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Abstract: Using knowledge about the spectrum of operators in N=4 SYM, consistency of OPE, and analytic bootstrap techniques, | will obtain 1-
loop corrections for 4-pt functions of single particle half-BPS operators of 1B supergravity on AdS 5\timesS"5. Along the way, | will discuss a
general formulafor the leading anomal ous dimension of all double-trace operators in the supergravity regime.
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Outline:

How to Construct @1-loop the 4-pt Amplitude

of the suyerconformaf p'rimar_y in the
graviton mufu’y[ét qc /B Sugra

(Yap2p202)

A direct compumtion remains a cﬁaﬂénge n sugm!.'

Instead we will Eootstm}o the answer ﬁ'om novel CFT data
in CN'=4 SYM extracted ﬁom tree-level correlators
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Reminder:

[Maldacena]

SuperStrings on AdS.xS5 «— SU(N) N=4 SYM in 4d

gs=grm and L[4=Ax? with A = gsN

Qnteresting regime: fm’ge 't ‘J—(ooft cou}aﬁ"ng and farge N

Suyergmvity: classical + 1/N exyansion

(dressed Ey a K exyansion)
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‘Basics of Cl-[ofogmyﬁy

Single particles Protected Half-BPS Op = Tr &P
(KK modes)

1
vp +— PO+ WZ#QOQOP_QJF...

[Witten, van Nieuwenhuizen et al.]

Gravitational Q?lmpﬁ'tudés dual to CBoumfar_y Correlators

[Witten, Klebanov-Gubser]

(SOIM c:01(3'2 c1013'3 (IOIM >
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Witten cfiagmm comyumtions in [IB sugra

[Arutyunov,Frolov, Uruchurtu, Freedman, Rastelli, Sokatchev, Dolan, Osborn]

> 3-pt ﬁmctions, @ ie. 1/N bulk vertices of (pp@qpi)

> the ﬁ)[rowing [ist of 4pt ﬁmctions at 1/N?

(Phk+2Pk+2Pn—kPntk)s (P3030303), (Papapaps)

o O &

but: N=4 SYM is a very constrained SCFT
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Partial Non-renormalization theorem: [Eden,Petkou, Schubert, Sokatchev]

(Qopﬁopchpa(wom) = Free Theory +

(z—y)(z—-9)(T—y)(T-7Y) HP1P2P3P4 [ua v, 0, T]

and from OPE  @m¥p ~ D (Ppipp;10)0

operators O

Q: do we know these ﬁmg operators 77 \/

T ¢
Hpipapaps = Z Op1p2KT,£,a,bCp3p4KT,£,zz.,{J [u (1 - ’U) + .. '}T[a,b,a](aa‘r)

KT,E,u,b

(T'=A-1) conformal block 1B [T',£]

P21,P43
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Heslop,Howe, Heslop-Doobary 1508.03611

Parenthesis: Our Jaoint of view on Suyer Conforma( blocks

Cross Ratios and
uT

=P (uo)* (—)#2 Free ’Jﬁeory Diagrams

v

p1tp2—pq+r3 —p2+P1+Pea—P3 P2—P1+P4—P3
2 2 2

P = g9 914 924 934
paz = p21 2> 0

912934 912934 v

913924 g14923 uT
= ug _

1) rqﬁnement of the cfiagmmmatic eagocmsions

Y+Pr3q
2

(901919%29039390194):732 (W)ig’u Z 1d (L)z

(vea
1=0

Y = P43, Pa3 + 2,...min(py + p2, p3 + pa)
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2) Suyerconﬁrmaf Blocks and super YT of GL(2|2)
| %]

p= Y + P34 ) \
2
LONG SEMI-SHORT HALF-BPS

| 1—aq 1 —
u=z120 v=(1-2)1—-23) 0=—— 7= g2 Y2

Y1 Y2 Y1 Y2

Solution cf the 4d SujaerCasimir equau'on

i s\ — Y4 F |5 _1 .
FeBfrr — ZRgﬂ'yAS“(flgf) A (_)p+1 Hz,g(-’r ?JJ) det ( A_.,[ ] ey )

oA (@1 = 22) (11 — 1) —0ij-x;  Gilys]

Fy,loi] = (w?'?_j oFi[Aj+1—j+a,Aj+ 1=+ 82X +2—2j ""7;5‘7'&]) 1<i<2
1<j<p

/8 — Y—Pa3
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Heslop,Howe, Heslop-Doobary 1508.03611

3) ’Unyacﬁing the determinant F?* — k7 + 8" + (uo)PD?

o _ L@ — ) [(f“’"(mz,yz)

(331 - 5172)(?}1 - yz) 1 — U

= (y1 & yz)) — (21 © mz)]

D = H(xz- — y;) ™ (@1, T2, 41, Y2)
1]

Long : 4-variables function fully factorized

det (Fy, [wi])lgz‘,jgz det (G)\g—i-l-l[yj])lsq;,jSQ

Ty — T2 Y1 — Y2

L. -
S~

B[T’E] T[a,b,a] (07 T)

P21,P43
T =7y +2(\ —2) a=A — A
0= AL — A b=y — 2\

’H’Y[)\ls)\z] -
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4) SCPW décomyositian
Free Theory =P |(uo) ™3 37 i (é)
Y

i=0
Y+Pr34 o o -
:’PZ Z (uo) 2 Awf FPA (&, 4]
CFT data AR

A»y)\ = Z CP1P2KT ,a, bOp3p4KT £,a,b rU‘J\foIXQ‘J\(g

Ko 6.0,b

Hmpzpsm - Z CplszT,e,u,bCmmKT,z,a,b [UT(I - U)e + .. ‘}T[a b,a](aﬁ T)

KT,E,:J..I:

(T'=A-1) conformafﬁ@cﬁ B4

P21,P43

Q: do we know these ﬁmg operators 77 \/
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art |
The spectrum qf N=4 SYM at farge A 7

No ﬁecw_y sm’ngy states, onf_y figﬁt multi-trace operators

> Simp[é consideration, say e o' 00
> ﬂExyamcf in 1/N

1
C=C"+ 50"+

then the threshold “t’ for excﬁange of a [ong DT operator in

<90'p1 PpaPps 90134) is  max(py + p2, s + p4)

1
T =1+ mn + ... K acquires anomalous dimension,

[t,£]
Hp1p2p3p4 10g Z 1102K 77K p3p4 szl p43T[a,b,a]
Kt e,a,b
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[1608.06624 | Leonardo and Xinan, Thank you!!

Task: Construct a tree level ﬁmcu'on with the requireaf }Jrqaem’es
[Crossing, Ward Qcﬁmtﬁy, Mellin Space, Flat space [imit]

[Dolan and Osborn] [Mack] [Penedones] [Penedones]

P3—P4

T > @ik o'r?
w57 L= gkl (2 — 4 2k) (w — @ + 2) (i — 2 — w + 2i)

p - 7
—

w

%RZ e % dzdw ’U,%’UfR[g_ 1,;_"] F[Pl+g2—z]r[}93+}2ﬂ4—z]x

F[P1+};4—w]r[?2+z£3—w]x

I [ z4+w+4—p1 —pa ]F[Z+w+4—p2—104 ]

2 2
i+ j+ k= p3g— 2+ min(0, LLEP2ZPI=P4)

P1P2P3P4 fixed in JD,FA,PH,HP 1802.06889
(]—H"J’m;p”_m + k)! (?—L”""fg’“ + i)! (Ba2zEaL 4 5] from the light-like limit

Qijk =

10d proof: Caron-Huot,Trinh 1809.09173
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(02020404)

B(N? = 1)*(N* - 6N? +18)
N2

64(N? — 1)(N* — 6N? + 18) I:D
NL!

4 32N

~ 1)(2N? - 3)?

192(N? — 1)(N* — 6N? + 18)
+ N2

(P2p204p4)

B(N? = 1)?(N* = 4)(N* - 9)
N* 1

6A(N? = 1)(N? = 4)(N? - 9)
N2 41

2N? —3

N(N2+1) 020

g = Oy —

.

192(N? — 1)(N? — 4)(N? — 9)
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art 111
The spectrum qf N=4 SYM at farge A P

» More yrecise considerations: Long Double Trace

Kpq = 0p o'z (t—p—a) v, (P<q)

dimension of this space is ('3 —a —1) with p= %2 + G

Associate to it a matrix qf correlators

(4637)

(3737)  (4837)

(2626) (3726) (4826) [ (3526)
[ (4848) ]

[ (3535)  (4635)
(4646)

[0,4,0] “even spin” t=12
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art 111
The spectrum qf N=4 SYM at farge A P

such a *symm* matrix carries two yieces of information

1) disconnected ﬁ'ee tﬁeory At’g =CtuabCirap
2) fog(u) data Mt b =Ctiap 7 Cg:e,a,b

Observation: the number qf (Pppg K pq) + the anomalous dim.

equafs the number of indépendént entries of Ai’fb and .Mieb

General solution of the eigenmfue yroﬁ[ém
69 = (t—1)(t+a)t+a+b+1)(t+2a+b+2)

2 55" 5§i)£+1

N2(£+2p_2 +M)6

FA,JD,PH,HP 1802.06889
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part 11

The spectrum qf N=4 SYM at farge A

Example: [0,2,0] “even spin” t=8

. . 1
504 (504111412 30241501y (01

(1+1) (5+1) (6+1) (10+1) (1+1) (5+1) (6+1) (10+1)

ixForm

[50+111-12)

| 1 ( 12
3024 g0y (9e1y |BOFILLALY 504 (2160+9021+20312+2213414)

(141) (5+1) (6+1) (10+1) (Lael) (2+41) (5+1) (6+1) (9+1) (10+1)
[ I N

SO4BVAS [ 12.0) (841) (641) (9+1)
(1+1) (10+1)

| 1
\(Bel) (641)
(L+l) (10+1)

Jz | 1 151242 | 1 (744111412)
16128 2\ 1201y (501) (641} (91) R T TRTHS TR KA LR

(1+1) (10+1) (1) (2+1) (9+1) (10+1)

10084/ 15

{7 504 (7+1) (B8+1) 504
(1+1) (2+41) (5+1) (6+1)  (5+1) (6+1)

» Results

Comy[ére Unmixing in [000] and [010]
Su@rising yartem of dégenemcies!

Accidental 10d symmetry

:' 1 f
| (541) (6-1) 16128V

(1+1) (10+1)

HAPRLYSR J @) (8e1) 60y (901)
(1+1) (10+1)

[ 1
y (841 (641)
(141) (241) (9+1) (10+1)

15124/ 2 (74+111412)

S | 1
604815\ [ o 0) (8e1) (641) (941)
(L+1) (10+1)

/ | 1 i +12)
504V30 | iy ey (430111027

504 (40411 1412]
(1+1) (5+1) (6+1) (1041)

(1+1) (5+1) (6+1) (10+1)

J | 1 | 2
504+ 30 | (2e1y (0o |\42>lllwl )

(1+l) (5+1) (6+1) (10+1)

504 (16444792 1+19312.2213,14)

504 504 (3+1) (4+1) }

T B41) (6+1) (5+1) (6+1) (9+1) (10+1)

FA,JD,PH,HP 1706.08456
FA,JD,PH,HP 1711.03903

FA,JD,PH,HP 1802.06889

Caron-Huot, Trinh 1809.09173

{1+1) (2+1) (5+1) (6+1) (9+1) (10+1) /
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Bootstrap of (pap2p2ip2) at one-loop

FA,JD,PH,HP 1706.02822

» Prediction from the OPE

1
Hazoe O (N? — 10% Z Coox 305 Coak B4

Ky

» double disc. resums into u=2%, v=(1—-2)(1—7)

1
(z— 7)1

Li[l, z] — 1:1[1, z] . Li[2,z] — 1:1[2, z] :
T—Z r—x

log(v)( B 1P, Li[l, z] — Ei[l,f} ) }

r—

{Pl + P2

» consider the space of transcendental ﬁncﬁons up to wetgﬁt-zi
{Polynomials X SVHPL]

(x —Z)1°

maﬁe an ansatz
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HPL by Remiddi,Vermaseren, & Maitre, SVHPL by Brown

. ‘More on tﬁg ansatz Dixon,Duhr,Pennington,1207.1086

g
. (2g—1 " _ . _
= Z rl(g — 1) )Igl log" (u/v) [Ll?g—r(m) — Ligg—r(;

-Al (u,v)L? 4 cross ] +
-A4(u,fu):r:(1 —2)0,L? £ (z & T) + cross}

-Ag(u, v) log?(u) + cross]
-Alg(u, v)LM) + Ays(u,v)log(u) + Ara(u, v)log(v) + Ais(u,v)

Task: 1) imyose crossing Bake 30 minuts

2) match the double disc. FA.JD.PH.HP 1706.02822
3) cancel spurios }90@5 FA JD.PH.HP 1711.03903

4) odd other yredi’ctions! also {(pap2p33)
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The ﬁncﬁon is ﬁxecf up to a ﬁ'ee coeﬁ(icient,
same amﬁiguﬂy that stri’ng tﬁeory would induce ﬁ'om RA4

Goncalves 1411.1675

Ka 00

New Data:

1—loop __
T]Kd,z,u,1 -

1344(1—17)(1+14) 2304(21+7)

I—D(+1D2(+6)2(148) — [+1)*(1+6)?

320(91* 4+-681% —11511% — 57381 —3688) [ =94
e R R

1148

« p—

1—loop _{ T 3
(

(=1)(I+1)3(1+4)3(1+8)
320(91* +1401 — 4871 —112621—29400) | =35
I0+4A3(I+7)3(+9) A B AR

Summary

Obtained 1-Loop sugra correction ﬁ’om OPE consistency
and Szlna(yu'c Bootstrap
cfﬁzr sofving the mixing yroﬁ[ém and resumming the ddisc

Page 21/22



HPL by Remiddi,Vermaseren, & Maitre, SVHPL by Brown
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