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Introduction and motivations

4d SCFTs N =4, N =2 = Holographic and localization techniques.

Mostly focus on SQCD or quiver gauge theories in the large N-limit

o BPS WI|Son |00p, part|t|0n function.[F. Passerini and K.Zarembo (2011)],
[J.G. Russo and K.Zarembo (2012)], [M. Beccaria and A.A.Tsytlin (2021)]

@ Correlators among Chiral and Anti-Chiral, Chiral and Wilson loops.
[M. Baggio, V. Niarchos and K.Papadodimas (2014), (2015)], [F. Galvagno and M. Preti (2021)],
[E. Gerchkovitz. J. Gomis, N. Ishtiaque, A. Karasik, Z. Komargodski and S. Pufu (2016)],
[D. Rodriguez-Gémez and J.G. Russo (2016)],[B. Fiol and A.R. Fukelman (2019), (2020)]

[ For N =2 finding exact results at strong coupling is difficult
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Introduction and motivations

Specific 4d N =2 (“close " to N'=4) :  type-E theory AdSs x S°/Z;

[I.G.Koh and S. Rajpoot (1984)]

New powerful tool: the X-matrix
[M. Beccaria, M. Bills, F. Galvagno, A. Hassan and A. Lerda (2020)]

Sum up the perturbative series

[ Exact results in the 't Hooft limit
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Contents of the talk

© The type-E theory

© Localization and the matrix model

© Numerical checks and analytic results
@ The 4d N =2 circular quiver

© Conclusions
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Contents of the talk

© The type-E theory
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Type_E theory [I.G.Koh and S. Rajpoot (1984)]

Matter content

[ G =SU(N), Vn=2 Adj,  Hp-2 Sym,  Hp-2 Anti-Sym,

4d N=2 [SUQR)r = [(UQ),) 8=0 = CFT

Chiral Operator

[ o) Ve = Onlx) = trg™(x) - trg™(x) n={ng, i}

chiral C.P.O. Conformal dimension

@ZOn(X):O. [A:n1+n2+~~-+ng]
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Correlation functions

Extremal Correlator

— gnl,m,nk;m
<On1 (Xl) Onk(Xk)Om(Y» = (47r2(X1 _y)2)|n1| (47T2(Xk —y)2)|"k|

U(1); | conservation = Gn, ..nyim(A) < Sy o 4jngfi|ml

[E. Gerchkovitz. J. Gomis, N. Ishtiaque, A. Karasik, Z. Komargodski and S. Pufu (2016)]

We focus on

(On(x)(’)_,,(y)) (Ony (x1)On, (X2)6n1+n2 ()

D
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Contents of the talk

© Localization and the matrix model
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LO Ca | |Zat|on [E. Gerchkovitz. J. Gomis, N. Ishtiaque, A. Karasik, Z. Komargodski and S. Pufu (2016)]

T e 0n(N)  S*

e -0y : } (0n(N)0n(®)

(On(0)Om(00)) +Om(c0)

~ -
~ -

m(S)

Large N-limit ¢ Matrix Model  a=apT?  [v.pestun (2012)]
z - /‘ da —tra Sint(a)— Somel@l (f(a) f da f(a) e I‘az_Sint(a)

[M. Bills, F. Fucito, A. Lerda, J.F. Morales, Ya.S. Stanev and Congkao Wen (2017)]
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Gram-Schmidt Orthogonalization

Mixing with lower dimensional operators

OA g OA+C10A_2+C20A_4+---

S* Matrix Model |:> R* CFT

Orthogonalization procedure

On=n- Y, \En\(’)m, Qn = tra™tra™ --- tra™

m<|n|

(OnOm)=0 V |m|<|n| = [cm

[E. Gerchkovitz. J. Gomis, N. Ishtiaque, A. Karasik, Z. Komargodski and S. Pufu (2016)]
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Type_E theory pI’OpertleS [M. Beccaria, M. Bills, F. Galvagno, A. Hassan and A. Lerda (2020)]

Sint(a) = Y. gem(N) only odd powers

4,m=1
Large N @ limit

Z = [ da et =5m(@) = [ Doy e 3¢ X)W 2 det3 (1 - X)

X-matrix

(X)ij o< fo Cit( te 17 {J2,+1(t\/_) sz+1(t\/_)} convolution
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2-p0| nt 'FU nCthﬂ [M. Beccaria, M. Billd, M. Frau, A. Lerda and AP (2021)]

N )k+Z+1 k-1¢-1

(tra**ra®t) = (5 > (ki€ Di-ive—j(X)
i=0 j=0

[Dk,l()\) =0k o+ Xpp+ Xi,e ¥ Xl3<,e n J

Weak coupling A <<1

@ Small X-expansion of the Bessel functions = analytic
computation of the integral over t.

@ Very efficient way to generate the perturbative expansion.

Alessandro Pini Exact results in a A/ =2 SCFT at strong coupling 14 June, 2022

12 / 25



2—pO| nt 'FU nCtIOﬂ [M. Beccaria, M. Billd, M. Frau, A. Lerda and AP (2021)]

Sum up the series = heuristic argument

“ 1 1
Set Xe+ X+ Xt =" | ———] = I
X -X(N) /), A A
Iy
)\ >>1 [M. Beccaria, A. A. Tseytlin and G.V.Dunne (2021)], [Y.lkebe, Y. Kikuchi and I. Fujishiro (1991)]

Strong coupling A >> 1

<tr32k+1tr32€+1> ~

ﬁ(N)k”*l 2k +1)! (20+1)! 1

2 Ki(k—=1)0(6-1) k+¢

Building blocks = 2-point and 3-point functions on R*
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Contents of the talk

© Numerical checks and analytic results
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Numerical checks

[M. Beccaria, M. Billd, M. Frau, A. Lerda and AP (2021)]

(OnOn)

A k
——=>d (—) for Al <A
( n0n>0 zk: : 7T2 | | ‘

Radius of convergence Ac =72 = Behaviour outside \. 77

[M. Beccaria, M. Bills, F. Galvagno, A. Hassan and A. Lerda (2020)]

&

Two independent numerical methods

N —

1 Padé approximant Py ;2 MCMC simulation
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Numerical checks

[M. Beccaria, M. Bill, M. Frau, A. Lerda and AP (2021)]

_ (0303)

13 = 10:03)0 L+81(A)
0.030
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Numerical checks [M. Beccaria, M. Bills, M. Frau, A. Lerda and AP (2021)]

10303) ., 14 A ()

V3= (0303)0
0.030
© N=50
0.025}" “ N=100
o N=150
0.020 R o N=500
----- Strong coupling 1+A;
0.015 — 1+P60/60)(A1)
ootol BTz
5 emssmeeeo
0.005 g
Agreement with the theoretical prediction © !
2
1000 1500 2000 2500 3000 3500 4000 AMm
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Ana |yt|C resu |tS [M. Beccaria, M. Billd, M. Frau, A. Lerda and AP (2021)]

_ Gn
(On(x)on(}/» =

- (4m2(x—y)A)n

_
(O (x1) Oy (2) Oy (¥)) =

T r2a -y (4 - )?)

2-point functions

Gok = G| Gopur = G 420k (2k +1)
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Ana |yt|C resu |tS [M. Bills, M. Frau, A. Lerda, AP and P.Vallarino (2022)]

3-point functions

Gok,041 = GZ(I?,)2£+1 %é(k +1),

(0) (0) 1672
Gakoe = Gyplpp Gok+1,2041 = Goplypyq | KL

Normalized operator O, (x) = O,(x)/\/G,

N 2 1
(On(x)On(y)) = @r2(x =y ) A

N ™ Ay Gnl,nz
(Ony (x1)Ony (x2)Opyiny (v)) = (472(x1 — y)2)™ (472 (xz — y)2) ™

. 7
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Ana |ytiC resu |tS [M. Bills, M. Frau, A. Lerda, AP and P.Vallarino (2022)]

. . & _CGmm
Normalized coefficient M5M2 7 /Gy Gry Gy +ny

Oox (x) = Untwisted sector Ay, @2k+1(x) — Twisted sector A7

&

1 1
CU1,U2,U3 = N \V/ AU1AU2AU37 CU1,T2,T3 = N\/AU1(AT2 - 1)(AT3 - 1)

N =4 behaviour New strong coupling result

[S.Lee, S. Minwalla, M. Rangamani and S. Seiberg (1998)]
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Contents of the talk

@ The 4d N =2 circular quiver
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The N - 2 q u IVer theory [M. Billé, M. Frau, F. Galvagno, A. Lerda and AP (2021)]

0 /=0, M-1
(1)
@ node = V., SU(N),

o line » Hpr-o

Single trace chiral operators

o eV,  O(x)=tr &)(x)"
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N =2 quiver - operators

[M. Bills, M. Frau, F. Galvagno, A. Lerda and AP (2021)]

Untwisted operators Twisted operators

Un() = 25 00, Tan()= S o) pee
VM 5 VM 5
Normalized coefficients
c LV AUIAUZAU3 C N \/AUl(ATz - 1)(AT3 - 1)
Us,Us,Us —N\/M y CULT, TS

N\/'M

[M. Billé, M. Frau, A. Lerda, AP and P.Vallarino (TO APPEAR 2022)]
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Contents of the talk

© Conclusions
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Conclusions and outlook

@ Exploiting the properties of the X-matrix we summed up the
perturbative series.

@ We found the explicit expressions of 2-point and 3-point functions in
the 't Hooft limit for the type-E theory.

@ Generalization of these results for new class of 4d A/ = 2 theories.
Circular quiver G = SU(N)M.

e Known gravity dual AdSs x S°/Z), = holographic analysis.

[M. Bills, M. Frau, A. Lerda, AP and P.Vallarino (TO APPEAR 2022)]

Alessandro Pini Exact results in a A/ = 2 SCFT at strong coupling 14 June, 2022 24 / 25



THANKS FOR YOUR ATTENTION
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Exa m ple 2—p0|nt 'FU nCtlon [M. Beccaria, M. Bill, M. Frau, A. Lerda and AP (2021)]

Example - weak coupling )\ << 1 expansion

3
(tradtra®) ~ Dy =

3N 3N 1_5A3g(5)+105x‘g(7)
8 8 25676 409678

1701A°C(9) ( 25¢(5)%  12705¢(11)) 6 o
- Mo +0()
55536:1 * | 65536:12 * soazmerz | L T HO (M)

Very high order of the series expansion
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The X—matrlX [M. Beccaria, M. Bills, F. Galvagno, A. Hassan and A. Lerda (2020)]

The interaction action Sy (a)

C(20+2m+1)tra®tira®m+t

4 Z ( 1)€+m

£,m=1

Gml (201 2m+ 1)
( ) (20+1)1(2m+1)!

The matrix element X ,

A VRO [ e (57 ) 4 (57
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The 'FU || I_le a |gebra a pproaCh [B. Fiol, J. Martinez-Montoya and A. Rios Fukelman (2019)]

[M. Beccaria, M. Bills, F. Galvagno, A. Hassan and A. Lerda (2020)]

7

Zer = f ﬁldmu A(m)|Z(im,g)|26(Zmu) - /dl\/l e SM§(trM)

Hermitean traceless matrix M with eigenvalues m,,

We introduce the matrix a, tr TpT. = %5;,6 b,c=1, -, N°-1

N3-1

2
as %M = Zga= o I / da e tra~Sini(2)
g2 872
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The 'FU || I_le a |gebra a pproaCh [B. Fiol, J. Martinez-Montoya and A. Rios Fukelman (2019)]

dab

da=]] N (f(a))o) = f da e_trazf(a)

b

Expectation value in the interacting model

(f(a)) = [ da f(a)e ¥ S (2) ) (f(a)e (D))
= 2_5 -5
f da e—tra *smt(a) (e Smt(a))(o)
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The free-variables representation in the large N-limit

/_> single trace operator on R* for ' =4 SYM

[

(O 00 = n (g) S = GV m

[M. Beccaria, M. Bills, F. Galvagno, A. Hassan and A. Lerda (2020)]

the free variables w

ol
wila) = 2'”(fj)
G21+1

(wi(a)wj(a))(0) = 97
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The free-variables representation in the large N-limit

[M. Beccaria, M. Bills, F. Galvagno, A. Hassan and A. Lerda (2020)]

Wick's theorem for odd correlation function =

T

1 > ;
(w,-l(a)w,-z(a) w,-n(a))(o) = f Dw Wi Wi, ** w,-nefi“" “ Dws= H e
i=1

interacting theory

(F(w)) = wa Fw)e 3¢ XXz - qet~3(1-X)
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3-p0| nt fU nCtIOﬂ at I_a I’ge- N [M. Baggio, V. Niarchos and K.Papadodimas (2015)]

Planar limit = Gram-Schmidt simpler set single-trace {O,}

On=%,~- Z Cn,mom

m<n

1
O, = + N(single and multi trace)
\) orthogonal only to single-trace

3-point

Gryna = {On Oy Onyvng) = {Ony Ony Opyiny) + O (1/N)
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ReSU |tS at Strong cou pllng 1 [M. Beccaria, M. Bill, M. Frau, A. Lerda and AP (2021)]

Product of Bessel functions = inverse Mellin transform

(]

2m 2m
B /+i<>o ds M(-s)F(2s+2k+20+3) tvV/A Alorhrtrt)
~ Juico 2miT(s+2k+2)[(s+20+2)[(s+2k+20+3) \ 4r

Xue = —8(~1)%*\/(2k + 1) (20 + 1)[. -

M(—s)I(2s+2k +20+3)[(2s+2k + 20 +2)
Ms+2k+2)[(s+20+2)[(s+2k+2(+3)

=) 27’['/

+I.ooﬁl(t\/x)2(s+k+é+l)

C(2s+2k20 + 1)]

\.
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Results at strong coupling 2

[M. Beccaria, M. Bill, M. Frau, A. Lerda and AP (2021)]

Contributions = poles on the negative real axis

Xie = -8(-D)"V(2k+ 1)L+ 1) [16 2 (2(2k fl)(2;<i2k i1y
Skt Py )_ Oke N O()\‘l/2)]
2k(2k +1)(2k +2) 2(2k+1)(2k+2)(2k+3) 242k +1)

At Strong COUp|Ing [M.Beccaria, A.A.Tseytlin and G.V. Dunne (2021)]

r

A
X ~ -8
Aooo 272

Skg:l(—l)“f [20+1 [ Ok-14 N Skt N Srat e
4 2k+1\k(2k-1) k(k+1) (k+1)(2k+3)

[Y. lkebe, Y.Kikuchi and I.Fujishiro (1991)]

J
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N = 2 q u IVer_matrIX mOdel [M. Billd, M. Frau, F. Galvagno, A. Lerda and AP (2021)]

1
Uy Ap = N (trag + traf +--- +trag,_;)
1 M-1
Ton+ —— Z a'tra,

’ TVM

Interaction action

M- oo 2m m
>\ m—
Sint = Z [Z > (8 2N) fnyic (bra] ™% = tra]ly *) (traf - traj,;)

fm,k: (_1)m+k( /:n ) (2m 1)

2m
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The X—matl’lX [M. Bills, M. Frau, F. Galvagno, A. Lerda and AP (2021)]

X = Xpk, Xok+1,20=0

Xk v = Xok+1,20+1

2T 21

—g(- 1)k”\/(2k+1)(2e+1)f dt_ef J2k+1(ﬂ)J2z+1(ﬂ)

even
kil = X2k,2€

_8(_1)k+f (2k)(2€)]0-°o%ete_tlJzk(tf)Jze(t;{f)
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The X—matrIX [M. Billd, M. Frau, F. Galvagno, A. Lerda and AP (2021)]

Gram-Schimdt = Change of basis A, , = Pa.n

Pa,n = Z(?,I(\\Aa,n—%( = (Pa,nPB,m>0 = 5n,m5a+5,0
< J

Explicit expression

4

Expansion with the X-matrix Sa = sin®(29)

Pyt ) bt = [ ———
<Pa,2kpa,2£) (1 . so)(even Kt ('Pa72k+173a’2€+1) (1 _ SaXOdd Kt

»
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N - 2 q u IVer theory - resu |tS [M. Billd, M. Frau, F. Galvagno, A. Lerda and AP (2021)]

Untwisted 2-point

(Up(R)UN(OB)) 1
(0,()0n(0))g - O(/\P)

Twisted 2-point

(Ta,n(?)Tl,n(f’»
(On(X)0n(0))o O”'()\)JFO(NZ)
4’ .o [T
Ban(X) Aroo s ——n(n-1)-1 s, =sin’ (W)
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Holographic description [S. Gukov (1998)]

Geometry Zy Orbifold
AdSs x S%/Zp ~ AdSs x St x C2/Zy (wr, wa) ~ (e wy, e W Wh)

fractional D3 — D5 wrapped around exceptional 2-cycles €; — w;

f W _W/hw A = —(.\

ALE space su(M) Cartan Matrix

M—-12cyclese; e=->;¢ i,j=1 M-1
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Holographic description

Scalar Fields

[S. Gukov (1998)]

; ) ; C i=0,---,M
bi 27ra f@ i 27ra [ @) !
NS/NS 2-form J
Twisted and Untwisted combinations
b 1(A+B+ +bp-1) 1(A+“+ +Em-1)
= - _1), C= G+ ¢ Cv—
M 0 + D1 M-1 M 0+ C1 M-1
1 M-1 [ 1 M-1 |
by = —— by, Cy = —— e
o M & P / « oM 5 p

Alessandro Pini
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Holographic description [S. Gukov (1998)]

10d Type II-B supergravity action

ziz [ d°xV/Guo (15(dB2))? + 15(dC2))?) - [ 4Cay 1 dB2y 7 dCp)]

Wrapping the 2-forms @ on the ¢; cycles of the Zy, orbifold

6d supergravity action

M-
1 5 _2l[f d®x\/Go (Db}, - Dbe + Dc, 8ca)+f8F5/\db Aca]
2 571 2k
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Holographic description [S. Gukov (1998)]

Space on which by, ¢, propagate =  AdSs x S!

Ca =

b c
a \/ﬂr; an \/ﬂré an

KK compactification @ on St

f x \/Gadss La,n
AdSs

. 1 N _A+n —4in ba,n
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Holographic description

[S. Gukov (1998)]

- 2

Ya,n =Ca,n + iba,n m,, = n(n+4)
Ma,n| =Ca,n = iba,n mz =(n(n-4)
o

\(dual to Ton(x) A=n

S[n]-action and boundary term

1 1
55/ Gador | =5 ————— (00" - Do + N(n = B)0" 1o
AdSs [2k62 sinz(W)( Na,n " OMa,n n(n )na,nn 7”):|

DI

[ a7n()?)77a,n()?) + C.C.]
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HOlOgra ph |C CheCk [M. Billé, M. Frau, F. Galvagno, A. Lerda and AP (2021)]

CFT 2-point Ads/CFT Normalization

. >
function of Sy

d-dimensional SUGRA action

1 4n?
N =4 2k120 (27)°R8
N =2 twisted 1 1 - 4N
operators 2kZ sin® (75) (27T)5R4%
Ratio in units of |:" > 472
the AdS radius R As.
(07
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