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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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N=4 SYM & IIB Sugra @ 1-Loop

Francesco ’.lemﬁﬁz
[Milano Bicocca ’Universﬁy]

based on
1706.02822, 1706.08456, 1711.03903, 1802.06889

with James Drummond, Paul Heslop and Hynek Paul
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Outline;

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

of the suyerconformaf ]a'rimary in the
graviton mufujaﬂet (f [IB Sugra

(Yap2p202)

A direct compumtion remains a cﬁaﬂénge n sugm! !

Instead we will Eootsn’ay the answer from novel CFT data
in Q\f=4 SYM extracted ﬁ'om 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

Qnteresu’ng regime: farge t 'J-[ooﬁ' couyﬁng and farge N

Su}aergm\/ﬁy: classical + 1/N ex}aansion

(dressed Ey a " exyansion)
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‘Basics of %fogmyﬁy

Single particles Protected Half-BPS Op = Tr &7
(KK modes)

1
op +— O+ NZ#qoqop_qu...

[Witten, van Nieuwenhuizen et al.]

Gravitational ?lmpﬁ’tudés dual to Boumfary Correlators

[Witten, Klebanov-Gubser]

<90p1 c:0102 CPPB (,0p4 >
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Witten cfiagmm comyumu’ons in [IB sugra

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

> 3-pt ﬁmcu’ons, @ ie. 1/N bulk vertices of (PpPqPk)

> the ﬁ[fowing [ist cf 4pt ﬁmctions at 1/N?

(Phk+2Pk+2Pn—kPntk), (P3P303903), (Papapapas)

o O ®

but: N=4 SYM is a very constrained SCFT
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Partial Non-renormalization theorem: [Eden,Petkou,Schubert,Sokatchev]
(©p,PpaPpsPps) = Free Theory +

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

and ﬁ'om OPE  @m¥p; ~ D, (Ppipp;|0)0

operators O

Q:, do we know these ﬁmg operators 77 \/

T £
?{Pw:apsm w— Z OPlPZKT,E,u,,bCpﬂprKT,E,u,,b [u (1 - 'U) T e '}T[a,b,a](oﬁ 7-)

KT,E,u,b

(T=A-1¥) conformal block BT

P21,P43
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Heslop,Howe, Heslop-Doobary 1508.03611

Parenthesis: Our yoint of view on Suyer Conformaf blocks

Cross Ratios and
uT

=P (uo)* (—)#2 Free ’J'ﬁeory Diagmms

(%

p1t+p2—p4a+p3 —pP2+P1+P4—P3 P2—P1+P4—P3
2 2 2

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

912934 g12934 v

913924 g14923 uT
g139 = 51 g14923

1) rgﬁnement of the cfi’agmmmatic exyansions

7+P34
2

(Pp1PpsPpsPpa) :PZ (ua)%f’i Z: 21d (L)z

vo
1=0

Y = P43, P43 + 2, ... min(p1 + p2, p3 + p4)
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Heslop,Howe, Heslop-Doobary 1508.03611

2) Suyerconﬁ)rmaf Blocks and super YT of GL(2|2)
| 10

_ 7 + P34 4 \
2
LONG SEMI-SHORT HALF-BPS

1 | P N, [
u=zizz v=(~1-z)(1-23) 0= —— r=-—H_"9
Y1 Y2 Y1 Y2

Solution cf the 4d SuJaerCasimir equau'on
IL i(x:i — ;) L
afyA _ afyA — 1 (V] i—Yj
Rt = 3 R, ) = (1 mg)(yl_yz)det( )

oA —dij-x;  Gily;]

FAJ[%]:( e RN A1 —j+ay A+ 1=+ B2\ —|—2—2]—|—’}’,m1])1<z<2
1<j<p

Gily;] = (:U;-_ oF1[i —a,i— B; 2i —
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Heslop,Howe, Heslop-Doobary 1508.03611

3) ﬂnyacﬁing the determinant F7'* — k7 + 87 + (uo)PD??

S 11 ;(zi —yj) [(f"’)‘(iﬂzayz)

(371 - wz)(yl - .Uz) Iy — W

= (y1 & yz)) — (21 & 3»‘2)]

DY = H(xi — ;) H (21,22, Y1, Yo)
]

Long : 4-variables function fully factorized

det (Fy, [wi])lgi,j§2 det (G)\;—i+1[yj])1s7;,j§2

xrK — X2 Y1 — Y2

[ -
—

B[T’e] T[a,b,a] (Ua T)

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

’;.['7[/\1 2] —
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4) SCPW d}zcom}aosiu’on

Y+P34
2

Free Theory = ’PZ (ur) " E Y a [i](i)i

i=0

='PZ Z (uo) w) Aaﬁ IFO‘[”’M[ vl
CFT data 7 A

A»y)\ - Z CplszT 2,a, bcp3p4K‘T £,a,b rUQ\@Vl‘JXQ'J\(g

Kr.0,0,b

_ T £
%mmmm - § : CplszT,e,a,bCpamKT,z,a,b [u (1 - U) + .. ‘}T[a b,a](U,T)

Kr.2,a,b

(T=A-9) conformafﬁ[bcﬁ BT

P21,P43

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

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

> Sim}oﬂz consideration, say K ~ ¢ o' 4
> pramf in 1/N

1
C=C"+15C"+

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

<‘P'p1 Pp2Pps 90174) is  max(py + p2, s + p4)

1
T=1t+ W'n + ... K acquires anomalous dimension,

[t,£]
Hp1p2p3p4 10g Z 1P2K nK P3p4 szl P43T[a,b=a]
Kt ¢,a,b
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[1608.06624 | Leonardo and Xinan, Thank you!!

Task: Construct a tree level ﬁncﬁon with the requirecf }orqoem'es
[Crossing, Ward Qdénﬁty, Mellin Space, Flat space fimit]

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

p3—P4

u- 2 Z @ijk a'r!
w3 4= ikl (2 — ¢+ 2k) (w — © + 2§) (B — 2 — w + 20)

- 7

Hrz = % dzdw u%v%R[g {f_’] ]_"[Pl-l-;tz)z—z]]_'*[ps-l-gzx—z]x

Iw[p1+;;4—w]1-\[p2+%3—w] X

F[z—l—w—+—4—p1 —P3 ]F[z+w+4—jp2—:04 ]

2 2
i+ j+k=ps — 2+ min(0, BLP2_PI=P4)

P1P2p3P4 fixed in JD,FA,PH,HP 1802.06889
(Irtpazpe=pal 1 )| (Raatea 4 g)) (RaazaL 4 5)) from the light-like limit

Qijk =

10d proof: Caron-Huot,Trinh 1809.09173
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[1608.06624 | Leonardo and Xinan, Thank you!!

Task: Construct a tree level ﬁncﬁon with the requirecf }orqoem'es
[Crossing, Ward Qdénﬁty, Mellin Space, Flat space fimit]

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

p3—P4

u- 2 Z @ijk a'r!
w3 4= ikl (2 — ¢+ 2k) (w — © + 2§) (B — 2 — w + 20)

- 7

Hrz = % dzdw u%v%R[g {f_’] ]_"[Pl-l-;tz)z—z]]_'*[ps-l-gzx—z]x

Iw[p1+;;4—w]1-\[p2+%3—w] X

F[z—l—w—+—4—p1 —P3 ]F[z+w+4—jp2—:04 ]

2 2
i+ j+k=ps — 2+ min(0, BLP2_PI=P4)

P1P2p3P4 fixed in JD,FA,PH,HP 1802.06889
(Irtpazpe=pal 1 )| (Raatea 4 g)) (RaazaL 4 5)) from the light-like limit

Qijk =

m proof: Caron-Huot,Trinh 1809.09173
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(02020404)

8(N? — 1)} (N4 — 6N? +
N'..

64A(N* — ) - 6N” +18) I:D 192(N? — 1)(N* - 6N? + 18) m

2N? -3

(P2p204p4) p2 =0y Pa=04~— N(VE T 1)0202

B(N? = 1)(N* = 4)(N* - 9)
N4+ 1

BA(N? — 1)(N? = 4)(N? = 9) 192(N? — 1)(N? ~
N? 1 N2+1
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art 111
The spectrum qf N=4 SYM at farge A P

» More yrecise considerations: Long Double Trace

Kpq = ¥p o'0z(t-p=a) vg [@=<4q)

dimension oftﬁis space is u(3* —a—1) with p= |t 4 1]

Associate to it a matrix of correlators

(3737) (4837)

(2626) (3726) (4826) T (ad26)
l (4848) ]

[0,4,0] “even spin” t=12

Bana 18 af A2
| Page 15 of 23
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art 111
The spectrum qf N=4 SYM at farge A P

such a *symm* matrix carries two }aieces of information

1) disconnected ﬁ'ee tﬁeory At’g = Cigab*Cisan
2) [og(u) data Mt 5 =Ctreap 7 ngé’,a,b

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

equa['s the number of indéyemfent entries of Ai’fb and Mieb

General solution qf the eigenvafue proﬁ[ém
SV =t-1D(t+a)t+a+b+1)(t+2a+b+2)

2 84,

N2(£+2p_2 +M)6

FA,JD,PH,HP 1802.06889
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part II

The spectrum qf N=4 SYM at farge A

Example: [0,2,0] “even spin” t=8

. | 1 f 1 f 1
504 f50.111.12J 3024‘.;' (241) (9+1) | (5+1) (6+41) \ (2+1) (5+1) (6+41) (941)

(1+1) (541) (6+1) (1041} T (141) (B41) (6+1) (10+1) (141) (10+1) (141) (10+1)

(50+111.12) 1008 v/ 15 16128+/2

A | 1 s 1 { 21
| / 1512v2 | - 74011101
(2+1) (941 504 (2160+9021+2031%:2213414) 6048V 15 [ (5 1) (8el) (641) (941) y(5ed) (6+1) ]

(141) (5+1) (6+1) (10+1) {1+1) (2+1) (5+1) (6+1) (9+1) (10+1) (1+1) (10+1) (1+1) (2+1) (9+1) (1041)

3024 | [50+111.12)
\ 1

N | 1 ' [ 1 / [ 1
1008415 | ¥ | / \ y |

20 (Be1) (641) RO4RY:HR \(2e1) (5el) (641) (941) 504 (404111412} Ll \(241) (9+1)
(141) (1041) (1+1) (10+1) (1#1) (S5+1) (64+1) (10+1) (Lel) (5+1) (6+1) (10+1)

(424111422

/7| ! 1812v2 | A (74r111412) /30 . ' 2) |
16128V'2 || (3.1} {841 (6+1) (9+1) R T TRTIS T FA5 S04V30 gy (pey) (420111417 504 (16444792 1193 12.2217,14]

(1+1) (10+1) (L+l) (2+41) (9+1) (10+1) (1+1) (5+1) (6+1) (10+1) {1+1) (2+1) {5+1) (6+1) (9+1) {10+1) /

{7 504 (7+1) (B+1) ) 504 ) 504 ) 504 (3+1) (4+1) }
(L+1) (2+1) (5+1) [611)' (5+1) (6+1) [5!-1)(5!-1), (5+1) (6+1) (9+1) (10+1)

» Results
s s p FA,JD,PH,HP 1706.08456
Comp[ére Unmixing in [000] and [010] ' inpake 171103502

Suqarising yattem of dégenemcies! FA,JD,PH,HP 1802.06889

Accidental 10d symmetry Caron-Huot, Trinh 1809.09173
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Bootstrap of (pa2p2p24p2) at one-loop

FA,JD,PH,HP 1706.02822

» Prediction ﬁ'om the OPE

I
Hazoe O (N2 — log Z Coox 3Nk Cooke g

Ky,

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

1

Lill,z] - Li[l,7] |, Li[2,2] ~ Li[2,7]
(z — 7)1 2

r—x rx—T

log(V)( P1 + Pq i, = I_“i[l’ﬁ )}

r—x

['Pl + Pa

» consider the space of transcendental ﬁncﬁons up to wetgﬁt~4
{Polynomials X SVHPL]

(z—Z)'°

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

... More on the ansatz Dixon,Duhr,Pennington,1207.1086

”

G — i(—)" 2g=r) (/o) [Liggr (555
=55 2 g g /) a5

Hapup = |Ai(w,0)C® + CI‘OSS]‘I’
-A4(u,fu)a:(1 —2)8:L%) + (z & T) + Cross]

-Ag(u, v) log?(u) + cross]
-A]_g(’u,, v)LMY) + Ays(u,v)log(u) + Ara(u, v)log(v) + Ais(u,v)

Task: 1) impose crossin
) /3 g Bake 30 minuts
2) match the double disc. FA,JD,PH,HP 1706.02822

3) cancel Sjgurios }90[@5 FA,JD,PH,HP 1711.03903

4) odd other yrecﬁ’cu’ons! also (pap2p33)

Page 20/22
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The ﬂncﬁon is ﬁxed' up to a ﬁ'ee coqﬁcicient,
same amﬁiguﬂy that string tﬁeor_y would induce ﬁ'om RA4

Goncalves 1411.1675

1148

o+ =52 =

l=loop __ T 3

NMK400 = 1344(1—7)(1+14) 2304(21+7) g _
(

I-1)(+1)2(1+6)2(1+8)  (I+1)3(1+6)3
320(91* +681° —115112 —57381—3688) 7= 0 4
(=D)(+1)3({+4)3(1+8) -

320(91* +1401° — 48712 — 112621 —29400) =35
1(I+4)3(1+7)3(1+9) )

New Data:

Summary

Obtained 1-Loop sugra correction ﬁ’om OPE consistency
and Analytic Bootstrap

aﬁm’ SO(VH’Ig tﬁe mtxmg }9?’06['67}1 cmof resummmg tﬁe d.diSC

r-"'\ \,:rr 3 |

el :\.‘s
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HPL by Remiddi,Vermaseren, & Maitre, SVHPL by Brown

... More on the ansatz Dixon,Duhr,Pennington,1207.1086

”
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