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QCD and jet physics

QCD: non-abelian Yang-Mills theory
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Jets: Parton (quark or gluon) fragmentation and hadronization
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Dynamics of jets formation: from short to long distance in quantum field theory
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Jets at the LHC

Jets are produced copiously at the LHC

QATLA Number of jets: 10

EXPERIMENT : . Number of tagged jets: 4
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Jet TMDs and azimuthal decorrelation
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Jet TMD and its all-order structure

Large logarithms in jet TMDs

qT = ’ Z ET,z’
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e sum over all soft and collinear partons not combined with hard jets ‘
» deviation from qr=0 are only caused by particle flow outside the jet regions
 non-global observables (pasgupta & Salam ’01)

Recoil absent for the pm-weighted recombination scheme (Banfi, Dasgupta & Delenda ’08)

Ptr = Pt -+ Ptj
Or = (wi¢i + wj¢j)/(wi + wj) w; = py
yr = (Wi + wjy;) /(Wi + w;)

n — o0  Winner-take-all scheme (Salam; Bertolini, Chan, Thaler ’13)

N3LL resummation for jet ar @ ee and €P (Gutierrez-Reyes, Scimemi, Waalewijn, Zoppi "18 '19)

NNLL resummation for 5635 @ LHC (Chien, Rahn, DYS, Waalewijn & Wu 22 JHEP + Schrignder ’21
PLB)



Recoil-free azimuthal angle for boson-jet correlation
(Chien, Rahn, DYS, Waalewijn & Wu 22 JHEP + Schrignder '21 PLB )
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Transverse momentum conservation: pr. +pry +prs +prc +07v =0

Transverse momentum imbalance: qr = pr,v +PT,J = Pr.J — Prec— Pra — Prp — DT.S
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Recoil-free azimuthal angle for boson-jet correlation
(Chien, Rahn, DYS, Waalewijn & Wu ’22 JHEP + Schrignder ’21 PLB )

Standard SCET2 (CSS ...) ¢ < O(1)

Ph ™~ Q(]-a ]-7 ]-)

Ps ™~ (pazypazapa:)

T — A¢ = 6¢ ~ sin(dp) = |ps.v|/prV Effect of soft radiation in jet algorithm is
power suppressed

Following the standard steps in SCET2 we obtain the following factorization formula

do / T ipe.vbe
= . Bi(2q,bs)Bj(xp, by ) Siji(be, ns)Hijvi(pr,v,yv — 1) Jk(b
dpx,V de’J dyv dnJ zjzk a ) z]< ) 1) —r ( ) ) ( ZIZ)
Fourier transformation in 1-dim Soft function can be obtained by boosted invariance

(also see Gao,Li,Moult,Zhu "19 PRL,...)



Pythia simulation results
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 Non-perturbative effects (hadronization and MPI) are mild



Numerical results

LHC13TeV, pp — Z + Jwra + X

|||||||||||||||||||||||||

200 - -
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— PYTHIAS.2 (x1.6)

lOOP ""”’ a1
- prg > 60GeV, |ns| <2

5o 18=10.5

150 155 160 165 110 175
A¢ [deg]
first N2LL resummation including full jet dynamics
good perturbative convergence
N3LL resummation in on progress
interesting to perform the same measurement at the LHC
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Azimuthal decorrelations of jets with the standard jet axis

e All-order resummation of azimuthal decorrelation of QCD jets was first studied
by (Banfi, Dasgupta & Delenda '08)

+ O (k7)

qT = ‘ Z ET,@'

i€ jets

e (CSS framework

° dijet (Sun, Yuan & Yuan ’14 & ’15) jet +V (Sun, Yuan & Yuan ’18; Chen, Qin, Wang, Wei, Xiao, Zhang ’18)
lepton + jet (Liu, Yuan & Felix "19) jet + top (Cao, Sun, Yan, Yuan & Yuan’18 & ’19) ... ...

do 1 doap—scd

Resummation formula: —— = Xg fa(Xa, wp)Xp fo(Xp, Up) — b Jo(|gL|b)e 3 @D
dA¢ T dt

Q2
. d 2 2 1
Perturbative Sudakov factor: 5r(Q,b) = Z/ el [A In Q—2 +B+Dln _2]
w R

q.8 * K
Hp
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Jet radius and TMD joint resummation for boson-jet correlation
(Chien, DYS & Wu 19 JHEP)

N1(Py) + No(Pp) — Poson(pv) + jet(py) +X
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Construction of the theory formalism
e Multiple scales in the problem
 Rely on effective field theory: SCET + Jet Effective Theory (Becher, Neubert, Rothen, DYS '16 PRL)
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New divergence in the ¢-integral

The anomalous dimensions of the global soft function and collinear-soft function are given by

C ’
70 /“Lb
S OésCF [ ( :LLQ ) 2 . :
ySes — In + In (4 cos® ¢, ) — imsign (cos ¢y) |
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e Scale separation introduced by the narrow cone approximation R < 1
e Both soft and collinear-soft functions are divergent as ¢, = /2
¢ dependent term in the RG solution between soft and collinear-soft scales reads
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One encounters such a divergence when the _
collinear-soft scale approaches to the non- ool

perturbative region ~10 08 06 ~04 02
Pt i)
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Azimuthal decorrelation of QCD jets in ultra-peripheral collisions
(Zhang, Dai, DYS, '23 JHEP)
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Impact parameter dependent Born cross section
from EPA (Fermi 1924; Weizsacker 1934; Williams 1935)
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Collinear anomaly and resummation formula

Refactorization and collinear anomaly in TMD resummation of Drell-Yan process
(Becher, Neubert "10)

, ) , 1247 —Fyq(a%,p) , ,
[Bq/Nl <217ZCT7IM) BCY/NQ(Z27'CET7M)}Q2 — ( b2 ) Bq/Nl (217ZCT7:LL) BQ/N2(22733T7M)
0

which is also known as Collins-Soper treatment or rapidity renormalization group

Refactorization and jet radius resummation (zhang, Dai, DYS, ’22)
ﬁl (b7 R, 1, 122 V)ﬁQ(bv R, y2, 22 V)g(ba Y1, Y2, W, V) — R2Fq6(b7 M)W(ba Ayv :u)

Verified at one loop
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S(bxay17y27:u77/)U1(b:B7y17:u7V)U2(bx7y27:uay) :1+CF%[111R2_ln(2+2COShAy)] (E+1n Zg )
0

Resummation formula

UI%G (:U'b7 :u])

d4oNLL /OO db . m dy, o gy
ndprdndn o (¢2bz)B(bz, PT,Y1,Y2) exp T m(as) ) ()

T . P

We choose the intrinsic scalesas pn =M, =prR, =+ (by)
* T

14



Numerical results

(Zhang, Dai, DYS, '23 JHEP)
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e A good agreement with the ATLAS data in the nearly back-to-back region
 Photo-productions may enhance the dijet production rate, but should barely

change the shape
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QCD resummation of the azimuthal decorrelation of dijets in pp and pA

Gao, Kang, DYS, Terry, Zhang in progress
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(also see Sun, Yuan, Yuan 14 PRL)

-3 -2 -1 0 1 2
Ndijet

3 -3 -2 -1 0 1 2

Ndijet

3 -3 -2 -1 0 1 2 3

Ndijet

Nuclear modified TMD PDFs (Alrashed, Anderle, Kang, Terry

& Xing, 22)
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Summary

TMD jets play essential roles in understanding QCD dynamics in many
aspects.

Recoiling-free azimuthal decorrelation achieves first NNLL accuracy with
full jet dynamics, and we find the non-perturbative corrections are mild.

Our result can serve as a baseline for studying naive factorization violation,
spin asymmetry and energy loss in QGP.

We understand why azimuthal decorrealtion is simpler than standard

transverse momentum imbalance, and the new divergence in qgr
corresponds to the rapidity divergence of azimuthal decorrelation.

We study the dijet azimuthal decorrelation in pp, pA, AA(UPC) processes
and find good agreement.
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