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Supersymmetric gauge theories
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Supersymmetric gauge theories

Schematic Lagrangian [rachikawa; 1312.2684] :
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TUV = 5=+ 5
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I ~ - -
L= %/Cﬂgd?g tr (¢Te[v7-]¢) 6T T g 4 Ge VATt
T

+ % / d?6 tr[W, W] + oPp + c.c
T

Holomorphic superpotential = multi-loop 5(gym) vanishes.
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Supersymmetric gauge theories

Schematic Lagrangian [rachikawa; 1312.2684] :

0 . 4ri
UV = -+ —5—
2 g2y,

I _ . N
L= %/Cﬂgd?g tr (¢Te[v7-]¢) 6T T g 4 Ge VATt
T

+ v / 020 tr[W,We] + o + c.c
8mi
Holomorphic superpotential = multi-loop 5(gym) vanishes.
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Supersymmetric gauge theories

Schematic Lagrangian [rachikewa; 1312.2684] :

0 4ri
TUV = - T —5
2r gy

L= ""4# / d?0d27 tr (cbfe[‘/vlcb) toteVaT" g 4 e~ VaT' Gt

+ %/aﬂe tr[Wa We] + ¢do + c.c
T

Holomorphic superpotential = multi-loop S(gym) vanishes.

B Bl A S A k
T(N) = TUV—%bg TUV +ZW m

R Ty TS
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Supersymmetric gauge theories

Schematic Lagrangian [rachikawa; 1312.2684] :
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Supersymmetric gauge theories

Schematic Lagrangian [rachikawa; 1312.2684] :
0 47i
2 g2y

I _ i} i
- M/d%)dze tr (CDTe[V"]d)) +¢TeaT ¢ 4 e VaT gt

Tuv

47

+ ;“—V d?0 tr[W, W] + ¢ + c.c
T

Holomorphic superpotential = multi-loop 5(gym) vanishes.

B B (A (A
T(N) = Tuv — i log (/\UV> + ;W (AU\/)
fU(N) = 2N(1_Nadj)_lvl:|_(N_2)IVE
VPN — (2N 4+ 2) (1 — Nag) — Mo — (2N — 2)hg
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Superconformal gauge theories

Common cases are:
o Nygj=1(N =45SYM)
e N5 = 2N for SU(N) or Ng = 2N + 2 for USp(2N)
o No=4, Ng=2 for SU(N) or N = 4, Ni =1 for USp(2N)
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e N5 = 2N for SU(N) or Ng = 2N + 2 for USp(2N)
o No=4, Ng=2 for SU(N) or N = 4, Ni =1 for USp(2N)

Plan: Focus on USp(2N) SCFT at large N and study
(OAOBOCOP) of A =2 Higgs branch operator
OA = ¢TAp + c.c where T# generates SO(8) flavour symmetry.
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Superconformal gauge theories

Common cases are:
o Nygj=1(N =45SYM)
e N5 = 2N for SU(N) or Ng = 2N + 2 for USp(2N)
o No=4, Ng=2 for SU(N) or N = 4, Ni =1 for USp(2N)

Plan: Focus on USp(2N) SCFT at large N and study
(OAOBOCOP) of A =2 Higgs branch operator
OA = ¢TAp + c.c where T# generates SO(8) flavour symmetry.

@ Higgs branch O € BB[O;O]&’E;O) means QL0 = @20 =0...
for instance ©?? where ¢ = (¢, &)

@ Coulomb branch O € BZ[O;O]SOV) means QL0 = Q20 =0...
for instance tr(WW)
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Brane setup

N x D3

D7

o7

“AdSs”

d SO(8) SYM 53 %

T0d 11B SUGRA w/ S0(6) —> SU(2) x SU(2) x U(1)

NNNN
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Brane setup

N x D3

7 D3-D7 system leads to
07 privileged AdSs x S3

[Aharony, Fayazuddin, Maldacena; 9806159] .

Single trace ops (KK modes)
are from 10d with spin-2 and
8d with spin-1.

NNNN

T0d 11B SUGRA w/ S0(6) —> 5U(2) x SU(2) x U(1)
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Brane setup

N x D3

7 D3-D7 system leads to

07  privileged AdSs x S3

[Aharony, Fayazuddin, Maldacena; 9806159] .

Single trace ops (KK modes)
are from 10d with spin-2 and
8d with spin-1.

d SO(8) SYM

NNNN

T0d 11B SUGRA w/ S0(6) —> 5U(2) x SU(2) x U(1)

Al y) =Y ARV ) = (LR) = (32, 5) & (
m

NS

—2
,537)

p/2:0)

These operators in BBJ[0; 0],, include moment map as p = 2.
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Brane setup

N x D3

7 D3-D7 system leads to

07 privileged AdSs x S3

[Aharony, Fayazuddin, Maldacena; 9806159] .

Single trace ops (KK modes)
are from 10d with spin-2 and
8d with spin-1.

NNNN

T0d 11B SUGRA w/ S0(6) —> 5U(2) x SU(2) x U(1)

NS

P—2)

Au(xoy) = DAY () = (L R) = (532, 5) @ (5. 752
m

These operators in BB[0; 0] (P/20) include moment map as p = 2.

OA(x,v) = O (x)vavh, v = eabv,-avjb

2 2 2 2

X1p X Xy X
CFT quantities involve o = Y3¥24 |ike () = =23V = 1=z
V12V34 X13%X4 X13%X4
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The key correlator

G(U, V; ) is a double expansion for large N and A = g2,,N.

Gr
GN:4:G@+W + ...

Tree |eVe| [Rastelli, Zhou; 1608.06624]
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G(U, V; ) is a double expansion for large N and A = g2,,N.

Gr GRrir
G/\/’:4:G@+W + N4 + ..
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The key correlator

G(U, V; ) is a double expansion for large N and A = g2,,N.

Gr bga A2bps GRrir R|R
Gyn=g = Gy + Go + G + Go + .
W= = G0t g ey ot Ty G0t e e

Tree level [Rastelli, Zhou; 1608.06624]
SU(N) 1-loop [Alday, Bissi; 1706.02388]

[Aprile, Drummond, Heslop, Paul; 1706.02822]
Other 1—|OOp [Alday, Chester, Hansen; 2110.13106]
Contact terms [Chester; 1908.05247]

[Chester, Pufu; 2003.08412]
Finite T Upgrade [Binder, Chester, Pufu, Wang; 1902.06263]

[Chester, Green, Pufu, Wang, Wen; 1912.13365]
Virasoro-Shapiro [Alday, Hansen, Silva; 2204.07542]
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The key correlator

G(U, V; ) is a double expansion for large N and A = g2,,N.

o GF2 bF4 GR GFZ | F2 BF2|F2 b
Gn=2 = Gp + N +N/\GO+N2 Tz e G0+N2 log A\Go + . ..
Tree |eVe| [Alday, CB, Ferrero, Zhou; 2103.15830]

USp(2N) 1-loop

Other 1-loop

Contact terms

Finite 7 upgrade

Veneziano
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The key correlator

G(U, V;q) is a double expansion for large N and A = g2,,N.

ABCD iscp | GABCP ABCD GABCD G?QB‘EQD 5ABCD

_ F F R

G =Gy~ + N T A Go + vt et e log NGy + . ..
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Known terms

In terms of U = zZ and V' = (1 — z)(1 — Z), write [nirschl, Osborn; 0407060] :

z(1 — a2)f*BP(2) — (z & 2)

CBD(, 5.4) —
(z,z; @) P

+ (1= az)(1 — az)H*BP(z, 2)
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Known terms

In terms of U = zZ and V' = (1 — z)(1 — Z), write [nirschl, Osborn; 0407060] :

z(1 — a2)f*BP(2) — (z & 2)

CBD(, 5.4) —
(z,z; @) P

+ (1= az)(1 — az)H*BP(z, 2)

Next use Mellin representation for s + t + u = 6 [Mack; 0907.2407] :

dsdt

anip UV MABD (s )2 — s/2)°T[2 — t/2°T[2 — u/2]

HABCD(U, V) _
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In terms of U = zZ and V' = (1 — z)(1 — Z), write [nirschl, Osborn; 0407060] :

z(1 — a2)f*BP(2) — (z & 2)

CBD(, 5.4) —
(z,z; @) P

+ (1= az)(1 — az)H*BP(z, 2)

Next use Mellin representation for s + t + u = 6 [Mack; 0907.2407] :

dsdt

anip UV MABD (s )2 — s/2)°T[2 — t/2°T[2 — u/2]

HABCD(U, V) _

In terms of ¢, = FABEFECD g, = §AB§CD and d,, = f/AK FRBLFLCM gMDJ,

Cs Ct ds dt du
M = — M =
PEG-u=2 (t-2u-2 M"Ts 2Ti2Tu-2
> Cmndst Cmndtu Cmndus
Mgz (g2 = Z + + +a
it (s=2m)(t—2n) (t—2m)(u—2n) (u—2m)(s—2n)
S 3m?n+ 3mn® — 4m? — 16mn — 4n° +15m+ 15n — 12

(m+n—8(m+n-3)(m+n-2)
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There are unknown constants (functions of A) in

PIECC | PR
5 15

28 ® 28 =1® 28 @ 35, @ 35. © 355 © 350 © 300

Mg = by [P{*BC" + + b2 P — PP+ ba[Pi Y — Pi
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There are unknown constants (functions of A) in

ABCD ABCD
P35v + P300

5 15
28 ® 28 =1® 28 @ 35, @ 35. © 355 © 350 © 300

Mg = by [P{*BC" + + b2 P — PP+ ba[Pi Y — Pi

Superconformal twist Supersymmetric localization
[Beem, Lemos, Liendo, Peelaers, Rastelli, van Rees; 13] [Pestun; 0712.2824]

Connor Behan Sikkim University seminar



There are unknown constants (functions of A) in

ABCD ABCD
P35v + P300

5 15
28 ® 28 =1® 28 @ 35, @ 35. © 355 © 350 © 300

Mg = by [P{*BC" + + b2 P — PP+ ba[Pi Y — Pi

Superconformal twist Supersymmetric localization
[Beem, Lemos, Liendo, Peelaers, Rastelli, van Rees; 13] [Pestun; 0712.2824]
19} d—2 0
L _ 22 6=
0z 2 0

Exact OPE coefficients f9r Schur
operators in f(z) like BB[0; 0]$~F).
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There are unknown constants (functions of A) in

ABCD ABCD
P35v + P300

5 15
28 ® 28 =1® 28 @ 35, @ 35. © 355 © 350 © 300

Mg = by [P{*BC" + + b2 P — PP+ ba[Pi Y — Pi

Superconformal twist Supersymmetric localization
[Beem, Lemos, Liendo, Peelaers, Rastelli, van Rees; 13] [Pestun; 0712.2824]
0 d-2 0 _ 7 — /DX e SIXI-tQVIX]
Z@z 2 O‘aa G =
Exact OPE coefficients for SChl,J?ro Only fields obeying QX = 0 like
operators in f(z) like BB[O?O]éR' ) BZ[0;0]£°;’) survive t — oo limit.
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There are unknown constants (functions of A) in

ABCD ABCD
P35v + P300

5 15
28 ® 28 =1® 28 @ 35, @ 35. © 355 © 350 © 300

Mg = by [P{*BC" + + b2 P — PP+ ba[Pi Y — Pi

Superconformal twist X Supersymmetric localization v
[Beem, Lemos, Liendo, Peelaers, Rastelli, van Rees; 13] [Pestun; 0712.2824]
0 d-2 0 _ 7 — /DX e SIXI-tQVIX]
Z@z 2 O‘aa G =
Exact OPE coefficients for SChl,J?ro Only fields obeying QX = 0 like
operators in f(z) like BB[O?O]éR' ) BZ[0;0]£°;’) survive t — oo limit.

N
Same physics in 3D

[Chester, Lee, Pufu, Yacoby; 1412.0334] [Beem, Peelaers, Rastelli; 1601.05378]
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The integrated constraint

For a deformed theory,

7~ / DX exp [~S[X] + ma0*] = / DX exp [~ S[X] + mad 4]
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The integrated constraint

For a deformed theory,
Z= /DX exp [—S[X] + mAOA] = /DX exp [—S[X] + mAJJTAgb]

Each “Z_lf)f;Z” is an integral of <(’)A(’)B(’)C(’)D> [Chester; 2205.12978] .

Z7o'z

e =16N?S " PABPIH,
8mA8m38mcamD Z " [ ]

m=0 r

I[H] :/@R%inQGH(U, V)/

dsdt | s 5 ,t s s
iU VTSP 25T

=Rel®
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The integrated constraint

For a deformed theory,
Z= /DX exp [—S[X] + mAOA] = /DX exp [—S[X] + mAJJTAgb]

Each “Z_laf;,Z” is an integral of <(’)A(’)B(’)C(’)D> [Chester; 2205.12978] .

z o'z 2 ABCD
- = 16N P I[H,
dmadmeOmcomp |, _, zr: ’ [
dRd6 3 .2 dsdt s_9o,,¢t 512 2 s 2
I[H] = /TR sin“H(U, V)/ @iy Uz=°var[—3] F[—%] F[—%] ’z:Reie

After computing many dIgItS [Caron-Huot, Coronado, Zahraee; ...] ,

-1 1 a2t 1<)
M= 24’ Il = 12’ I7=l1= 6 ! [; (s—zm)<r—2n)] T 1296 108
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The localization matrix model

The object to differentiate is

N
1
Z= m/l_[dx,-xf2 H(X'? — 7)1 Zo—t00p (X, Tuv) Z1 — t00p (X, M) Zinst (X, Tuv, m)[*
i=1

i<j
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The localization matrix model

The object to differentiate is (Zjys: gives e 2/&vm = e~ N/A)
/der X _X) |ZO /oop(x 7'UV)Zl /oop(X m)‘Q
i<j

J

2
e = /[dX] ’e*f‘X*TUV’"’)’
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The localization matrix model

The object to differentiate is (Zjys: gives e 2/&vm = e~ N/A)

/der X _X) |ZO /oop(x 7'UV)Zl /oop(X m)‘Q

i<j

_ /[dX] ’e*f‘X*TUV’"’)F

Defining m(5,) = %ijl pa

Bwt

— 822 1(x2)— 5O i SP) (S
6) )
[dX]e &m

X%) 2X, int int — M(4)2int
| | H X g !
XI + HA) d e YM
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The localization matrix model

The object to differentiate is (Zjys: gives e 2/&vm = e~ N/A)

/der X _X) |ZO /oop(x 7'UV)Zl /oop(X m)‘Q

i<j

—F _ /[dX] ’ef}'(x,-ru\/,m)’2

Defining m(5,) = %Z4A:1 pa

871' X2 S‘lr x2)—sO _ s _ . () _
[dX]e &om e H 2X’:|: ) [dX]e &2 tr(XD)=Sjnr —M(2)Sine —M(4) St
XI HA

Perturbations away from Gaussian model have nice expansions
oo

SO =

int

C(2j +1)(1 — #)tr(X¥1?)

2j+2 2j+2—2n
)( o )tr(x )
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(2n>0)
Slnt




Large N expansion

Since S;,: = 0 gives massless N' = 4, cumulant expansion says

F = Frs + AF = Fx—s + (Sine) — % <5,-2nt>c + % <5,-3nt>c —~
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Large N expansion

Since Sj+ = 0 gives massless N/ = 4, cumulant expansion says
F = Fxea+ AF = Fyea + (Sin) = o <5,nt> + <5,nt> _
Using |eading Order <tr(X2‘j)> as in [Beccaria, Dunne, Tseytlin; 2105.14729] ,

AN & = (-1 a2 +2\Th—n+31] A 77"
—\/77”2:;’"(2nzj "04]< 2n Iy —n+3] |4n?

Jj=1
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Large N expansion

Since Sj,+ = 0 gives massless A/ = 4, cumulant expansion says
1
F = Fxe + AF = Fxca b (Si) = o7 (She) + 5 (Ske) —
Using |eading Order <tr(X2‘j)> as in [Beccaria, Dunne, Tseytlin; 2105.14729] ,

AN & > (20 4+2\Th—n+317 A 777"
—\/;r;m(%z "04]< 2n )r[j—n—|—3] 472

Close the contour either way in

AF = /v/ il <16*7T2)5 rgfé) [4(4° — &)F(25)¢(2s — 1)

+8myl(2s +2)¢(2s +1) — m(4 F(2s +4)¢(2s + 3) + O(Mﬁ)} +0(1)
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Large N expansion

Since Sj,+ = 0 gives massless A/ = 4, cumulant expansion says
1
F = Fxe + AF = Fxca b (Si) = o7 (She) + 5 (Ske) —
Using |eading Order <tr(X2‘j)> as in [Beccaria, Dunne, Tseytlin; 2105.14729] ,

AN & > (20 4+2\Th—n+317 A 777"
—\/;r;m(%z "04]< 2n )r[j—n—|—3] 472

Close the contour either way in

ar= N/ E <16)\7r2)s rgj:%) [4(4° —4)(2s)¢(2s — 1)

27i

+8myl(2s +2)¢(2s +1) — m(4 F(2s +4)¢(2s + 3) + O(Mﬁ)} +0(1)

Simple strong coupling expansion without the arcs

F= FN4+N{IOg)\ Iog)\—i—(Iog7r+3log2—12|ogA+;) o

167 167
- <4Iog)\+4+8778log(47r)+ 3: ) M) — 5 M) + O(p )} 0(1)
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The Toda equation

Matrix models with single trace potential —ytr(X?) + V/(X) obey

log (_85”:) =2F = Fly i = Fluonas
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The Toda equation

Matrix models with single trace potential —ytr(X?) + V/(X) obey
2
log (_BYF) =2F = Fly i = Fluonas
Expand with y = 1672 N/)\ to get [Beccaria, Korchemsky, Tseytlin; 2210.13871]

F=(N+3+2mp)(N+ 1+ 2my)log (@ + 8log 2) -
log[G(N + £ +2mp)) G(N + I + 2m))] — % log(16m) — 2m(z) log(87) — 8mpy log(4)

+N[8log G(3) — 2logm — 8ma)(1+7)] — (% + 3M) + M) (167;\2'\’ + 8Iog2)
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The Toda equation

Matrix models with single trace potential —ytr(X?) + V/(X) obey
2
log (_6YF) =2F - F|N'—>N+1 = Flyon
EXpand Wlth Yy = 167'('2 N/)\ to get [Beccaria, Korchemsky, Tseytlin; 2210.13871]

F = (N+ 3 +2me)(N + } +2me)) log (125 ) -

log[G(N + 2 + 2m(2)) G(N + I +2m(y))] — 1 log(16m) — 2myy) log(87) — 8m(22) log(4)
2

+N[8log G(3) — 2log ™ — 8mpy(1 -+ )] — (5 + Smey + Smiw) (2052
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The Toda equation

Matrix models with single trace potential —ytr(X?) + V/(X) obey
2 —
log (_6YF) = 2F = Fly i~ Fluowas
EXpand Wlth Yy = 167'('2 N/)\ to get [Beccaria, Korchemsky, Tseytlin; 2210.13871]
2
F = (N+ 3 +2me)(N + } +2me)) log (125 ) -
log[G(N + 2 + 2m(2)) G(N + I +2m(y))] — 1 log(16m) — 2myy) log(87) — 8m(22) log(4)
2
+N[8log G(3) — 2log ™ — 8mpy(1 -+ )] — (5 + Smey + Smiw) (2052
Derivatives for constraining the correlator are now

2
0% Fluo = 327“/\/ 4 6log A — 16log 2+ 3F(N) + O(e ", &)

— 07,07, Flumo = 2log A\ + F(N) + O(e ", e™?)
=011 01303014 F | =0 = O(eiNv ei/\)
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Reproducing the Veneziano amplitude

16N2/[%H1 — éH35v + %:"’35c + %H35s + %H;;oo] =8log A+ 4f(N) + O(e_N, e_A)
3272N
A
3272N

16N2/[%H1 + %H35v - éH35c + %H35s + %H:mo] = — 16log 2 4 same

16N2/[%H1 + §H35v + %H35c — éH35s + %Hmo] = — 16log 2 4+ same
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Reproducing the Veneziano amplitude

16N2/[%H1 — éH35v + %H35c + §H35s + %Hmo] = 8|og)\ + 4f(N) + O(E_N, e_A)
32m°N
A
32m°N

16N2/[1H1 + 2H35v — l:"’35c + gH35s + @H:mo] = — 16log 2 4 same
2 9 9 9 21

16N2/[%H1 + §H35v + %H35c — éH35s + %Hmo] = — 16 |0g2 + same

Tree level and first higher derivative correction are
2 V(s,t,A)

ML) =~ (o= g (T T T T7) + crossed

V(s,t,A)zl—%@(s_z)(t_z) +...
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Reproducing the Veneziano amplitude

16N2/[%H1 — éH35v + %H35c + §H35s + %Hmo] =8log A+ 4f(N) + O(E_N, e_A)
32m°N
A
32m°N

16N2/[1H1 + 2H35v — l:"’35c + gH35s + @H:mo] = — 16log 2 4 same
2 9 9 9 21

16N2/[%H1 + §H35v + %H35c — éH35s + %Hmo] = — 16 |0g2 + same

Tree level and first higher derivative correction are

MABP (s t) = f% {7( ‘1(255(2 /1)2) tr(TATPTCTP) + crossed
V(s,t,A)zl—%@(s_z)(t_z) +...

—1
5t>—r{ ZA } / dp B2 =45 e A2s, 261)

Flat limit (penedones; 1011.1485] gives 1 — Egs]r[l — Egt]/r[l — EE(S + )
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Reproducing the Veneziano amplitude

16N2/[%H1 — éH35v + %:"’35c + %H35s + %H;;oo] =8log A+ 4f(N) + O(e_N, e_A)

327N
16N2/[%H1 + %H35v - éH35c + %H35s + %H:mo] = 7;\ — 16log 2 4 same

3272 N

16N2/[%H1 + §H35v + %H35c — éH35s + %Hmo] = — 16 |0g2 + same

Tree level and first higher derivative correction are

V(s,t,A)zl—%@(s_z)(t_z) +...

-1
1 d o0 I A _d_q _
M(s,t)—rLE A,z} /0 dp B2 =ifi—2 1P A(28s, 23t)

Flat limit (penedones; 1011.1485] gives 1 — Egs]r[l — Egt]/r[l — EE(S + )
M{\BCD — M()ABCD + b4[6A86CD5 + 5AD5BCt + 5AC58DU]

+ b5[fACEfEBD(t . 2) + fADEfEBC(u o 2)]
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Reproducing the Veneziano amplitude

16N2/[%H1 — éH35v + %:"’35c + %H35s + %H;;oo] =8log A+ 4f(N) + O(e_N, e_A)

327N
16N2/[%H1 + %H35v - éH35c + %H35s + %H:mo] = 7;\ — 16log 2 4 same

3272 N

16N2/[%H1 + §H35v + %H35c — éH35s + %Hmo] = — 16 |0g2 + same

Tree level and first higher derivative correction are

ABCD 2 V(s t,\) A 1B —1C 4D
"t (TOT°TETY) + d
M (s,t) = N {(s (- 2) tr( ) + crosse
192¢(3)

V(s,m):1—%(2)(5—2)&_2)4r el (s = 2)(t-2)(u-2) + ..

-1
1 d o0 I A _d_q _
M(s,t)—rLE A,z} /0 dp B2 =ifi—2 1P A(28s, 23t)

Flat limit (penedones; 1011.1485] gives 1 — Egs]r[l — Egt]/r[l — EE(S + )
M{\BCD — M()ABCD + b4[6A86CD5 + 5AD5BCt + 5AC58DU]

+ b5[fACEfEBD(t . 2) + fADEfEBC(u o 2)]
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Which coupling to fix?

2
Since A = g3y N (really 5425 ), we can consider

2 log2/2m2
Fixed A: Fixed 7:
o Keep residues o Keep residues
o Keep O(e*ﬁ) arcs o Neglect O(e*m) arcs
o Neglect O(eN) instantons o Keep O(€?™7) instantons
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Which coupling to fix?

2
Since A = g3y N (really 5425 ), we can consider

2 log2/2m2
Fixed A: Fixed 7:
o Keep residues o Keep residues
o Keep O(e*ﬁ) arcs o Neglect O(e*m) arcs
o Neglect O(eN) instantons o Keep O(€?™7) instantons

Theory has SL(2,7Z) duality group acting as [seiberg, Witten; 9408099 :
S: T —=1/7 & 35, < 35, & Fuv & Fe,
T: T—=T+1 & 35, < 354 & Fe > Fs.
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Which coupling to fix?

2
. ) gYMN .
Since A = gyy N (rea//y T2 |og2/27r2)’ we can consider

YM

Fixed A: Fixed 7:
o Keep residues

o Neglect O(e*m) arcs
o Keep O(€?™7) instantons

o Keep residues
o Keep O(e*ﬁ) arcs
o Neglect O(e") instantons

Theory has SL(2,7Z) duality group acting as [seiberg, Witten; 9408099 :
35, <> 35, & Fv & Fe,

S: T =1/ &
Fee Fs.

T : T—T+1 & 35, < 35, &

Fu=8log\+4f(N) + O(e N, e™?)
327N

Fe — 16log2 + same

32m2N

Fs = — 16log 2 + same
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Which coupling to fix?

2
i = g2 _ &wlN :
Since A = gyy N (rea//y T2 |og2/27r2)’ we can consider

YM
Fixed A: Fixed 7:
o Keep residues o Keep residues
o Keep O(e*ﬁ) arcs o Neglect O(e*m) arcs
o Neglect O(eN) instantons o Keep O(€?™7) instantons

Theory has SL(2,7Z) duality group acting as [seiberg, Witten; 9408099 :

S: T —1/7 pas 35, < 35, & Fuv & Fe,
T : T—=T+1 & 35, +> 35, & Fe e Fs.

Fy = 8log(87N) —8log ™ + 4f(N) + ...

272N
7= 7; ~ 16log2 + 8log(8N) — 8log 7> + 4F(N) + ...

32m2N

—16log2 + 8log(8wN) — 8log o + 4f(N) + ...

Fo=
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Which coupling to fix?

2
i = g2 _ &N :
Since A = gy N (rea//y a2, |og2/27r2>’ we can consider

Fixed 7:
o Keep residues
o Neglect O(e‘m) arcs
o Keep O(€?™7) instantons

Fixed \:
o Keep residues

o Keep O(e‘ﬁ) arcs
o Neglect O(e™") instantons

Theory has SL(2,7Z) duality group acting as [seberg, Witten; 940809] :
35, <> 35, = Fu < Fe,

S: T =1/7 &

T: T—=T1+1 & 35. < 35 & Fe > Fs.
Fy = 8log(87N) — 8log[r|63(7)0a(7)[?] + 4F(N) + O(e™")
Fe = 8log(87N) — 8log[r|02(7)03(7)|?] + 4F(N) + O(e™ V)

Fs = 8log(87N) — 8log[r2|03(7)04(7)|?] + 4 (N) + O(e™ ")
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Overview of the instanton calculation

Defining quv = €2™ITUV | |Nekrasov; 0206161] [Nekrasov, Shadchin; 0502180 found

Zinst(Xa Tuv, /1') = Z qlkJVZk(Xa /1’)
k=0

Lk/2]
d
2 = [ ] Sova(6. 02005 16.0)
I=1
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Overview of the instanton calculation

Definin = @2MITUV | |Nekrasov; 0206161] [Nekrasov, Shadchin: 0502180] found
uv

Zinst(Xa Tuv, /1') = Z qlkJVZk(Xa /1’)
k=0

Lk/2]
d
2 = [ ] Sova(6. 02005 16.0)
I=1

As with [Alday, Gaiotto, Tachikawa; 0906.3219] [Hwang, Kim, Kim, Park; 1406.6793] ,

|Zinst(X>TUV7M)|2 = ‘Zinst(X»Tv /1')‘2/|Zextra(xa7—7/~")|2
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Overview of the instanton calculation

Definin = @2MITUV | |Nekrasov; 0206161] [Nekrasov, Shadchin: 0502180] found
uv

Zinst(Xa Tuv, /1') = Z qlkJVZk(Xa /1’)
k=0

Lk/2]
d
2 = [ ] Sova(6. 02005 16.0)
I=1

As with [Alday, Gaiotto, Tachikawa; 0906.3219] [Hwang, Kim, Kim, Park; 1406.6793] ,

|Zinst(X>TUV7M)|2 = ‘Zinst(X»Tv /1')‘2/|Zextra(xa7—7/~")|2

Imposing USp(2) = SU(2) fixes Zeytra for N = 1 [Holiands, Keller, Song; 1012.4468] .
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Overview of the instanton calculation

Definin = @2MITUV | |Nekrasov; 0206161] [Nekrasov, Shadchin: 0502180] found
uv

Zinst(Xa TUuv, /1') = Z qlijZk(Xa /1’)
k=0
Lk/2]
d
2 = [ ] Sova(6. 02005 16.0)
I=1

As with [Alday, Gaiotto, Tachikawa; 0906.3219] [Hwang, Kim, Kim, Park; 1406.6793] ,

|Zinst(X>TUV7M)|2 = ‘Zinst(X»Tv /1')‘2/|Zextra(xa7—7/~")|2

Imposing USp(2) = SU(2) fixes Zeytra for N = 1 [Holiands, Keller, Song; 1012.4468] .

0(7/2)* . 7K(1— q%,/16)
2 =161 & gir=-——_JUV/ )
v = /2y 2K (a3 /16)

UV/IR relation in [Douglas, Lowe, Schwarz; 9612062] iS reproduced.
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Testing the extra contribution

Numerical localization inputs for USp(4) to two instantons:

30 14.5
2 14.0
=20 v s v
= c R S I
K 15 s & s
13.0
10
- 12.5
)
: e 12.0F = = i e
02 03 04 05 06 07 08 09 1.0 i s s e €T
i/T T
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Testing the extra contribution

Numerical localization inputs for USp(4) to two instantons:

30 14.5
% 14.0
=20 v s v
o) c o Iy
R 15 s ) s
13.0
10
- 12.5
5
: y - N 12.0% T T i in
02 03 04 05 06 07 08 09 1.0 i e es et e
i/T T

Function which matches modular ansatz up to two instantons:

109
Zextra—l_ngHA+q ?—3177 _2ZHAHB+32HMA
A=1 A<B
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Further directions

@ Understanding how to incorporate more than two instantons is
conceptually important and can help other approaches such as
the numerical bootstrap [Chester, Dempsey, Pufu; 2111.07989] .

@ Coulomb branch 3pt functions can be computed in the near future
[Bissi, Fucito, Manenti, Morales, Savelli; 2112.11809] and perhaps 4pt functions
(despite long multiplet exchange) later on.

@ Strongly coupled Argyres-Douglas CFTs and perhaps their 4d
N = 2 S-folds [Apruzzi, Giaocomelli, Schafer-Nameki; 2001.00533] Will be on the
table if non-Lagrangian versions of these methods are worked out.

Connor Behan Sikkim University seminar



Further directions

@ Understanding how to incorporate more than two instantons is
conceptually important and can help other approaches such as
the numerical bootstrap [Chester, Dempsey, Pufu; 2111.07989] .

@ Coulomb branch 3pt functions can be computed in the near future
[Bissi, Fucito, Manenti, Morales, Savelli; 2112.11809] and perhaps 4pt functions
(despite long multiplet exchange) later on.

@ Strongly coupled Argyres-Douglas CFTs and perhaps their 4d
N = 2 S-folds [Apruzzi, Giaocomelli, Schafer-Nameki; 2001.00533] Will be on the
table if non-Lagrangian versions of these methods are worked out.

Thank you!
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