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Motivation

Becher, Neubert, '06; Becher, Bell, '10
Two-loop jet functions have been widely used!
e Resummation of various jet shapes @ N3LL & N3LL
® thrust Becher, Schwartz, '08; Abbate, Fickinger, Hoang, Mateu, Stewart 10

e heavy jet mass Chein, Schwartz, '10

e thrust cumulant Abbate, Fickinger, Hoang, Mateu, Stewart 12

® C-parame’rer Hoang, Kolodrubetz, Matue, Stewart, 14 15

Important for precise determination of !



Motivation

Hoang, Kolodrubetz, Matue, Stewart, '14

parameter default value range of values |er, Bell, ’10

o 1.1GeV - b used!

Ro 0.7 GeV -

no 2 1.5 to 2.5 L & N3LL

1 10 8.0 to 11.5

b 0.25 0.225 t0 0.275  [FreY, Stewart 10

L 0.4 0.375 to 0.425

s 2 1.77 to 2.26

er 0 —1.5to 1.5 wart 12

CH 1 (0.5 to 2.0 15

Ts 0 —1,0,1 . .
[0 gm0 raooop—"9" 09T

33 0 — 500 to + 500 ferm @N°LO

€2 0 — 1,0, 1

€3 () —1,0,1




Motivation

¢ Resummation and fixed order expansion of threshold
logarithm

e DIS in threshold region x — 1 Becher, Neubert, Pecjak ‘06

e pT spectra of W/Z/Higgs near partonic threshold

Becher, Bell, Lorentzen, Marti, 13
® Fixed order calculation @ NNLO
e Top decay Gao, Li, Zhu, 12
® W/Z/I-Iiggs+jef Boughezal, Focke, Giele, Liu, Petriello, et al. ’15,’16
e t-channel single top Berger, Gao, Yuan, Zhu, 16,17

General description: N-jettiness subtraction
Boughezal, Focke, Liu, Petriello, ’15; Gaunt, Stahlhofen, Tackmann, Walsh, '15



N-jettiness subtraction

Tackmann, Stewart, Waalewijn, 10
N-jettiness: 7n = szmm{qa Dk Qb - Dk» 1 * Phs -+ AN - D}

Phase space cut: o(X) :/ dTn
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In the limit 75" < 1, all the radiations should be soft or collinear to a
beam or jet axis, and the cross section can be factorized in SCET

do
d’TN /dt B (ta,ﬂfa,,u>/dthb(tb,CCb :u H/dpkm
+0O

XH({paapbapk}nu)S(ﬁv{paaplﬂpk}):u)5<TN_t +tb+QT+2pk ( )

'@ NLO, resolved part = X+l jet @ LO
'@ NNLO, resolved part = X+1 jet @ NLO
@ N3LO ~resolved part = X+l Je’r @ NNLO




Definition

J(p*, 1) = %Im T (p*, 1)



Methods

® Generate 3-loop Feynman diagrams and amplitudes

e Feynman Gauge, QCD Feynman rules
QGRAF Nogueria '13 & Private codes by Briiser

e more than 600 diagrams and 8000 scalar Feynman integrals
® Reduction of Feynman integrals

® TBP reduction FIRES, A. Smirnov ’14
¢ 33 master integrals (MIs)

® MIs calculation
o Mellin-Barnes + PSLQ Arno, Bailey, Ferguson, ’99
MB.m Czakon ’05; MBresolve A.Smirnov, V. Smirnov *09

e Dimensional Recurrence
LiteRed Lee’12, HyperlInt Panzer’15



Feynman diagrams

® All the Feynman integrals can be mapped to the
following topologies
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Dimensional Recurrence

S‘I'ra'l'egy; Manteuffel, Panzer, Schabinger, 14 '15

e find a quasi-finite integral F,;_¢_o. in 6D and
calculate it (HyperInt)

e find dimensional recurrence relationship to integrals in

4D (LiteRed)
F6—2e _ Z&iF4_2€

e IBP reduction (FIREFS)
F6—2¢ _ Zﬁip?—ze + c,|GA 2l «e—want Mi
i

Mls with less propagators
* solve for G*~2



An example
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Preliminary Result in Laplace space

~ Q2 > p2 2
J (L In ,U_, H ) eXp\ — eVE Q2 J(p ) :u)
Becher, Schwartz, 08
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Preliminary Result in Laplace space

J 3 . 2 J C N -1 i N
C3 :CFCSC3 +CFCA637012?CA_|—CFO CSC 02 F = 2Nc ) A —

+ Tan (CFCB 02 Trn g -+ OFCACS,CFCATan -+ CFTanCSJ,CFTI%TL?)

p 5360005 4247 _+_5404w2 4340018
C 2. 2 = — —
3,CrTEnG 243 405 81 6561
; 11932¢s  32¢s  32967% 1395172 261587
C3 o2 :——WCSI + — — + —
CETrng ]1 3 1215 243 186
p 38 . 8620<'3+_32§5_+ {4 _+_68869w2 2949843
c = — — —
3,CrCaTrpny 7" 53T gy 3 135 | 2187 6561

J
C3,08, cg c2 cand 03 cpcz are calculated to 20 dlglts here we only show

the analytical result for leading color factor
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Preliminary Result in Laplace space
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le we only show

parameter default value range of values
Lo 1.1 GeV -
Ro 0.7 GeV -
no 2 1.5 to 2.5
1 10 8.9 to 11.5
to 0.25 0.225 to 0.275
La 0.4 (0.375 to 0.425
Ts 2 1.77 to 2.26
eJ 0 —1.5to 1.5
CH 1 (0.5 to 2.0
s 0 —1,0, 1
Ja 53.380n% — 118.23ny + 228.97
83 0 — 500 to + 500
€9 0 — 1,0, 1
€3 0 —1,0,1

~10.94660297




Cross Checks

| , Borowka, Heinrich, Jahn, Jones,
A. Smirnov, 15 Kerner, Schlenk, Zirke, '17

e check MIs with FIESTA4 and pySecDec numerically v

® Mellin-Barnes vs dimensional recurrence
® RG equation

® gauge invariance: calculate jet function in Ri gauge



Summary & Outlook

® We obtain a preliminary result of quark jet
function @ N3LO

® reduce the theoretical uncertainty for jet shapes

® important ingredient to construct N-jettiness

subtraction terms @N3LO
® gluon jet function @ N3LO



Thank you!



Backup:IBP Reduction

Consider a Feynman integral as a function of n integer

indices / / A dOk,
CL
b Eo . B

The integration by parts relations

| ..
dky...d7K; - . =0

'k, YE® _E®
can be expressed in following form
Z OéiF(Cbl -+ bi,la ceey Uy + bz,n) =0

In this work, IBP reduction is performed by FIRES
automatically



