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multiplicity of jet is related to the radiation and
showering pattern (and hadronization) of high energy
parton.

Average multiplicity can be calculated by zero-th
Mellin moment of fragmentation function.
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INTRODUCTION - FRAGMENTATION

solving by taking soft approximation
. Caas 1 (CAaS )2 1
,Qg) = —2 + -
Whe) =T ™ ) (G-1)3
(5)

plucking this back and promote the coupling to
running, the average multiplicity can be represented
as
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INTRODUCTION - GENERATING FUNCTION

The generating function(al) (GF) can be written as [Bassetto, Ciafaloni, and Marchesini, NPB 163 (1980) 477]
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One can get the n-particle production probability be successive differentiation
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The average multiplicity is simply the first u-differentiation
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The GF follows the DGLAP evolution equation [Dokshitzer, Khoze, Mueller, and Troian, 1991]
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INTRODUCTION - DLA

In the double-logarithmic approximation (DLA)

g Ze:Q) = Za(w Qo [ T Zyw@ -1 (12)

One can solve the above (linear) [Dokshitzer, Khoze, Mueller, and Troian,
1991]

Za(u, Q) = wexp { / Ly ()R [Zo(uny) 1] } RENE

The probability distribution can be calculated recursively [pDuan, LC,
Ma, Salgado, and Wu, PRD 112 (2025) 9, 094022]
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The average multiplicity is then [Dokshitzer et.al., ZPC 18 (1983) 37].
ng(Q) = 21 [11(21)Ko(22) + K1(21)1o(22)] (15)
A=1n(Qo/A), z1 ~ Y+ A, 22 ~ VA (16)



MULTIPLICITY - CROSS SECTION
We begin with the LO cross section in pp
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in the coherent picture, the AA cross section is written as
do44 d
2‘1 f/dQTTAr+b/2 TBr—b/2)/ ¢Z/deD © o (19)
d*bdpr Pr pp=pT+te
in the decoherence picture, we have [Duan, LC, Ma, Salgado, and Wu, 2603.22014]
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MULTIPLICITY - BDMPS ENERGY LOSS

@ The medium induced radiation spectrum [Baier, Dokshitzer, Mueller, and Schiff, NPB 531 403 (1998)]
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@ with splitting function
Ki() = {é e iz (22)
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@ The radiation probability is written as
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@ Asymptotically, it can be solved [Baier, Dokshitzer, Mueller, and Schiff, JHEP 09 (2001) 033]
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@ We solve numerically to get the quenching weights [Salgado and Wiedemann, PRD 68 014008 (2003)]

Dj(e) = b Zl exp [iue - /oo dw M (1 _ e*il/w)]

— oo 4T

_ wdlexp { / 4 (w) [I_COS(W)]} ( _ /0 ”dwd{;’i(“)sin(m)) (25)

w




MULTIPLICITY - MEAN ENERGY LOSS
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@ As Qo decrease, multiplicity increase, AE increase. 06
@ As R increase, multiplicity also increase, AFE increase. 0.4
@ Fitting to the R = 0.2 and R = 1.0 ATLAS Ra4 data, the best fit A AT
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@ Single subjet

Raas =

@ Multiple subjets

Raam = =

1 dogA/d*bdpr  do¥f
Tap(b) dog’/dpr dpr
1 doff/d?bdpr  do%?
Tap(b) doli/dpr ~  dpr

@ Overall good agreement with the ATLAS data.

MULTIPLICITY - SUBSTRUCTURE

@ A clear ordering of cone size dependence for
R =0.2,04,0.6,1.0.

@ At small-p ., coherence dominate, ratio converge.

@ At large-p,, decoherence effect is more apparent for
large radius jets.

[Duan, LC, Ma, Salgado, and Wu, 2603.22014]
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NLO - CROSS SECTION AND MEASUREMENT

@ The pp cross section [Nagy, PRD 68 (094002) 2003] @ The AA cross section from pp baseline
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NLO - CROSS SECTION AND MEASUREMENT

@ The pp cross section [Nagy, PRD 68 (094002) 2003] @ The AA cross section from pp baseline
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NLO - HIGH-TWIST ENERGY LOSS

The HT radiation kernel [Deng and Wang, PRC 81 024902 (2010)] [He, Luo, Wang and Zhu, PRC 91 054908 (2015)]
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Medium induced transverse momentum diffusion [He, Luo, Wang and Zhu, PRC 91 054908 (2015)]

1 2 .
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jet algorithm constraint [Chang, Cao and Qin, PLB 781 423 (2018)] [Kang, Ringer and Vitev, JHEP 10 (2016) 125]
R - -
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parton energy loss ratio [Hu, LC, Gao, Zhu and Zhang, in preparation]
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effective average inclusive jet energy loss [Han, Xie and Zhang, 2509.07842]

AE(pr) = fq(pr)AEq + fg(pr)AEg (39)



NLO - NUCLEAR MODIFICATION
PbPb 5.02 TeV
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@ Coupling the NLO cross section and HT energy loss, 085 = 20-30% A 30-40% 1
U — coh. decoh. 1

we can plot the inclusive jet R44.
@ Comparing with ATLAS data, Queq = 14 ~ 20 GeV.

@ Qumea — 00 corresponds to fully coherence,
Qmed — A corresponds to fully decoherence.

@ 0. o< 1//4L3, Q2 _, o E262.

[Hu, LC, Gao, Zhu and Zhang, in preparation]

@ nPDF effect is important in high
energy jets.

@ mild modification for 100 ~ 500
GeV jets, correspond to
z = 0.04 ~ 0.1. Lapo

@ 500 ~ 1000 GeV jets are
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suppressed, correspond to
z =0.1~ 0.4 (EMC).

@ > 1000 GeV jets are enhanced.
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NLO - SUBJET MULTIPLICITY

@ Qmedq condition can be generalize as clustering algorithm.

@ sort ij = (pi + p;)? for every possible pair.

o if Q?j,min < Qfﬂcd merge and repeat, otherwise stop.

@ Applied algorithm to PYTHIA jets and plotted subjet multiplicity.

@ mid-p;. (~ 100 GeV) jets consistent with coherent picture.
@ high-p;. (300 — 800 GeV) jets favors decoherent picture.

@ invariant mass merging automatically groups clusters.

@ ATLAS measurement: first cluster R = 0.2, then

R=1.0.

@ categorize whether contain single or multiple subjets.

@ naturally correspond to decoherent clustering

algorithm.

Raa

@ R = 0.2 jets typically have invariant mass < Qmed,
can be viewed as coherent objects.
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SUMMARY AND OUTLOOK

Summary:
@ Using the generating function method, particle multiplicity of QCD jets were calculated up to DLA.

@ under the assumption of color decoherence, parton multiplicity that enters into the medium were
calculated and its corresponding energy loss extracted by the R4 4 spectrum.

@ A similar calculation were done by using NLO partonic cross section with decoherent condition to
extract the resolution scale of the medium.

Outlook: To be appear in the upcoming events:
@ use MDLA instead of DLA to reduce multiplicity. @ DIS2026 (talk), Bologna, Italy
@ NNLOjet for three-prong contribution. @ HP2026 (talk+poster), Nashville, USA

@ R4 disagreement between ATLAS and CMS. @ ICHEP2026 (talk), Natal, Brazil
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