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Narrative

Holographic CFTs simplify for N > 1 degrees of freedom.

Operator spectrum well described by single- and multi-traces.

AdS M
Conf. symm.  Flavour symm. R symm.

“Solving” at ﬁ means computing single-trace 4pt functions.

More SUSY = more protected operators.
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The first holographic 4pt function

In N/ = 4 SYM, single-trace superconformal primaries are p index
traceless symmetric tensors of SO(6)r with A = p and £ = 0:

Op(x,t) = O i ()t ... t?, t-t=0.

A

Connor Behan String seminar
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The first holographic 4pt function

In N/ = 4 SYM, single-trace superconformal primaries are p index
traceless symmetric tensors of SO(6)r with A = p and £ = 0:

Op(x,t) = O;y i (X)t" ... th, t-t=0.

2 2 2 2
X715 X: XX
In terms of U = &3¢V = 24783 3pd g = fsfes - — hafs.

X13%24 X13%24 tiatsa’ ' T tiatss”
tin\" [ tza\?
(0p0,0,04) = < 5 > — | G(U,V;o,7).
X12 X34

Slmp|est case iS pP=4q= 2 [D'Hoker, Freedman, Mathur, Matusis, Rastelli; 9903196] .

GW.Vier) = [ AUV M T [55)7T[5 T [52]°

—t
2 2
M(s, t;o,7) = M(s, t;0,7) + 7'2./\/15 (t,s; %7 %) +U2Ms (u7 t %’ 5)
Mo, tia,7) = — L L= D= B (= s+ 20+ (u= (s +2)r
T _
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Degeneracy between theories

Background is AdSs x S° for SU(N).
Other gauge groups require AdSs x S°/Zy (witten; 080511 .
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Degeneracy between theories

Background is AdSs x S° for SU(N).
Other gauge groups require AdSs x S°/Zy (witten; 080511 .

Odd p modes are no longer present.
Even p modes have same correlators at tree-level but not one loop.

What about using S°/Z to delete more values of p?

Not consistent with SO(6)g but t = [¥3X, Y=X] breaks it to SU(3)r.

Single 4pt function turns into many:
03 = 0?1,1] + 0[21,110[2,010[072] + 0[22,010[20,2]-

These belong to 4d N' = 3 SCFTs when k = 3,4, 6.
Construction in [Garcia-Etxebarria, Regalado; 1512.06434] USES S—folds.
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Degeneracy between theories

4d N = 2 SCFTs provide a simpler starting point.
Realized on D3s probing singularities [anarony, Fayyazuddin, Spalinski; 9805096 -

S-folds of these constructed in [Apruzzi, Giaocomelli, Schafer-Nameki; 2001.00533] .
Flavour factor of SU(2), for k < 2 breaks to U(1), for k > 2.

Bulk now includes gauge fields switched on by 1/c, leading to e.g.

MhbBl (s 1 o) = fhbs gty 04— U+ a(t+u—8)
s T cy 5—2

along with (a _ 1)2M£3I2lll4 (t7 5 )v a2M§4/2/3I1 (U, t: é)
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Degeneracy between theories

4d N = 2 SCFTs provide a simpler starting point.
Realized on D3s probing singularities [anarony, Fayyazuddin, Spalinski; 9805096 -

S-folds of these constructed in [Apruzzi, Giaocomelli, Schafer-Nameki; 2001.00533] .
Flavour factor of SU(2), for k < 2 breaks to U(1), for k > 2.

Bulk now includes gauge fields switched on by 1/c, leading to e.g.

_ flllZJfJ1314£4 —u+a(t+u—238)

MhEBl (s ¢
$ s tia) ¢y s—2

along with (a _ 1)2M£3I2lll4 (t7 s: (x1>v a2M§4/2/3I1 (U, t: é)

o—

Tree-level correlators (any k) computed in [Aiday, CB, Ferrero, Zhou; 2103.15830] .
First one-loop k = 1 correlator in [auday, Bissi, Zhou; 2110.09861] .
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@ Review of S-fold theories

@ Consequences for kinematics of local operators
© Analytic bootstrap techniques

@ Anomalous dimensions at one loop

© Future directions
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4d N = 2 backgrounds

D3 A=(1,0) Gk v
B = (3,1)

€= Ao | 1/3
Cs A1 1/2
A 2/3

C1xCa 8d G SYM 2 /

Z D4 1

10d IIB SUGRA

Es | 4/3
E; | 3/2
E | 5/3
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4d N = 2 backgrounds

D3

Ci x Co 8d G SYM

10d IIB SUGRA

ds? = dsAdS5 + d¢? + (2—”) cos? ¢pdh? + sin? ¢d553

SO( )R—>SU( )LXSU( )RX U( )
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4d N = 2 backgrounds

D3

Ci x Co 8d G SYM

10d IIB SUGRA

ds? = dsAdS5 + d¢? + (2—”) cos? ¢pdh? + sin? ¢d553

SO( )R—>SU( )LXSU( )RX U( )

Consider single-trace ops localized on 7-brane.

/ by...bp—
AL(x,y) = ZAWT = G P
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4d N = 2 backgrounds

> A =(1,0) Gr | v
B =(3,1)
c=an Ao | 1/3
Cs A1 | 1/2
A | 2/3
Ci xCo 8d G SYM 2 /
Z D4 1
10d IIB SUGRA
Es | 4/3
24 (2 2
ds® = dsAd55 +do* + (7’/) cos? pdf? + sin® qbdssg E | 3/2
S0(6)g — SU(2)y x SU(2)g x U
(6)r (2) (2)r x U(1)r g | 5/3
Consider single-trace ops localized on 7-brane.
AI X y ZADJT = C:l bpilel <o Xp,
Primary and descendant spins are (ji,jr) = (252, 2) @ (2, 252).
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4d N = 2 backgrounds with S-folds

D3

0w
o

CixCs 8d G SYM

NN

10d IIB SUGRA
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4d N = 2 backgrounds with S-folds

D3

A =(1,0)
B =(3,1)
Cc=(1,1)
2mi
Cs z] ~ e+721
_2mi
Zy ~ € k Zp
Cix Gy 8d G SYM 5
4 <
& Z3 ~ € k Z3
10d IIB SUGRA T~gT

ds? = dsjgs, + d0° + (%5¢)" cos® 9d6? + sin® oy,

71 = x3 + ixg = cos 3e',  zo = x1 + ixo = sin Be'¥
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4d N = 2 backgrounds with S-folds

D3

A =(1,0)
B =(3,1)
C=(11)
2mi
Cs zZ1 ~ e+ k z1
_2mi
Zy ~ € k Zp
Cix Gy 8d G SYM 5
+ T
& Z3 ~ € k Z3
10d IIB SUGRA T~gT

ds? = dsjgs, + d0° + (%5¢)" cos® 9d6? + sin® oy,

71 = x3 + ixg = cos 3e',  zo = x1 + ixo = sin Be'¥

Observe transformation of spherical harmonics

Q1...0p—2;@1...0p B _ . — K
c Xondy - - Xap_2dp_zr  Xad = XuOpg

under (w,®) ~ (w+ 2F, & — 2T).
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S-fold theory data

If spherical harmonics for irrep p are labelled by |m;| < pT_2 and
|mgp| < §, they survive the S-fold if and only if k|2m,.
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S-fold theory data

If spherical harmonics for irrep p are labelled by |m;| < pT_2 and
|mgp| < §, they survive the S-fold if and only if k|2m,.

Central Charges knOWn from [Giaocomelli, Meneghelli, Peelaers; 2007.00647] .

Sg\,llz GF Cy cr

SO | USp(2) x U(L) | 3(BN+1) | 90N+ ...
SE'Z',)Z USp(4) x SU(2) | 3(12N +1) | 120N% + ...
St USp(8) 36N +1) | 180N2+ ...
55\?',)3 u(1) 0 120N2 + . ..
SH SU(3) 3(6N+1) | 180N2 + ...
Shs SU(2) 3(6N +1) | 180N2 + ...
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S-fold theory data

If spherical harmonics for irrep p are labelled by |m;| < pT_2 and
|mgp| < §, they survive the S-fold if and only if k|2m,.

Central charges known from  [giaocomelli, Meneghelli, Peelaers; 2007.00647] .

Sg\,llz GF Cy cr

SO | USp(2) x U(L) | 3(BN+1) | 90N+ ...
SE'Z',)Z USp(4) x SU(2) | 3(12N +1) | 120N% + ...
St USp(8) 36N +1) | 180N2+ ...
35\?',)3 u(1) 0 120N2 + . ..
SH SU(3) 3(6N+1) | 180N2 + ...
Shs SU(2) 3(6N +1) | 180N2 + ...

Related theories with different Coulomb branch : Sg\lz — Téf\,l() — SéNk_ DO
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Correlation functions

Saturate all indices except the adjoint one for Gf.

O;,(X; v, V) = Oél (x)vo .. v®e-2g® gl

—Qp—2;01...Qp

__ Vi3Vog __ Vi3vos - _ _ 5.
In terms of v = {8324 § = 3% and U = zZ,V = (1 — 2)(1 - 2):

_ 1P T 14
hmyb s\ _ | v % p—2 q—2 ~hhhl 5.
(opopokol) = | 2|" 2] v 2vi 26 hbh (2, 2.0, 8).

X12 X34
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Correlation functions

Saturate all indices except the adjoint one for Gr.

I(,. =\ — Ml o Qi 50 =0
Oi(x;v,7) =0, Y A VA A

J 0000 B 42 (X)

— Vi3 — Vizvog - >3 — (1 — — 7):
In terms of o = {1324 3 = %% and U = zz,V = (1 — 2)(1 - 2):

ohokobol) = [22] " o
i i - - Y A B% 2

] 2jo+2
X2 X34

Vi vir G842, 2,0, ).
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Correlation functions

Saturate all indices except the adjoint one for Gr.

) . =\ — i o1 Qi =0 =Qj12
Oi(x;v,7) =0, A N A

J 0000 B 42 (X)

— Vi3 — Vizvog - >3 — (1 — — 7):
In terms of o = {1324 3 = %% and U = zz,V = (1 — 2)(1 - 2):

ohokobol) = [22] " o
i i - - Y A B% 2

] 2jo+2
X2 X34

Vi vir G842, 2,0, ).

Superblocks contain < 20 bosonic blocks but they also solve
(282 — Oéaa) G‘azz_lz 0 [Dolan, Gallot, Sokatchev; 0405180] [Nirschl, Osborn; 0407060] .
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Correlation functions

Saturate all indices except the adjoint one for Gr.

(v, 5\ = Ml Qo) 501 Z002j4+2
Oi(x;v,7) =0, vou gt v

J ...agj;o_tl...o_zgj+2 (X) Val ttt

— Vi3 — Vizvog - >3 — (1 — — 7):
In terms of o = {1324 3 = %% and U = zz,V = (1 — 2)(1 - 2):

242 o 12042 o o
h b A la\ _ | Vo V34 2j1 . 2j2 bzl =
<OJIOJIOJZOJ2> = |:7:%2 7?%4 V12 V34 G (Z, Z, 067/8)

Superblocks contain < 20 bosonic blocks but they also solve
(282 — Oéaa) G‘azz_lz 0 [Dolan, Gallot, Sokatchev; 0405180] [Nirschl, Osborn; 0407060] .

1—az)f(2) - Z(1 — az)f(2) n H(z,z; a)

o
G(z,z;a) - _ 3 1-az) (1 -az)!

Long multiplets contribute one U 'ga 2¢(U, V)Y;(a) to H(U, V; ).
A Four such terms for A/ = 3 [Lemos, Liendo, Meneghelli, Mitev; 1612.01536] -
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Correlation functions

Blocks have simple expressions in 4d.

kn(z) = z"2F1(h, h; 2h; 2), Vi(a) = k_j(a™t)

gnil(z,2)= -2 [k%g (#hazg2(2) ~ (2 2)]
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Correlation functions

Blocks have simple expressions in 4d.
kn(z) = z"2F1(h, h; 2h; 2), Vi(a) = k_j(a™t)

22 [k%g(z)kw(f) “ze 2)]

gAJ(Z,Z) =

Next step is to project out U(1); components from

< il ( Vi ) OJz ( V2 ) OJs ( V3 )> J1 J2:J3 V{12+J2 B Vl2 i VB h _J2
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Correlation functions

Blocks have simple expressions in 4d.

kn(z) = z"2F1(h, h; 2h; 2), Vi(a) = k_j(a™t)

gnil(z,2)= -2 [k%g (#hazg2(2) ~ (2 2)]

Next step is to project out U(1); components from

(O3(1) O, (v2)Op(%8)) = G iz g™ 0

Use binomial theorem thrice on v;; = v,-+vj_ -V \/J.Jr to get
ht+i2—1 R2ti3—N Bti— 1#
; ity 4 oy ) \ b ¢y, ) \ i - oy, ) )
ij

mip —m31 = my, M3 — Mi2 = M2, M31 — M3 = M3.
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Correlation functions

To project (O}, 0}, O0j,) down to (Ojy,m, Oy m, Oj,ms), replace the
tensor structure viy 2B VIEIBTBTATE yitp

\/(Jl +h—p)Wt+is—a)+ia—p) [ 2 J3
1
(2/1)1(222)1(2j3)! 01 + 2 +j3 + 1)1 R
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Correlation functions

To project (O}, 0}, O0j,) down to (Ojy,m, Oy m, Oj,ms), replace the
tensor structure viy 2B VIEIBTBTATE yitp

(2)1(22)M23) (1 +jo +jz + 1)1 m my m3

\/(Jl+12—J3 Wo+ia—i)liz+a—p) [ 2 B

Use this rule twice on each Gj j, j, G j,.jo Yo () appearing in
tree-level 4pt functions of (aiday, cB, Ferrero, Zhou; 2103.15830] .
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Correlation functions

To project (O}, 0}, O0j,) down to (Ojy,m, Oy m, Oj,ms), replace the
tensor structure viy 2B VIEIBTBTATE yitp

h+i—p)e+i—a)B+a—pt [0 22 B
(2)N22)' 2 +2+ B+ N\ my ms

Use this rule twice on each Gj j, j, G j,.jo Yo () appearing in
tree—level 4pt fU nctions Of [Alday, CB, Ferrero, Zhou; 2103.15830] .

Vip(B) o< (85 - 96)* (O} (v1) O (v2) Ojy (v6)) (O (v6) s (v3) Oy (va))

A For groups broken to nonabelian subgroups, each harmonic
polynomial will yield further polynomials instead of pure numbers.
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Analytic bootstrap techniques

If Ay = Affg + cj_ly,(:g +...and a,/ = a( ) ,t ¢ 135712

0 11 0) (1
ancne = H0Bag ) [+ dnion s,

n,

e Ao (1) (0).(2) (0) (1 )282
+C3|:anf+< nffynf nZ’.}/né)8 +a A/nk 2A gAf,OM
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Analytic bootstrap techniques

If Ay = Affg + cj_ly,(:g +...and a,/ = a( ) ,t ¢ 135712 ,

0 11 0) (1
an,ngmg,f = aEl,l?gA(OZ’[ + Cf_] |:a£l,l2 ( l?fy[(‘lé)a ] gA 0

)
n,l’g

1 1) (1 0)_(2 1)2 04
# 2 [+ (A A a4 o

Leading |Og iS Specia| [Aharony, Alday, Bissi, Perlmutter; 1612.03891] .
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Analytic bootstrap techniques

If Apy = Affg + cjly,(:g) +...and a,/ = a( ) ;T ¢ 135712 )

0 1 7a 0)_(1
an (88 0t = a(n,ggAw; ety [a(nz? A Ind ] EING

n,“
e Ao (1) (0).(2) (0) (1 )282
+C3|:anf+< nffynf nZ’.}/né)8 +a A/nk 2A gAf,OM

Leading |Og iS Specia| [Aharony, Alday, Bissi, Perlmutter; 1612.03891] . Equivalently,

A A AN

A=Dne A-AY A-nY) (a-al)y
L[ a2 a0 )l
Ga-n0 " @ a0p T@a-ap "
J T Sy ( - n,Z) ( - n,é)

determined by Lorentzian inversion formula [caron-Huot; 1702.00278] .
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Analytic bootstrap techniques

If Apy = Affg + cjlv,(:g) +...and a,, = a(og + c]lasg +...,

n,

0 1 1 0) (1
ancne = H0Bag ) [+ dnion s,
1T @, (0.0, (0.2 (0)_(1)204
+ :3 |:an,€ + (an,ffyn,f + an,ZfYn,é) On + antIne o

> | 8a0

INA

Leading |Og iS Specia| [Aharony, Alday, Bissi, Perlmutter; 1612.03891] . Equivalently,

ame A L[ e . 3
A=Boe A=A o |a-a0) (a-a0)2
1 [ ) B VR 2 S o
2 ) OIS Oy | T
J A Anl (A - An,@) (A - An,é)

determined by Lorentzian inversion formula [caron-Huot; 1702.00278] .
Yields closed form holographic CFT data [Alday, Caron-Huot; 1711.02031] .
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Analytic bootstrap techniques

Double log has a double discontinuity around z = 1 defined by

dDisc[G(z,3)] = G(z, ) — %Go(z,f) _ %Go(z,z).
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Analytic bootstrap techniques

Double log has a double discontinuity around z = 1 defined by
1 1
dDisc[G(z,2)] = G(z,Z2) — EGO(Z,Z) - EGO(Z,Z).

Extract a%, 3537,(7712, etc by applying

1 -
C(A,Z)oc/ dzdz
0

=12
z—2Z . _
22| 25 ge+3.n-3(z,2)dDisc[G(z, Z)].
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Analytic bootstrap techniques

Double log has a double discontinuity around z = 1 defined by
1 1
dDisc[G(z,2)] = G(z,Z2) — EGO(Z,Z) - EGO(Z,Z).

Extract a%, 3537,(7712, etc by applying

1 - 2
C(A,Z)oc/ dzdz
0

gg.|_37A_3(Z7 f)dDiSC[G(Z, 2)]

z—z

72 72

Need > 1 correlators [aiday, Bissi; 1706.02388] [Aprile, Drummond, Heslop, Paul; 1706.02822] .

(48 (00 1 (59
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Analytic bootstrap techniques

Double log has a double discontinuity around z = 1 defined by
1 1
dDisc[G(z,2)] = G(z,Z2) — EGO(Z,Z) - EGO(Z,Z).

Extract a%, 3537,(7712, etc by applying

1 -
C(A,Z)oc/ dzdz
0

72 72

=12
zZ—Z

zz

gg.|_37A_3(Z7 f)dDiSC[G(Z, 2)]

Need > 1 correlators [aiday, Bissi; 1706.02388] [Aprile, Drummond, Heslop, Paul; 1706.02822] .

(48 (00 1 (59

[Alday, Chester, Raj; 2005.07175]

[Ferrero, Meneghelli; 2103.10440]
[Alday, Chester, Raj; 2107.10274]

—
—

[Alday, Bissi, Zhou; 2110.09861]
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For <Oj@j0j0j>,

a—1)U/ V¥

GIlIZI314(U, V; a,ﬁ) _ 5111261314 + (aU)2j+2/82j6l1I351214 + [( (/B 1)_2j 5lll461213
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For <Oj@j0j0j>,
hhhly . _ shhghla 2j42 p2j chiz shls [(Oc — 1)U/ V]2j+2
G (U, Vi, B) =026 + (aU)? T B7 65362 + B-1)2

2j 2j—1

hhbl_ = 2 I I+m41 =2j—m+1 ¢l
H”“(z,z;a,ﬁ):ﬁjg o E ZtmLz2—milshis shla
- =

(1-3 )2, 2 2j—1 I+m+1 5 2j—m+1 o
- 7 — 114 §1213
te-DE-1 21 O‘)Z(z—1) (2—1) oo,

shla gl

Connor Behan String seminar



For <Oj(9j0j0j>,
hhhly . _ shhghla 2j42 p2j chiz shls [(Oc — 1)U/ V]2j+2
G (U, Vi, B) =026 + (aU)? T B7 65362 + B-1)2

2j 2j—1

hhhil, = 2j ! I 1=2j— 1chihs chl,
H”“(z,z;a,ﬂ):ﬁJE a} Z+m+ZJ m+513524
— m—

(1_ )2,- 2j 2j—1 I+m+1 5 2j—m+1 o
- 7 —_ 114 §1213
te-DE-1 Z (1 O‘) (z—l) (2—1) oo,

Pull out Yo(a)Vo(5) and R, component. Referring to [cvitanovic; o] ,
pkllhghis gl — dim(GF)Ph'2|'3"‘Ph"‘“z"" = dim(Gr)(F.)".

sing

shla gl
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For <Oj(9j0j0j>,
1 hl3la b sl3la j j shiz shla a— 1)U/ VP
GII,I(U, V;a,ﬁ):5”6” +(CMU)21+2/8216/I5I/ +[( (5_)14_2]

2j 2j—1

hhhil, = 2j ! I 1=2j— 1chihs chl,
H”“(z,z;a,ﬂ):ﬁJE a} Z+m+ZJ m+513524
— m—

i 2j 2j—1 I+m+1 = 2j—m+1
(1-p)% z by st
+(z—l)(Z—l 170‘)2 z—1 z-1 oo,

Pull out Yo(a)Vo(5) and R, component. Referring to [cvitanovic; o] ,
pkllhghis gl — dim(GF)Ph'2|'3"‘Ph"‘“z"" = dim(Gr)(F.)".

sing

shla gl

. sing  _= 2 2j+15l _ 52441,
Ha(z,7) = dim(Gg)(F:);"™ zz [ z -z
|=!

2/+1 z-z [+1

2j+1 =/ S2j4+1_1
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_ r(h)? [tdz Vdz ky(2) . .- _
ca(h, h) = 1.2 /o Z2k1_h(z)/0 57 /_7"( ilesc[(z — z)H,(z,2)]
2
A—/ r(h)? - A+0+42
h= —— = =
> =gy b 2
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Eﬂﬂ@llllllllllllll

Ny ——

1
2

ca(h

B (k) - A+0+2
h:T7 r()—m, h:f.

Defining h = 2j + n+ 2, h = 2j + n+ ¢ + 3, GFF coefficients are

<a(0)>u) _ 2dim(Gg)(F:)i"  (h — 2j — 1)aj2r(h) h(h—1) — h(h — 1)
a0 (2 +1)"  (h—2j —1);i,r(h)~* h(h—1)h(h—1)

for (0,0;0,0))
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Eﬂﬂ@llllllllllllll

Ny ——

Ca 1
2

B (k) - A+0+2
h:T7 r()—m, h:f.

Defining h = 2j + n+ 2, h = 2j + n+ ¢ + 3, GFF coefficients are

<a(0)>u) _ 2dim(Gg)(F:)i"  (h — 2j — 1)aj2r(h) h(h—1) — h(h — 1)
a0 (2 +1)"  (h—2j —1);i,r(h)~* h(h—1)h(h—1)

for (0,0;0,0))

<a(°)>j:; = (14 Ompo) <J + 2) < (°)>j:’e

for (O} mOj,—mOj,mOj,—m)-




Trustworthiness of low spins

S

Soft behaviour in Regge limit (s — oo for fixed t) is required to
drop the arcs.
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Trustworthiness of low spins

S

Soft behaviour in Regge limit (s — oo for fixed t) is required to
drop the arcs.

In Lorentzian CFT take z = wo, Z = w/o and w — 0 for fixed o
[Costa, Gongalves, Penedones; 1209.4355] .
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Trustworthiness of low spins

S

Soft behaviour in Regge limit (s — oo for fixed t) is required to
drop the arcs.

In Lorentzian CFT take z = wo, Z = w/o and w — 0 for fixed o
[Costa, Gongalves, Penedones; 1209.4355] .

1—

Critical Spin from G~(WO'7 W/O') ~ W L [Maldacena, Shenker, Stanford; 1503.01409] .
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Me”in amplitudes in [Alday, CB, Ferrero, Zhou; 2103.15830] eXpreSSGd using “SUpel'
Witten diagram” S;(s, t; o).

Mhlz,314(57 tia, ) = fhkl bl Z Cfl»szcjs,Jthj(B)Sj(sv t;a)

j
+ (t — channel) + (u — channel) + (contact)
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Me”in amplitudes in [Alday, CB, Ferrero, Zhou; 2103.15830] eXpreSSGd using “SUpel'
Witten diagram” S;(s, t; o).

Mhlz,314(57 £ a, ﬁ) = fhbJ gl Z Cfl»szCJ'a,jmjyj(B)Sj(sv t; a)

j
+ (t — channel) + (u — channel) + (contact)

For (0o0e0;0;), this is {1 —a(1+0-V)+ azlj} o Mhkhli(s, t) with

hhJgdhl, Ilad b1
M’1/2/3l4(5 t): 24 |: fhllfJish fhld fibls
) (S_

o(2))! u—-2-4) (t—2j—2)(u—2j—4)
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Me”in amplitudes in [Alday, CB, Ferrero, Zhou; 2103.15830] eXpreSSGd using “SUpel'
Witten diagram” S;(s, t; o).

Mhlz,314(57 tia, ) = fhkl bl Z Cfl»szCJ'a,jmjyj(B)Sj(sv t;a)
J

+ (t — channel) + (u — channel) + (contact)

Fm(@&%@ﬂm,mﬁb{lfaﬂ%lij)+a%ﬂoﬁmmkWat)mm

.//\-\/ljlllzf3l4(5’ t) —

24 f‘/1/2JfJ/3I4 fI1I4JfJI2I3
a(2))! {(S ~2)(u-2-4) (t-2-2)(u-2-4

Only the pole at t = 2j + 2 can give a double discontinuity.

H(U V) = [ UV G, o [ [ [ g
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First order

Defining h=n+2,h=n+¢+3 and
Rp(h) T(h—b-1)

r(hy T(h+b+1)
weighted averages of anomalous dimensions are
Usm) G)
(0)4(1) — ( 5(0,1)
<a i >a,n,é <a v >a,n,€

V. adj
2j(123)G!'(E2(fj_)‘31)!R_2j—2(h)R—1(77)‘

A Similar family of 4pt functions for A" = 3 will involve blocks
which are not yet known.

- (-1)
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First order

Defining h=n+2,h=n+¢+3 and
Rp(h) T(h—b-1)

r(h) M(h+b+1)

weighted averages of anomalous dimensions are

<a(o>7(1)>(f”") _ <a<0)7(1>>(”

a,n,t a,n,t

i 12GY (F)3? _
R e i

A Similar family of 4pt functions for A" = 3 will involve blocks
which are not yet known.
These are sums of up to n+ 1 true anomalous dimensions due to

[OOOO]M [01/201/2]11—17 SRR [On/20n/2]0'

- (-1)




Application to S-folds

Need upper left entry of M? where M = Q diag(71,...,7ns1) Q7.

)2
n < 3(0)7(1)>

(k=1)
0) . (1)2 _ a,nt
<a v > =2 o

ant o (al )>a,n—2j,1z
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Application to S-folds

Need upper left entry of M? where M = Q diag(71,...,7ns1) Q7.

()2 )2

ey o <a<0>7<1)> 2] <a(0>7(1)>"’)
<a(0)'y(1)2> = _ Z o a,n, ¢ <a(0)'y(1)2>( =2) _ Z Lant
2t om0 (@) gn g SR CC A
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Application to S-folds

Need upper left entry of M? where M = Q diag(71,...,7ns1) Q7.

k=1 n <a(°)7(1)>w2 _ Ln/2] <a(°)7(1)>0)2
<a(0)'y(1)2>( =D _ Z a,n,6 <a(0)'y(1)2>(k_2) _ Z a,n,e
amb 5% <a(0)>(aj,)anj,l ant =0 (3(0)>g,)nfzj,z
Ln/2] L(n+1)/2])—1/2 <a(0),y(1)>(j)2
TR b SEVEES W S T VE)
ne j i 0]
a,n,l s 2j+1 Py 2j+1 <a(0)>a’"72j’2

02
Ly 2l (a4
<a(0)7(1)2>(k*4’: 2j/2]+1\7 7
2j+1 <a(0)>(j)

a,n—2j,4

a,n,t

a,n, ¢ sy
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Application to S-folds

Need upper left entry of M? where M = Q diag(71,...,7ns1) Q7.

)2 2
) n <a(0)7(1)>0) ) Ln/2] < (0) (1)>(J)
< (0) (1)2> = _ Z a,n,0 < (0) (1)2> = Z a,n,0
aty = -_ ay = e e
amt 5% <a(0)>(aj,)anj,l amt 550 (3(0)>g)nfzj,z
Ln/2] L(n+1)/2])—1/2 <a(0),y(1)>(j)2
<a(o)7(1)2>(k:3) =S 2lj/31+1 S 2(2//3] an.t
ne i i 0]
amt j=0 A+l j=1/2 +1 <a(0)>a,n72j,2

Ln/2) <a(0 v 1)>(J)2
<a(0)7(1)2>(k:4’ _ N\ 2/l 4t amt
2j+1 <a(0)>(j) ’

a,n—2j,4

a,n, ¢ sy

Double discontinuity now follows as

(z,2) = ZZ < >a,n,z %&iﬂwe (1—2z,1-2).

n=0 ¢
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Application to S-folds

Need upper left entry of M? where M = Q diag(71,...,7ns1) Q7.

)2 2
) n <a(0)7(1)>0) ) Ln/2] < (0) (1)>(J)
< (0) (1)2> = _ Z a,n,0 < (0) (1)2> = Z a,n,0
aty = -_ ay = e e
amt 5% <a(0)>(aj,)anj,l amt 550 (3(0)>g)nfzj,z
Ln/2] L(n+1)/2])—1/2 <a(0),y(1)>(j)2
<a(o)7(1)2>(k:3) =S 2lj/31+1 S 2(2//3] an.t
ne i i 0]
amt j=0 A+l j=1/2 +1 <a(0)>a,n72j,2

Ln/2) <a(0 v 1)>(J)2
<a(0)7(1)2>(k:4’ _ N\ 2/l 4t amt
2j+1 <a(0)>(j) ’

a,n—2j,4

a,n,t sy

Double discontinuity now follows as

(z,2) = ZZ < >a,n,z %&iﬂwe (1—2z,1-2).

n=0 ¢

Basis over C(z, ) of 1,log(z), Lir(1 — 2), Lin(1 — z71),(z ¢+ 2) is

Often enough [Aprile, Drummond, Heslop, Paul; 1706.02822] [Alday, Caron-Huot; 1711.02031] .
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Dealing with the infinite sum

6GH(FZT

g X, = : H X, ) H X, ~y"
(%, ) dim(GF)(Ft)j’”gn;, n(X, ) n(x,y) ~y
= z :1—2
T 1=z y= z
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Dealing with the infinite sum

o

_[6G¥(FP ) o
Galxy) = dim(Gr)(Fe)3"™® n:oHn( ) Haloeoy)

1-Z

z
1-2
Easy part is ky(z)kz(Z), hard part is ku(2)kz(2).

ke (m) Ry h)zg:szH(E)E(E— 1)(—1)" ki (—y)

h) > Rojia(BYR( — 1)ks ()
¢

X

(—=1)"kn(—y)R-2j-2
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Dealing with the infinite sum

66 (F)3 P <

g X, = : H X, ) H X, ~y"
2(x,¥) dim(GF)(Ft)i'"gnz_(:) n(X,y) (X, y) ~y
_ z :1—2
X=1-2 Y=73Z

Easy part is ky(z)kz(Z), hard part is ku(Z)k

log xPpy1(2x + 1)R_2j_o(h) Z Roj1(h)h(h — 1)(=1)"" ky(—y)

>

~
N

—

(—1)"kn(=y)R2j-2(h) 3 Rojs1 (R)A(h — 1)z (45
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Dealing with the infinite sum

66X ()3
ga(Xay): sin Hn(X,)/), Hn(Xv)/)Nyn
dim(Gf)(F:)3"™ 7=
1-2Z

V4

z
1-2z2’
Easy part is ky(z)kz(Z), hard part is kp

log XP,,+1(2X +1 R_QJ Z R2J+1

)R—2j—2(h)D Z Rojv1(h (ﬁ)

(2)kp(2).
(h)h(h = 1)(=1)"" kz(=)

(=1)"kn(—y
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Dealing with the infinite sum

6GH(FIP <

ga(Xay): sin Hn(X,)/), Hn(Xv)/)Nyn
dim(Gg)(F:)3" nz_;)
z 1-Z
X = = —

1 Y
-z z
Easy part is ky(z)kz(Z), hard part is ku(Z)kz(2).

(2)
log xPp11(2x + 1)R_3j > Z Rojs1(h)h(h — 1)(=1)" " kz(—y)

(=1)"kn(=y)R-2j—2(h) DZR2J'+1 h)ks <XL+1>

l
Resummation understood in [Simmons-Duffin; 1612.08471] .

> Ro(—b+ ke () = T(=b)x"

£=0
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Dealing with the infinite sum

_ I6GHRRIE & o
Galxy) = dim(Gr)(Fe)3"™® n:OHn( ) Haloy) oy

1-Z

z
1-2z2’
Easy part is ky(z)kz(Z), hard part is kp
log xPpy1(2x +1)R_2j > Z Raj+1(

y)R_QJ'_g h DZ R2j+1 h)/(,‘7 <%+1>
l

V4

(2)kp(2).
(h)h(h = 1)(=1)"" kz(=)

(—=1)"kn(—

Resummation understood in [Simmons-Duffin; 1612.08471] .

x +Za X" Ap _m—1(ho))

m=0

ZRb (ho + €)kny+¢ (X+1) — [(—b)?

(I +ho)(m+ho)  Ri(ho)Rm(ho)

m(ho) = —
A1.m(ho) I+m+1  T(=N)2r(ho)2T(=m)?




Main results

For even spin, log x part of Ga(x,y) looks like

X}(—1+ 10y + 18y°) + = (5 + 148y +1017y* 4 1080y°) + O(x*) (k= 1)

105( 105 — 420y + 1827y + 1784y° 4 ..)

105( 105 + 840y — 42777y” + 7744y + ...) + O(x") (k=2).
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Main results

For even spin, log x part of Ga(x,y) looks like

X}(—1+ 10y + 18y°) + = (5 + 148y +1017y* 4 1080y°) + O(x*) (k= 1)

1—05( 105 — 420y + 1827y + 1784y° 4 ..)

105( 105 + 840y — 42777y” + 7744y + ...) + O(x") (k=2).
Term with x2 can give non-averaged anomalous dimension.

[GY (Fe)2¥ /dim(GF)(F:)5€)? ¢4 + 60° — 250> — 150¢ — 96

2 _ _
=144 k=1
a0, €+ 1)2(C+4)2(£ + 5) (C+ 1)+ 4) (k=1)

@ _ 144 [GY(F)3¥ /dim(GF)(F)5™)
Va0 = 75 (Os(£+1)(C+ 4)
Al 05 4+ 195¢* + 205¢° — 896¢% — ¢ — 2784
506 + 5505 4 1950* + 20503 — 896¢2 — 3980 84 (k=2)

(L+1)(¢+4)
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@ Loop anomalous dimensions can also help distinguish which
CFT saturates a numerical bootstrap bound.

@ Which other S-fold theories are within reach?
@ Resummed lightcone bootstrap and inversion formula appear
to be more powerful when used together.

@ In N =4 SYM, fixed small spin can be brought under control
too [Alday, Chester, Hansen; 2110.13106] .

@ One can also explore more recent variations of the AdS unitarity
method [Meltzer, Perlmutter, Sivaramakrishnan; 1912.09521] .
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