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Basic playground

‘Superconformal field theories‘

v N

- Chiral algebra
Supergravity

or TQFT

[Maldacena; hep-th/9711200] [Beem, Lemos, Liendo, Peelaers, Rastelli, van Rees; 1312.5344]

[Chester, Lee, Pufu, Yacoby; 1412.0334]
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@ CFTs with large central charge and large gap can have correlators
computed from supergravity (1/cr expansion).
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[Maldacena; hep-th/9711200] [Beem, Lemos, Liendo, Peelaers, Rastelli, van Rees; 1312.5344]

[Chester, Lee, Pufu, Yacoby; 1412.0334]

@ CFTs with large central charge and large gap can have correlators
computed from supergravity (1/cr expansion).

@ CFTs with extended supersymmetry have nilpotent “Q + S”
supercharge which singles out twisted configurations of correlators.

@ Operators in cohomology generate a chiral algebra (6d, 4d) or
topological QM (3d) but which one not always clear.
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supercharge which singles out twisted configurations of correlators.

@ Operators in cohomology generate a chiral algebra (6d, 4d) or
topological QM (3d) but which one not always clear.

@ Known O(1/cr) 4pt functions for maximal SUSY enable a detailed
check [Alday, Zhou; 2006.06653] .
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@ Half-BPS 4pt functions

e Superconformal kinematics
e Holographic correlators in Mellin space
e How to bootstrap them
@ Checks of chiral symmetry
e Wy 4pt functions at tree level
e Matching to 6d results
e What changes in 4d
© Exploring the topological sector
e OPE coefficients from Mellin space
e Finite crossing equations
o Comparisons to matrix model results
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Half-BPS operators dual to KK-modes

Ad57 X 54 Ad55 X 55 Ad54 X 57
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Half-BPS operators dual to KK-modes

Ad57 X 54 Ad55 X 55 Ad54 X 57
S0(6,2) x SO(5) | SO(4,2) x SO(6) | SO(3,2) x SO(8)
C 0Sp(8*|4) C PSU(2,2]4) C 0Sp(8/4)
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Half-BPS operators dual to KK-modes

Ad57 X 54 Ad55 X 55 Ad54 X 57
S0(6,2) x SO(5) | SO(4,2) x SO(6) | SO(3,2) x SO(8)
C 0Sp(8*|4) C PSU(2,2]4) C 0Sp(8/4)

d—2

Rank-k symmetric tensors w/ ¢ =0, A = €k and € = ==

Ok(X, t) = Oll(l""k(x)tll ot
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Half-BPS operators dual to KK-modes

Ad57 X 54 Ad55 X 55 Ad54 X 57
S0(6,2) x SO(5) | SO(4,2) x SO(6) | SO(3,2) x SO(8)
C 0Sp(8*|4) C PSU(2,2]4) C 0Sp(8/4)

Rank-k symmetric tensors w/ ¢ =0, A = €k and € = %.

Ok(X, t) = Oll(l""k(x)tll ot

cr ~ 280N3 cr ~ 30N2 cr ~ 92 N3

3pt Ciy ko,ks kNOWN in terms of B = 3(ks + ko — k1), etc.

[Lee, Minwalla, Rangamani, Seiberg; hep-th/9806074] [Bastianelli, Zucchini; hep-th/9907047]
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Half-BPS operators dual to KK-modes

Ad57 X 54 Ad55 X 55 Ad54 X 57
S0(6,2) x SO(5) | SO(4,2) x SO(6) | SO(3,2) x SO(8)
C 0Sp(8*|4) C PSU(2,2]4) C 0Sp(8/4)

Rank-k symmetric tensors w/ ¢ =0, A = €k and € = %.

Ok(X, t) = Oll(l""k(x)tll ot
cr ~ 280N3 cr ~ 30N? cr ~ B2N3

3pt Ciy ko,ks kNOWN in terms of B = 3(ks + ko — k1), etc.

[Lee, Minwalla, Rangamani, Seiberg; hep-th/9806074] [Bastianelli, Zucchini; hep-th/9907047]

26— 2r5]1—[ r[Bi+1] Vkikoks P H\/r[k+2]
(7N)2 m N N4F[B+2] [B,ﬂ]
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Four-point functions

Cross-ratios are built from x;; = x; — x; and t; = t; - t;.

2 2,2

2
X719 X X X
U= =xx, V=32 =(1-001-X)
X13%24 X13X54
t13t t14t
t1ot3g t1ot3a
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Four-point functions

Cross-ratios are built from x;; = x; — x; and t; = t; - t;.

2 2,2

2
_ X12X34 _ _ X14%03 _ '
U= 5> 2 — XX V= 2 2_(1_X)(1_X)
X13%24 X13X54
t13t t14t
t12t34 tiot3g

Overload notation for conformal and R symmetry in 1d, 2d.

_ 712234 o = Y12y34

bl
Z13224 Y13Y24

Connor Behan String Theory Seminar



Four-point functions

Cross-ratios are built from x;; = x; — x; and t; = t; - t;.

2 2,2

2
X12X34 / X14%23 /
U==55=xx, V=733 =0101-x)(1-x)
X13X24 X13X24
t13t t14t
t12t34 tiot3g

Overload notation for conformal and R symmetry in 1d, 2d.

_ 712234 o = Y12y34

bl
Z13224 Y13Y24

There are two common conventions.

(01(21)02(22) 03(23) O4(2a)) =
24\" (2™ F(x)
Z14 Z13 2{721+h22£’j+h4
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Four-point functions

Cross-ratios are built from x;; = x; — x; and t; = t; - t;.

2 .2 2 .2
X12X34 / X14%23 /
U==55=xx, V=535 =0101-x)(1-x)
X13%X24 X13%X24
t13t t14t
t12t34 tiot3g

Overload notation for conformal and R symmetry in 1d, 2d.

_ 712234 o — Y12y34

b
Z13224 Y13Y24

There are two common conventions.

(O1(z1, y1)O2(22, ¥2) O3(23, ¥3) O4(z4, ya)) =
<Z24)h12 <Z14>h34 (y14>112 <y13)134 112+12 344 ]:(X'a)
Z14 713 Y24 via)  zZuthe é’j”’“ '
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Four-point functions

Define extremality using i-th smallest weight k;.

o ki+k542rk§7kz’ ki + kj_ Z k§ + k§
ki, ki + kz < ks + k3
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Four-point functions

Define extremality using i-th smallest weight k;.

2

o ki+k§+k§7kz’ ki + kz; > k§ + k§
ki, ki + kz < ks + k3

Polynomial-friendly prefactor is

3 (ks+hkg—ki—k3) t%(kﬁkrki*ké) t%(kﬁkﬁkrka)*f tki_g(t—t—)g
34 24 23 14 12°34
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Four-point functions

Define extremality using i-th smallest weight k;.

ky+ko+ks— kg
sl kthzktk
kiv ki+k1<k§+k§

Polynomial-friendly prefactor is

2e 2e 2e 2e €y 2€

1 1 1
L(kg+ky—ky —k; L (kotks—ky —k L(ki+kotks—kg)—E ki—& £
{tu]z(s 4 —ky 2)[1“24}2(2 3—ki 3){1“23}2(1 2+ks—ka) |:t14:|1 [t12t34]
X34 X4 X33 Xis Xi5 X34

Use this for ky < ky < k3 < kq, trivial permutation otherwise.
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Four-point functions

Define extremality using i-th smallest weight k;.

ky+ko+ks— kg
sl kthzktk
kiv ki+k1<k§+k§

Polynomial-friendly prefactor is

2e 2e 2e 2e €y 2€

1 1 1
L(kg+ky—ky —k; L (kotks—ky —k L(ki+kotks—kg)—E ki—& £
{t34]2(3 4 —ky 2)[&4}2(2 3—ki 3){1“23}2(1 2+ks—ka) |:t14:|1 [t12t34]
X34 X4 X33 Xis Xi5 X34

Use this for ky < ky < k3 < kq, trivial permutation otherwise.
Dynamical G(U, V; o, 1) satisfies superconformal Ward identity.

=0
o'=1/x'

[X/8X/ — 60/80/] G(x, X a,d)
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Holographic four-point functions

Necessary Witten diagram calculations in position space are
pOSSible bUt tediOUS [D'Hoker, Freedman, Mathur, Matusis, Rastelli; hep-th/9903196] .
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Holographic four-point functions

Necessary Witten diagram calculations in position space are
pOSSible bUt tediOUS [D'Hoker, Freedman, Mathur, Matusis, Rastelli; hep-th/9903196] .
Much better to use Mellin space [Mack; 0907.2407] .

G, V):/ dsdt U% slkithe—8) /545 (ki —k4=8) A (5 t)

_,'00(471'1

r A1+A2 A1+A4—t r A+ A3 —u
2

r|:A3+A4—S:| |:A2+A3—t:|l_|:A2+A4—u]
2
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Holographic four-point functions

Necessary Witten diagram calculations in position space are
pOSSible bUt tediOUS [D'Hoker, Freedman, Mathur, Matusis, Rastelli; hep-th/9903196] .
Much better to use Mellin space [Mack; 0907.2407] .

G(U,V) :/ ﬂu%—%(kﬁkz—f)\/%+§(k1—k4—5)M(5) t)

oo (Ami)?
F[A1+A2_s} F[A1+A4—t] F[A1+A3_u]
2 2 2
F{A3+2A4—5} F{A2+§3_t] F{A2+2A4—U]

Conformal blocks and Witten diagrams (for 7 = A — ¢) both become

¢ Q7,0
MT,@(S7 t) - mzzo miT [% _ m] r [% — m} (5—7’—2/77).

Connor Behan String Theory Seminar



Holographic four-point functions

Necessary Witten diagram calculations in position space are
pOSSible bUt tediOUS [D'Hoker, Freedman, Mathur, Matusis, Rastelli; hep-th/9903196] .
Much better to use Mellin space [Mack; 0907.2407] .

G(U,V) :/ ﬂu%—%(kﬁkz—f)\/%+§(k1—k4—5)M(5) t)

oo (Ami)?
F[A1+A2_s} F[A1+A4—t] F[A1+A3_u]
2 2 2
F{A3+2A4—5} F{A2+§3_t] F{A2+2A4—U]

Conformal blocks and Witten diagrams (for 7 = A — ¢) both become

i Q7 m(1)
MT,@(S7 t) = Z miT [% _ m] r [%

m=0

—m](s—7—2m)

Hardest part is solving for contact terms [Arutyunov, Frolov; hep-th/9912210] .
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Holographic four-point functions

Necessary Witten diagram calculations in position space are
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Modern methods

Bootstrap techniques can help complete the ansatz.

M(s, t) = Z Ci20 GaoMo(s, t) + Cuao CsoMo(t,s) + Cizo CaoMo(u, t)
0

+wo + wis + wat
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Modern methods

Bootstrap techniques can help complete the ansatz.
M(s, t) = Z Ci20 GaoMo(s, t) + Cuao CsoMo(t,s) + Cizo CaoMo(u, t)
(@)
+wo + wis + wat

1. Impose Mellin superconformal Ward identity (zhou; 1712.02800] .
2. Symmetrize at the level of supermultiplets [aiday, Zhou; 2006.06653] .

RY (t) o< £ + qu(m)t + ga(m)
Ss+t+u=€Xy, s=717+2m
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Modern methods

Bootstrap techniques can help complete the ansatz.

M(s, t) = Z Ci20 GaoMo(s, t) + Cuao CsoMo(t,s) + Cizo CaoMo(u, t)
o)
+wo + wis + wat

1. Impose Mellin superconformal Ward identity (zhou; 1712.02800] .
2. Symmetrize at the level of supermultiplets [aiday, Zhou; 2006.06653] .

RY (1) oc 2 + qu(m)t + g2(m)
Ss+t+u=€Xy, s=717+2m
Produces AdSy,1 x S%1 solution with no contact terms.

M(s, t;0,7) = MO (s, t;0,7) + ./\/l(t)(s t;0,7) + MY (s, t;0,7)
m(t,u)

M) (s,t;0,7) ZZ Z ' 76;) 5m

p m=00<i+,<E&
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Modern methods

Chakop Chtap K3 (t, u) HY m
IImIT (£ (ki + ko — p) — m] T [5(ks + ka — p) — m]

ngm(t, u) =

KU = 2i(2i + k)t t" —2i(d— 64 ke)u"t™ + (u,i ¢ t,))

ti

1
+Z(2p — ke — ku)(2p+ +Ke + Ko +2d —12)(2¢j — 7 )(2ei — u™)
+heij[tT(A— 6+ ky) + uT(d— 64 Ke)] — 8ijtTuT
€ € + € €
—t4 k- ¥ —utfry— &
2/% 5 Kk, U u+ 2& 2Zk

ks = |ki + ko — ks — ka|, ke = lki+ ks — ko — k3|, Ky = |ko + ka — ki — k3|

1 L %p—ki—k 2p42d—1245  —ks—4HE—i—))
o~ 3(2¢—d+13) (_1):+J+ ¢y r[ S

(m+ T elp DN [+ 5] T+ 5] [t Boinade-inn)]

TR e {25 o) yefors 250)

i _
Hpm =
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© Half-BPS 4pt functions

e Superconformal kinematics
e Holographic correlators in Mellin space
e How to bootstrap them
@ Checks of chiral symmetry
e Wy 4pt functions at tree level
e Matching to 6d results
e What changes in 4d
© Exploring the topological sector
e OPE coefficients from Mellin space
e Finite crossing equations
e Comparisons to matrix model results
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Chiral algebra / SCFT correspondence

s1(2) x 512)
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Chiral algebra / SCFT correspondence

Consider s1(2) x s[(2|2) preserving plane.
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Chiral algebra / SCFT correspondence

Consider s1(2) x s[(2|2) preserving plane.
Fermionic generators give nilpotent Q.

R-sym generators give exact [Qﬂ — Ro+1.

s1(2) x 512)
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Chiral algebra / SCFT correspondence

Consider s1(2) x s[(2|2) preserving plane.
Fermionic generators give nilpotent Q.

R-sym generators give exact [Qﬂ — Ro+1.

s1(2) x s1(2)

Twisted translation predicted by superconformal Ward identity.

[0(2)] = O (2, Z)up, (2) - .. upyy(2),  u(2) = (1,2)
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Chiral algebra / SCFT correspondence

Consider s1(2) x s[(2|2) preserving plane.
Fermionic generators give nilpotent Q.

R-sym generators give exact [Qﬂ — Ro+1.

s1(2) x 512)

Twisted translation predicted by superconformal Ward identity.
[O(2)] = O%(z2, 2)up, (2) . .. up,;(2),  u(2) = (1,2)

ThIS WOI’kS for 4d N = 27 3, 4 [Beem, Lemos, Liendo, Peelaers, Rastelli, van Rees; 1312.5344]
and 6d N = (2, O) [Beem, Rastelli, van Rees; 1404.1079] .
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Chiral algebra / SCFT correspondence

Consider s1(2) x s[(2|2) preserving plane.
Fermionic generators give nilpotent Q.

R-sym generators give exact [Qﬂ — Ro+1.

s1(2) x s1(2)

Twisted translation predicted by superconformal Ward identity.
[O(2)] = O%(z2, 2)up, (2) . .. up,;(2),  u(2) = (1,2)

ThIS WOI’kS for 4d N = 27 3, 4 [Beem, Lemos, Liendo, Peelaers, Rastelli, van Rees; 1312.5344]
and 6d N = (2, O) [Beem, Rastelli, van Rees; 1404.1079] .

T = strong generator
AN=(TT) - %627_ = generator
OT,0°T,0(TT),... = everything else
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W-algebras

Consider W3 algebra [Zamolodchikov; 1985] .

[Wma Wn] D 5m+n,0a Lm+na Z (Lm+n7pr)
P
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W-algebras

Consider W3 algebra [Zamolodchikov; 1985] .

3 T(0 oT(0
%+C14()+Cz 3()
V4 V4 V4

W(z)W(0) ~

+ %[c3/\(0) + c0?T(0)] + %[csa/\(o) + 0% T
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W-algebras

16
22+5c¢”

Consider Wj algebra [zamolodchikov; 1085 . Associativity fixes v =
c/3 N 2T7(0)  OT(0)

z6 z4 z3

1 352 1 1
+ > {27/\(0)+ 50 T(O)} + {ya/\(ow 0 T]

W(z)W(0) ~
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W-algebras

16

Consider Wj algebra [zamolodchikov: 1085] . Associativity fixes v = 55—

</3, 2T(0)  9T(0)

z6 z4 z3

i i 2 1 i 3
+ = {27A(0) + 108 T(O)} + Z {76/\(0) + 158 T]

W(z)W(0) ~

Also have Wy = WIsl(N)] for spins 2,3,..., N.
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W-algebras

16

Consider Wj algebra [zamolodchikov: 1085] . Associativity fixes v = 55—

</3, 2T(0)  9T(0)

z6 z4 z3
+i2/\(0)+382T(0)+1 mw+i§T
22 |57 10 |7 15

Also have Wy = W]s[(N)] for spins 2,3,..., N

W(z)W(0) ~

(h +h 0mOL(0
O (2)Oh,(0 Z/\HOZ 12 n(0)

o zhth—h—m
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W-algebras

16

Consider Wj algebra [zamolodchikov: 1085] . Associativity fixes v = 55—

</3, 2T(0)  9T(0)

z6 z4 z3
+i2/\(0)+382T(0)+1 mw+i§T
22 |57 10 |7 15

Also have Wy = W]s[(N)] for spins 2,3,..., N

W(z)W(0) ~

(h +h 0mOL(0
O (2)Oh,(0 Z/\HOZ 12 n(0)

o zhth—h—m

Leads to easy and hard expansion of 4pt functions.

Fro3a(x Z /\120)\34Ogh12 " ()
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W-algebras

16
22+5c¢”

Consider Wj algebra [zamolodchikov; 1085 . Associativity fixes v =
c/3 N 2T7(0)  OT(0)

z6 z4 z3
+i2/\(0)+382T(0)+1 mw+i§T
2 |77 10 z |7 15

Also have Wy = W]s[(N)] for spins 2,3,..., N

W(z)W(0) ~

(h +h 0mOL(0
O (2)Oh,(0 Z/\HOZ 12 n(0)

Zh1+h2 —h—m

Leads to easy and hard expansion of 4pt functions.

Fro3a(x Z /\120)\34Ogh12 " ()

= " A2oAsogr ™ (x)
0

sing
hy+hy
X h3o,h
+) AMO}\BOW&Q “(1=x)
[0)

( sing
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Wy for large N

6d N = (2,0) chiral algebra is Wy with ¢ = 4N3 — 3N — 17

Ky 4ko—2 ky+ky—p—1
012 (kiz + p)m O™ W(p)(O)
w ki) W(“z — § C E ...
(Z) Z2k1 +P o2 kikap — m!(zp)m zkitko—p—m +
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Wy for large N

6d N = (2,0) chiral algebra is Wy with ¢ = 4N3 — 3N — 17

kitky—2 kyi+ky—p—1

mi/ (P
W(kl)(Z)W(kz)( _ _ O n Z Chatop Z (k2 + p)m O™ W'P(0) .
m=0

2k | ki+ko—p—m
zZ<K1 m! 2p m ZfTk P
p=|ki2|+2 (2p)

Gives crossing symmetric 4pt function for ky < ky < k3 < kq.

kit+ko—2 kit+ko—p—1

Fizaa(x) _ (P — k12)m(p + k34)m
W = Z Ck1k2ka3k4p Z m!(2p),,,xk1+k2—P—m + (S <~ t)

p=max(|ki2|,|ksa|)+2 m=0
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Wy for large N

6d N = (2,0) chiral algebra is Wy with ¢ = 4N3 — 3N — 17

kitky—2 kyi+ky—p—1

mi/ (P
W(kl)(Z)W(kz)( _ _ O n Z Chatop Z (k2 + p)m O™ W'P(0) .
m=0

2k | ki+ko—p—m
zZ<K1 m! 2p m ZfTk P
p=|ki2|+2 (2p)

Gives crossing symmetric 4pt function for ky < ky < k3 < kq.

kit+ko—2 kit+ko—p—1

F1234(x) (P — k12)m(p + k34)m
e = 3 ChaopCiapap D = By pom (s < t)

p=max(|ki2|,|ksa|)+2 m=0

Should agree with 6d correlator under a = o/ = 2.

1
X
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Wy for large N

6d N = (2,0) chiral algebra is Wy with ¢ = 4N3 — 3N — 17

kitky—2 kyi+ky—p—1

mi/ (P
W(kl)(Z)W(kz)( _ _ O n Z Chatop Z (k2 + p)m O™ W'P(0) .
m=0

2k | ki+ko—p—m
zZ<K1 m! 2p m ZfTk P
p=|ki2|+2 (2p)

Gives crossing symmetric 4pt function for ky < ky < k3 < kq.

kit+ko—2 kit+ko—p—1

F1234(x) (P — k12)m(p + k34)m
e = 3 ChaopCiapap D = By pom (s < t)

p=max(|ki2|,|ksa|)+2 m=0

Should agree with 6d correlator under a = o/ = 2.

1
X

U ico
g (V’ v U) — dSC{t U3 quJrkA,*m %(kﬁrkz)*é'M(s’ t T, O')r{k}
(Uuz)gff k1+k2) _ioo (4mi)? i
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Wy for large N

6d N = (2,0) chiral algebra is Wy with ¢ = 4N3 — 3N — 17

kitky—2 kyi+ky—p—1

mi/ (P
W(kl)(Z)W(kz)( _ _ O n Z Chatop Z (k2 + p)m O™ W'P(0) .
m=0

2k | ki+ko—p—m
zZ<K1 m! 2p m ZfTk P
p=|ki2|+2 (2p)

Gives crossing symmetric 4pt function for ky < ky < k3 < kq.

kit+ko—2 kit+ko—p—1

F1234(x) (P — k12)m(p + k34)m
e = 3 ChaopCiapap D = By pom (s < t)

p=max(|ki2|,|ksa|)+2 m=0

Should agree with 6d correlator under a = o/ = 2.

1
X

U ico
g (V’ v U) — dSC{t U3 quJrkA,*m %(kﬁrkz)*é'M(s’ t T, O')r{k}
(Uuz)gff ki+ka) ioo (40)? i

0<i+i<E
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Wy for large N

6d N = (2,0) chiral algebra is Wy with ¢ = 4N3 — 3N — 17

kitky—2 kyi+ky—p—1

mi/ (P
W(kl)(Z)W(kz)( _ _ O n Z Chatop Z (k2 + p)m O™ W'P(0) .
m=0

2k | ki+ko—p—m
zZ<K1 m! 2p m ZfTk P
p=|ki2|+2 (2p)

Gives crossing symmetric 4pt function for ky < ky < k3 < kq.

kit+ko—2 kit+ko—p—1

Fizaa(x) _ (P — k12)m(p + k34)m
W = Z Cklkzka3k4p Z m!(2p),,,xk1+k2—P—m + (S <~ t)

p=max(|ki2|,|ksa|)+2 m=0

Should agree with 6d correlator under a = o’ =

7 -

1
X

U ico
g (V’ v U) — dSC{t U3 quJrkA,*m %(kﬁrkz)*é'M(s’ t T, O')r{k}
(Uuz)gff ki+ka) ioo (40)? i

oo dsdt PR ; ;
AL EEUEl DL RSO

0<i+i<E

X' = 1 selects lowest double-trace u pole and no 7.
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4d compared to 6d

o Analogue of WK with h = k is J(O, T(K) with
(h)=(3.5). (5% "52).
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4d compared to 6d

o Analogue of W) with h = k is J®), T() with
(hj)=(5.5), ("52.%5%).
@ Analogue of sl(N) is Vecty(SL(2; C)) (costelio, Gaiotto; 1812.00257] .
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4d compared to 6d

o Analogue of W) with h = k is J®), T() with
(h)=(53). (5% 52).

@ Analogue of sl(N) is Vecty(SL(2; C)) (costelio, Gaiotto; 1812.00257] .

@ Each x block comes with gf}’j‘” (1).

@ Matches G(U, V; o, 7) where we set o/ = % and leave a.
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4d compared to 6d

o Analogue of W) with h = k is J®), T() with
(h)=(53). (5% 52).

@ Analogue of sl(N) is Vecty(SL(2; C)) (costelio, Gaiotto; 1812.00257] .

@ Each x block comes with gf}’j‘” (1).

@ Matches G(U, V; o, 7) where we set o/ = % and leave a.

Learn that Fa222(x; a)‘l/c2: 0 from simplest OPE.

Ci
z2 cz

1 ecJP0) + €,90P(0) + (a & b
S22 (0) = L 4 el F caaly () + (2 B)

Connor Behan String Theory Seminar



4d compared to 6d

o Analogue of W) with h = k is J®), T() with
(h)=(53). (5% 52).

@ Analogue of sl(N) is Vecty(SL(2; C)) (costelio, Gaiotto; 1812.00257] .

@ Each x block comes with gf}’j‘” (1).

@ Matches G(U, V; o, 7) where we set o/ = % and leave a.

Learn that Fa222(x; a)‘l/c2: 0 from simplest OPE.

Ci
z2 cz

1 ecJP0) + €,90P(0) + (a & b
S22 (0) = L 4 el F caaly () + (2 B)

J@ J@) operators contribute to JG) x JO) ~ 2—13 at .
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4d compared to 6d

o Analogue of W) with h = k is J®), T() with
(h)=(53). (5% 52).

@ Analogue of sl(N) is Vecty(SL(2; C)) (costelio, Gaiotto; 1812.00257] .

@ Each x block comes with gf}’j‘” (1).

@ Matches G(U, V; o, 7) where we set o/ = % and leave a.

Learn that Fa222(x; a)‘l/c2: 0 from simplest OPE.

Ci
z2 cz

1 ecJP0) + €,90P(0) + (a & b
S22 (0) = L 4 el F caaly () + (2 B)

J@ J@) operators contribute to JG) x JO) ~ 2—13 at .

c2z

_2025x%a(1 — «)
1/c? C2(1 - X)

F3333(; @)
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© Half-BPS 4pt functions

e Superconformal kinematics
e Holographic correlators in Mellin space
e How to bootstrap them
© Checks of chiral symmetry
e Wy 4pt functions at tree level
e Matching to 6d results
e What changes in 4d
© Exploring the topological sector
e OPE coefficients from Mellin space
e Finite crossing equations
o Comparisons to matrix model results

Connor Behan String Theory Seminar



New aspects of topological correlators

Techniques based on meromorphy do not work anymore.

th yk
(Ok(x1, t1)Ok(x2, 1)) = —22 12

xaelk T sgn(xi2)k
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New aspects of topological correlators

Techniques based on meromorphy do not work anymore.

th %t
Ok(x1, t1)Ok(x2, t2)) = —
(Ok(x1, t1)Ok(x2, 12)) sk

Focus on finite set of OPE coefficients in (O20,020).
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New aspects of topological correlators

Techniques based on meromorphy do not work anymore.

th Vi
Ok(x1, t1)Ok(x, t2)) = >
(Ok(x1, t1)Ok(x2, t2)) sk

Focus on finite set of OPE coefficients in (O20,020).

[0,0,2,0] ® [0,0, k,0] = [0,0, k +2,0] & [0,1, k, 0] & [0, 2, k — 2, 0]
@ [0,0,k,0] & [0,1, k —2,0] & [0,0, k — 2,0]

Project onto Y,'J(U, 7') with I 4 J < 2 [Nirschl, Osborn; hep-th/0407060] .
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New aspects of topological correlators

Techniques based on meromorphy do not work anymore.

th %t
Ok(x1, t1)Ok(x2, t2 —
(Ok(x1, t1)Ok(x2, 1)) = ol sgnas)

k

Focus on finite set of OPE coefficients in (O20,020).

[0,0,2,0] ® [0,0, k,0] = [0,0, k +2,0] & [0,1, k, 0] & [0, 2, k — 2, 0]
@ [0,0,k,0] & [0,1, k —2,0] & [0,0, k — 2,0]

Project onto Y,'J(U, 7') with I 4 J < 2 [Nirschl, Osborn; hep-th/0407060] .

2 12 _\2 _
/\ZkB[g,o,k,o] = Asz[%),l,k—Z,O] = AszEi),%k—Z,O] = O(l/CT)
\2 2 \2 2 \2 k—1
I (P LT S R S e R
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OPE coefficients at tree level

[0, a, b, 0] — Y2a+b—k,a(aa T)
A=% = s=% pole of M
2

k+2

A:kT = s= 5= poleof [
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OPE coefficients at tree level

[Oa a, ba 0] — Y2a+b—k,a(aa T) AikB[O’O’kd‘O] =0
k=2
(=0 = V=1 2 -
2

A=k — s=%pole of A pl0.0.k0] = ——
2 2 pole o M ZkB[g ] cT

A=k2 — 5= K2 pole of I 2 _
2 z P )‘2kB[l(<),1,k72,0] =0

2
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OPE coefficients at tree level

[0,a,b,0] = Y2arb—ka(o,7) AikB[O,O,kfzo] =0
k=2
(=0 — V=1 s

A=% — s=% pole of A -
) =3 pole o M ZkB[OOkO] cT
A:k22 — s:k+2 pole of I 22

[0,1,k—2,0] — 0
2k8%

/ioo dt Tay — ]Ma2 — 51Ty + 51T (b2 + 5] H?,j:l Maj + bj]
—ico 2TI t+2m — ¢ - F[31 +a> + by + b2]

l,ay+bi,a1+ b
[31+m+%]_13/‘_2 ! el 2 5
» 31+32+b1+b2,1+31+m+§
l,a1+ b1,ax+ b
(b1 + m+ 35 rohma s
atatb+b,l+b+m+3
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OPE coefficients at tree level

[0737 ba 0] — Y2a+b—k,a(aa T) )\2

2kB[OOk 20]—0
(=0 = V=1 K 10k
A=% —= s=%pole of M A —
=3 =5 pole o B[OOkO] cr
7
A:k22 — s:k+2 pole of I

)\2 =0
[0,1,k—2,0]
2kB§

/ioo dt Tay — 3]Ma2 — 3]T[b1 + 5] [b2 + 7] _ H?,j:l Maj + bj]

—ioo 2T t+2m — ¢ r[31+32+b1+b2]
l,ay+bi,a1+ b
[31+m+%]_13/‘_2 ! 1> el 2 5
« 31+32+b1+b2,1+31+m+§
l,a1+ b1,ax+ b
—[by + m+ 8] 15F LrobmT
atatb+b,l+b+m+3

Sum over m is a 1d crossing kernel [Gopakumar, Sinha; 1809.10075]
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OPE coefficients at tree level

_ (a1)m(a@2)m 1, a3, a4 Z fai+a—c
Zm' (c+m 1)3,:2 by, c+ m O(Z n

n=0

W(32+b2—1,n+1,a3,b2—a4,32,21+32—b1+b2—n—1)

Mellin amplitudes are such that a; + a3 — c € N.
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OPE coefficients at tree level

_ (a1)m(a@2)m 1, a3, a4 Z fai+a—c
Zm' (c+m 1)3,:2 by, c+ m O(Z n

n=0

W(32+b2_17n+1ya3,b2_a4732731+32_bl+b2_n_1)
Mellin amplitudes are such that a; + a3 — c € N.

2,b,¢, _/"“’ﬁ M=sIr[b+ sl + sI[d + sI[L +a—e— f + 5]
doef) 27rir[1+a—bfcfdfs]—ll’[lJrafe+5]r[1+a,f+s]

a,l+ a b,c,d,e, f
o 7Fs 1
Ea,l—i—a—b,1+a—c,1+a—d71+a—e,l—i—a—f
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OPE coefficients at tree level

_ (a1)m(a@2)m 1, a3, a4 Z fai+a—c
Zm' (c+m 1)3,:2 by, c+ m O(Z n

n=0

W(32+b2_17n+1ya3,b2_a4732731+32_bl+b2_n_1)
Mellin amplitudes are such that a; + a3 — c € N.

2,b,¢, _/"“’ﬁ M=sIr[b+ sl + sI[d + sI[L +a—e— f + 5]
doef) 27rir[1+a—bfcfdfs]—ll’[lJrafe+5]r[1+a,f+s]

a,l+ a b,c,d,e, f
o 7Fs 1
Ea,l—i—a—b,1+a—c,1+a—d71+a—e,l—i—a—f

The hypergeometric function happens to have a closed form.

16(k — 1)

= 2" MK+ K42k +4) — K (k+2) 72+ 20D
k2(k+1)7r2cr[( HI 2k 4) — ki (k+2) (7 420

2
A [0,2,k—2,0]
2kBk;r2

2 64 2 2 2 2.2 It
= " |2(k—=1)(k" —4) — k k“(k®+2k -2
>‘2k3[£‘+12’k=°] k2(k + 2)m2cr { ( ) ) ™ 4+ k°(k + )
2 32 k

= 4(k —1)(k +2) + K°x° + 2k ( S
)\2kB[,?‘7f2’k+2’0] k(k + 1)(k + 2)m2cr [( )k +2) + k°n" + 2k >
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A finite sum rule

TOpO|OgIC3| theory Stl” haS an OPE [Chester, Lee, Pufu, Yacoby; 1412.0334] .

J43
(O1(01,¥1)O2(2, ¥2) O3(03, ¥3) Oa( 04, ya)) ZA120A340 ( )

ghz_,j43 <1> ()’14)112 <y13> (_ )y{12+.l2y_3l34+.l4
—j l—« Youq Y14 (Sgng021)A1+A2_A(5gn<p43)A3+A4—A
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A finite sum rule

TOpO|OgIC3| theory Stl” haS an OPE [Chester, Lee, Pufu, Yacoby; 1412.0334] .

J43
(O1(01,¥1)O2(2, ¥2) O3(03, ¥3) Oa( 04, ya)) ZA120A340 ( )

ghz_,j43 <1> ()’14)112 <y13> (_ )y{12+.l2y_3l34+.l4
—j l—« Youq Y14 (Sgng021)A1+A2_A(5gn<p43)A3+A4—A

Apply crossing with j + j34 = 2 once, 1 twice and 0 thrice.

2 2 2
Asz[ff-ék*LU] =+ Asz[f’lvk*ZU] + Asz[E,UTkTOI
2 2 2
k(k +3)

2 2
Asz[EfZ,kfz‘o] + /\2’(3[1?#12*'0] )\2kB[0 0 k+2,0] — =0
2 2
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A finite sum rule

TOpO|OgIC3| theory Stl” haS an OPE [Chester, Lee, Pufu, Yacoby; 1412.0334] .

Ja3
(O1(¢1, ¥1)O2(p2, ¥2)O3(3, y3)Oa( 4, ya)) ZA120A340 ( )

-12_,j43 L E J12 E (_1)Jy{12+12}fé1+"4
- 1-a Yaa Y14 (SgnSOQI)A1+A2_A(5gn<p43)A3+A4—A

Apply crossing with j + j34 = 2 once, 1 twice and 0 thrice.

2
/\2’(5[,?&’(72 o+ )\2kB[° 1k—2,0 T )\2kB[° 0,k,0]
2
)2 )2 k(k + 3) 32 —0
2kB[02k 2,0] + 2kB[01k0] e 2kB[OOk+20] =

Can also constrain )\223£oo4o] )\ksz[OOAO] , )\228{00201 )\kkBl[oozo] , )\22B£ozoo] )\kkBZ[t)zoo] .

At higher extremality we have [%1 crossing equations.
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Comparing to a matrix model

TQFT for fundamental and adjoint hyper [pedushenko, Pufu, Yacoby: 1610.00740] .
s - . o s Na . 6
So=— [ dpQuQ+0Q]", Sx=— [ dpX° [x +[o, X]}

—r —7
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Comparing to a matrix model

TQFT for fundamental and adjoint hyper [pedushenko, Pufu, Yacoby: 1610.00740] .
s - . o s Na . 6
So=— [ dpQuQ+0Q]", Sx=— [ dpX° [x +[o, X]}

—r —7

Combine with dualities for ABJM at level 1 [Bashkirov, Kapustin; 1103.3545] .
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Comparing to a matrix model

TQFT for fundamental and adjoint hyper [pedushenko, Pufu, Yacoby: 1610.00740] .
s - . o s Na . 6
So=— [ dpQuQ+0Q]", Sx=— [ dpX° [x +[o, X]}
—r o «a

Combine with dualities for ABJM at level 1 [Bashkirov, Kapustin; 1103.3545] .

Correlators for multi-trace X = (X, X) operators.

N
(01...0,) = N'ZN/d I 4sint*(x00p)Zs (O1... 04,

a<lf

56 sgne12 + tanh(mo,g)
2e " 0apP12

<Xaﬂ(<p17 yl)X(S'y((p% y2)>0 = )/125a
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Comparing to a matrix model

TQFT for fundamental and adjoint hyper [pedushenko, Pufu, Yacoby: 1610.00740] .
s - . o s Na . 6
So=— [ dpQuQ+0Q]", Sx=— [ dpX° [x +[o, X]}

—T —T

Combine with dualities for ABJM at level 1 [Bashkirov, Kapustin; 1103.3545] .

Correlators for multi-trace X = (X, X) operators.

1
N1 Zy

(01...0,) = /dNo' I 4sint*(x00p)Zs (O1... 04,

a<lf

o o 5 SBNP12 + tanh(moyp)
(X 5(@17)/1))(57(@27)/2»0 = 120585 e—cas

Leading (O(1/ct)) single-trace couplings match [Mezei, Pufu, Wang; 1703.08749)] .
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Comparing to a matrix model

TQFT for fundamental and adjoint hyper [pedushenko, Pufu, Yacoby: 1610.00740] .
s - . o s Na . 6
So=— [ dpQuQ+0Q]", Sx=— [ dpX° [x +[o, X]}
—r o «a

Combine with dualities for ABJM at level 1 [Bashkirov, Kapustin; 1103.3545] .

Correlators for multi-trace X = (X, X) operators.

N
(01...0,) = N'ZN/d I 4sint*(x00p)Zs (O1... 04,

a<lf

56 sgne12 + tanh(mo,g)
2e " 0apP12

<Xaﬁ(<P17Y1)X57(<P27}/2)>0 = y1205
Leading (O(1/ct)) single-trace couplings match [Mezei, Pufu, Wang; 1703.08749)] .
Leading (O(1)) double-trace OPE coefficients do too.

KIEV k+E&—2j+1
ASk[@gOk][OJkJ”E 2,00 = N CETETES]
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Conclusions

@ Mellin amplitudes for AdS; x S*, AdSs x S° and AdS; x S
enable important checks.

@ Many previously disparate results are special cases of the
crossing kernel.

@ The chiral algebra structure makes predictions about loops
from AdS unitarity method [Aharony, Alday, Bissi, Perlmutter; 1612.03891] .

@ Closed form OPE coefficients in ABJM theory present a challenge
for matrix model techniques [Marifo, Putrov; 1110.4066] .

@ Protected operators in 3d N' > 4 and 4d N > 2 SCFTs allow us to
study similar conjectures [Binder, Chester, Pufu; 1906.07195] .

@ Should also explore backgrounds with defects or finite temperature.
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