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Motivation

® M-theory — combines all five 10-dimensional superstring theories
® M2 and M5 branes
® | ow-energy limit: 11d supergravity

Goal: Find M-theory corrections to the low-energy effective action
e Strongly coupled — AdS/CFT correspondence
® M-theory in AdS; x S* dual to 6d (2,0) theory
® No Lagrangian known — conformal bootstrap

® Derive | recursion relations for anomalous dimensions | of double-trace
operators in the conformal block expansion of stress tensor multiplets
in 6d (2,0) theory

® anomalous dimensions contain information about higher-derivative

corrections
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M-Theory

® | ow-energy effective action

S~ / dx/—g Gll< )

e Worldvolume theory of single M5-brane: abelian (2,0) tensor
multiplet: two-form gauge field, five scalars and eight fermions

N coincident M5-branes — 6d (2,0) theory AdS/CFT,

M-theory in AdS; x S* with N units of flux through S*

e Large-N limit <> low-energy limit

® Away from large N in CFT — higher-derivative corrections to 11d
supergravity
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6d (2,0) Theory

e 6d (2,0) is manifestly strongly coupled and no Lagrangian description
is known yet

e Conformal bootstrap techniques
e Calculate 4-point stress tensor correlators

e Superconformal primary T;; of half-BPS multiplet: dimension-4 scalar
of 2-index symmetric traceless representation of SO(5)

e AdS;-dual are scalars with mass m? = —8
e CFT 4-point functions are in one-to-one correspondence with local

quartic interactions of this massive scalar field in AdS

[Heemskerk,Penedones, Polchinski,Sully]
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Operator-Product Expansion

¢ Operator-product expansion (OPE)
$1(x)$2(0)10) = > A2o Co(x,y) O(y)l,—, [0)

O primaries
e CFT data: list of scaling dimensions A; of all local primaries of the
theory together with all OPE coefficients Ajj for any three primaries

® 4-point function in terms of OPEs of two pairs of primaries:

(91(x1)P2(x2)P3(x3) Pa(xa))
= Z A20 Az40[Co(x12, 0y) Co(xza, 02)(O(y) O(2))]

(@
GO(”? V)
= AM20 X307 —n—ox
oF (x12)%2(x34)

2,2 2 2

X{nX - Xi4X: -

where u = 7122 324 = ZZ, vV = 7124 223 = (1 — Z)(]. — Z)
X Xi{3X:

13724 13724
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Crossing equation

Go(u,v) Go(v, u)
gA: A120 A340 (12)22 (332 )28 Z A140 A230 (12 )2 (x5 /2B
1 4
1 4
> M20aao >—< = Auodasor o
o O o’
2 3
2 3

Definition: A CFT is a set of CFT data which satisfies
the OPE associativity for all 4-point functions
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4-point Functions in the 6d (2,0) Theory

® Superconformal symmetry constrains 4-point function in terms of
prepotential F(z, Z) [tesiop]

M (gi3g2a) 2 (TiTaTsTa) = D(SF (2,2)) + S2F (z,2) + S2F (Z,2)
where D= — (0, — 0; + \J,0:) A and A=z — Z.

® Crossing symmetry: | F(u,v) = F(v, u)

F(z,2) = %+%+ AG(z,2)

® Schematic form of double-trace operators in OPE T9'0"T with n > 0 and
A=2n+1+8+0(1/N3)
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Conformal Block Expansion

® Expand in conformal blocks

= Z An1Ga(z,2)

n,/>0

® Expand the OPE data in 1/N:

() (m _ 1
An,l—A "‘mA cey A—2n+/+8+m’yn7/+
Ay

o AS,OI) from free disconnected contribution:

1 1
_i_i

F(U V)free disc — 1+ V2

02
u
® Perform conformal block expansion and solve for leading contribution

to OPE coefficients:
(I+2)(n+3)!(n+4)!(+2n+9) (I +2n+10) (I + n+5)! (I + n+ 6)!
72(2n +5)! (21 +2n + 9)!

0) _
A=

n,
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Conformal Block Expansion

® Expand in conformal blocks

)\26(2,2) = Z An,l GA,/(Zv Z)

n,/>0
® Expand the OPE data in 1/N:
_ a0 1w _ 1
Anl = An,, —|—mAn7, + ..., A—2n+l+8+mfy,,,/+...
Ao
° Agol) from free disconnected contribution:
1 1

F(U> V)free—disc =1+ F + V2
® Perform conformal block expansion and solve for leading contribution
to OPE coefficients:
A0 _ (I+2)(n+3)! (n+4)(I+2n+9) (I +2n+10)(/ + n+5)! (| + n+ 6)!
ml 72(2n +5)! (2/ 4+ 2n + 9)!
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Conformal Block Expansion

® Higher-derivative corrections:

O (1) _ 1
An7/—A +7Anl+ A—2n+/+8+m"}’n7[+
Ao
1 0
G =G =G ,
Al Dol T TERLE TN +

® Expand crossing equation to order l/N3

n,I>0

i COﬂfOFma' b|OCkS [Dolan,Osborn]

Ga,(z,2) ~ Zuh

hs(z) = 2F1(B/2,8/2 — 1,8, 2)

® Goal: Find anomalous dimensions 7, for any n and /

where

o, 1 -
Z |:AE7%/) GAOJ(Z,Z) + EAS,)I) Yn,i 8,7GA07/(Z,Z) + (U — V) =0
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Conformal Block Expansion

® Higher-derivative corrections:

1 1
Ang = AP + g AL T A=20E B ET
Ao

42 9 ¢ |
of | T NE M A TAIIA=B0 () 1y (A m)

n,

Ga, = Gp

® Expand crossing equation to order 1/N3

-1 _
> [A(nll) Gno,1(2,2) + EAE,(,)/) Vn,I a"GAoJ(ZvZ)} +(usv)=0
n,/>0

L Conformal b|OCkS [Dolan,Osborn]

Ga (z,2) ~ Zuh

hg(z) = 2F1(8/2,8/2—1,5,2)

® Goal: Find anomalous dimensions v, for any n and /

where
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Recursion Relations

o, 1 _
Z {Aﬁll) GAO’/(Z7 zZ)+ *AES,) Yn,i (9,,GA07/(Z, )|+ (uev) =0
n,I>0 7 2 ’ — v
T ~log(zZ2) ~log((1-2)(1-2))

® Follow C|Ose|y method in [Heemskerk,Penedones, Polchinski,Sully; Alday,Bissi, Lukowski]
® |solate terms containing 7y, by taking z =+ 0 and z — 1

® Use hg(Z) = log(1 — 2) (1 — 2) hs(1 — Z) + holomorphic at Z = 1, where

- _ r(g) . _ N
hg(z) = Wgﬁ (B/2+41,8/2,2,z) = ha(z)hg(1—2) and ha(1—2)hg(z)

0 —
Z AELI) Yn,i (a”GAOJ(LZ))‘Iogzlog(l—f) =
n,/>0

- Z AS?/) Y1 (0nGpg,1(1 — 2,1 — Z))

| log z log(1—-2)
n,/>0
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Recursion Relations

® Orthogonality of hypergeometric functions:

dz Zmfm'fl
Ommt = ¢ —— ———— ham4a(2) h_2py —2(2)
2wi 1—2z
® Define inner product
dz (1—2z)"3.
Im,m’ = % % ( Zm/zl h2m(z) h72m’(z)

® Recursion relation:

oo
Z An /'Yn /[ 5q nIn+I+6 p+2 — §q n+l+3In+3 p+2)
n=0

M»

Il
<}

Qn,1 (8g,n+2Tn+1+6,p+2 — Oq,n+i+3Ln+5,p+2)

+ o+ o+

Rn,l (5q,n+l+2In+4,p+2 - 6q,n+lIn+I+5,p+2)
S

n,l (6q n+i+alnta pro — 6q,n+1In+l+7,p+2) — (g« P)]
® Truncate to spin L
® Choose appropriate values of p, g to solve for all 7y, ; with

n < min(2n — 2, L) in terms of (L + 2)(L + 4)/8 free parameters
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L=0 Solution

Recursion relation can be solved for all v, in terms of v90 —

Spin-0 solution
spin—0 11 (n + 1)8 (n + 2)6
,7,10 - 70,0
’ 2304000 (2n+7)(2n+9) (2n 4+ 11)

Large-n behaviour gives information about higher-derivative
corrections to effective M-theory action

AP0 1~ 48" s bulk interaction vertex has six more

derivatives than supergravity (R) — |R* correction

Massive scalar field in AdS with local quartic interactions — spin-0
InteraCtlon VerteX ¢4 [Heemskerk,Penedones, Polchinski,Sully]

Agrees with results from conformal block expansion of functions satisfying
the crossing equation and whose block expansion truncates to spin-L
[Heslop, Lipstein]
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L=2 Solutions

® Spin-L truncation: §(L + 2)(L + 4) solutions

® | —2 solutions:

spin-0
spin-2 __
n,0

n,

(70,0 + 70,2 i (n) + 71,2 22 (n)) ,
70,0

spin-0

,YSP""Z _ o 845(n—1)(n+5)(n+6)(n+8)(n+ 9)2 (n+10) (n+ 12)
n,2

7,0 4064256 (2n + 13) (2n + 15)
« ( 51n(n+ 11) )
1027 M2 360 (n— 1) (n + 12)
where

325n (n + 9) (13n6 +351n° + 6201n* + 64233n° + 385476n> + 1251666n + 1512620)
fi(n) =

1016064 (2n + 5) (2n + 13)

1105n (n +9) (5n6 + 135n° + 2157n* 4 20601n° + 117468n° + 370494n + 441700)
f(n) =—

9483264 (2n + 5) (2n + 13)

® Large-n behaviour ~ n® and ~ n'” — interaction vertices of form

D*R* and | D°R*

® Spin-2 interaction vertices ®?(V,V,®)? and ¢3(V,V,V,®)?
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Conclusions

® Derived recursion relations for anomalous dimensions of double-trace
operators in the conformal block expansion of 4-point stress tensor
correlators in the 6d (2,0) theory

® Large-n behaviour of v, encodes higher-derivative corrections to 11d
supergravity action

e We cannot fix the coefficients of these corrections

Outlook:
® Develop methods for fixing the coefficients

® [Chester,Perlmutter] app|y chiral algebra Conjecture [Beem,Rastelli,van Rees] tO
higher-charge correlators

® Extend our method to such operators and fix the coefficients of
higher-derivative terms in the M-theory action

e Study loop-expansion in M-theory on AdS; x S* using conformal bootstrap
techniques
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M-Theory Corrections to Effective Action

® |ow-energy effective action:

1
~—5|R+a R'+a DR+ DRI+
GN N——
Spin—0 Spin—2

L

where G,{,l ~ l,gp ~ N3 and ¢; unfixed

® 8-derivative correction comes with Gi! /S ~ N=5

® 12- and 14-derivative corrections come with G,bll,ﬁo ~ N~19/3 and
GALIE2 ~ N~7 respectively

e Compare to 1-loop supergravity correction ~ (G,{,l)2 ~ N~% — loop
correction is subleading compared to spin-0 correction of tree-level
supergravity

® Can write and solve recursion relations for any spin-L truncation and
get the structure of higher-derivative corrections
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Conformal Blocks

[Dolan,Osborn]

I+3

DO
G (A, 1, A1, Azs) = Foo — m]'lu
A—4 (D41 —Ap)(A+ 1+ Ap)(A+ 1+ Asg) (A +1— Asg)
N 16(A+1—1)(A+N2(A++1) 1
(B-H(+3) (A1 Bp = (A= 1+An (A 1+03% —4) (A1~ As—4)
a—2)(+1) 16(A—1—5)(A—1—42(A—1-3) 02
+2(A—4)(I+3) 1284 Fot,

(A+N)(A+1—2)(A—1—28)(A—1—6)

where Aj; = A; — A; and

(zz)%(A*’)
T s

x [5F (%(A—I—Alz)—3+b,%(A—I+A34)—3+b;A—/76+2b;2) 72(—)2}

{z’““f" x [2F (%(A+17A12)+a,%(A+/+A34)+3;A+/+23,z>

6d (2,0) theory: supersymmetric blocks [Hesiop; Beem Lemos Rastellivan Rees]

4(1+1 23
Url) X gooa4a,1,0,-2)

Ga,i(z,2) = m >
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Solutions

® Truncate to spin L

® Choose appropriate values of p, g to solve for all ~y, ; with
n < min(2n — 2, L) in terms of (L + 2)(L + 4)/8 free parameters

e | =0: setting g = 0 gives recursion relation in terms of p:

0 0
L£Top02A 00 = 340 GAY, 0%p-a0

G = Ip+6,2
(p+3)(p+5)
G = 3Tpta2 (p+3)(p+6)Tpte,2
(p+2)(p+4) 4(p+2)(p+4)(2p+9)(2p+11)
G = 3Zp42,2 3 (P + 2) Ipta,2
(p+1)(p+3) 4(p+3)(2p+3)(2p+5)
CG=__ Tp2 3(p+1)Ipsap
p(p+2) 4(p+2)(2p+1)(2p+3)
G- p(p+3)Ip2

4(p—1)(p+1)(2p+3)(2p+5)
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