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Energy correlators

* Energy correlator is defined as the Wightman correlation function of the energy flow
operators
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N-point energy correlator = (N+2)-point correlation function
[Hofman, Maldacena, 0803.1467]
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* Energy correlator is almost the simplest jet observables:

+ No jet algorithm needed,;

Motivation

+ Analytic measurement function;

+ Soft divergence suppressed;

Analytic
EEC

NNLO in N=4:[1311.6800; 1903.05314]
NLO in QCD: [1801.03219; 1903.07277]

Precision
measurements

a, determination: [1804.09146]

Dead cone effect: [2207.03511]

Top quark mass: [2201.08393]

Parton fragmentation: [2201.07800, 2210.10061]

Renormalon: [2305.19311] Non-
Track function: [2108.01674, perturbative
2201.05166, 2210.10058] | | structure
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Effective field |Back-to-back resummation: [Collins, Soper, 1982;

theory
A

Collinear resummation: [Konishi et. al, 1978;

Richards et.al, 1982;
1905.01444; 1905.01310]

Kardos et. al, 2018;
1801.02627; 2012.07859;
2205.02242]

TMD
physics

CFT

Spinning gluon: [2011.02492, 2104.00009]

Non-Gaussianities: [2205.02857]

Light-ray OPE: [1905.01311, 2010.04726,
2202.04090]

Power correction: [2301.03616]

Nuclear theory

Transverse EEC: [1205.1689,
1901.04497 etc.]

Nuclear EEC: [2209.02080, 2301.01788,
2303.01530]

DIS EEC: [2006.02437, 2102.05669] || QGP: [2209.11236, 2303.03413,

2303.08143 ]




Multi-point energy correlators

* N-point (multi-point) energy correlator is a
perfect candidate for understand the internal
structure of a jet, allowing approaches both
from analytic fixed-order calculation and EFT
factorization

e Compared to EEC, N-point gives rise to more
interesting jet substructure (involving energy
flows)

e How do we study a multi-dimensional
distribution?

IBP+DE?
Polylogarithm?
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Jet substructure aspect

* Projected N-point energy correlator [Chen, Moult, XYZ, Zhu, 2004.11381]

projected to 1D
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e N can also be extended to a complex number v with Re[v] > 0
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Jet substructure aspect

e EEEC in the triple collinear limit z1, xo, z5 ~ A?  [Chen, Luo, Moult, Yang, XYZ, Zhu,

1912.11050]
d3o 1 — cos B9 1 — cos b3 1 — cos bo3
— P 2 _ _ _
coll | 1
~ G(z, z) = scaling X shape function factorized to 2D
L

with x1 =122, 2o =21 (1 — 2)(1 — 2), x3 = x,
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* (Collinear factorization for projected N-point correlator: (N=2 is the EEC)

2 1 xr d [N] 2
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M 0 P H
jet function hard function

e N=2EEC for N =4 and ete™: NNLL [Dixon, Moult, Zhu, 1905.01310]
e Projected N-/(v-)point for eTe™: NLL [Chen, Moult, XYZ, Zhu, 2004.11381]
e Projected N=3-6-point for pp: NLL [Lee, Mecaj, Moult, 2205.03414]

e Projected 3-point for both ete™ and pp: NNLL [Chen, Gao, Li, Xu, XYZ, Zhu, to appear]

e |t is conjectured that this functional form works for triple-collinear EEEC with a fixed
shape (fixed 2)

e The collinear squeezed factorization (collinear+ z — 0) is also understood with light-
ray OPE

Y Xaoyuan Zhang 7



EFT aspect: back-to-back limit

 Back-to-back factorization for EEC to all orders: [Moult, Zhu, 1801.02627]

dol? 5 2ord2dr - 7 8
A @qu(Qaﬂ)/ L QT€ZQT'bT5 (1 — 2z — q—T>

iz 2 (27)2 Q?
vV 1% =
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TMD soft function

e NNLL: [Collins, Soper, 1981], [Ellis, Richards, Stirling, 1984], [Florian, Grazzini, 0407241]

e N3LL’ and N*LL.: [Ebert, Mistlberger, Vita, 2012.07859], [Duhr, Mistlberger, Vita, 2205.02242]

* For three-point correlator (EEEC) and beyond, there is no unique back-to-back limit

Instead, we have three back-to-back limits: x;, = 1,7 = 1,2,3 and a coplanar limit

 The fact that EEEC has multiple overlapping kinematic limits requires the
factorization from multi-scale EFTs and the joint resummation in a 3D distribution

e How about the fixed-order side:
This talk: first look at the fixed-order result (LO EEEC in N=4 and QCD)

43 o
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EEEC in N = 4 SYM theory IYan, XYZ, 2203.04349]

* The leading order EEEC with arbitrary angle dependence:

1 o E,E;E}
= dPS Y s’ - — A firi
oo dridredrs %;/ 4 [Mar=4] O3 No soft divergence = d = 4 finite

< xs_l—cosﬁlg 5 $2_1—COS(913 5 xl_l—COSezg
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The four-particle phase space: 3 detectors separated by angle §;

dPS, = (2m)*34(Q?)*~ 2212 [ dsij dg—1 dg—2 A3
1<J
d—>5

N Q2 — Z Sij (—A4)T © (—A4>

1<J

Ay = A\(812834, S13524, S14523),

Ma,y,2) = 2% +y° + 27 = 2(zy + 22 + yz) €(ns)

Gram determinant:

Matrix elements: tree-level 1 — 4 squared form factor |(pip2psp4|tr[¢?]])

1 1 4 4 '
+ +

2
| Mpnr—g|” ~
24 513514523524 51235124513514 51235124514523

+ perm
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Calculation setup

e Attempt using traditional IBP+DE method: for each 6 measurement function

1 ( 1 B 1 )
271 ./\/ljk(ilii)—ie /\/ljk(:ci)—l—z'e

Reverse unitarity: 6 (Mjx(2;)) =

Mr(zi) = (pj - Q)(px - Q) (775 - 1l — (1 — 224)) = (pj - Q)(px - Q)(25) — pj - P

Additional IBP equation:  [(p; - Q)(pr - Q)(225) — p; - pi] [f(Mn ()] = [6(M ()]
[Dixon, Luo, Shtabovenko, Yang, Zhu, 1801.03219]

e |t turns out IBP reduction is NOT efficient (e.g. FIREG) with three nonlinear propagators

e Instead, we expand the phase space in d = 4 — 2¢ and do the integration directly

* |ntroduce a nice parameterization for all Mandelstam variables:

/

2 = 2p1 - ¢q 2y = 2p2 - q 25 = 2p3 - q S12 = Z21%2Z3,
p— 2 Y, - 2 9 - 2 9
Q ¢ @ S13 = 21232,
( S93 = 292311,
Z1 = S12 + S13 + S14, = 4

s14 = 21(1 — zow3 — 2322),

= 4 22 = S12 + S23 + S24, B
Soq4 = 29(1 — 213 — 2371),

Za = § S S
3 13 + S23 + S34 s34 = 23(1 — 2103 — 291)

Xiaoyuan Zhang 10



Phase space integration

* The main difficulty of integrating the four-particle phase space comes from the
Gram determinant ®(—A,). However, with our parameterization:

1 — cosbn
/d512d313d314d323d324d334 O(=84)0(3_sis=1) ][ 9 (xl - 2 )

i<j 1=1,2,3
:/dzldz2d23(z%z§z§)@(—A4) = 56221 — 561225 (Zg _ A ;;22;:23;112_2 1_ 1)
—O(-Ay) /dzldzgdz;;(z%zgzg) - :13221 — 551225 (z3 ! ;;’22_'—_:23;’112_2 1— 1) |
with factorized ® function: z%ﬁ—gz% = 22 + 23 + 23 — 23122 — 20173 — 20073 + 412273 = Ay
e In the triple collinear limit, X, X,, X3 ~ A, the (Zongzr’-shaped) kinematic space:

kinematic space is reduced to a triangle

Ay = ALY = 22 + 22 + 22 — 22930 — 22123 — 20073

where , /x,,+ /%5, /X5 fOrm a triangle by Helen’s area
3
formula

fey: Xaoyuan Zhang 11




Phase space integration

 Eventually the EEEC integration takes the form

_ 1
/d21d22d235 (Z?) — e T3F172 ) f(ﬁUl,CUQ,CUg, Rl R2, 23)

21X + 291 — 1
1
= / d2’1/
0 0

with two square roots \/ 23 + a3 + 23 — 2010 — 2wy w3 — a1 = ) A,

1—2q

1—:13321
dzof | T1,22, T3, 21, 22,

Z1 + 29 — Ir3z129 — 1
219 + 2901 — 1

~

\/:13% + 25 4+ 23 — 20129 — 20103 — 200w3 + dwixoxy = \/ Ay

* There are two different parameterizations to rationalize both of them

_ _ 1 2 ~ t2 — (2 — 2)?
_ : i T2 (1 =2\ (1 = —
cross-ratio variables: s 2z, s ( 2)( Z), T3 122(1 = 2)(1 — 3)

5 o5 . o _ t? — (2 — 2)? _
T 4+ x5 + x5 — 20109 — 22103 — 2T2x3 = x3(2 — Z) = 21— (-2 (z — %),
t2 — (z — 2)?
4zZ(1 — z)(1 — 2)

=

t

2 2 2 _ _
x] + x5 + x5 — 20102 — 20123 — 22223 + 4T120273 = T3t =

The {t, z, 7} variable set manifests the symmetry and geometry in the triple-collinear limit

£
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Phase space integration

* The angles are mapped onto the the distances between three points on celestial
sphere

celestial variables:

- Y2 — ys|? - y1 — ys|? - y1 — y2|?
(T + [y2)?)(1 + |ys|?)” (T + ya?) (1 + |ys|?) (T + [y [#) (1 + [y2]%)
further map to Y1 = /5 €0 gy = \/Egiwlﬂb%’ ys = /S .
=71 =T1T72

s(1—=5)(1=71)(1=75) (1—=7173) & Vs

(1—|—S)3’7'17'2

( ~
coll _ s(d—m)(A—m2)(1-7172)
< V A4 o (1+5)27172
Ay

\

The {s, 7y, 7, } variable set is easier for understanding
the alphabet and simplifying the result

Y2

e With either variable set, we can directly perform the integration over z;, 7, in
Hyperint, and express the result in terms of GPLs (up to weight-2)

dt

t—CLl

- 1
G(ag, - an;t); GGz)=1, G0y x) = — In"(x)

n!

G(ay,: - an;x) E/
0

oo [Panzer, 1403.3385]
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Embedding

* The EEEC kinematic space can be embedded into a hexagon on a unit circle. From
the definition of three angles:

i) (ip) (&) N
T2 ) py) (i) (i) 51 = ali]

We can embed: |p,) = |2i—1),|&) = [2i+ 2)

—ST1T2

Symmetry: D, dihedral group Z; =41, —sT7m0,T1, =S, T1 T2, —ST1 }, I = 0
e Cyclic permutation (0) : Z(a + 2) = Z(a)
e Parity (P):Z(a+3) = Z(a)
e Flip(n): Z(8 —a) = Z(a)

Y Xaoyuan Zhang 14




Symbol alphabet

* From the output of Hyperint, we found 17 symbols:

{8—1 S, S—I—l 7'1—1 T1,7'2—1 7'2,8—|—7'1,1—|—S7'1,S—|—7'2,1—|—87'2,

S+ 1172, 1 + 87170, T1T2 — 1, T1 — To, 7'17'2 1, 7'17'2 — 1}

* However it turns out that only 16 symbols are independent

e This can be written as a close set under D, using three conformal invariant ratios:

{u1,1—|—u1,u2,1—|—u2,u3,1—|—u;3,u1 —I—Ug,

O (B1(62)(43) s+ m 1+ uy + ug, ug + ug + ugug , Uy + up + uz + uguz,
= <35><16><24> N 1+ s7m’ 14+ uq —|—’LL2—|—’LL3—|—’LL2U3,1—|—’U,1—|—U2—|—2’U,3—|—”LL2U3,
Uy = — BLHGL - n - , Us + Ui Uz + Us + Uz + 2uous + uSUs

(15)(I3) 1 -7 ; i
<13><56> (1 _ 7'1)(8 + 7.2) 1+ U + U1Uo + Uq + U3 + 21@%3 + Uou3 ,
Uz = — = ,
’ (35)(61) (1 —72)(1 + s71) 1+ uy 4 us + urus + us + ug + 2usus + usus,

14+ uy + us + uqgus —|—U§ + 2u3 + 2ususg ‘|‘U%U3}

* Finally we are able to reconstruct the minimal EEEC function space (up to weight-2)

f"'ﬁi‘?ﬁ Xiaoyuan Zhang 15
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Function space

e Arguments: 15 conformal invariant ratios that cover the y- coordinate in [Golden,

14)(31
Paulos, Spradlin, Volovich, 1401.6446]; additional variable r; = — (14)(31) and the

(13)(41)

images under D

* First entry conditions: (1). Single-value requirement in the physical region; (2). Free
of logarithmic divergence in the triple collinear limit s — 0

 Eventually, we find 3 weight-1 basis and 11 weight-2 basis

d’o (1) (2)
b + b .+ perm of x1,x9,x
e Weight-1 is simple
ACOH + 4x2x9 — 47373 2(xs —x1) , o1 VA, 2 — 21 — X9 —x3 — VA4
e ln(l y CE‘Q—I— T3x31q i T3 x3xir> i 9 A
453 }: 2 - 271 —331—£C2—£U3—|—
f3

. Ay = a7 + 25 + 75 — 20172 — 20123 — 20973 + 4717273
i ‘A coll 9 5 X
A =x]+ 25 + a5 — 22100 — 22103 — 22973
mag\

LY Xaoyuan Zhang 10




Function space

* For weight-2 functions, we need to introduce a few variables from the embedding

(56)(13) (11 —1)(s + 72) (23)(46) (1 +s72)(1—71)

= = : =P = =
TTEEI6) (1—m)(1+sm) ! (1) (26)(34) ~ (s+711)(1 — 72)
~ (16)(25) (1+s)(1+ s71)72 L (34)(25) (1+s)(s+711)72
w1 = = — , w1 =Plw) =02 = —
<56><12> (S—I—Tg)(l —|—S7'17'2) <23><45> (1 —|—S7'2)(S—|—’7'17'2) 7172
v = (26)(35) s(1— )" { } is obtained by cyclic permutations
= —— coe b I | u |
LT E6)(23) (s m)(1tem) (W y eyclic p
LIQ( U) "
Lis(1 + w3) + Lis(1 + ws) + 2 Lia(—vs3) Additional variable under Dy
_LIQ(].‘I‘QUl) L2(1+w]1-)—2L12(_1 1) ) _<CLCL+3><G+2]> . _<CL+5G+2><CL—|—31>
Liz(—22) — Lig(—z2)+§ln\z2\21nlif2 © {aa+2){Ta+3) " (a+ba+3){Ta+2)
<2
g4 —L12(1—|—w1) L12(1—|—’J)1)—|—L12(1—|—w2)
. . _ 1 2 1 ‘|‘Ti
— Lig(1 4+ wg) + Lig(1 + ws) — Lia(1 + ws3) 911—ZL12 —r;) — Lia(— )+§ln|7“z’| lnl—H’i
=T (- B (1o )
Jde ln2 w1 2 . w1 2 : w1
w 1
wll glozLig(l—\z2]2)—|—§ln|z2]21n]1—z2|2
g7 =In — In|z|?
w1
gs =In (14 wv3)In|z1]* —In (1 4 v1) In|zs|? Filesize: 81KB to 14 KB/1 page
@ Xiaoyuan Zhang 17



N = 4 result

e \isualize the 3D distribution:
Fixed s Fixed ¢, ,

1 —F7000 10¢ — ¢1=477'/5, ¢2=2/T/5
5000 — @P1=77112, Pp=77/3 /[
— ¢1=27T/3, ¢2=27T/3 .

—— $,=27715, $p=27115

EEEC

ol T
¢/ T
2 S

I I
0.6 0.8

0.4 ¢1/n . . 0.2 04 ¢1/7T . . S
. . . o o 1 1
 (Cross check with the triple collinear limit: Todnadas " T G(z) _1- U
L o _ 1’ B 1 — T2

G() = Lt L — =) (1+6)+ S |24z 2= [1 — 2|*—|2[*[1 — 2[*42]1 — 2[°)
2|z|2|1 — 2|2 22|21 — 2|2(z — 2)2
(=1 = [2[*+2[2[°+[1 = 2>~ [2|*]1 — 2[*+[1 — 2]*~[1 — 2[%)
" 2P — 22(z — 2)°

log|1 — 2|?

log|z|?

2[*-1 [1—2*~1 . (2P =1 = 2)(|2*+L = 2%) 4+ ( =2
D D5 (1 — D
T onp = p 2 B+ gpag e (-2 + 2221 — 22 2 \Z -1
2D, (z)
2|1 —z|4|z2|4(2—2)3p3(|zlz’ 1= 1 1-2
21D, (z) = Lia(2) — Lia(2) + 3 In 1> In(z%2),

p3(|2%, |1 = 2?) =(=1 + [2°=|1 — 2*) (1 + [2]*—[1 — 2]*) (=1 + |2[*+|1 — 2|*) 1
D;(z) = Li, (1 — |z|2) + 5 In (|1 — z|2) In (|z|2)

X [(—14 1= 2P0 = 2P0+ 1 = 22)

= 202* (1 + 1 = 2)? + [P (L + 1= 2 (1 + (=5 + |1 = 2*)[1 - z|2)]

[Chen, Luo, Moult, Yang, XYZ, Zhu, 1912.11050]
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EEEC in QCD [Yang, XYZ, 2208.01051

. . and in progress work]
e For LO EEEC in QCD, we consider both two processes:

eTe~ — hadrons H—- gg+X H-bb+X

r r

— — —_

v = qqq'q , 9394, 9499 H — 9999, 9399, 939'q , 9397 H — qdg9, 944'q , 94qq

 For Higgs-EEEC, we use the HEFT and work in the massless quark limit

1 1%
Lin = = AHTH(G" G ) + Z szpquq

* All matrix elements are calculated in QFRAF and FORM, with axial gauge

2
= [ oV =V M =2 M v
Z pz; pu)\) = —g"" + " pi_+n B _ Py sz
A—1 n - Pq (pz )
%ﬁ% Xiaoyuan Zhang 19
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EEEC in QCD

* For QCD calculation, we need the topology identification

E;E; E
Z / £ dPS 4TL;j| M (p1, p2, P, pa) |
i#j#ke{1,2,3 ,4}

E, B E
— Z an chS4Ha,bc (|M(pa,pb,pc,p4)|2 + |M(pa7pb7p47p0)|2
a#b#ce{1,2,3}

+|M(pa,p4,pc,pb)|2 + |M(p4,pa,pb>pc)|2)

BBy E
:[ 1Qi2’> 2 dPS4Li23 (|M(p1,p2, p3, 1) |* + | M(p1, D2, P, p3)[* + M (D1, pa, p3, p2)|?

—|-|./\/l(p4,p1,p2,p3)|2) ] + permutations of z1,z2, x3, (2.3)

1 — cosd), 1 — cosb; 1 — cosf;;
where M = 6 (331 B cos Jk) 5 (332— cos k) 5 (:1:3 B cosHJ)

2 2 2

e The phase space parameterization and integration are the same as N = 4, and we
still express the result in terms of GPLs.

e It has been observed that N = 4 and QCD shares a lot of common properties, in

both amplitude level and cross-section level. For LO EEEC, N = 4 and QCD turns
out to have exactly the same function space.

f"'ﬁi‘?ﬁ Xiaoyuan Zhang 20
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QCD result

To simplify the QCD result, we build the linear relation between the GPL function

space and the N = 4 classical polylogarithmic space via PSLQ, and project the

QCD result onto it.
4 200 digits precision within
Example: e"e — hadrons 6.3 MB—1.2 MB 4 sec for a regular point

Comparison with Monte Carlo programs: Event2: fifty billion points are sampling;
NLOJet++: ten billion points

500} “““““““““““““““““ 2007
400 - f Event2: xp:x3:x3=3:2:1
EEEC: x1:x3:x3=3:2:1 150 -
300 |-
5| & 515 0l
-les f -ls
200 ___ Analytic
100 — Event2 Sof
— nlojet++
Ob v o 0 0
0.05 0.10 0.15 0.20 0.25 0.30 0.00
v A\
spof AL 0'077““‘““‘““““““““““““i
400 11 5 i )
EEEC: x;:x5:x3=—:—:1 -05¢ -
300 4 3 I Event2: xj:x3:x3=3:2:1 :
2% 51 | _ o :
~| S i A ~| g 10} Identical quark contribution -
200 F — Analytic N r
oo | Event ~15}
— nlojet ++
Ob o o ]
0.05 0.10 0.15 0.20 0.25 0.30 0.35 000 005 0.0 015 020 025 030
\Y \%
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Kinematic limits

e Different ways to visualize the kinematic limits:

B Squeezed x3-0
B Squeezed x,-0
Ll Squeezed x1-0
M Triple collinear

l Back-to-Back x3—1

H Back-to-Back x,—1

m Back-to-Back x;—1

1.0 T = — Zy = —
Its boundary corresponds to the coplanar limit

* For triple-collinear limit:
* The LP is understood.

 QOur result also provides perturbative data for NLP and beyond

* The NLP triple-collinear function space is the same as LP:

1
{ln r1; 7, 2iD; (z), Liy (1 — @) + —In 1 ﬂ} + permutations
I 2 I3 i)

f¥y:  Xiaoyuan Zhang DD
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Squeezed limit:

xp = 0, ~x3 =7

B(n)

Kinematic limits

1 d3o
Otot dafldil”}gda’:g

Y

SU1—>0,513273N77

(

g
A

1

4t/ —53

B(n)

7

)2 + O

(% ou)

_ G, Ts (4 (2877 — 827 + 63) log(1 — 1) 67> — 7020 + 13627 — 756)
1576 45(1 — n)n®
ez (_6 (127° — 4177 + 407 — 9) log(1 — 1)) 31n® — 28812 + 4267 — 108)
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However, the squeeze limit itself is ambiguous since it is path-dependent

If we take the double limit: triple-collinear +squeezed x; ~ x, ~ x3 = 0,z = 0

4 Im@)

Re(z)
>

Jrmieo
FE\/)Tl—>O
Y Vo

] t-dependence disappears for N = 1 SYM
[Chen, Moult, Zhu, 2104.00009]




Kinematic limits

 There are also various possibilities on slicing the EEEC kinematic space. The
simplest one is the equilateral limit x;, =x, = x; = x

1.0
x2 ) J T T T T T T T L L L L L
: > 1500 - — icl -
N soplaner | Analytic| |
0.0 AN ZRN . |
1.0 ¢ iff .QQ 4 e Event2
r""“ i "v" ..‘s\\- - -
A VNS x| = : Equilateral EEEC
- N q
o\ JEORIBEIN O | S :
: ¥ '“'_“.‘EJ-';}"E{&,;".,'J‘ 7
AS o, 5007
0 - T‘

00 01 02 03 04 05 06 07

X

collinear 3 1.0

* |t will be interesting to study factorization and the joint resummation of different
kinematic limits/slicing

* |t might be also possible to develop a ENC bootstrap program using all these
kKinematic limits

o= Sa
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Simplification game: necessary but challenging

* The most difficult part of EEEC calculation is how to simplify the result. It is
Important because:

e Fast and accurate numerical evaluation = essential for collider physics

e Mathematical structure understanding = physical singularities

e.g. [Hannesdottir, McLeod, Schwartz, Vergu, 2109.09744]

e Observables involving various cuts (6/¢6 functions) usually lead to complicate
symbol and alphabet. It is hard to lift the symbol into simplified polylogarithms.

 Even for standard loop integrals and phase space integrals, the raw expressions
could involve spurious singularities.

Can Symbolic ML

help with any step?

i z ABA Ro .
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Polylogarithm meets symbolic ML

[Dersy, Schwartz and XYZ, 2206.04115]

Polylogarithmic expression RL Simplified polylogarithmic expression
—
Lis(1) + L In*(—z) Lis(z)
Transformer
Symbol Simplified Symbol
-[1-2)® 1]+ [z ® 2] (l1-z)®«z
® I
: : I, @ @
 Approach 1: Reinforcement learning c & O
s 0
(- Approach 2: transformer networks ) = ® “R
. - ¥ L
[Vaswani et al, 2017] | 7%

[Facebook: Deep learning for integration and solving ODEs, Lample, Charton, 1912.01412]
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Simplifying polylogarithms with transformer

A baby step: consider single-variable expressions without any square root
* Procedure:

e Compute the symbol expressions with PolyLogTools [Duhr, Dulat, 1904.07279]

Translation task in ML: find the simplest result corresponding a given symbol

Transformer could give a wrong result, but it is easy to verify

>

Ti f
_24_3(1 —2)Rr—6(z*+r+1)Q«x e, 2 Lip (2°) — %Liﬁx)

“French” “English”

We do weight-2,3,4, and only calculate the leading transcendental term.

Training: Generate simple expressions (~ 1-2M) and compute their symbol

Weight 2 Weight 3 Weight 4
Liy(z) Liz(z) Liy(z)
In(z) In(y) Liz(z) In(y) Liz(z) In(y)
In(z) In(y) In(2) Lip () Liz(y)
Lis(z) In(y) In(z)
In(w) In(z) In(y) In(2)
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Simplifying polylogarithms with transformer

Evaluation: We ask the transformer for N guess (Beam evaluation)

Result: we can integrate ~90% symbols

Beam Size 1 Beam Size 5

Weight 2 T%‘ansforme.r ' 82% ! 91%
Classical Algorithm 59% 59%

Weight 3 Transformer :-_-_7-§%_-:

Weight 4 Transformer :-_-§-(_)%_-: 89%

S

-

O

S

A

O

Q

——

Q 40

4+

U

th —— Beam 5 - Weight 4 ---- Beam 1 - Weight 4

8 20— Beam 5 - Weight 3 ---- Beam 1 - Weight 3
—— Beam 5 - Weight 2 ---- Beam 1 - Weight 2

0 5 9 13 17 21

Number of distinct symbols in input

Sample problems

Input symbol S;

Simple expression F;

—(—*—z+1)®@(1-2z)+ (-2’ —z+1)Qx

—(—22—z+1)Rz+1)+z(1—-2)—z@z+z® (z+1)

Li, ((1—:::)(1'-1—1))

T

-Bl-z)®z—-6(2*+z+1)®z

—40(6 —2?) @ (6 —2?) — 3(1 — z) ® (—2° — 22 + 3)

3z +1)®(—2° —22+3) -3 (z* + 22 + 2) ® (—2° — 2% + 3)

+3(6—-2z)® (2 —2)

3Lip (—2® — 2%+ 3)
—1 Liy(2z — 4)

—201n® (2% — 6)

8.7:2—35—1

1 Rr—8((z+1)(z2—z-1)®z

. 1
+8(1—m)®(—x3+x2—x—1)—8m®x

B(1—2)R(z(2® —22+2+1))

4 Li2 (CIJ2)

Unlike humans, transformer does NOT care about transcendentally weights!

Y. Xeoyuan Zhang
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Conclusions

* Multi-point energy correlator lives in the intersection of studies involving jet
substructure, fixed-order calculation and effective field theories.

e \We present the analytic calculation of leading order EEEC in both N = 4 super
Yang-Mills theory and QCD (e¢*e ™ annihilation and Higgs decays).

* |nstead of IBP+DE, we preform direct phase space integration with proper
parameterization.

* The result is converted to polylogarithms (up to t.w.2) and simplified using
symbol and symmetries.

* Qur analytic result provides perturbative data for various kinematic limits at leading
power and beyond: triple-collinear, squeezed, back-to-back, coplanar etc. It will be
useful once we initialize the study on factorization and joint resummation.

 We also initialize the symbolic ML project (mainly transformer) on simplifying
polylogarithms in Feynman integral calculations.

Thank you for your attention!
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