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Outlines

m Experiments at Tevatron and LHC

m Soft gluon resummation in dijet production
Collins-Soper-Sterman

m Azimuthal angular asymmetry due to soft gluon radiation
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Dijet production at the hadron colliders

m Most abundant events M5 e an
m Almost back-to-back =7y
m De-correlation comes
Hard gluon jet
Soft gluon radiation
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Beautiful data from Tevatron/LHC
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QCD calculations

m Fixed order calculations
divergent around 1, where
soft gluon radiation dominates

m All order resummation is
needed to understand the
physics around here

Two separate scales P>>q;

Leading P+
Total g=P:Sin(A¢)
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Soft gluon radiation leads to Sudakov Logarithms

Sudakov, 1956; Collins-Soper-Sterman 1985
m Differential cross section depends on Q;=q where

Q2>>Q4%>>A%ocp
do 1 51 Q%
—:—f1®f2® ot In<’
A

m Resummation of these large logs

In terms of transverse momentum dependent parton
distributions and fragmentation functions and apply to

Semi-inclusive hadron production in DIS, Drell-Yan type of hard
processes in pp collisions, e.g., Higgs, Z/W boson, ...
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Hard process with jet is different

m Final states carry color
Soft gluon radiation associated with the jet will contribute
Additional soft factor

m Jet algorithm will enter into the calculations as well

Only out of cone radiation contributes to the imbalance
between the two jets
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Leading double logs in dijet case

m Power counting: each incoming parton contributes to a
half of the associated color factor

Nz
N

Banfi-Dasgupta-Delenda, PLB 2008
= Mueller-Xiao-Yuan, PRD 2013
1 11/17/21 9

DL coefficient:
A(1)=(Cp1+Cp2)IZ
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Beyond the leading double logs

m Jet size-dependence is computed by averaging the
azimuthal angle between the soft gluon and leading jet

m Matrix form due to colored final state Kidonakis-Sterman 1997

X1 fa(fL'l, H = bo/b_j_)SEQ fb(.CCz, — bo/bJ_)e—S’Sud(Q2 b1)
Q d Q aq

Tr |:Hab—>cdexp[_/ lu”ys ]Sab%cdexp[_/ Iu,fy ]:|
bo/b1 M bo /by M

(Sun, C.-P. Yuan, F. Yuan, PRL 2014)
Ssud(QZ,bJ_)I/Q d/; [ln (Q2)A+B+D11n Q2 +D2h’l Q2 :|

b3/b3 M p? P{R} PR3
D: color-factor for the jet see also, heavy quark pair resummation:
”T’>I ...|R jet size Zhu-Li-Li-Shao-Yang 2012
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Soft and collinear gluon at one-loop

Virtual < ANarrow Jet Approx.)

Ellis-Sexton 86 Jager-Stratmann-Vogelsang
2004
/ Soft \ / Soft
Initial state Final state

;:}l A (out of jet cone)
= 11/17/21
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Cross checks

m Divergences cancelled out between
virtual, jet, sot contributions (dimension
regulation applied)

m Final results :double logs, single logs,
W00 = 22 {10 s, |10 (2 ) (@8~ €) + Pul€)o(1 - ) — 82 -

b;
21,2 2p2
-0l ) () ersomieen i)

Quark channel: q;q;=>q;q;
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Compare to the full calculations
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Compare to the data
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At the LHC

10

.
A'\
S as

24

BrRxcLsy Lam

llllllllIIVL_LIIIIIIIII]1IIIIIIIIIIIIIII g—o
CMS |\S=7TeV -§ g
300 < P7** < 1000 (GeV) (X1000) 40
200 < P'*" < 300 (GeV) (X1000) =
140 < P7'™* < 200 (GeV) (X100) 10

110 < P™ < 140 (GeV) (X10)
80 <P7™ <110 (GeV) 10°

anti-k, R=0.5 P} > 30GeV |yl<1.1
10°
10
10°
102
1 10
2.4 28 207, 28 29 '3 At
0 (rad) 1
-1
101
11/17/21

8

RIS B LTy T T

anti-k, R=0.6 P!'>100GeV |y|<0.8

PP > 800 (GeV) (X10°%)
600 < PT** < 800 (GeV) (X107)
500 < P{™* < 600 (GeV) (X10°)
400 < P™* < 500 (GeV) (X10°)
310 < P™* < 400 (GeV) (X10°)
260 < P7™* < 310 (GeV) (X10°%)
210 < PT™ <260 (GeV) (X109 — T
160 < PT™ < 210 (GeV) (X10)
110 <P7™ <160 (GeV)

Illllml IIIIml'I IIIImTI IIII|T|T| IIIIIIII| IIII|'|TT| IIII"Tl'l II[II|T|'| IIIII|'|T] IIII|T|'|'|'|

IIIIIIIIIIll

bt 1.

IIII[u],l 191

IIIIIIIlII

2 2.2 2.4

2.6 2.8 3
¢ (rad)

15



—IIII[\[\II\I\I|IIII‘[\II[II\I|II[\|\II[]‘:

" S
. j'a\ g+g->H+Jet (s=81ev |
More simpler processes | <r <100 e

10
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= Higgs+Jet AN
Sun,C.P.Yuan,F.Yuan, 1409.4121 |

m Z(photon)+Jet

do/dq

fffff Full NLO from MCFM

Sun,Yan, C.P.Yuan,F.Yuan, 1810.03804 [  [“ge
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https://arxiv.org/abs/1409.4121
https://arxiv.org/abs/1810.03804

Azimuthal angular asymmetries

Catani-Grazzini-Sargsyan 2017
m Azimuthal angular asymmetries arise from soft gluon
radiations

¢ is defined as angle between total and different
transverse momenta of the two final state particles

m Infrared safe but divergent
<cos(¢$)>, <cos(2¢)>, ... divergent, ~1/g:?

Integral is finite for small g-cutoff, resummation can be
carried out for the harmonics, <cos(n¢)>~qg"

X Examples discussed include Vj, top quark pair production

reeee) . 1/17/21
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Azimuthal angular correlations in jet

production processes

Hatta, Xiao, Yuan, Zhou, arXiv: 2010.10774; 2106.05307

m Diffractive photoproduction of dijet
m Lepton plus jet production at the EIC
m Inclusive dijet in DIS

18
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Example: Diffractive dijet production

m Gluon radiation tends to be aligned with the jet direction

Qs k1 - ko
S =0 d
J(q-L) (q_L) + 27_‘_2 / yg (kl : kng : kg) -

Sso(|lgL]) + 2cos(2¢)Ss2(|qL]) + -

k)l kl
kz k2
kg
" P P

Hatta-Xiao-Yuan-Zhou, 2010.10774
F‘\I anisotropy was neglected in an earlier paper:
'—”—'—'&"1 11/17/21 Hatta-Mueller-Ueda-Yuan, 1907.09491
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Leading power contributions,
explicit result at o,

Si(qL) = Suo(|gL]|) + 2 cos(2¢)Ss2(|gL|)

an 1 ao 1
Syo(gL) =6(qL) + —0—2 , Sra(qL) = —2—2 ;
T q1 T q7
where
X0 27 = R2’ = 27T = R2

ap,a, are order 1 constants, so,

in the small-R limit, <cos(2¢)> goes to 1
11/17/21
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Leading logarithmic resummation

Sro(br) = e To0L) = §ro(by) = age™ToGL) Ty(by) = f;i 9 o
b
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Inclusive dijet at EIC: Q=10GeV, P;=15GeV, R=0.4

0.20

__w Log. photon | — o Trans. bhotbn

2 P2 GeV

qr(GeV) 02L B 1 i o efPJ_ qr(GeV)
—F = = - 4 4
ok 2 o5 e+ Pr

m The difference between the above two purely comes from
. the linearly polarized gluon distribution
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Summary

m Soft gluon resummation is needed to describe the
dijet correlation from Tevatron/LHC

m Soft gluon radiation contributes to azimuthal angular
asymmetry as well
LLA resummation derived
More sophistic approach, see talk by Jurg Haag (Tue)
m Implement all these in a parton shower?
See previous talk
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