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Conformal field theory Collider Physics

conformal partial wave expansion

Infinite spin summation Sudakov logarithms
Analyticity in spin



Sudakov logarithms
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Origin: soft and collinear D.O.F. of gauge theory
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A new method for Sudakov resummation

H Soft-Collinear Effective
Theory

factorization theorem




A new method for Sudakov resummation

Soft-Collinear Effective

factorization theorem
Theory

double lightcone OPE

Physical observable organized by irreducible representation of conformal group
Simplifying calculation for power corrections
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Energy-Energy Correlator and Sudakov logarithms
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Position space definition of EEC

EEC as Lorentizan Wightman correlation
function of null-integrated opeartors

Belitsky, Hohenegger, Korchemsky, Sokatchev, Zhiboedov, 2013
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qd=00

EEC(y) — / dha €913 ( JH (21)E (n2)E () I (23))

kachov, 1995; Hofman, Maldacena 2008; Bauer, Fleming,

Lee, Sterman, 2008
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Penrose diagram for Minkowski spacetime



Double lightcone dominance

Korchemsky 2019; Chen, Zhou, HXZ, 2023
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q: virtual photon momentum r1 =0, x2= (t27 Tn2)7 Lg = (t47 7“%4)




Double lightcone dominance

Korchemsky 2019; Chen, Zhou, HXZ, 2023
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q: virtual photon momentum r1 =0, x2= (t27 Tn2)7 Lg = (t47 7“%4)

Where is the back-to-back limit in position space?



Double lightcone dominance

Korchemsky 2019; Chen, Zhou, HXZ, 2023

e T

q: virtual photon momentum r1 =0, x2= (t27 TnQ)v Lg = (t47 7“%4)

Where is the back-to-back limit in position space?

Choose a frame where detectors
are exactly back-to-back ns = ngy
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Double lightcone dominance

Korchemsky 2019; Chen, Zhou, HXZ, 2023
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q: virtual photon momentum r1 =0, x2= (t27 TnQ)v Lg = (t47 7“%4)

Where is the back-to-back limit in position space?

Choose a frame where detectors
are exactly back-to-back ns = ngy
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Double lightcone dominance

Korchemsky 2019; Chen, Zhou, HXZ, 2023

e

q: virtual photon momentum r1 =0, x2= (t27 Tn?)v Lg = (t47 Tn4)

Where is the back-to-back limit in position space?

; S-channel OPE
Choose a frame where detectors X1 X4
are exactly back-to-back ns = ngy
2
41
y ~J q2 > O r OT,Z
I + .= X2 A3
L1l
Y ~ 132 13 s ()
L1713 lightcone OPE A
33% , twist expansion 1 — & T
2 2 2 :
L1925 423 < L13 dominated by 1 * requires sum over infinite operators
2 with degenerate twist to reproduce
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Concrete example: N=4 SYM

¢ = Y - : - —  —Q . —b 2 : .
s Fuw P + 5 Fu B —iX 6" Dydo = DuX D' X' + gC* Mo [X', M) + 9Cian A (X', N ] + X7, X)?
g’ w2
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A close cousin of QCD
Contains gauge interactions similar to QCD
Leads to technical simplification

1 4 .4

(O(21) T (22) T (24)O(3)) ayn = 15724 7 ()

(2m)* (r7513,)

conformal cross ratio
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AN ) T550 )
u= "3 =zz, v=-22"=(1-2)(1-2)

T2a T2a

13%24 13724

In Minkowski signature z and Z are independent real valuable
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Double lightcone expansion

T30T2, T22T2 -
;2 g —z2Z, V= 33 ; =(1—-2)(1— %)

L713Lag L7139y

Sudakov limit in EEC q singularitiesin v — 0, v — 0

z—0, z—1

u —=

twist expansion. Power corrections computed by

collinear u — 0 including higher twist operator

soft v —> () Large spin expansion. Power corrections computed
by retaining 1/spin suppression terms
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Double lightcone expansion

13015 ToaT7 .
u= 2222 =2z, v="222=(1-2)(1-2)
T3aT T3aT
13724 13724

Sudakov limit in EEC q singularitiesin v — 0, v — 0

z—0, z—1

twist expansion. Power corrections computed by

collinear u — 0 including higher twist operator

soft v —> () Large spin expansion. Power corrections computed
by retaining 1/spin suppression terms
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example: 752 —IOgJ§,£+27E - o7z O(JG,ZL)
3J¢§ ¢

cusp anomalous dim. ‘\Iar e spin suppression
normal anomalous dim. ge sp PP
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Implication of crossing symmetry

51312$34 51323:1314
5 = 2Z, U= —5— =(1-2)(1-2)
TAoT T2 T
1324 1324

U <7 U

For a large part, twist suppression is determined by large spin suppression

u =

(O@@1)T (22)T (24)O(23)) = (O(23)T (22)T (24)O (1))
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Implication of crossing symmetry

21273y T5377, — (1—2)(1 - 3)

Cabd T whd
(O(@1)T (22)T (24)O(3)) = (O(23)T (22) T (24)O(1))
U <= v
For a large part, twist suppression is determined by large spin suppression
Leading Power Next-to-Leading Power
one loop = —ZlogulogijO log(uv) +--- | — 4(u+v)10gulogv+2(ulogu+vlogv)+ + -,
| 1 o | 2 2 |
two loop = 1—610g wlog® v + 0 - log ulog v log(uv) + - | 8(u+v) log” uwlog” v
3 o ‘
+E log ulogv(ulogu + vlogv) + 3 logulogv(viogu + ulogv) + -+ | 4+ -,
1 1 |1 -
three loop = —%log wlog® v + 0 - log® ulog® vlog(uv) + - - | — 13 —(u + v) log® ulog® v

For leading and sub-leading log, we are left with large spin corrections
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Conformal block expansion

S-channel OPE
Z Z ar oG Ata,0(U,v) a x4
even /£ /
eigenfunction of conformal Casimir Z On .,
OA 1 |
X2 *3
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Conformal block expansion

S-channel OPE
Z > ariGatas(u,v) A X4
even / /
eigenfunction of conformal Casimir Z O,
Dolan, Osborn, 2001 - OA N/ |
e
Gae(u,v) = ka—r—2(2)ka+e(z) — (2 < 2)] X2 X3

zZ—z
\CTGAJ(Z, Z) = JTQJGA,Z(Z, Z)
kg(z) = 2%/% 2 F1(B/2,8/2, B; x)
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Conformal block expansion

S-channel OPE

Z > ariGatas(u,v) . X4

even £ /
eigenfunction of conformal Casimir Z O
Dolan, Osborn, 2001 - OA N/ |
v
GA,g(u, U) = S [kA_g_Q(Z)kA+g(Z) — (Z < Z)] X5 X3
\CTGA7Z(Z’ Z) — JE,ZGA,Z(Zv Z)
Leading twist expansion u->0 (z->0): L. =logz ks(z) = 2%/2 o F1(8/2, 8/2, B; )
(1) O\ st o) 2) (1) 4 -
Vo e) (72 g) L a y Y5 ;O
(n) _ .3 (0) ( n 2,6 _ 2,6 | 2,8 =) ...
PP { gl 2 Tty X | co T T DT | Rees(2)
even ¢ a2€ 726 i

Leading in u but including infinite powers in v (fixed by conformal symmetry)
Resumming large logarithms in v requires sum over infinite spin
Resumming Power corrections in v requires systematic expansion over large spin
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Twist conformal block

S-channel OPE

Z > arGasae(u,v) . X4

even /¢
| formal block H,—o = > a\)G Z
twist contormal bloc —9 a, 0+6,0(u, )
Alday, 2016 even / On ;

X3

Leading twist expansion u->0 (z->0): L. =logz ks(z) = 2772 3 F\ (8/2, /2, B; )
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even /¢
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Twist conformal block

S-channel OPE

Z > ariGatas(u,v) . X4

even £
- _ (0)
twist conformal block H.—2 = » = a;,Geie.e(u,v) 2 :

OAl
Alday, 2016 even / OA i
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Leading twist expansion u->0 (z->0): L. =logz ks(z) = 2772 3 F\ (8/2, /2, B; )
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even /¢
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Twist conformal block

S-channel OPE

Z Z ar eGAta0(u,v) A X4

even £
- _ (0)
twist conformal block H.—2 = » = a;,Geie.e(u,v) 2 :

Alday, 2016 2 even 4 OA 1 Oa,
(m z) Z (O) log J GA—|-4 E(Z Z) J7e=(L+ %)(€+ g —1) X2 X3
J2m =
T0 0o — T —+ 4
Leading twist expansion LuL—>O (z->0): L. =log~ ka(a) = 2P/2 2 F1(B/2,8/2, B; )
n—1
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V2 e) (72 e) L] a y Y5 ;O
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even / 2.4 2.4 i

n - n—1 f)/n 1—1 a(og B L0+ 3)?

2 n\ |7 (04) , " — 1Yy (1, z) 26 T(20+5)’

= = . — H | H + .-
n! ; (z> 20 2 3 21 2 ] yée):logJ6£+27E+3J12 +0(J57)
6,4
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Analyticity In spin
Z Z ar G Aya(u,v)

even /¢

twist conformal block H,—2 = Y  a})Gi6(u,v)

Alday, 2016 even /
- lo J2 7 ;
H™)(2,2) =Y " al?, & L Gnrar(z,7) = Ererg =D

2m
¢ % To=T+4
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Analyticity In spin

F(u,v) = Z Z aroGAta,0(U,0) —
A

0 '
twist conformal block H,—2 = Y  a})Gi6(u,v) |
| - Cz H™Y = E a
Alday, 2016 even /¢ 70" To
' [
: lo ng 2 T T

7_076 ng -
E 7-07€ TO :T—I—4
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Analyticity In spin
Z Z ar0GAta,0(u,v) S — W

even /¢ C%OGA+4,€(Z7Z) J2 EGA+4 E(Z Z)
|
: 0
twist conformal block H.—2 = Y a\)Geie.e(u,v) 0 B = 3" g0, log" J2 , »
Alday, 2016 even /¢ R El: 2(7;7, 1) A+,
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Analyticity in spin
Z Z ar eGAta0(u,v) -

even / | CroGatan(z,2) =
|
: 0
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Analyticity in spin
Z Z ar eGAta0(u,v) -

even / | Cr,Gatas(z,2) =

twist conformal block Hr—2 = > a})Gs6.(u,v) ) 5 4 log*
Alday, 2016 even /¢ ‘ H Z
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Analyticity in spin
Z Z ar eGAta0(u,v) -

even /¢ | Cz, GA+4,€(27 Z)
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Analyticity In spin
Z Z aroGAta,e(u,v) S

even /¢ | Cz, GA+4,€(27 Z)

: 0
twist conformal block H,—2 = Y  a})Gi6(u,v)
Alday, 2016 even

lo J2 2 T T
Hm) (2, 2) Z ©) 5 LOnrae(zz) Ta=rgtrg=n
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Cr HW (2,2) = HIV 1 (2, 2)
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Analyticity In spin

Flu,0) =Y Y areGatae(u,v) _— E—
A
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Analyticity In spin
Z > ariGatas(u,v)

even ¥ |

twist conformal block H,—> = Y a})Gei6e(u,v)

Alday, 2016 even /
. lo J2 _ T T

/ To=7T+4 |

e = = —_— — —— —— _——

" analytic continuation inm

m,0 ~ (070) ~ (077/) ~ (177’) ~
H 0 (2, z) HOO (2, 2)| HO9 (2, 2) H1 (2, 2)
1
ﬂém’o)(i) —1 €™ I —m)? + 1m (2m? — 6m + 1) €"T'(—m)? 2<1 — Z) - Zlog(l - Z) — % + regular terms . Alday’ 201 6 .
! ° . Henriksson, Lukowski, 2017
+ ——(m — 1)m(m + 1) (20m® — 54m? — 35m + 36) " 'T'(—m — 1)* + - -- ] — 2 =€
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Explicit example for a toy model: N=4 SYM

.7:(”)(2, Z) =

1 1/ (=1)"
3 n n
’ {n!lOg N 2(2”“ o8 €+”.>+<

| log" 'z [1 ((—1)”
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Agree with fixed-oder expansion (up to terms not enhanced by large spin)

one loop =

two loop =

three loop =
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Resummation for EEC beyond leading power

oo 2n—1 Power Corrections | Perturbative Corrections
~ ~ n 10gm y m : :
EEC(y) ~ 2 Z og | Cnom | dn,m 10g U twist | large spin LL NLL

n—=1 m=0 Y LP| 2 | o¢) [a,+9] &) ,42

_ 0 1 1 2

MBI

NLL: m>2n—2 s | 0@ [a9Y] oY), A2

aLg
al.,e 2 1 oLy a oL a
EEC(y) = Y - (TaLi —4)e” = A |

4y 4 48 12

:\/?/&erf <\/§Ly) +alL, e | |
/////’

2 © 2
erf(z) — ﬁ/o‘ €_t dit

Discrepancy with NLP-LL prediction of Moult, Vita, Yan, 2019

2a7 2 Icusp
|
> \/ o 05V

EEC®?) = e ¥ erfi
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Summary

* We have proposed a new method to resum Sudakov logarithms based on double lightcone
OPE

 Power corrections organized by conformal symmetry

* Kinematical power corrections -> descendant operator contribution + perturbation
expansion at large spin limit

 Dynamical power corrections -> higher twist primary operator
 Towards QCD (work in progress):

* External operator spin can not be neglected

* Running coupling effects (only appear at NLL and beyond)

e (Generalization to more observables
17



