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Pua, SF;\of ct)(ma{;sm Can Lt USQA +°
100.'\{';?-0- Svfusfm.ns P AAS‘&S‘ 'DQGLJNU&J
witly mn'scu{" PSU(Z,Z}\() Symms+r7.

Col\eme‘&S? QV(SUMUA-S IﬂlP!? 7UM\+~JM -H"lf.ﬁfj
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support  comes Lrom PU‘-L*-v’fbc\‘g';Jc. wMFu":c.“r.Z«,,,,—,g
O'F Miu\m!ev *‘Scl’\&c:r-fdﬁm&!&} (‘uf-'H\/o?Oé'(S'Zg}

But pure S pinov sigma. modd 18 ‘jus"' as
couplica.‘l'eé as Mtfsm'-ruyﬂa'.-. G s1gma
MOAQ.\, MA mMPufa.‘ths are wmbersomc.

I': 'H\G(( sSome lfn\"‘ u‘v\icl\. PVGSCIVCS
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SUPQ(PQI'L.C’e, worldline action camn be
descvibed by 20O lmt of «
fo?olosu'ea( A-wmodel with manifest
N:(2,2) worldsheet susy and Jlobal

PSU(2,2I1) wvarviance
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@ : ©+KZE + ..
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J
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Ac.'hoh 15 a 30.05@.3 linear $l'3ma. mqu.l
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The open s_t:::'s sector of this
'h)fo\osical A'moée,\ GPPQGI'$ +°
deseribe N:=Y d:Y4 svpu-Yq-.s-Mi“s,

There are many similartieg with
6°p¢komar- Vafa Ju-.“" which ve !a."’GS

the closed topological Amede! for
resolved conifold with the open
‘I’oPoloaical A-model €or 45;3 gh._m-Sl;nons_

Pcrlmes 'HlC uu(“s'\u‘l' Pf'.c d‘
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T. Supecparticle i Flat background
Brink-Schwars superparticle with Ns2 210 susy:
S: Jou (TP, « e P"R.)
™= x™.ig" 156 -ig i 6,
SRR - LT -0 el -l
O -5 (6,+8,) §-x(e -1
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< e‘
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ia" d' i ¥ 16 Second-class
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by SUPUG;,U §(x...ea) with azl 4 8



Pu(c Sp;nof SUPCIP/"':C,L "MS *WO ijOI :

€lece nces with Brink Schwara SUP'-V("*‘.C‘C‘
) Pe SO fii‘ are 1ndependent Veriableg,
7) K‘Symmd’r.’ e nfmmm T2 “0- J“’G ‘md

Us“‘\j BQST’ orq.rd"ef construeted ‘cﬂm
Pure $emor boswuc.. Jl\od‘s ;\' 1%

Spraer

Srm : 53! (x™P. *91:‘4-'9- P, -=P P
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+ ) “, *f‘ 3, )
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Qua SP;no( cond .+l.0n '\ *n’\ ’\m‘m"m‘o
implies that (A, AL, ) have 22 indep, companents
ard that 10 components of (w,,, w,,.) can

be gavged away usﬁf\J 2w = A (3% )

¢ ¢

Sw‘"‘ ’ A (.‘.“’\cv)-t :

Physical states ave defined by cohomolegy
ot 3l\os+-nu.m|>¢,r +2 of BRST orc.m‘!‘or

Q s mlpo‘l'o.n'f Since
Qs 369, 3,3 (¥ F

21 (A" N A ¥ A )P. =O
Ghat-nomber +2 VA" A° A, (x0,8)
QV:0 and SV:QSL 2 A, (x,9,8) Jescribes
haeorized onshell Tyoe IR ,.,‘,,.,Jm'd-,
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SUP¢(P¢/+|.¢-'¢ a.c.'h.On ‘\o.s 32. bo.SOns
(in, 4\", -X-" ) and 32 fermions (9.', g‘)

Q0 imphes that G can be interpreted
oS &« (‘\"wis‘h'.A) Nz2 worldline SUSY
?vxclo.“'o(. But in o Flat backs round, it is

o l€ieslt to construet a second worldlhe
Jusy 3w¢.ra+or b 5o.'l'fsc7u}\3 {Q.Liz H

Hoalew.r' N an 485£¢ s bulsrou-d’

both Nz2 5c-n¢.ra.+ors can be c.o.s'tl7
constructed and N:2 worldline Uy
con be mede manifect! Worbline asticn
con be interpreted as <20 limit of
‘f'o‘;o(oafu.\ A-model.
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To lowest order, 3 8% Soran Aty

T . sulw) . <%
3 K e—— -
$0(S)
A A e
97y ¢ €7 ° ©
-
-—r s
7 e . e



Convenrent to define PSU2219)-inveviant curreds
T =g £9
Bosonic cuvrcn'f‘s ‘s and J " Jccenposc as

J’ﬂ = J" (d.‘)As R J-(JCJ (d'“d)A' e

(] g tl!) g ,’ '
77« FRgY, » T e, ) e N

w‘\lfc (6‘)A° ave 50("','7 P‘u“ m¢+v;¢¢i
ond (d"‘.)" ave $o(S) pau'i Mn"'n'u%,

Brink: Schwars SuPuPcfoJc. action:
S: foc [ T™P. ¢ e PP )

T*™ . T° whea ms0 +o U
J J‘. wktn bas 3 S' "‘. 9

ch Spmor SUPUPA/"IOIL 4&006
S:foc [TP -3P™Pu + T4, +J'J

-

W, A + .,_) ) +... ]
wkcrc soe Is dc.'fermmg,a b" BRST

mvariance .



In AJS,: <o ba.c‘gvowu‘ with R-R €y F :

— “P 1 + L] R
vee = FTd.dy + N T Recge ¥ NTI
"'(.‘mh) A J "'N"'" s N ;J'”“Uu

wkere an-—-_ wG‘M“A *MGH“A

Atter l;\‘fcsfa‘f'w':s sal d.";; and E‘ U.Sl.ﬂj
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A A <7
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N:A R
< T - \
o (R P
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MO'
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which cpmbmeg 10 ‘S w,‘ﬂ, ZZ Ag.
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g npo’oyéa( A-Mode |

TS aibiie nani Var’m“cs' £ivst Pavcme+¢v;z¢
Supn,fcosq_‘f 8(g.9.§) . eo‘é‘ré"é‘ e;"eeg"'..
a3 9(x0,8): G(6,6) HGe) R (x*')

G(eB)e PsL(2,2(4) o SL(,2)
' SUR )= SUlY) H(<)e So (4,1)

N L
H (€) e SO
so(5) -

Se x™ variables are deseribed by bosonic
cosety HA fus ASS, od BT, b S

To coibine (A‘,\A) and (X‘,GJ variables
w’a’“\ nh ' éc.c ne nhew uncond (M.'QJ W'li,alq

G-~K ¢! s
2", HLOH I Ak K
~. o\ N\
’(H"(t‘))aa (')« Ay

% .
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s R HS ) D8



In "'crms oc €¢fnc;»u‘c. Cou.f G(Ga)éw

Su(2,2)e SUtY)
anJ UnCOnS'h'M.uCJ Losoaic Vquiklcs

(Z% ,-é-’n ’Y’A.VA,- ) ) wU’mc a&&-\ !.‘
S fJae[(6"2)", (€)%, + V3 2%+, 2]
alrtp A C a7
(€& M, + (6"G) M
¥ 770' nOA _ ”:nk’. ]
where %AS: 22‘/; + 9; -2-:; ave 50(2.27+
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el

- 4
N° =Y 2N 2T T an S0l

gene vato 75

and BRST 0'"‘*‘! s
“ we T a 122V .37 (cé Y
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Second N22 worldline sv3y Jmc.faﬁw '8
b Y, (6"¢), + ¥ (676,
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Actin can be weitlen in Ne(1,2) supmapase
by combinng (8% 2% Y75) e chival
N=(2,2) superfield @ (k,k') as

@: (k') : 9‘, ek 2’ . K‘-‘/"s vl FA,.
@ (%) ¢ &y R T, 4RV R,

where FA, ard E:A ove Q\J&.lllafr G’st‘

N: (2,2) SIBMO. moac’ d.c*e.m-\ 'S

S, [i ke Tr [kyC1+@@))
Can rivially be quneralized o A-medd]
by alloving @' ad @7, 4 dependen @),
S: Joras [l Tr [y (14 @ @) ]

BRST orcu."'or transforms
) o~ 2

Qeaagas aed Qé’,‘:z"
So model Aac “A"fu"s'}".



AH"\OUJI\ action has PSU(? 2/14) ln.vav;cncg
on!«' besonic sUmeP SU2)aSULY) s

Ma.mces"' l'\ nm-'mc.ar SIJM& moéo.! a.cﬁm\
A

K

{®" s X s® T A0,
+ _Q.‘ . ®4 nK @l

To make PSU(2,214) invariance mcmpes‘f

m'l'roA\)u. U("l) quse ﬂarev&t’d V& M\J

chivel and o.n'l'ur.‘\qu' sealar SUfn.rclc“s
i (KK) ang f (i i') Ar."‘ton ‘For
aauad 'Mc.o.r $l3ma. M.J..l cs

5-‘-‘]6435}&3’&' Tr{i '3 Pe@t VJ
whece [ikdk ¢ TV is Rayet-Thopoulis term.
(@%: 2,0 +n @, + N\ F,

In gavge 7 33 =%, S veduees &
S:t [oni Jokok Tr [Lg 1+ G @) ]

(M. Relek . P"'""'-*t f.o-nmd'u)
Wl\u\ t-’w ) Yecover NOV'J',"\'_ “f‘.“~ |



EZ-. 9&: S_tgn3 seetor end N:Y J:4 sM

__ﬂ

ror A'moéc.' , open Sfrc'nJ boUthfr conJ'-*nth

A AB =K - e
ae @ :¢ S:u®a ot 2:3 Kok KiK'

w‘un. & " s a'l',’n.srhmcffs'g_ Sf ( "l) metric
and SJ’K I $7M~\c"‘l':<, 50("') meﬂn't.,

Bou-\J”r conditions break PSU(2,214) te
OSP("I l‘f) which aze Symmc'ﬁr{cs of
N:Y d=4 sTM on Ad S.' .

Wor ldline action For ®Ar can be
related to dimensional reduction on AdS,
of N:| 9d:10 pure spinor superpa.v#dg
whickh deserbes su'e.r-"fn-v-Mms :

it o (R -1pme L 8% 4 1MW)

'Dimtnstlon&l : 9‘ - e‘; xt-a A‘J. Az (¢, =)
reduction i T 4. Y4

T
?‘-)f‘ ) wd-’wg



Jost as V=X A'A, (x6,8) describes
Type IL sugra for N:2 3:10 superparticle
V : ,\‘A‘(x,e) deseribes super-Tang -Mills
for N:l 9210 superparhicle. N=| d:10

sv,«-"f»,-”l”s ad‘fon can bc. wm.'H'Cl\
" C"‘C!’n's;w\.n$ '.kf, ‘FOIM as

B :AAVAV + 5V’ Y wheve
Q : 4\6‘ and A‘Y:’,\on.

S

Aftev dim. reduction to AJS., - |16 bosonic
veriabley are H‘ () e S03,2) £, A4S,

s003,1) ’

and 12 pvre Sfmor variable s A 3-,

sabisfying A% A 87 Az (a °7.
a6zl +e 2

Pove spinor variables are related & ®A’ b’
®A: - 903 * K zﬂs % K.YAS' *KK.F"
e 27, : H‘:(u) As:r ) YAJ :(H."”): w"

(See h‘f’"Hﬂ ,/0?03 282 for morve 0)€+0;-,S )



j COnc'us:ov‘S ..,J OP"‘\ @UCS.hO"\S

° 50'¢(far+l'c'¢. on AdS;x s* s deserrbed

b., ' 20 limT of cloged 'f'.roloJ;cc.l
A-model, 10 x's and 22 A% combine to
foren worldsheet h\ourav"'hors of 32 9‘8.
Action is linear aw;d Sigme mode |

Psu(2. 214)
set
based on cose L R S PETTYC Y

® Opc.n s'l’fa'nj sector of A-mode! deseribes
N:Y J:Y svp(-'ﬂn\r*”"'; on A)Sy.
Su'u-"!mJ Mills acton has Chern-Simens - like
£forem 3: <VQV+9§V3>.

_

Questiong °

“

¢ Doc,$ ClOStJ A“MoJel 0n|7 JcSCr!.LC
'1'40 lu'ni.f o‘ SU,efs*n;\J (BPS sf’d’cs)

or does 1T desevibe MOf(.?
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co '\ju.fua ‘t Prwm vsf'\3 me‘“\-c‘s
o‘F Gopg kumar-Ooguri = Va."'& ?



GoPakomar-Vﬁ'Fa (\") and OOJUV;'V‘-fﬁ ('02)
proved ofu-closu\ 60.“7 for vesolved conibeld

ano JS_} E‘E_'n-s;m.ns dﬂ.na Ht&,s anJ
CoulomL Plusu op 34931.3 'facnr sglnt AO‘(.'

Resolvc.) con;rolo) dcsf.r.tbca b" Clg.s_g.é A'MOJt.l |
C'\Ul&-s;mons aescr'.Lga br open A-moéd

—————,  cSESa—asesm,

Near t:0 , both sides of lei“, can be
c.ompu‘l"eé ?Cf"'vr La"‘;\le‘,. To Pfdt.

010;VA'¢nce » mpufg. close& o.-p':?vhs ‘For

(esolv;é con;eola USI’nJ Jdvsed h'ncqr
' ' * TrV
Sigma model with F.I. term tfdkTrV.

O ! COU[OML P‘\Q‘C
o L) is intecpreted as
® “holes" in werldsheet

Near t:0 . both Hu’”s and Covlomb 'l‘m; exist,
Usin3 ‘¢ H.-P-l's 'ech N P'Gsﬁf;p"'lén.’ eum
SUIF“-G can Lg l;\'l’er'n.'l'ea Qs Fc.ynmu\
d;ﬁyhm i Cheru- Sl'mons aavsc f‘corr U“C"G

“heles become “faces" in the dagram. .



