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e N =4 SYM <+ AdSs x S° superstring
quantitative understanding of duality
in planar limit based on integrability

N =4 SYM String theory in AdS?® x S°

Yang-Mills coupling: gy s String coupling: g,

Number of colors: N String tension: T

Level 1: Exact equivalence

gs = gy /4m, T = 9y V/2m

Level 2: Equivalence in the 't Hooft limit

N — 00, A= g%, N-fixed gs — 0, T-fixed

(planar limit) (non-interacting strings)

Level 3: Equivalence at strong coupling

N =00, A>1 gs—0, T>1




e beyond planar limit?

limited progress: BPS observable (W) from localization matrix model
—exactin N, A = g%MN

but string loops in AdSs x S° are hard

e beyond N = 4 susy:
N = 2 superconformal models planar-equivalent to N/ = 4 SYM
— models to study duality including 1/ N corrections

e N = 2 localization matrix model not exactly solvable (non-gaussian)

but can extract leading 1/ N corrections, expand at A > 1 and
compare to dual string theory (orbifolds/orientifolds of AdSs x S° )
— match some universal string predictions



Plan

e N = 4 SYM: free energy F and circular Wilson loop (W) vs string theory
e N = 2 superconformal models planar-equivalent to N' = 4 SYM

e SU(N) x SU(N) quiver

e SU(N) SA-model (symm+antisymm hypers)

e SU(N) FA-model (fund+antisymm hypers)

e Sp(2N) FA-model
e N = 2 localization matrix model representation for F and (W)

e 1/ N corrections from matrix model: relations between F and (W)

e comments on dual string theory interpretation



SU(N) N =4SYM: free energy on S* is scheme dependent

F= —logZ(S*) = 4alog(A,, 1) + Fy, a=1(N*-1)

WS

e Jocalization — Gaussian matrix model with A-independent measure
— Z(S*) in special scheme (r = 1)

F = —2alog A+ C(N) = —1(N2 — 1) log A + C(N), A=Ng2

e AdS/CFT: F on 5% should match Zg, in AdSs x S°

planar (2-sphere) order: Zg, ~ IIB sugra action (+ a’-corrections)

leading term ~ vol(AdSs) — IR divergent ~ alog A,

[reproduces N? part of SYM conformal anomaly (L, a7 ss; Henningson, Skenderis 581

e matching N? term in F for special "AdS/CFT motivated" A, kuso zerembo2012

[ A in units of L; A, in SYM as limit ~ Va/; ratio: ﬁ = Al/4]

e N2 — N? — 1: one-loop (torus) term in Zg, ~ regularized vol(AdSs)
only from short multiplets — same as 1-loop sugra iseccaria, ar 2014



1 BPS Wilson-Maldacena loop in SU(N) SYM

W(C) = % tr P exp [?{_} dr (z’AM(z)a’:” + @z(m)ﬂzm)] :

e Localization — Gaussian matrix model:
exaCt eXpI'eSSiOI’I fOI‘ CirCUIar WL [Erickson, Semenoff, Zarembo 00; Drukker, Gross 00; Pestun 07]

A

W = Tr Pel (A+®) , (W) = e (1-%) Lll\]—l(_i)

4N
W)y =N 2L(VA) "Z W+, Wo=Ny/2A7%4eV2

N—c0

e N> 1,A> 1. compare to AdSs x S string theory



/

AdS bulk

expansion near AdS, minimal surface



disk partition function:

(W) = Zew = 121+ O(3s), Zi = /[dx] e T doL
s A 2 A
ge=W=ghy, T=Lo=y A=guN

_ T 2nT _ 1
Wo = 1 o e €1 = 5~
([ 627TT = e _TVOI(AdSZ> — area Of mlnlmal Surface [Berenstein, Corrado, Fischler, Maldacena 98]

® (1 = % — fluct. det’s in Z; and measure factor

[Drukker, Gross, AT 00; Kruczenski, Tirziu 08; Buchbinder, AT 14; Medina-Rincon, Zarembo, AT 18 ]

e /T prefactor — from universal dependence of Z; on AdS radius

[det(—V?2 4 2)]° [det(—V?)]°
det(=V2+3)]*




log Z1_100p = B21log(L A) +logcy, By = & /dza\/§R<2> —

o By ={(it(0) =x =1—2p is universal : for any genus p (ciombi ar 20
e 2d UV oo canceled by universal string measure contribution log(v/2a’A)
finite part of logZ,: —xlog \/ﬁ = —xlog VT

Z, ~ (VT)X, T — L>

27t

e disk with p handles: ¢; ' — ¢, VT — (VT)X, x=1-2p
e thus expect to find for gs; expansion at large T (Giombi, ar20]

(W) = ZE)CPH (\g/ST)Zp—l [1 + O(T_l)}
p



e indeed consistent with 1/N, A > 1 expansion of exact SYM result

o 6p-3
A(1-4) g1 A Ad
(W) = esn! N)LN—1(—A%\7) = VA Z %P—% N2p—1 [1+O(ﬁ)}
3/2
=W (14 4 1+ 0] +0(L), W= (W), = Wo+
e leading large A corrections at each order in 1/ N? exponentiate:
1 VT T g2
H -1 2T _ U &s
— H = - —
= fivor],  w= LY g

e handle insertion operator — exp H: "dilute handle gas" approx.



e structure should be universal:

should apply to circular WL in string theories in AdSs x M?>
as AdS, minimal surface lies in AdSs

(aISO applies to Ang X §3 x T4 string dual to ABJM (Giombi, AT 20] )

e find that indeed in A/ = 2 models planar-equivalent to N' = 4 SYM
which are dual to orbifolds of AdSs x S° superstring

3/2
W) =Wy (14 5 [140(10)] +0( 1)),

N2 A
A
N2 T




N = 2 superconformal models
planar-equivalent to N’ = 4 SYM

e conformal invariance of SU(N) N = 2 model with hypers in adjoint,
fundamental, rank-2 symm, and rank-2 antisymm reps xoh, Rajpoot 83; Howe, Stelle, West 3]

SU(N) : P1=2N —-2Nn,, —n, — (N+2)n; — (N —-2)n, =0

en, =1 n,=n,=n;,=0—->N=45YM
o,y =0 1, =2N—(N+2)n; — (N—-2)n,
e planar equivalence with N’ = 4 SYM (— simple AdS dual):
en,=2N, n,=n, =0 — SU(N) x SU(N) quiver (81 = 0 for A7)
e 1. not dependingon N — n, +n, = 2:
only two solutions: SA=symm+antisymm and FA= fund+antisymm

SA: (ngng,n,)=(011), FA: (ng,ng,n,)=(4,0,2)

e SA and FA N = 2 theories dual to certain orbifold /orientifold projections
Of AdSS X 55 Str].ng [Ennes, Lozano, Naculich, Schnitzer 2000]



e conformal anomaly a and ¢ coeffs of N’ = 2 models
= free-theory values fixed by numbers of hypers

— 1 — 1
a= pNy+ 5Ny, C = gNy + {4 Ny

SU(N) x SU(N) quiver: (same as2x SA)

a=iN*—§, c=jiN'—|
SU(N) a C
__ 1 1 1 1
__ 1 ar2 5 1 Ar2 1
_ 1 5 1 1 1
N = 2 FA N2+ ZN — 2 N2+ 2N — ¢




e N =25p(2N) models

Sp(2N) =compact symplectic group = USp(2N) = U(2N) N Sp(2N, C)
dim Adj = N(2N + 1), dimF = 2N, dimA = N2N—1) — 1.
conformal invariance condition:

Sp2N): B =2N+2— (2N +2)n,, —n, — (2N —2)n, =0
onAdjzlz n,=n, =0 - N =45YM

e n,, =0: planar equivalence to N' =4SYM — n, = 2N +2
or n, independent of N: n, =4, n, =1- FA model

Sp(2N) FA: (n.,n,)=(41)

Sp(2N) a C
N =4 SYM sN?+ IN sN?+ N
1 1 1 1 3 1




N = 2 localization matrix model
e free energy of superconformal model on S* of radius r

F= —logZ =4alog(Ar) +F(A,N)

renormalized F depends on subtraction scheme
e localization matrix model for N = 2 model on S% [pestun 2007

=" = [Dae O Zyp(a), (W) = (T
2
N
50 = 87(/\ 5 Tra®, Z1—loop(a) = ¢ Sintl?)

a= const scalar matrix: [o gRTr¢? — Tra?; A = g2 Nonlyin Sy
o N =4SYM: Z1100p = 1t Gaussian, A-independent measure —

2 :
2N C(N)(N%)_%dlm(;' Fon = —2alog(Ar %)+ f(N), a= }LdimG

for G = SU(N) in this special scheme (r = 1)
F.. = —2alogA + f(N) = —1(N* —1)log A + f(N)



e N =2 model with hypers in R = ®R;: (ignore instantons in 1/N)
Zl-loop: 1-loop dets on $* in @ =const backgr. — depend on r (no A)

Z1-loop(arr) — H (

ad HszrootS(g) [r—an + (- a)Z} >n
n=1 HwEweights(R) [r—2n2 + (w | a)Z]

® | [;o0ts includes "massless” contributions: Cartan directions a - a = 0
for which a-dependence and r dependence not correlated
e regularized value of Z peswun2007)

Sint(ﬂl‘) — HD&Eroots(g) H(l“ a 1‘)
HwEweights(R) H(l w-a r)

Zl-loop(a r)=-e"

H(x) = G(1+ x) G(1 — x) — product of Barnes G-functions

e no "massless” contributions as H(0) = 1

— Z depends onr asin N/ = 4 SYM

e N =2 free energy: coeff. of log A in regularized matrix integral
not full a-anomaly coefficient beyond planar limit



e to get full conformal anomaly go back to unregularized expression

(00 0.0) 0.

[T+ =] [](»*+1°*)", p=a-aorw-a

n=1 n=1 n=1
Hr—zn _ o26(=1)logr _ ,glogr
Z1-1oop( a,r) — e%(dimG—dimR) log r Zl—loop( ar)
e after ra — a find total dependence on r
= |dim G — }(dim G — dimR)| logr + ... = 4alogr + ...

a= 24 dim G + 214 dim R

e "bare" matrix model integral reproduces full a-anomaly term in F
e correlation between r and A only in Gaussian part of matrix integral



Matrix model for ' =2 SU(N) SA and FA models
N x N hermitian traceless matrix a (eigenvalues {a}> )

2
Z=et = /Da e~ 50(1)=Sint(a) So(a) = 87(/\N Tra?, A= gusz N
N N ,
Da=]]da-6()  as) [Aa)]”, Aa)= T[] (ar—as)
r=1 s=1 1<r<s<N

o N — 2 mOdel Wlth HF ’ HS ’ n A hypers [Beccaria, Billo, Galvagno, Hasan, Lerda 20]

N
Sint(a) = Z [nF log H(a;) + ng log H(Zar)}

N

+ ) {(nS +n, ) log H(a, + as) — 2log H(a, — as)}
r<s=1
00 2 x2
Hx)=]] 1+ %)n e = e~ (1H1E) ¥ G(1 4 ix) G(1 — ix)
n=1
oo H(y) = 5 (21" 2142
ogH(x) =) n+1§2n+ X



SU(N) SAmodel: ng =n, =1, n, =0 (aftera — \/%ﬁ)

N

Sint(a) — Z {log H(&li + LZ]) — log H(&Zi — a])]
i,j=1
> a \2i+1 a \2j+1
= Ci(AM) Tr (—= Tr (—=
L G R R
AN G a! 4(—1)" T(2i+2j+2)
Cij(A) = (W) C2i+2j+1 F(2i+2)1“(12j+]2)

e WL defined by N = 2 vector multiplet fields: (W) = (Tre?™)
e free energy and WL: leading 1/N? correction

(e~ Sint)) = ZSA _ o OF AF(A;N) =F,, — F,
SYM
<W>SA < Sint Tr ezna> 1 1
14+ —=Ag(A .
M) sy <Trez7m>0, ()0 = /Dae So(a)



e non-planar correction from "connected" part of (et Tr ¢2™)
(e~ 5int Tr 2™ = N (e %ty 4+ 2772 (e~ nt Tra?)g + ...

A

87'(2 N SO same as % Z [Beccaria, Dunne, AT 2021]

e insertion of Tra? =

key relation between (W) and F:
d

— _1)2
Ag LA dAAF(A)
AF(A) = lim AF(A;N)
N—o0

e main task is to compute 1/N? correction AF(\)



SU(N) FAmodel (n, =4,n,=0,n, =2):

N
Sint(a) =4 log H(a;) + Z [ log H(a; +a;) —log H(a; — a]-)}
i=1 i,j=1
— iB'(/\) Tr a 21+2 Z C a )2i+1Tr (i)ZjJrl
LB T () i T (75 N

i,j=1
+1 (—1) -
Bi(A) = 4 (Z5) T Sl (1 — 2%)

s — FEay = NF(A) + R(A) 4+ O(%)

e novel order N term due to 7, 7é 0 from single Tr term
e WL defined by A/ = 2 vector multiplet fields: (W) = (Tre*™")

(W) = NWo(A) + Wi (A) + & [Wo2(A) + Wa(A)] + O(<)



Sp(2N) FA model (n,, =0,n, =1,n, =4).
much simpler than SU(N) one:
Ol’lly S].ngle TI‘ teI‘m in Smt [Fiol, Martinez-Montoya, Fukelman 2000]

> a \2i42
mt Z Bz )
=1

é\

o AF = F,, — F,,, in terms of F; and its derivatives only (!): (Beccaria, Dunne, AT21]

AP(A N) = NF{(A) +Fa(A) + LF3(A) + ...
F1(A) = 2F; (A)
Fa(A) = LEAR(N)] +2B(0N),  LF=-4[L0F)])

o (W) =NWy+ W+ W +..
also expressed in terms of derivatives of F; only



Aim: leading % correction to WL

W)
W)o

14 zIN +O(RD), W= Z2h(VR)

e normalized to planar one = SU(N) SYM one (expansion of Laguerre)

SYM A VAL (V) —IX+ A2+ 0N, A« 1,
¢ (A = [ N 12] = Y1432 _ 9 1/2
I (V) o6\ ZA+ 22+ 0(1), A»1.
1 Aas1 o, A2 g2

e will confirm string-theory prediction

g(A) "2 A2 00



SU(N) x SU(N) quiver (Z, orbifold of SYM)
e from matrix model : Z,,;, = e f and W)y, —
Ag = CIOrb(A)_qSYM (A) — _%)‘2% AF()‘)
AF(A) = [Fop (L N) = 2E (AN)] . = — log LonlN

SYM [ Zeunt (LN

]2

— [—

N—o0

Matrix model results:
e weak coupling

M) E =305 () + 505 ()" + 33 — 807 (g2)7 +0(1)

e strong-coupling expansion of g, (A) requires resummation
e numerical approach (seccaria, at21]

Jon(A) "Z KA1+ A2 L]
n~15, k1 ~ —0.005, a; ~ 15

consistent with string theory prediction g ~ A3/2



2

¢ AClorb()\) = Jorb — Ysym — _%%AForbU\)

AF,p(A) "Z e A2 4, o = —16k; ~ 0.08

e analytic approach to strong coupling expansion: (seccari, Korchemsky 22
AF Ol'b as det Of Seml'inflnlte matI‘IX [Galvagno, Preti 2020; Billo, Frau, Galvagno, Lerda, Pini 2021]

AFop,(A) = 1logdet {(1 + M) (1 + M‘)}

27Tt

M = 8(=1)"""\/2n\/2m /O"" dtt (62; N Jon(EVA) Jam (EVA),  1,m >0

_ et o Jt eZTCt
M, = 8 (=1)""/20 + 1v/2m + 1 /O Py et (VD) P (V)

e such Bessel integrals appear also in BES equation for cusp anomaly and
in octagon correlator (Tr (ZK/2X*/2) (x1) Tr X*(xo) Tr (ZK/2XK/2) (x3) Tr Z* (x4))
e similar analysis of det as for octagon case (seiitsky, Korchemsky 20)



e exact analytic results for coetficients (seccaria, Korchemsky 221

AFop(A) "2 1V —log VA + g + it

A
Forp = Fyns s + Aoy 2= —N?log A + }I\/K— Vog A+ ..+ O(L)

N
Adorb = _%/\ziAF = —l/\3/2 + LA+
/\>>1
Jorb = Gsym T+ Afory = _1%2)‘3/2 - 65_4/\ + .
e O(NY) terms: predictions for string theory coeffs.:

"sphere with handle" (torus) contribution to F,
"disk with handle" contribution to (W),



String theory interpretation
o F ~ Zg: presumably related to type IIB string effective action

S=5+5+..=

(2n) ,4/d10x\f[(R+ )+ a®RY+ ...}+O(g8)+

o N =4 SYM dual to AdSs x S° string: tree (sugra) term — NzVAdS5
in "AdS/CFT motivated" IR regularization Vag4s, — — % log \F

same as in matrix model scheme — — IN 2 log A term in FSYM [Russo, Zarembo 12]

e maximal susy case: tree level (a’>R* etc.) and loop corrections to F
should vanish apart from 1-loop (torus) contribution: N> — N2 — 1

e N = 2 orbifold theory dual to AdSs x (S°/Zj,): from matrix model

Forp(A; N) Azl N2 log A + {cl A2 4y log A+ O(ﬁ)} + O(%)
e N? from planar equivalence: F = —2alogA + O(NY)

SU(2N) SYM — SU(N) x SU(N) with 2 bi-fund hypers: a = lNZ %



e extra 2 also from IIB supergravity action on AdSs x (S°/Z,):
N? — (2N)? and vol(5°/Z,)= 1vol(S>)
e planar equivalence: tree level a’-corrections vanish on AdSs x (5°/Z,)

e subleading A2 term:
from 1-loop (g0 ~ NV) term in IIB eff. action?

Sy~ [dOx/GR + ...

on dimensional grounds S; ~ i—f ~ A2 5 AF ~ A1/2
£ 0on AdSs x (S°/Z5) ?

localized contribution due to curvature singularity?

e puzzle: why 1-loop R* contributes to F.y,

while tree-level R* does not (both have same structure in type IIB theory)
e possible resolution:

A1/2 term comes from Zg(torus) and not from low-energy eff. action?



SU(N) SA model s oume ara

e N =2SA: n, =n, =1 — planar-equivalent to N' = 4 SYM:
e.g. a:}LNZ—%, C:}LNz—% VS a:CZleNz_zl;

"orientifold" of orbifold of SU(N) x SU(N) SYM:
fi]" VS S(ij) + a[i]-] [Billo et al 21]

o Strlng dual Of N — 2 SA mOdEIZ [Park, Rabadan, Uranga 99; Ennes, Lozano, Naculich, Schnitzer 00]
IIB string on orientifold AdSs x S°/Gorients Gorient = (Z2)orb X (Z2)orient
(Z2 ) orient: inversions in 2 directions 1. D3-branes x [w-sh parity Q] x (—1)*z
e 5 = 5°/Gerient: special identifications of angles

ds = do? + sin® 0, d¢3 + cos? 01 (d63 + sin® 0, dp3 + cos? 0 d¢p?)

0)=01+75, b=0+7, G1=Pp1+75, p2=¢2— 7%, Pp3=¢3+ 7



® Zsr expanded near AdS; in AdSs: UV co of 1-loop dets not sensitive
to global identifications S — universal g and T >> 1 expansion of (W)

<W>SA 1 1 3/2
=14+ — + O Ag(A>1)~ A
W)sym : N2 Aq(2) O(N4) ’ (A >1)

Matrix model results

Ag = —1A*LAF(A), AF(A) = lim AF(A;N)

N—o00

e like in orbifold model (M = M™)

AF(A) = 1logdet(1+ M)

o 27t
Myn = 8 (_1)m—|—n\/2n + 1\/2111 + 1/0 tt (6272 — 1)2 ]2n+1(t\/X> ]2m—|—1(t\/X)




Strong coupling expansion:
e approximate results confirmed Ag~A3/2 (seccaria, Dunne, a1 2021
e exact form of A > 1 expansion (secaria, Korchemsky 2022]

AF = 1 VA —3log A + ko + kA2 +

E (A:N) NAST 1 N2log A + 1 A2 — 31og A + ko +..+0(%)

Ag=—L A2 4 3N 4 1k AL2 4

A1 3/2
san =gy +AGs, = —p A /2 — ah =+ ...

e Remarks:
e coeff of log A is not conf anomaly a = ; N? — 2; beyond planar limit

¢ leading term in q,, = — 1, A3/? + ... asin SU(N) x SU(N) model
e expansion in even powers of 1/N
(despite crosscup contributions expected for orientifold on string side?)



N = 2 models with fundamental hypers e oume vz
e SU(N)FA (ng =4, np =2) and Sp(2N)FA (ng =4, np =1)

e realised on N D3-branes with few D7-branes and O7-plane:
dual string theories — particular orbifolds/orientifolds of AdSs x S° superstring

e 1/N expansion of F and (V) at large A from matrix model:
structure of expansion now different: odd and even powers of 1/N

e Sp(2N) case much simpler — novel features:
e get resummed expressions for A > 1 terms at each orderin 1/N
e find exponentially suppressed at A > 1 terms in 1/ N expansion



SU(N) FA model
F(A)=F

F; (absent in SA case) has explicit form:

o ¢t 627'(1‘ ;
Fi(A) [ @tV — VA (VA

— 2
VA 0 tZ (827'Ct_|_1)

£ A= fir+ falog A + fa + f4 Al O(e_ﬁ)

s (M) +NF(A) +FB(A)+0(y), Fon = —3(N?—=1)log A

flzﬁlong fzz_éli’ f3:%10g7(+/ f4:_7TT2/

f1 from Dirichlet (1) = Y ¢ 4 (_1,2k_1 = log?2

e large A expansion:

finite set of "polynomial” terms + infinite set of e~ (2n+1)VA
o [ = ﬁz + F»: fz related to F; and F>= same as in SA case

~

BA)=EMN+EBRA), B=-1A[AR)", ()

I
S
/.\
N



Sp(2N) FA model

=F_ +NF(A)+F2(A) + §F3(A) + tHFa(A) + O ()

F
F. . =—3iN(2N+1)logA

e F,, expressed only in terms of F; of SU(N) FA model
F1=2F, Fo=1(AR) —A[(AR)")°

= R 0R)" - £ [AR) 7 + X [(R)T

/\>>1

F=F_ +AF"Z" AF — (N> + N - 3)logA — £NA"1+ O(e™V?)

e leading terms in AF,, at each order in 1/N sum up to simple log

ALyl =N (2fird 4 ..) + (2ffA7 + ) + L (A + ) + O(L)
:NZF(%) + ..., F(4) =log (1 +2f1%) ) fi = log2




e leading terms in strong-coupling expression for F (A = N g%M)

F'Z'_ N2log A + N2F () + ..

= N?log (A" +2AN"") +.. = N?log [N~ ! (g.2+2f1)] +
e large N expansion of Wilson loop

W) = W)gu +AW), AW) = W)1+ L W)+ L(W)s+ ...

o N — 4 SYM Contrlbutlon ln case Of SP(ZN ) [Fiol, Garolera, Torrents 2014; Giombi, Offertaler 2000]

W = 2618 Y Lo (= o) = N OW)o+ W)o1 + & (Whoa + O ()
k=0
(W)o= £L(VA) =2Wo, (W)o1=13(VA) =1, W)oa =4 hb(VA)

e (WW)1, expressed in terms of F; = 2F,
/
1

o (W)2
Wy, — LR

— R = —2[10R)" - A[AR) T



e large A expansion:

)4Y% W
Wiazt M 2324 s aa— (i + 1)+ O(0)

22N 203 LA (1-4)A2 - L (1 - 2f)A+ O(e YY)

e suggests that leading large A terms at each order in 1/ N exponentiate
2372

W) = (NW)o+...) +AW) A2l N(W)oexp [—flT} + ...

~——

e cf. similar exponentiation of large A terms in A/ = 4 SYM cases:
A>1 A3/2
SU(N): W)eu = NWyexp [96N2] + ...,
A1 A1/2 23/2
2N) : = 2NWy (1 + — .
Sp(2N) V) sym 0 ( + SN ) eXp [96 (ZN)Z] +

Sp(2N): (1+ AL2) that gives odd powers of 1/N in (W),
can be absorbed into eV in W by N = N + % in VA =g.,,,VN



Comments on dual string theory interpretation of FA models

e SU(N) FA (ng = 4, na = 2) engineered in flat-space IIB string

as low-energy theory on N D3-branes + 4 D7-branes and 1 O7-plane

— modding out by Gori = Zs o1, X Z2 ori

Zooro = {1, Iezso}, Zoori = {1, Iis (1)1}

Iny.n, ONR® (4.9 L DB): Zpop : X67,89— — X67.89, ZLoori © Xa5—> — X45
fixed-point set of Z ri: x4 5 = 0 — position of O7 and 4 D7

e large-N near-horizon limit — dual string is projection of AdSs x S° :

1B on AdSs xS, S” = S5°/Gori, Gori = Zo orb X Zoori  (Eames etal 2000

dst = d0? + cos? 0y (d03 + cos? 0, dg? + sin® 0, d@3) + sin” 61 d g3

Zyoh: @1 — Q1+7, @2 — @2+ 7 Lpor: @3 — @3+ 7T

e Sp(2N) FA (n, =4, n, = 1): near-horizon limit of
N D3 + 8 D7 + O7-plane — IIB on AdS5x S, S"™ = S°/Z5 o
D7 Wrapplng AdSS X 53 (53 IOCUS Of ZZ,ori) [Fayyazuddin, Spalinski; Aharony, Fayyazuddin, Maldacena 98]



e n, # 0 — D3-D7 open string sector:

open-string (¢2" ™! ~ 1/N?"*1) + closed-string (¢2" ~ 1/N*") topologies

e SU(N) case: orientable surfaces (2-sphere with holes and handles)

e Sp(2N) N =4 SYM: 1/N?**! contributions from crosscups mwitens)
[orientifold projection of U(2N) SYM dual to IIB on AdSs x RIP>;

N — N+ ; and L* = 471gs(2N + 1)a’? due to O3 or due to crosscups]
e Sp(2N) N =2 FA: crosscups due to O7 + bndries due to D7

o F(5*%) ~ Zsiy on AdSs x S™:

N? term from Zg,(S?) ~ IIB tree eff. action

o type I (disk) term in string eff action (here as D7 w-vol action) —
AdS/CFT interpretation of N-term in conf. anom. of FA model

[Aharony,Pawelczyk, Theisen, Yankielowicz; Blau,Narain,Gava 99]



e SU(N)FA model: F in terms of string parameters T and g

T>1 2T T2

F(T,gs) = — . log(27tT) + o (A1 T*+ f3 log T + f + ...)
S

+ Py T* + phT* + KT + k5 log T+ k§ +...) + O(gs)

e L term from sphere: - | dlox\/g (R +...) on AdSs x S

2
g3 g2 “/4

) gis term from disk [in Sp(2N) case also from crosscup]

g—: log T from 1 | d8x ¢ RR in D7 action (on AdSs X S3) ~ vol(AdS)

gs o2
— N term in conf. a-anomaly of FA model sty Narain, Gava 9]

e O(gY) terms may come from closed-string (torus) and
open-string (annulus or disk with crosscup):

S not smooth (orbifold action has fixed points)

— from "localized" contributions



e WL in FA models
(W) "Z1eVAN(BpA 34 + bn A4 4 ) + (A3 + bipA A )
4 (A 4 b A )+ O( )]
Tﬂ/Z

. e”™ (b) + blgsT + bhgeT* + ...)
S

e SU(N): expansion near AdS, minimal surface with extra
"disk with holes" in addition to "disk with handles"
O(gY) term — annulus contribution (with Dirichlet + Neumann bc)

e Sp(2N): extra "disk with crosscups" contributions

log 2
4%2)

leading large A parts sum up to simple exp: (f; =

1/2 1/2
=1 I 2T e—87r2f1gsT 4= T

w2
8s 7T 9s

exp |2ntT — 2log2 Tgs| + ...



Exponentially suppressed corrections in SU(N) FA model

F Azl F{)01+F1exp, FfOI = fiA + folog A + f3 +f4)\_1
Flexp( A21 5 —-1/4 Z b —(2n+1)VA

v (~DFak(k+4)+3) T (+ DT (k-3) 4
700/2 2k=5/2 T (k+1)(2n+1)k (VA)k

e "instanton sum" ¢~ (21T1)VA multiplied by asymptotic series in %:

b, (A) factorially div, but resurgent (large k is encoded in 1ow k) ipune, unsat 16

o ¢~V in observables in CFT with AdS string dual:

1
VA

Cf. Similar termS in CUSp anom. dim 11’1 N — 4: SYM [Alday, Maldacena 07; Basso, Korchemsky 09]

expansion in 2d string sigma model is expected to be asymptotic

o o~ (VA in Iy —instanton interpretation — wrapping of S? of S”
e similar exp terms in Wy in (W) = NWy + Wy + %WQ + ...
related to Fy, etc.



e compare to WLin N = 4SYM: Wy = =I;(VA)

W, "= \/%/\_3/4 [eﬁ (1-— ﬁ +...) — ie— VA (1+ .

S

vt

eVA: AdS, in AdSs; e~ V*: unstable surface wrapping 52 of S° iprukkeros

[no e~ "V terms — would correspond to multiply wrapped WL]
e F; in N =2 FA: infinite exp series — multiple wraps allowed
as F; = string path integral over disk with free boundary
e real coeffs in F;: w-sheet solutions stable due to orbifolding of S°
no Im part: series Borel summable (coeffs. factorially div but sign-alternate)
e Wi from both F; and Wy: 2 sources of exp corrections
d A d?

AT T

m (AF) ~ [eVrw(A) +ie VA w(=A)] Z up(A) e~ (ZEFDVA

e W;: annular w-sheets with one bndry fixed by WL circle and other free:
stability of wrappings of S? in S implying real F; may no longer apply



Comments and open questions

e related results for strong-coupling expansions of 1/ N terms
in 2-point and 3-point correlation functions of chiral operators

[Beccaria, Billo, Galvagno, Hasan, Lerda 20; Billo, Frau, Galvgno, Lerda, Pini 21; Billo, Frau, Lerda, pini, Vallario 22 ]

e need further progress towards analytic control of A/ = 2 matrix models:

generalization of differential relations between F and (W)?
exact form of F and (W) in Sp(2N) FA model?
direct proof of exponential resummations of leading strong-coupling terms?

e need more computations on string side (already for dual of N’ = 4 SYM)

planar: subleading % terms on a disk

non-planar: reproduce coefficients of 1-handle and 1-crosscup terms
e string-side understanding of resummation of leading crosscups in Sp(2N)?



e possible role of integrability?

all planar-equivalent models integrable at leading N? order
integrability determines string spectrum — should have some
consequences in loops (handle operator, etc.)

planar integrability may be reflected in 1/ N corrections?

e string interpretation of differential relations between the 1/ N corrections
to F and (W) follow from localization matrix model on gauge side

but unexpected on dual string theory side:

F and (W) are computed using quite different procedures

e 1/N corrections in other planar-equivalent N’ = 2 models?
in A/ = 1 models?



