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Final-state interactions in DIS of large nuclei

See X-N Wang’s talk on Dec 16.
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• This work: jet tomography at large xB & high-Q2

• Multiple collisions are mediated by small-x gluons.
Cross-section↔ unintegrated gluon distribution

dσqg
dk2⊥

=
πCA
dA

αs
k2⊥

ϕg(xg, k2⊥), xG(x,Q2) =
∫ d2k⊥

(2π)2ϕg(x, k
2
⊥)

• The first version takes a parametric ϕg motivated by [D
Kharzeev, E Levin PLB 523 79-87]

αsϕg(x, k2⊥;Q2s) = K (1− x)nxλ
k2⊥ + Q2s

• Self-consistently determine Q2s = 4π2CA
dA TAxgG(xg,Q2/xB)

as probed by quark jet [Y-Y Zhang & X-N Wang, 2104.04520].
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Modified fragmentation & momentum broadening

Momentum broadening in SIDIS

∆⟨p2T⟩ ≡ ⟨p2T⟩eA − ⟨p2T⟩ed(zh; xB,Q2)
≈ z2h⟨q̂F(xB,Q2)L⟩

[HERMES PLB 684, 114]

Medium modified fragmentation function
DAh(z,Q2) [E Wang & X-N Wang PRL 89, 162301]
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eHIJING (electron-Heavy-Ion Jet Interaction Generator)

Space-time picture at large xB,Q2:
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LO event generation ▽

Different from dominant contribution at small xB

t

E/Q2 � RA

1

To be considered in the future...

• Hard process
• Multiple collisions {(k⊥)i, t+i }, i = 1, 2, · · · with Poisson fluctuation ⟨N⟩ = σρ0L.
• Use {(k⊥)i, t+i } to modify gluon bremsstrahlung in the parton shower.
• Shower partons + recoiled remnants (−k⊥)→ Lund string fragmentation.
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Medium correction of gluon bremsstrahlung

quark: xB, v⊥ = (v⊥)0 +
∑

i(k⊥)i
radiated gluon: zg, l⊥
Formation time: τf =

2(1−zg)zgE
(l⊥−k⊥)2

t

L

b

1

Full opacity-1 correction in DIS [Y-Y Zhang, X-N Wang 2104.04520].

dP
dzgdl2⊥

=
αs(l2⊥)
2π

P0(zg)
l2⊥

[1+∆1(L; zg, l⊥; xB, zgv⊥)]

We take soft gluon and small-x: zg, xg ≪ 1

∆1 ≈
∫ L

0
dt+ CFρ0dA

∫
d2k⊥

αsϕg
k2⊥

CA
CF

2k⊥ · l⊥
(l⊥ − k⊥)2

(
1− cos

t
τf

)
→

∑
i

CA
CF

2(k⊥)i · l⊥
[l⊥ − (k⊥)i]2

(
1− cos

ti
(τf)i

)
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Multiple emissions and fragmentation model in the medium

• l2⊥ > Q2s : medium-modified pT-ordered shower.
• l2⊥ < Q2s : model low-Q2 medium-modified fragmentation [N-B Chang, W-T Deng, and X-N
Wang PRC 89, 034911 (2014)]:

DA
h/q(x, µ0) =

∫ 1

x

dz
z D

vac
h/q(

x
z , µ0)

[
δ(1− z) + ᾱs(Q2s)

(∫ Q2s

0

dl2⊥
l2⊥

[P0∆1]qq

)
+

]

+ ᾱs(Q2s)
∫ 1

x

dz
z D

vac
h/g(

x
z , µ0)

∫ dl2⊥
l2⊥

[P0∆1]qg

In MC: τf-ordered gluon emissions from quark + transverse-momentum recoil
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Modify Pythia8 for jet shower in medium in eHIJING

Use existing event genera-
tor for e-p, such as Pythia,
Sherpa, · · ·

Beams e, p Partons from
hard collision

Remnants from
hard collision

pT-ordered
parton shower

Q → Q0

Hadronization
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Modify Pythia8 for jet shower in medium in eHIJING

Use existing event genera-
tor for e-p, such as Pythia,
Sherpa, · · ·

Beams e, A Partons from
hard collision

Remnants from hard collision

Remnants from multiple collisions

pT-ordered parton shower

Hadronization

∆med
1 (l⊥ < Qs) modifies

Multiple
collisions (ϕg)

Pvac × (1 + ∆med
1 (l⊥ > Qs))
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Nuclear modified fragmentation

[CLAS arXiv:2109.09951]

[HERMES, NPB 780, 24 (2007)]

[EMC, ZPC 52 (1991) 1.]

RA =
(
Nh(ν,Q2; zh,pt)/Nγ

)
eA

(Nh(ν,Q2; zh,pt)/Nγ)ed

• Higher-twist expansion (red) & generalized
approach (blue).

• Bands: variation of Qs or q̂F
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pT-dependence D(zh,pT)

[HERMES, Nuclear Physics B 780, 24 (2007)]

RA =
(
Nh(ν,Q2; zh,pt)/Nγ

)
eA

(Nh(ν,Q2; zh,pt)/Nγ)ed

Interplay of parton energy loss and
momentum broadening.

Large z: “survival bias” ∆p2T(z→ 1) = 0;
small z: ∆p2T ∼ z2hq̂FL.
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Jet tomography at EIC

JLab 12 GeV beam / EicC / EIC ▽

The exact xB,Q2 dependence of ∆⟨p2T⟩ will be sensitive to the model for ϕg(x, k⊥).
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Summary

• eHIJING event generator approach jet tomography e-A: interplay of multiple collision,
nuclear-modified parton shower and hadronization.

• Sensitivity analysis on Q2s, ϕg with modified fragmentation in SIDIS (RA(ν,Q2, z,pt)).

Outlook

• Finalize and release

• Hadronic interactions / remnant dynamics

• Heavy flavor, flavor conversion.

• NLO event generation?
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Questions?
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Flavor dependence

• Hadronic absorption at small zh? p/p̄.
• Need to consider medium-induced flavor
production g→ ss̄ for RA[K] at large zh.
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Back up: interplay of initial-state transverse momentum and final-state effects

[Double scattering term with radiative cor-
rection + finite transverse momentum of
quark and gluon: Y-Y Zhang and X-N Wang]

• v⊥ primordial kT of quark + initial-state radiation
broadening.

• Taking soft gluon limit: zg ≪ 1, (1− zg)v⊥ drops
from the splitting function and does not affect
final-state evolution other than momentum shift.
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Medium-induced radiative correction in the collinear limit

Collinear radiators τ ′f ≡
2z(1−z)E

l2⊥
≫ t ∼ L.

Expand in |k⊥|
|l⊥| ≪ 1 [X-N Wang, X Guo, A. Majumder]

∆HT
1 =

∫ L

0
dt2q̂

rad
A
l2⊥

(
1− cos

t
τ ′f

)
,

q̂rad
A =

∫ l2⊥

0
αs(k2⊥)

CA
dA

ρ0ϕg(xg, k2⊥)

q̂rad
A : transport parameter for radiative correction.
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Baseline: e+ d→ e+ h+ · · ·

[HERMES, Phys Rev D 87, 074029 (2013)]

• Minimum invariant mass for string breaking in Pythia8: Wmin = mq +mq̄′ +Mstop.
• Change of default Pythia8 Mstop from 1 GeV to 0: better fits π and K fragmentation.
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