZiloY8Aiap1g2XJNDKqALBJB/mm6nmCWV9es0bhkY05LqVjQ8f4m2jdHA3VqYiwGP1+0RGQ60HYWA6Qwo9/dsbiX95jRS6R61MREkKPGKfi7qpxBDjUQq4IxRnIAeGUKaEuRWzHlWUgckqb0L4+hT/T+qe4+473nmpWD2exDGPNtAm2kEuOkRVdIpqyEcMpegePaIn6856sJ6tl8/WnDWZWUc/YL1+ALRykno=</latexit>

U(N) for x3 ! 1
<latexit sha1_base64="ewESqthuAgvdBP5fiLgTBrHWkm8="></latexit>

The defect set-up of |MPSi
<latexit sha1_base64="3/BzzTxny27Y/XilwfrmWJYJhSo="></latexit>



Classical Fields (simplest case)

Classical e.o.m.:
(x3 is distance to defect)

Solution:

where ti , i=1,2,3, constitute a k-dimensional irreducible repr. 
of SU(2). (Nahm eqns. also fulfilled.)

Constable, Myers
& Tafjord ‘99

Assume only x3 -dependence  and x3 >0,

Set-up  ½  BPS  (for appropriate choice b.c. for zero-modes, Gaiotto & Witten ‘08)

Acl
µ = 0,  cl

A = 0
<latexit sha1_base64="NJdnYVkZAx/esoMxPtCOXoRq5Vw="></latexit>

d2�cl
i

dx2
3

=
⇥
�cl
j ,

⇥
�cl
j ,�

cl
i

⇤⇤
.

<latexit sha1_base64="wEhN5EAkqgw+NC+TM+ive2RcXVQ="></latexit>

�cl
4 = �cl

5 = �cl
6 = 0

<latexit sha1_base64="G7UsR0EWz/gPsBRpJJeJaqNlMYY="></latexit>

�cl
i =

1

x3

✓
(ti)k⇥k 0
0 0

◆
, i = 1, 2, 3

<latexit sha1_base64="oqN0J7M9Dyj6OpFVUS44IbP0Bus="></latexit>



Karch & Randall ’01,

x0 x1 x2 x3 x4 x5 x6 x7 x8 x9

D3 ⇥ ⇥ ⇥ ⇥
D5 ⇥ ⇥ ⇥ ⇥ ⇥ ⇥

<latexit sha1_base64="0c0FPbRBxNDfbYQdMQZSyKdnRKo="></latexit>

AdS/dCFT — The string theory side
<latexit sha1_base64="PlLRdtCpPejabVNU2QralbeHBdM=">AAACDHicdVDLSgMxFM34tr6qLt0Ei+CmNVOf3VUEcanYaqEWyWRu29BMZkjuCKX4AW78FTcuFHHrB7jzb0wfgooeCBzOOZebe4JESYuMfXhj4xOTU9Mzs5m5+YXFpezyyoWNUyOgKmIVm1rALSipoYoSFdQSAzwKFFwGnaO+f3kDxspYV7CbQCPiLS2bUnB00nU2dxieb4VHxxWaz+dppQ3UopG6RbENselSK0NwKVbYZX5pz6eswAZwpLjLSgeM+iMlR0Y4vc6+X4WxSCPQKBS3tu6zBBs9blAKBbeZq9RCwkWHt6DuqOYR2EZvcMwt3XBKSJuxcU8jHajfJ3o8srYbBS4ZcWzb315f/Murp9g8aPSkTlIELYaLmqmiGNN+MzSUBgSqriNcGOn+SkWbGy7Q9ZdxJXxdSv8nF8WCv10onhVz5Z1RHTNkjayTTeKTfVImJ+SUVIkgd+SBPJFn79579F6812F0zBvNrJIf8N4+AQCBmbI=</latexit>

Geometry of D5-brane: AdS4 ⇥ S2
<latexit sha1_base64="jDkzJWWTxF4UBbfFjVgMTBX+PKU="></latexit>

Background gauge field: k units of magnetic flux on S2
<latexit sha1_base64="D+98neMY3Y4Qqdw1XMpjLKuksSY="></latexit>



Due to vevs scalar operators can have non-zero 1-pt fcts at tree-level

hO
bulk
� (x)i =

C

|x3|
�

Cardy ´84

McAvity & Osborn ’95

hO�(x)i = (Tr(�i1 . . .�i�) + . . .) |�i!�cl
i =

ti
x3

<latexit sha1_base64="pnp4KCpjhSRxtK1MJggL+hEhvTM="></latexit>

Matrix Product State associated with the defect: 

Object to calculate:
<latexit sha1_base64="HU6DFCh4TRmrRSmQ4GZXOQ7bp/U="></latexit>

Ck (u) =
hMPSk |ui
hu |u i

1
2

deLeeuw, C.K.
& Zarembo ‘15,

O�(x) ⇠ eigenstate of integrable SO(6) spin chain
<latexit sha1_base64="E3Bwa/Na6kIz0wBd2ikNXTSIRUw="></latexit>

Tr(�i1�i2 . . .�iL) ⇠ |si1si2 . . . siLi
<latexit sha1_base64="vsnqlOpPHPldGeoX6yMG/HJSKzw="></latexit>

Minahan & 

Zarembo ’02

Bethe eigenstate

One-point functions and |MPSki
<latexit sha1_base64="O+/DuIlwYof1nDDbtfbMOrBG4P4="></latexit>

|MPSki =
X

~i

tr[tii . . . tiL ]|si1 . . . siLi,
<latexit sha1_base64="mkxxM0uwWGwiRrrw13A5qTKVMkw="></latexit>



<latexit sha1_base64="I2akDvsIqKgStXYUGiBDw9bXFP0=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4GjJDR1tXRTe6q2Af0A4lk8m0oZnMkGSEMvQ33LhQxK0/486/MX0IKnogcDjnHu7NCVLOlEbowyqsrK6tbxQ3S1vbO7t75f2DtkoySWiLJDyR3QArypmgLc00p91UUhwHnHaC8dXM79xTqVgi7vQkpX6Mh4JFjGBtpP6NGEoaMiq0uhiUK8hGbs2ruhDZrofqTt0QDzn1syp0bDRHBSzRHJTf+2FCstikCcdK9RyUaj/HUjPC6bTUzxRNMRnjIe0ZKnBMlZ/Pb57CE6OEMEqkeULDufo9keNYqUkcmMkY65H67c3Ev7xepqOanzORZpoKslgUZRzqBM4KgCGTlGg+MQQTycytkIywxESbmkqmhK+fwv9J27Udz0a3bqVxuayjCI7AMTgFDjgHDXANmqAFCEjBA3gCz1ZmPVov1utitGAtM4fgB6y3T22SkfI=</latexit>

Ingredients:

<latexit sha1_base64="6aQ7MH7R136/Z4oXoTHn+VSUl84="></latexit>

For |VBSi:

• No sums involved

de Leeuw, Gombor, C.K.,
Linardopoulos, Pozsgay ‘19

de Leeuw, C.K.
& Zarembo ‘15

de Leeuw, C.K.
& Mori ‘16

de Leeuw, C.K. &
Linardopoulos ‘18

Poszgay ‘18

h 0|ui 6= 0 () {uj} = {�ui,ui}
<latexit sha1_base64="Yvdfu49Q2PAML73/jyeTGMUVVMY="></latexit>

Selection rule
<latexit sha1_base64="/JzH9YbJSx3416AhNay3quw3Qj0=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtJldQeFG4sUjBnkksJLZoYEJs4/MzGoI4T+8eNAYr/6LN//GWcBEjVbSSaWqO91dfiy40oR8WJmV1bX1jexmbmt7Z3cvv3/QVFEiGTRYJCLZ9qkCwUNoaK4FtGMJNPAFtPzxZeq37kAqHoU3ehKDF9BhyAecUW2k2zoIYCnDMhHQyxeITdxyqehiYrslUnEqhpSIUzkvYscmcxTQErVe/r3bj1gSQKiZoEp1HBJrb0ql5kzALNdNFMSUjekQOoaGNADlTedXz/CJUfp4EElTocZz9fvElAZKTQLfdAZUj9RvLxX/8jqJHpS9KQ/jREPIFosGicA6wmkEuM+leVpMDKFMcnMrZiMqKdMmqJwJ4etT/D9purZzZrvXbqFaX8aRRUfoGJ0iB12gKrpCNdRADEn0gJ7Qs3VvPVov1uuiNWMtZw7RD1hvn/VAkt8=</latexit>

Parity invariance
<latexit sha1_base64="K5DSQkVlh8xjGCqK6OdyUYXizYI=">AAAB+nicdZDLSgMxGIUz9VbrbapLN8EiuBoyY6vtruDGZUVrC+1QMmmmDc1khiRTKWMfxY0LRdz6JO58G9OLoKIHAh/n/D9JTpBwpjRCH1ZuZXVtfSO/Wdja3tnds4v7typOJaFNEvNYtgOsKGeCNjXTnLYTSXEUcNoKRhezvDWmUrFY3OhJQv0IDwQLGcHaWD272MCS6QlkYmwAC0J7dgk5yKtWyh5EjldBNbdmoILc2lkZug6aqwSWavTs924/JmlEhSYcK9VxUaL9DEvNCKfTQjdVNMFkhAe0Y1DgiCo/mz99Co+N04dhLM0RGs7d7xsZjpSaRIGZjLAeqt/ZzPwr66Q6rPoZE0mqqSCLi8KUQx3DWQ+wzyQlmk8MYGIqYASSIZaYaNNWwZTw9VP4P9x6jnvqeFdeqX69rCMPDsEROAEuOAd1cAkaoAkIuAMP4Ak8W/fWo/VivS5Gc9Zy5wD8kPX2CcthlGk=</latexit>

Gombor ’21  (Analytical proof for bosonic chains)

Overlap Formulas — Experience form N = 4 SYM
<latexit sha1_base64="14JZezzWsD98yhBfDhJkGaQJFKo="></latexit>

|VBSi more fundamental, starting point for deriving |MPSi overlaps
<latexit sha1_base64="upSkyycNcBArhOHVvbGUkkI2ysc="></latexit>



<latexit sha1_base64="MCcyl2vKqXovCGykmnMSskNGa/Q="></latexit>

C =
Q1(0)Q2(0)Q3(0)

Q1

�
i
2

�
Q2

�
i
2

�
Q3

�
i
2

�SdetG

de Leeuw, Gombor, C.K.,
Linardopoulos, Pozsgay ‘19

<latexit sha1_base64="eEJ8C8w5sh+eOL/FCXvIYIJGXzs="></latexit>

SO(6): |VBSi = (|XXi+ |Y Y i+ |ZZi+ |X̄X̄i+ |Ȳ Ȳ i+ |Z̄Z̄i)⌦L/2 ,

�——�——�
<latexit sha1_base64="q7mTsyEp8fFtkFdscxG47o0gv9U="></latexit>

Gombor ‘21

1
<latexit sha1_base64="QPnQghqm1JAVMgjzBJC/7rXsF3w="></latexit>

C =
Q1(0)Q3(0)Q4(0)Q5(0)Q7(0)

Q2(0)Q2(
i
2 )Q4(

i
2 )Q6(0)Q6(

i
2 )

S detG
<latexit sha1_base64="qei3rt5aL0QPDm8rXM9O3z8ttVQ="></latexit>

PSU(2, 2|4) :
<latexit sha1_base64="gR0l2JDU7QqBsCU9W+KQ79i/aZg="> TtD4jDLlqGnmXpw8+wuVgT/hV3mItifSBYluaARqS4Kcg4ihuIdg89SSoQevc8wSZmuFcgca0WEfu2FCNedwv+dc6dvb/ed052tw6NajnXjlfHa6Bi2sWccGp+ME2NkkMZeY9IIGrPm+6bXZM1FRW2s1TkvjVurKf4AXzsqhA==</latexit>

Bajnok & 
Gombor ‘20

|VBSi overlap of relevance for AdS/dCFT singled out
by transforming covariantly under fermionic duality

<latexit sha1_base64="7awCH6gJHl2b/DfjwtgK211tPPk="></latexit>

|VBSi overlaps in N = 4 SYM
<latexit sha1_base64="r4NBWX4vbgBGUp+7E3qKCYhu51I="></latexit>

C.K., Müller & 
Zarembo ‘20

Found by ”bootstrap” (S-matrix known, BYB, unitary, crossing)
and subsequent analytical continuation

<latexit sha1_base64="S8h66C1RDSsXCZioDPD3tAv6z/g="></latexit>



For N = 4 SYM, # di↵erent choices of Q-functions = 28
<latexit sha1_base64="T7K9J9zVX2qOGbD7PXL2h3hfd+g="></latexit>

Many equivalent ways of writing the Bethe equations
<latexit sha1_base64="nJUvRPmNf6tdQRpiygnWzTbij1w="></latexit>

Connected via dualities

• Fermionic

• Bosonic
<latexit sha1_base64="GF+JhZ0n5wvQzlSfy0NJcCT8P3o="></latexit>

QQ-system
<latexit sha1_base64="wGU5ya8DgKnw+SkttQkWrLx1Wdo=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4cciMrba7ohuXLdiHtEPJpJk2NJkZkowwDP0KNy4UcevnuPNvTB+Cih64cDjnXu69x485UxqhDyu3srq2vpHfLGxt7+zuFfcP2ipKJKEtEvFIdn2sKGchbWmmOe3GkmLhc9rxJ9czv3NPpWJReKvTmHoCj0IWMIK1ke6azTOVKk3FoFhCNnKrlbILke1WUM2pGVJBTu2iDB0bzVECSzQGxff+MCKJoKEmHCvVc1CsvQxLzQin00I/UTTGZIJHtGdoiAVVXjY/eApPjDKEQSRNhRrO1e8TGRZKpcI3nQLrsfrtzcS/vF6ig6qXsTBONA3JYlGQcKgjOPseDpmkRPPUEEwkM7dCMsYSE20yKpgQvj6F/5O2azvnttt0S/WrZRx5cASOwSlwwCWogxvQAC1AgAAP4Ak8W9J6tF6s10VrzlrOHIIfsN4+AQkdkJI=</latexit>

<latexit sha1_base64="puPb4kvWps57PQTnPoA/4rapEKk="></latexit>

(Change of
Dynkin diagram)

Kazakov ‘18
|VBSi overlap of relevance for AdS/dCFT singled out
by transforming covariantly under fermionic duality

<latexit sha1_base64="rkIwwVTyNYq7SgPxfObWBm8rwhA="></latexit>

Tsuboi ‘98



<latexit sha1_base64="H/7n7/OAD/No5qYs0/TL05Qzv8s="></latexit>

Fermionic dualities in general

<latexit sha1_base64="czW9gd+6MH358sc8rOEOB9Unz/E="></latexit>2

4
0
V
0

3

5 �!

2

4
V ± 1
�V
V ⌥ 1

3

5
<latexit sha1_base64="5hwHWIzHm1WZyrQKfnuCkQiCMec="></latexit>

for



Covariance of overlap formulas very constraining
<latexit sha1_base64="Fyz/TOwOKgaeJx6DQ73/JZahZos="></latexit>

Transformation rule for Gaudin determinant
<latexit sha1_base64="A5xtF7i/3jKyK9h8MbMEQqFnV54="></latexit>

<latexit sha1_base64="Z2+rYZrJhPsw7uZQczEMkteW4Yk="></latexit>

Found numerically
<latexit sha1_base64="pCCZoU/XVFXye5R2wTvRHSnGMRo="></latexit>

Analytical proof in progress
C.K., Müller,
Zarembo ‘20

OBS: Covariance of overlap formula which involves Qa(0)D or eD/ eQa(0)
<latexit sha1_base64="Lxmmi/pr6CDVMp4iA3HyP49/Vn4="></latexit>

Fermionic duality after node a: Qa ! eQa
<latexit sha1_base64="CBNHGCBPeNsdq1AHrz36ouHqcBs="></latexit>

Qa(0)D = Qa�1(i/2)Qa+1(i/2)
eD

eQa(0)
<latexit sha1_base64="R0Hub8gMDuqwJAtp8U9KeL0D5BU="> </latexit>



<latexit sha1_base64="UJm9PJeIVRPjXmwGljkcgbbX1FM="></latexit>

PSU(2, 2|4) overlap formula, alternating grading
Gombor & 
Bajnok ‘20

<latexit sha1_base64="doQhRzptB1gFc73ekv8MqzufFmU="></latexit>

Agrees with field theory result in SO(6) sector C.K., Müller,
Zarembo ‘20

Covariance requirement fixes the overlap formula from SO(6) result
<latexit sha1_base64="/LhoIMv9TE+8PG/aYQFxQV7vMt8="></latexit>

Dualizing overlap formulas
<latexit sha1_base64="ZPs4tnzonSTnRxNZ6fffJBbWk8Q="></latexit>
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<latexit sha1_base64="OUlfhMXjKy/asswKpGpshpIjAHM="></latexit>



The defect set-up of |MPSi
<latexit sha1_base64="3/BzzTxny27Y/XilwfrmWJYJhSo="></latexit>

ABJM theory
<latexit sha1_base64="BVFvsTBM1WMgFlzBBMp406/RP1c=">AAAB8nicdVDLSgNBEJz1GeMr6tHLYBA8LbNrosktxosIQgTzgCSE2ckkGTK7s8z0CiHkM7x4UMSrX+PNv3HyEFS0oKGo6qa7K4ilMEDIh7O0vLK6tp7aSG9ube/sZvb2a0YlmvEqU1LpRkANlyLiVRAgeSPWnIaB5PVgeDn16/dcG6GiOxjFvB3SfiR6glGwUvOifH2DYcCVHnUyWeISv5DP+Zi4fp4UvaIleeIVz3LYc8kMWbRApZN5b3UVS0IeAZPUmKZHYmiPqQbBJJ+kW4nhMWVD2udNSyMactMez06e4GOrdHFPaVsR4Jn6fWJMQ2NGYWA7QwoD89ubin95zQR6hfZYRHECPGLzRb1EYlB4+j/uCs0ZyJEllGlhb8VsQDVlYFNK2xC+PsX/k5rveqeuf+tnS+VFHCl0iI7QCfLQOSqhK1RBVcSQQg/oCT074Dw6L87rvHXJWcwcoB9w3j4B6d+RBw==</latexit>

(x0, x1)
<latexit sha1_base64="ZKf0EEsBqT+Vca4Z+re7eTbdNT8=">AAAB8HicdVDLSgMxFM34rPVVdekmWIQKMmTGVttd0Y3LCvYh7TBk0kwbmskMSUZaSr/CjQtF3Po57vwb04egogcuHM65l3vvCRLOlEbow1paXlldW89sZDe3tnd2c3v7DRWnktA6iXksWwFWlDNB65ppTluJpDgKOG0Gg6up37ynUrFY3OpRQr0I9wQLGcHaSHeFoY9Oh75z4ufyyEZuuVR0IbLdEqo4FUNKyKmcF6FjoxnyYIGan3vvdGOSRlRowrFSbQcl2htjqRnhdJLtpIommAxwj7YNFTiiyhvPDp7AY6N0YRhLU0LDmfp9YowjpUZRYDojrPvqtzcV//LaqQ7L3piJJNVUkPmiMOVQx3D6PewySYnmI0MwkczcCkkfS0y0yShrQvj6FP5PGq7tnNnuTTFfvVzEkQGH4AgUgAMuQBVcgxqoAwIi8ACewLMlrUfrxXqdty5Zi5kD8APW2yeoIo+s</latexit>

U(N)⇥ U(N) for x2 ! 1
<latexit sha1_base64="tnRwgqsfph6tBgvRXtNeYpT7QsU="></latexit>

hY Ai = 0, A = 1, 2, 3, 4
<latexit sha1_base64="bBXfL6Ooiz1kVHI/48SktmhkXgU="></latexit>

U(N � q + 1)⇥ U(N � q)
<latexit sha1_base64="5Uw6qLE+SI0asjvp1IFQHP8mbpI="></latexit>

x2
<latexit sha1_base64="+CaZbsSxZ1z0WPu/E1/dxl0/OuM=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIvgasiMVttd0Y3LivYB7VAyaaYNzTxIMmIZ+gluXCji1i9y59+YPgQVPRByOOde7r3HTwRXGuMPK7e0vLK6ll8vbGxube8Ud/eaKk4lZQ0ai1i2faKY4BFraK4FayeSkdAXrOWPLqd+645JxePoVo8T5oVkEPGAU6KNdHPfc3vFEraxWynjKsK2az63bEgZO9WzKnJsPEMJFqj3iu/dfkzTkEWaCqJUx8GJ9jIiNaeCTQrdVLGE0BEZsI6hEQmZ8rLZqhN0ZJQ+CmJpXqTRTP3ekZFQqXHom8qQ6KH67U3Fv7xOqoOKl/EoSTWL6HxQkAqkYzS9G/W5ZFSLsSGESm52RXRIJKHapFMwIXxdiv4nTdd2Tmz3+rRUu1jEkYcDOIRjcOAcanAFdWgAhQE8wBM8W8J6tF6s13lpzlr07MMPWG+ffYyN8g==</latexit>



=
)

<latexit sha1_base64="VrStmad7NC77ZQwxAaXbU81itno=">AAAB73icdVBNSwMxEJ31s9avqkcvwSJ4WrLVanuRghePFewHtEvJptk2NNldk6xQSv+EFw+KePXvePPfmLYrqOiDgcd7M8zMCxLBtcH4w1laXlldW89t5De3tnd2C3v7TR2nirIGjUWs2gHRTPCINQw3grUTxYgMBGsFo6uZ37pnSvM4ujXjhPmSDCIeckqMldpdLu0WpnuFInbL2Kueewi7eA5LSmVcrWDkZUoRMtR7hfduP6apZJGhgmjd8XBi/AlRhlPBpvluqllC6IgMWMfSiEim/cn83ik6tkofhbGyFRk0V79PTIjUeiwD2ymJGerf3kz8y+ukJqz4Ex4lqWERXSwKU4FMjGbPoz5XjBoxtoRQxe2tiA6JItTYiPI2hK9P0f+kWXK9U7d0c1asXWZx5OAQjuAEPLiAGlxDHRpAQcADPMGzc+c8Oi/O66J1yclmDuAHnLdPhL+QRw==</latexit>

Classical fields
<latexit sha1_base64="iGdjh2zhUYKmKt7HUHGNbBBG8xo=">AAAB+nicdVDLSgMxFM34rPU11aWbYBFcDZmRarsrduOygn1AO5RMJtOGZh4kGaWM/RQ3LhRx65e482/MtCOo6IHAyTn33twcL+FMKoQ+jJXVtfWNzdJWeXtnd2/frBx0ZZwKQjsk5rHoe1hSziLaUUxx2k8ExaHHac+btnK/d0uFZHF0o2YJdUM8jljACFZaGpmVFsdS6iuHAaPcl3BkVpFVQ3bj3IbIQgto4tRQo46gXShVUKA9Mt+HfkzSkEaK5MMGNkqUm2GhGOF0Xh6mkiaYTPGYDjSNcEilmy1Wn8MTrfgwiIU+kYIL9XtHhkMpZ6GnK0OsJvK3l4t/eYNUBXU3Y1GSKhqR5UNByqGKYZ4D9JmgRPGZJpgIpneFZIIFJkqnVdYhfP0U/k+6jmWfWc61U21eFnGUwBE4BqfABhegCa5AG3QAAXfgATyBZ+PeeDRejNdl6YpR9ByCHzDePgHxC5PL</latexit>

BPS eqns:
<latexit sha1_base64="cNedfHhVHmru+zH6rV1AXicF+XA=">AAACAHicdVDLSgMxFM34rPU16sKFm2ARXJXMSLV1VerGZUX7gE4pmUzahmYyY5IRytCNv+LGhSJu/Qx3/o1pO4KKHggczrn35t7jx5wpjdCHtbC4tLyymlvLr29sbm3bO7tNFSWS0AaJeCTbPlaUM0EbmmlO27GkOPQ5bfmji6nfuqNSsUjc6HFMuyEeCNZnBGsj9ex9T0RMBFRoWKtfQ3or1Dn0vHzPLqBiCTmVUweiIprBELeEKmUEnUwpgAz1nv3uBRFJQjOJcKxUx0Gx7qZYakY4neS9RNEYkxEe0I6hAodUddPZARN4ZJQA9iNpntlkpn7vSHGo1Dj0TWWI9VD99qbiX14n0f1yN2UiTjQVZP5RP+FQR3CaBgyYpETzsSGYSGZ2hWSIJSbaZDYN4etS+D9pukXnpOheuYVqLYsjBw7AITgGDjgDVXAJ6qABCJiAB/AEnq1769F6sV7npQtW1rMHfsB6+wQio5V0</latexit>

dY ↵

dx2
=

1

2
Y ↵Y †

� Y
� � 1

2
Y �Y †

� Y
↵, ↵,� = 1, 2

<latexit sha1_base64="Sfzj0vEbRmrI26xM0m/Z2UvYW08="></latexit>

d2Y ↵

dx2
2

= . . .
<latexit sha1_base64="hnOz86jvWjClDrTcllzPUonBWtw="></latexit>

Classical e.o.m.:
<latexit sha1_base64="gTolpGYHy9Xjc08XSgwQAOo/px8=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcDZlKtXVV7MZlBfuAdiiZNNOGZjJDkhHL0F9x40IRt/6IO//GTDuCih4InJxz783N8WPOlEbow1pZXVvf2CxsFbd3dvf27YNSR0WJJLRNIh7Jno8V5UzQtmaa014sKQ59Trv+tJn53TsqFYvErZ7F1AvxWLCAEayNNLRLTY6VMlcOqRM5oXNZHNpl5FSRWz93IXLQAoZUqqheQ9DNlTLI0Rra74NRRJKQCk2yaX0XxdpLsdSMcDovDhJFY0ymeEz7hgocUuWli93n8MQoIxhE0hyh4UL93pHiUKlZ6JvKEOuJ+u1l4l9eP9FBzUuZiBNNBVk+FCQc6ghmQcARk5RoPjMEE8nMrpBMsMREm7iyEL5+Cv8nnYrjnjmVm0q5cZXHUQBH4BicAhdcgAa4Bi3QBgTcgwfwBJ6tufVovVivy9IVK+85BD9gvX0CS9CTTQ==</latexit>

L =
k

4⇡
tr


"µ⌫�

✓
Aµ@⌫A� +

2

3
AµA⌫A� � Âµ@⌫Â� � 2

3
ÂµÂ⌫Â�

◆

+DµY
†
AD

µY A +
1

12
Y AY †

AY
BY †

BY
CY †

C +
1

12
Y AY †

BY
BY †

CY
CY †

A

� 1

2
Y AY †

AY
BY †

CY
CY †

B +
1

3
Y AY †

BY
CY †

AY
BY †

C + fermions

�
.

<latexit sha1_base64="OUlfhMXjKy/asswKpGpshpIjAHM="></latexit>

hY 3i = hY 4i = 0
<latexit sha1_base64="6yaC+DYBsAiCv/I+sTaT42ejJyM=">AAACEnicdZDLSgMxFIYz9VbrbdSlm2ARdDNk2qp1USi6cVnBXqStJZNm2tBMZkgyQil9Bje+ihsXirh15c63MW1HvKA/BH6+cw4n5/cizpRG6N1Kzc0vLC6llzMrq2vrG/bmVk2FsSS0SkIeyoaHFeVM0KpmmtNGJCkOPE7r3uBsUq/fUKlYKC71MKLtAPcE8xnB2qCOfdDiWPQ4hVfX+Zac2dIXK8AEllDHziLnELknR3mIHDTV1BTdXBG6CcmCRJWO/dbqhiQOqNCEY6WaLop0e4SlZoTTcaYVKxphMsA92jRW4ICq9mh60hjuGdKFfijNExpO6feJEQ6UGgae6Qyw7qvftQn8q9aMtV9sj5iIYk0FmS3yYw51CCf5wC6TlGg+NAYTycxfIeljiYk2KWZMCJ+Xwv9NLee4eSd3UciWT5M40mAH7IJ94IJjUAbnoAKqgIBbcA8ewZN1Zz1Yz9bLrDVlJTPb4Ies1w9+d5y7</latexit>



Classical fields
<latexit sha1_base64="iGdjh2zhUYKmKt7HUHGNbBBG8xo=">AAAB+nicdVDLSgMxFM34rPU11aWbYBFcDZmRarsrduOygn1AO5RMJtOGZh4kGaWM/RQ3LhRx65e482/MtCOo6IHAyTn33twcL+FMKoQ+jJXVtfWNzdJWeXtnd2/frBx0ZZwKQjsk5rHoe1hSziLaUUxx2k8ExaHHac+btnK/d0uFZHF0o2YJdUM8jljACFZaGpmVFsdS6iuHAaPcl3BkVpFVQ3bj3IbIQgto4tRQo46gXShVUKA9Mt+HfkzSkEaK5MMGNkqUm2GhGOF0Xh6mkiaYTPGYDjSNcEilmy1Wn8MTrfgwiIU+kYIL9XtHhkMpZ6GnK0OsJvK3l4t/eYNUBXU3Y1GSKhqR5UNByqGKYZ4D9JmgRPGZJpgIpneFZIIFJkqnVdYhfP0U/k+6jmWfWc61U21eFnGUwBE4BqfABhegCa5AG3QAAXfgATyBZ+PeeDRejNdl6YpR9ByCHzDePgHxC5PL</latexit>

hY 3i = hY 4i = 0
<latexit sha1_base64="l6DrQLMB+c5p7FX2FftF3/fGFy4="></latexit>

hY ↵i = 1
p
x2

✓
S↵
(q�1)⇥q 0

0 0(N�q+1)⇥(N�q)

◆
, ↵ = 1, 2

<latexit sha1_base64="P9icYxA5hSKAWGJFajwgUq8vnT0="></latexit>

S1
ij = �i,j�1

p
i, S2

ij = �ij
p
q � i, i = 1, . . . , q � 1, j = 1, . . . , q

<latexit sha1_base64="tbA9E4ODnxsDqOMWfTkduI516l0="></latexit>

Terashima ‘08

S1
(q�1)⇥q =

0

BBBB@

0 1 0 . . . 0 0
0 0

p
2 0 . . . 0

· · · · · ·
· · · · · ·
0 · · · 0

p
q � 1

1

CCCCA

<latexit sha1_base64="xetRGQLLsX3rwZ3QCJSs3PJlsAI="></latexit>

S2
(q�1)⇥q =

0

BBBB@

p
q � 1 0 0 . . . 0 0
0

p
q � 2 0 . . . 0 0

· · · · · ·
· · · · · ·
0 · · · 1 0

1

CCCCA

<latexit sha1_base64="6PxT/Osr3AJx/lXBatUZmbftWeg="></latexit>



One-point functions and MPS

Due to vevs scalar operators can have non-zero 1-pt fcts at tree-level

Cardy ´84

McAvity & Osborn ’95

hO�(x)i =
⇣
Tr(Y ↵1Y †

�1
. . . Y ↵LY †

�L
) + . . .

⌘
|Y ↵i!hY ↵i i

<latexit sha1_base64="rTXILWI36fdxVQFSfUj6ZqCISys="></latexit>

O�(x) ⇠ eigenstate of integrable alternating SU(4) spin chain
<latexit sha1_base64="haO6mwKk7SUPwFM+Jl+EW8Ko4dg="></latexit>

Tr(Y ↵1Y †
�2

. . . Y ↵LY †
�L

) ⇠ |s↵1 s̄�2 . . . s
↵L s̄�Li

<latexit sha1_base64="4MlTkntBC20vCdpi/Cyf6J3eJXc=">AAACjXicdVHLjtMwFHXCawiPKbBkY1EhDZvIybQwRQiNxAIWXQzSdB6qS3TjuKk1dhzZDqIK+Ru+iB1/g9spahnBlSwdnXvusX1uXkthHSG/gvDW7Tt37+3djx48fPR4v/fk6ZnVjWF8wrTU5iIHy6Wo+MQJJ/lFbTioXPLz/OrDqn/+lRsrdHXqljWfKSgrMRcMnKey3g+qcv2tPTXdweWXloKsF5Al3WXW0pw7yNLOswWUJT cdlYV2Fm91461uvKN7Ra1Q+Lvd8aM5mNZ2W9eNV2R3zG6Ixh2mBqpS8qzXJzFJj4aDFJM4HZJRMvJgSJLR6wFOYrKuPtrUSdb7SQvNGsUrxyRYO01I7WYtGCeY5F1EG8trYFdQ8qmHFShuZ+06zQ6/9EyB59r4Uzm8ZncnWlDWLlXulQrcwt7srch/9aaNmx/NWlHVjeMVu75o3kjsNF6tBhfCcObk0gNgRvi3YrYAA8z5BUY+hD8/xf8HZ2mcHMbp50H/eLCJYw89Ry/QAUrQG3SMPqETNEEsiAISjIK34X44DN+F76+lYbCZeYb+qvDjb30FyoM=</latexit>

Minahan & 

Zarembo ’08

hO�(x)i =
C

|x2|
�

<latexit sha1_base64="guP9mFuvUlXwU3svh0tKOTv0nSs="></latexit>



Two Matrix Product States associated with the defect: 

Object to calculate:

C.K., Vu
& Zarembo ‘21,

Bethe eigenstate

Cq (u) =
hMPSq�1 |ui

hu |u i
1
2

=
h[MPSq |ui
hu |u i

1
2

<latexit sha1_base64="cz9x2YEtRjyOz1eIcVjJ35gOQb0="></latexit>

One-point functions and |MPSi
<latexit sha1_base64="SYfUWC9wUPFZu3IzSvaXhlyLoEE="></latexit>

|[MPSqi =
X

~↵,~�

Tr[S†
↵1
S�1 . . . S†

↵L
S�L ]|s̄↵1s

�1 . . . s̄↵Ls
�Li,

<latexit sha1_base64="51hx6H/d1DMWdKnD5ICcJlhrSs8="></latexit>

|MPSq�1i =
X

~↵,~�

Tr[S↵1S†
�1

. . . S↵LS†
�L

]|s↵1 s̄�1 . . . s
↵L s̄�Li,

<latexit sha1_base64="hdcYzZ2d6Tkzw24YO4iLH8icrPk="></latexit>

hO�(x)i =
⇣
Tr(Y ↵1Y †

�1
. . . Y ↵1Y †

�1
+ . . .

⌘
|Y ↵i! S↵ip

x2
<latexit sha1_base64="Q3nEhperD1m/Kc263osMMM96tU0="></latexit>



Connection to SU(2) reps.
<latexit sha1_base64="RMYV6Aq5QTwmHN+EUrQIOUAXFyo=">AAACA3icdVDNTgIxGOz6i/iHetNLIzHBy6YLInAjcvGI0QUSIKRbCjR0u5u2a0I2JF58FS8eNMarL+HNt7ELmKjRSZpMZ74v7YwXcqY0Qh/W0vLK6tp6aiO9ubW9s5vZ22+oIJKEuiTggWx5WFHOBHU105y2Qkmx73Ha9Ma1xG/eUqlYIG70JKRdHw8FGzCCtZF6mcNaIAQlyQXqAF67ufwplDRUdrqXySIbnZ+hShEiu4iccsGZk0qpBB0bzZAFC9R7mfdOPyCRT4UmHCvVdlCouzGWmhFOp+lOpGiIyRgPadtQgX2quvEswxSeGKUPB4E0R2g4U79vxNhXauJ7ZtLHeqR+e4n4l9eO9KDcjZkII00FmT80iHiSNikE9pk0+fnEEEwkM3+FZIQlJtrUlpTwlRT+Txp52ynY+at8tnqxqCMFjsAxyAEHlEAVXII6cAEBd+ABPIFn6956tF6s1/nokrXYOQA/YL19Auuylmg=</latexit>

�↵
� = Y ↵Y †

� ⌘ �i(�i)
↵
� + ��↵� , (q � 1)⇥ (q � 1) matrix

<latexit sha1_base64="4z3cr393Hdk9/pURR5bmy4RhF/M="></latexit>

For ↵ = 1, 2:
<latexit sha1_base64="oNmZ9dES3nkrfixPrdJdVbiq5Yk=">AAAB+nicdVDLSgMxFM34rPU11aWbYCu4kCEztbYVhKIgLivYB7RDyaSZNjTzIMkopfZT3LhQxK1f4s6/MX0IKnpWh3Pu5Z57vJgzqRD6MBYWl5ZXVlNr6fWNza1tM7NTl1EiCK2RiEei6WFJOQtpTTHFaTMWFAcepw1vcDHxG7dUSBaFN2oYUzfAvZD5jGClpY6ZuYwEzLUxj/v4zD5ycqcdM4ssdHKMygWIrAKyS3l7RsrFIrQtNEUWzFHtmO/tbkSSgIaKcCxly0axckdYKEY4HafbiaQxJgPcoy1NQxxQ6Y6m0cfwQCtd6OsQfhQqOFW/b4xwIOUw8PRkgFVf/vYm4l9eK1F+yR2xME4UDcnskJ9wqCI46QF2maBE8aEmmAims0LSxwITpdtK6xK+PoX/k7pj2XnLuXaylfN5HSmwB/bBIbBBEVTAFaiCGiDgDjyAJ/Bs3BuPxovxOhtdMOY7u+AHjLdPETWSlQ==</latexit>

d�i

dx
=

i

2
✏ijk

⇥
�j ,�k

⇤
<latexit sha1_base64="gDtOaDy7e/azfY3xzOuBfPJFwbE="></latexit>

d�

dx
= �i�i � �2

<latexit sha1_base64="b5H+QSwbD3Q1T88gr66yJtbZcd8="></latexit>

Solution:
<latexit sha1_base64="YQ+HzGvZoZ/M/oKWB749M8Hsbyc=">AAAB8HicdVBNTwIxEO3iF+IX6tFLIzHxtOmCCHgievGIURADG9ItXWhot5u2a0IIv8KLB43x6s/x5r+xC5io0ZdM8vLeTGbmBTFn2iD04WSWlldW17LruY3Nre2d/O5eS8tEEdokkkvVDrCmnEW0aZjhtB0rikXA6W0wukj923uqNJPRjRnH1Bd4ELGQEWysdHcteZKSs16+gFx0eoJqZYjcMvKqJW9OapUK9Fw0QwEs0Ojl37t9SRJBI0M41rrjodj4E6wMI5xOc91E0xiTER7QjqURFlT7k9nBU3hklT4MpbIVGThTv09MsNB6LALbKbAZ6t9eKv7ldRITVv0Ji+LE0IjMF4UJh0bC9HvYZ4oSw8eWYKKYvRWSIVaYGJtRzobw9Sn8n7SKrldyi1fFQv18EUcWHIBDcAw8UAF1cAkaoAkIEOABPIFnRzmPzovzOm/NOIuZffADztsnPuGQtA==</latexit>

� =
q

2x
Iq�1

<latexit sha1_base64="xVbpx4X4CTcUWzMk+5nxXyOCOlI="></latexit>

Nahm’s
equation

<latexit sha1_base64="3TXk5AN51C3/Bajb6VlLquk8QF4=">AAACBXicdVDLSgMxFM3UV62vqktdBIvoasi01ra7ohtXUsE+oDOUTJq2oZnMmGSEMnTjxl9x40IRt/6DO//G9CGo6IHA4Zx7b+49fsSZ0gh9WKmFxaXllfRqZm19Y3Mru73TUGEsCa2TkIey5WNFORO0rpnmtBVJigOf06Y/PJ/4zVsqFQvFtR5F1AtwX7AeI1gbqZPdd0XIRJcKDS/xIDhS0HUz9Cae2zlko9MTVClCZBeRUy44M1IplaBjoylyYI5aJ/vudkMSB2Yc4ViptoMi7SVYakY4HWfcWNEIkyHu07ahAgdUecn0ijE8NEoX9kJpnllnqn7vSHCg1CjwTWWA9UD99ibiX1471r2ylzARxZoKMvuoF3OoQziJBHaZpETzkSGYSGZ2hWSAJSbaBJcxIXxdCv8njbztFOz8VT5XPZvHkQZ74AAcAweUQBVcgBqoAwLuwAN4As/WvfVovVivs9KUNe/ZBT9gvX0CDhSYTQ==</latexit>

C.K., Müller,
Zarembo ‘20
Nastase ‘09

For q = 2: �↵
� = �↵� , i.e. |MPS1i = |VBSi

<latexit sha1_base64="PXY+SP+OV1lTaW2PYOyEExCaKmk="></latexit>

Similarly for b�↵
� = Y †

� Y
↵, with q-dimensional rep. of SU(2)

<latexit sha1_base64="y40s1cnK4LaP8sZmwQ08NnaLQ1U="></latexit>

�i = ti

x , ({ti} = (q � 1)-dim. irrep. of SU(2))
<latexit sha1_base64="1pl9nKJYKux+JGzujoKjeBcPipc="></latexit>



�——�——�
<latexit sha1_base64="q7mTsyEp8fFtkFdscxG47o0gv9U="></latexit>

1
<latexit sha1_base64="jyn0t+uVVQkx6gqww+1llJOPvGo=">AAAB6HicdVDLSgMxFL3js9ZX1aWbYBFcDZnRarsruHHZgn1AO5RMmraxmcyQZIQy9AvcuFDErZ/kzr8xfQgqeiDkcM693HtPmAiuDcYfzsrq2vrGZm4rv72zu7dfODhs6jhVlDVoLGLVDolmgkvWMNwI1k4UI1EoWCscX8/81j1Tmsfy1kwSFkRkKPmAU2KsVPd6hSJ2sV8u4QrCrm8/v2RJCXuVywryXDxHEZao9Qrv3X5M04hJQwXRuuPhxAQZUYZTwab5bqpZQuiYDFnHUkkipoNsvugUnVqljwaxsk8aNFe/d2Qk0noShbYyImakf3sz8S+vk5pBOci4TFLDJF0MGqQCmRjNrkZ9rhg1YmIJoYrbXREdEUWosdnkbQhfl6L/SdN3vXPXr/vF6sUyjhwcwwmcgQdXUIUbqEEDKDB4gCd4du6cR+fFeV2UrjjLniP4AeftE+YfjPY=</latexit>1

<latexit sha1_base64="jyn0t+uVVQkx6gqww+1llJOPvGo=">AAAB6HicdVDLSgMxFL3js9ZX1aWbYBFcDZnRarsruHHZgn1AO5RMmraxmcyQZIQy9AvcuFDErZ/kzr8xfQgqeiDkcM693HtPmAiuDcYfzsrq2vrGZm4rv72zu7dfODhs6jhVlDVoLGLVDolmgkvWMNwI1k4UI1EoWCscX8/81j1Tmsfy1kwSFkRkKPmAU2KsVPd6hSJ2sV8u4QrCrm8/v2RJCXuVywryXDxHEZao9Qrv3X5M04hJQwXRuuPhxAQZUYZTwab5bqpZQuiYDFnHUkkipoNsvugUnVqljwaxsk8aNFe/d2Qk0noShbYyImakf3sz8S+vk5pBOci4TFLDJF0MGqQCmRjNrkZ9rhg1YmIJoYrbXREdEUWosdnkbQhfl6L/SdN3vXPXr/vF6sUyjhwcwwmcgQdXUIUbqEEDKDB4gCd4du6cR+fFeV2UrjjLniP4AeftE+YfjPY=</latexit>

Vacuum state: Tr(Y 1Y †
2 )

L
<latexit sha1_base64="PlfChYdqWSv6P3Azq8Z3i5TW//o=">AAACGHicdVBNbxMxEPW29IMAJaVHLhYpUntZvEvTJj1F4sKBQ5GatFW+NOtMEqv27sqerYhW+Rm98Fe4cAAhrr3xb3DSIAGCJ43m6b0Z2fOSXCtHQvwI1tYfbGxubT+sPHr8ZOdpdfdZx2WFldiWmc7sZQIOtUqxTYo0XuYWwSQaL5LrNwv/4gatU1l6TrMc+wYmqRorCeSlYfVVB2RRGO4ICE/5fs8k2Yfy3M75wdUg4lfDeF D2RjCZoJ0fDt7tD6s1EYq4URdNLsLYt7juSV1EzeMmj0KxRI2tcDas3vVGmSwMpiQ1ONeNRE79EiwpqXFe6RUOc5DXMMGupykYdP1yedicv/TKiI8z6yslvlR/3yjBODcziZ80QFP3t7cQ/+V1Cxo3+qVK84IwlfcPjQvNKeOLlPhIWZSkZ56AtMr/lcspWJDks6z4EH5dyv9POnEYvQ7j93GtdbSKY5s9Zy/YAYvYCWuxt+yMtZlkt+wT+8K+Bh+Dz8G34Pv96Fqw2tljfyC4+wn24p8P</latexit>

Excited states described in terms of Bethe roots {u(i)
1 }, {u(j)

2 }, {u(k)
3 }

<latexit sha1_base64="v0mprFjm+moGg0XMv7sMZ40C6bs=">AAACS3icdZBNbxMxEIa9gUIJXykcuYxIkYqEVt4toc2tAiFxLBJpKyUh8npnGzdee2XPIqJV/h8XLtz4E1w4gBAHnA+kgmAky6+ed0Zjv1mllSfOP0etK1e3rl3fvtG+eev2nbudnXsn3tZO4kBabd1ZJjxqZXBAijSeVQ5FmWk8zWYvlv7pO3ReWfOG5hWOS3FuVKGkoIAmnezle6kIc/AkCD3k6KVTWQDKAKErPdgCniNNEZ y15GF31NST5G2zpx4vRovdJ2uQBnBxGewHMFuBSafLY54e9ngfeJyGK+0F0eNJ/1kfkpivqss2dTzpfBrlVtYlGpJaeD9MeEXjRjhSUuOiPao9VkLOxDkOgzSiRD9uVlks4FEgORTWhWMIVvTyRCNK7+dlFjpLQVP/t7eE//KGNRWH40aZqiY0cr2oqDWQhWWwkCuHkvQ8CBEiDG8FORVOyJCib4cQfv8U/i9O0jjZj9PXaffo6SaObfaAPWR7LGEH7Ii9YsdswCT7wL6wb+x79DH6Gv2Ifq5bW9Fm5j77o1pbvwD+zbF7</latexit>

Roots of Baxter polynomials
<latexit sha1_base64="HF0MhXWn2nw56NEGL7gal953pkg=">AAACInicdZDNSgMxFIUz/tb6V3XpJtgWKkjJzFjb7kQ3LluxWmhLyaSZGswkQ5IRS/FZ3Pgqblwo6krwYUxrFRU9EPg4915u7glizrRB6NWZmp6ZnZtPLaQXl5ZXVjNr66daJorQBpFcqmaANeVM0IZhhtNmrCiOAk7PgovDUf3skirNpDgxg5h2ItwXLGQEG2t1M9VjKY2GMoQH+MpQBWPJB0JGDHMN87l61y0k27kdaMn7In 9E3UwWFUvIre75EBWRlV+24JVQteJDd+wglAUT1bqZ53ZPkiSiwhCOtW65KDadIVaGEU6v0+1E0xiTC9ynLYsCR1R3huMTr2HeOj0YSmWfMHDsfp8Y4kjrQRTYzgibc/27NjL/qrUSE1Y6QybixFBBPhaFCYdGwlFesMcUJYYPLGCimP0rJOdYYWLD0mkbwuel8H849YquX/TqXnZ/dxJHCmyCLVAALiiDfXAEaqABCLgBd+ABPDq3zr3z5Lx8tE45k5kN8EPO2zsgzaAs</latexit>

Q1(u)
<latexit sha1_base64="P7VA4v+ldWpw0fEBppneH7ZfRzk=">AAACBnicdZDLSgMxFIYz9VbrrepShGBbqCAlM2Ntuyu4cdmCvUBbhkyaqaGZC0lGKKUrN76KGxeKuPUZ3Pk2ZtoKKvpD4OM/53ByfjfiTCqEPozUyura+kZ6M7O1vbO7l90/aMswFoS2SMhD0XWxpJwFtKWY4rQbCYp9l9OOO75M6p1bKiQLg2s1iejAx6OAeYxgpS0ne5xvOmYxPs1nClCjleBZQnZCTjaHSmVk1i5siEpIy65osMqoVrWhOXcQyoGlGk72vT8MSezTQBGOpeyZKFKDKRaKEU5nmX4saYTJGI9oT2OAfSoH0/kZM1jQzhB6odAvUHDufp+YYl/Kie/qTh+rG/m7lph/1Xqx8qqDKQuiWNGALBZ5MYcqhEkmcMgEJYpPNGAimP4rJDdYYKJ0chkdwtel8H9oWyXTLllNK1c/X8aRBkfgBBSBCSqgDq5AA7QAAXfgATyBZ+PeeDRejNdFa8pYzhyCHzLePgEeq5Rp</latexit>

Q2(u)
<latexit sha1_base64="UJrmEj2DWM8bHG/2tEffUtrMXPo=">AAACBnicdZDLSgMxFIYz9VbrrepShGBbqJshM2Ntuyu4cdmCvUBbSibNtKGZC0lGKKUrN76KGxeKuPUZ3Pk2ZtoKKvpD4OM/53ByfjfiTCqEPozU2vrG5lZ6O7Ozu7d/kD08askwFoQ2SchD0XGxpJwFtKmY4rQTCYp9l9O2O7lK6u1bKiQLgxs1jWjfx6OAeYxgpa1B9rSQbwysYnyez0BN9oISz0lokM0hs4Ss6qUDkYm0nLIGu4SqFQdaCwehHFipPsi+94YhiX0aKMKxlF0LRao/w0Ixwuk804sljTCZ4BHtagywT2V/tjhjDgvaGUIvFPoFCi7c7xMz7Es59V3d6WM1lr9riflXrRsrr9KfsSCKFQ3IcpEXc6hCmGQCh0xQovhUAyaC6b9CMsYCE6WTy+gQvi6F/0PLNi3HtBt2rnaxiiMNTsAZKAILlEENXIM6aAIC7sADeALPxr3xaLwYr8vWlLGaOQY/ZLx9AvDylEw=</latexit>

Q3(u)
<latexit sha1_base64="Qf3YKP6zvYNuZO52hFOPeKmp5pQ=">AAACBnicdZDLSgMxFIYz9VbHW9WlCMG2UDclM2Ntuyu4cdmCvUA7lEyatqGZC0lGKKUrN76KGxeKuPUZ3Pk2ptMKKvpD4OM/53Byfi/iTCqEPozU2vrG5lZ629zZ3ds/yBwetWQYC0KbJOSh6HhYUs4C2lRMcdqJBMW+x2nbm1wt6u1bKiQLgxs1jajr41HAhoxgpa1+5jSfa/StQnyeM/NQo52gBmcB/UwWFUvIql46EBWRllPWYJdQteJAK3EQyoKV6v3Me28QktingSIcS9m1UKTcGRaKEU7nZi+WNMJkgke0qzHAPpXuLDljDvPaGcBhKPQLFEzc7xMz7Es59T3d6WM1lr9rC/OvWjdWw4o7Y0EUKxqQ5aJhzKEK4SITOGCCEsWnGjARTP8VkjEWmCidnKlD+LoU/g8tu2g5RbthZ2sXqzjS4AScgQKwQBnUwDWogyYg4A48gCfwbNwbj8aL8bpsTRmrmWPwQ8bbJ/BKlEw=</latexit>

Overlaps non-vanishing for states with Z2 symmetry: ⌦ : u(k)
1 $ �u(k)

3
<latexit sha1_base64="X4CplDJ/BtOOXXllbDNmzvoe1hw=">AAACTnicdVFNbxMxFPSGrxC+Ahy5PJEglUOj3Q1Rm54qceHWIpG2Igkrx3m7a8Vrr+y3raJVfiEXxI2fwYUDCIHzgQQI5jSaeU9+M56VSjoKw09B49r1GzdvNW+37ty9d/9B++GjM2cqK3AkjDL2YsYdKqlxRJIUXpQWeTFTeD5bvFz755donTT6DS1LnBY80zKVgpOXkjaeeFfx0oE2ev+Sa+lyqTNIjQVHnNDBlaQcum+TuA tuWRRIdnkE3clJgRk/giqJ3tV7i+crmChMycosJ26tuYL9KulvrW7S7oS9eBAOD2IIe4MwGg76noTh4XAQQeTJGh22w2nS/jiZG1EVqEko7tw4Ckua1tySFApXrUnlsORiwTMce6p5gW5ab+pYwTOvzDcJUqMJNurvGzUvnE8y85MFp9z97a3Ff3njitLDaS11WRFqsX0orRSQgXW3MJcWBamlJ1xY6W8FkXPLBfkfaPkSfiWF/5OzuBf1e/HruHP8YldHkz1hT9kei9gBO2av2CkbMcHes8/sK/sWfAi+BN+DH9vRRrDbecz+QKP5ExKts6Y=</latexit>

C = Q2(i)

s
SdetG

Q2(0)Q2(
i
2 )

<latexit sha1_base64="rYOMakUm/1EJlMEp9MJYkuT36SU="></latexit>

C.K., Vu
& Zarembo ‘21,

Gombor ‘21,

The alternating integrable SU(4) spin chain of ABJM theory
<latexit sha1_base64="/NGI+GP4ITXb5Qlof75Dx8Cz+e8="></latexit>

Result for |VBSi:
<latexit sha1_base64="WIwh4X+Ey+eVoz+9RtW0/nl4rAo="></latexit>

What about the full ABJM theory ?
<latexit sha1_base64="7UR8DCMoNbdiH3GumroqT7E/HoU="></latexit>



The full Osp(6|4) spin chain of ABJM theory
<latexit sha1_base64="y+c8MqbCLO6gXy1s7ZWqtxfjnx8="></latexit>

Possible Dynkin diagrams
<latexit sha1_base64="Rzlb2IYuI4teD0F5qHqkbBXkmG0=">AAACAXicdVDLSgMxFM3UV62vUTeCm2ARXA2ZkWq7K+rCZQXbCu1QMmmmDc1khiQjlKFu/BU3LhRx61+482/MtBVU9EDI5dxzufecIOFMaYQ+rMLC4tLySnG1tLa+sbllb++0VJxKQpsk5rG8CbCinAna1ExzepNIiqOA03YwOs/77VsqFYvFtR4n1I/wQLCQEawN1bP3GrFSzKjhxViMmIB9hgcSR6pnl5GDvGoF1SByPPN5FVNUkFs7qUHXQVOUwRyNnv3e7cckjajQhGOlOi5KtJ9hqRnhdFLqpoommIzwgHZMKXBElZ9NHUzgoWH6MIyleULDKft9IjMXqXEUGGWE9VD97uXkX71OqsOqnzGRpJoKMlsUphzqGOZxGLuSEs3HuW8imbkVkiGWmGgTWsmE8OUU/l+0PMc9drwrr1w/m8dRBPvgABwBF5yCOrgEDdAEBNyBB/AEnq1769F6sV5n0oI1n9kFP2C9fQLLN5cg</latexit>

Idea: Determine the complete overlap formula by requiring
covariance under fermionic duality

<latexit sha1_base64="jnCmNsM8qOYz6B87Ka1We4vrY9E="></latexit>

All connected via fermionic dualities
<latexit sha1_base64="wwN4UA/Wt8pTIZzfMIxwf8VpOmQ=">AAACDnicdVDLSgMxFM3Ud32NunQTLAVXQ2ak2u58bFwqWC3UoWQyd9rQTGZIMoVS/AI3/oobF4q4de3OvzGtFVT0QMjhnHu5nBPlgmtDyLtTmpmdm19YXCovr6yurbsbm5c6KxSDJstEploR1SC4hKbhRkArV0DTSMBV1D8Z+1cDUJpn8sIMcwhT2pU84YwaK3Xc6pEQmGVSAjMQ4wGnOAGVWo8zHBdUcMNBd9wK8UhQr5EGJl5gv6BmSY34jf0G9j0yQQVNcdZx367jjBUpSMME1brtk9yEI6oMZwJuyteFhpyyPu1C21JJU9DhaBLnBletEuMkU/ZJgyfq940RTbUeppGdTKnp6d/eWPzLaxcmqYcjLvPCgGSfh5JCYJPhcTc45srWIIaWUKZscoZZjypqq1G6bEv4Sor/J5eB5+95wXlQOTye1rGIttEO2kU+OkCH6BSdoSZi6Bbdo0f05Nw5D86z8/I5WnKmO1voB5zXD5E8nHg=</latexit>

Relevant for higher
loop Bethe eqns

<latexit sha1_base64="TVVDnw0lwbTGSyCTso4MmHTFWxw="></latexit>



Fixing overlap by covariance requirement
<latexit sha1_base64="dVKcegPpZg7SAWYjlJx8QrAdbvc=">AAACEXicdVBNSwMxFMz6bf2qevQSLIKnJbtSbW+iIB4VrAq1lLfpaw1mkzXJiqX4F7z4V7x4UMSrN2/+G9NaQUUHQoZ5MyRvkkwK6xh7D0ZGx8YnJqemCzOzc/MLxcWlY6tzw7HGtdTmNAGLUiisOeEknmYGIU0kniQXu/35yRUaK7Q6ct0MGyl0lGgLDs5LzeL6nrgWqkO1N0nIaNKlXF+BEaA4UoOXuTCYonLNYomFLK6UWZWyMPZXXPakzKLqZpVGIRugRIY4aBbfzlqa5/0sl2BtPWKZa/TAOMEl3hTOcosZ8AvoYN1TBSnaRm+w0Q1d80qLtrXxRzk6UL8nepBa200T70zBndvfs77416yeu3al0RMqyx0q/vlQ O5fUadqvh7b8utzJrifAjfB/pfwcDHDnSyz4Er42pf+T4ziMNsL4MC5t7wzrmCIrZJWsk4hskW2yTw5IjXByS+7JI3kK7oKH4Dl4+bSOBMPMMvmB4PUDbwaeDw==</latexit>

Shown numerically,
holds semi-on-shell

<latexit sha1_base64="Q6NwTYgT6qG4zSxRaWlJGVbH+AI="></latexit>

C.K., Vu
& Zarembo ‘21,

C.K., Müller
& Zarembo ‘21,

Assume factorized formula (possibly a sum of such terms)
<latexit sha1_base64="okEUqB+K63bhhDubLY24mv98jZE="></latexit>

Fermionic duality transformation after node a
<latexit sha1_base64="yNLAzvAQ5iLoNAZDoaF6inmJcw8="></latexit>

Compatible
with all data

<latexit sha1_base64="KuIHbCZDnEtY8ExCupRjU60RA38="></latexit>

Qa(0) D =
Y

b:neigbour

Qb(i/2)
eD

eQa(0)
<latexit sha1_base64="iTlHXd2qGudOzgAb1CXGqRg2CXk="></latexit>

C =

vuut
Y

n

Q
j Qn(i↵aj/2)Q
k Qn(i�ak/2)

D
<latexit sha1_base64="x8E/M+0W70xsp/gYSYk+HwIqOp0="></latexit>



Overlap formula in di↵erent gradings
<latexit sha1_base64="CiA43a6nAJpQeBeVsKHVuXfoZSQ=">AAACDnicdVDLSgMxFM3UV62vUZdugqXgaphpUeuu6MadFewD2lLuZDJtaCYzJBmhlH6BG3/FjQtF3Lp259+YTiuo6IHA4Zx7b+49fsKZ0q77YeWWlldW1/LrhY3Nre0de3evqeJUEtogMY9l2wdFORO0oZnmtJ1ICpHPacsfXcz81i2VisXiRo8T2otgIFjICGgj9e3SlXE5JDiMZZRywEzggIUhlVRoPJAQMDFQfbvoOseud3ZSwa7jZshI1StXsbdQimiBet9+7wYxSSMzhHBQquO5ie5NQGpGOJ0WuqmiCZARDGjHUAERVb1Jds4Ul4wSzBYyzyyRqd87JhApNY58UxmBHqrf3kz8y+ukOqz2JkwkqaaCzD8KU451jGfZmMMlJZqPDQEimdkVkyFIINokWDAhfF2K/yfNsuNVnPJ1uVg7X8SRRwfoEB0hD52iGrpEddRABN2hB/SEnq1769F6sV7npTlr0bOPfsB6+wSYFJx2</latexit>

C.K., Vu
& Zarembo ‘21,

Relevant for higher
loop Bethe eqns

<latexit sha1_base64="TVVDnw0lwbTGSyCTso4MmHTFWxw="></latexit>



Future directions

• Bootstrap the formula to higher loop orders (has been done for 
N=4 SYM)

• Consider MPS with higher bond dimension

• Other integrable defect set-ups ? ( Coulomb branch, 
co-dimension-2 defects….)

• Classification of integrable boundary states in AdS/CFT (VBS, MPS, 
cross-cap states (?))

• Proof of predicted ABJM overlap formula

• Proof of the duality transformation formula

• Derive the TBA for overlaps (Finite size effects). 



Thank you


