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Semi Inclusive Deep Inelastic Scattering  (SIDIS)

σep→e′￼hX = ∑
i,j

fi(x, μf′￼
) ⊗ ̂σepi→e′￼pj

⊗ Dh
j (z, μf′￼

)

e− + p → e− + h + X

PDF FF
Parton Distribution Function Fragmentation Function

Factorization

Theorem 



What happens in nuclear media?

Initial-state nuclear effects can be effectively 
factorized into nuclear PDFs  (nPDFs)

For example:         Nuclear DIS e− + A → e− + X

arxiv.org/pdf/2201.12363

R(A)
f (x, Q) ≡

f (p/A)(x, Q)
f (p)(x, Q)

nNNPDF3.0
Nuclear PDF

Vacuum PDF



What about Fragmentation Functions FF?

I. Borsa, R. Sassot, D. de Florian, M. Stratmann
arXiv: 2110.14015

Phadron = z Pparton

Vacuum Fragmentation Functions

z = momentum
fraction



What about Fragmentation Functions FF?

I. Borsa, R. Sassot, D. de Florian, M. Stratmann
arXiv: 2110.14015

Phadron = z Pparton

Vacuum Fragmentation Functions

• What happened with the hadronization when 
it takes place in a nuclear media?

z = momentum
fraction



What about Fragmentation Functions FF?

• Is it necessary to take into account final-state 
nuclear effects? I. Borsa, R. Sassot, D. de Florian, M. Stratmann

arXiv: 2110.14015
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CLAS collaboration at JLab
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 (Proton rest frame)

5.014 GeV electron beam
data from arXiv: 2109.09951 

Final-state nuclear effects?

A : Mass number
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 (Proton rest frame)

5.014 GeV electron beam
data from arXiv: 2109.09951 

Final-state nuclear effects? Vacuum FF

prediction

A : Mass number

Can the factorization theorem 
be extended to nuclear FF? 
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Wg(z) = n′￼g δ(z − 1) +
ng

Ng
zαg(1 − zβg)

Wq(z) = n′￼q δ(z − (1 − ϵq)) +
nq

Nq
zαq(1 − zβq)

Ws(z) = n′￼s δ(z − (1 − ϵs)) +
ns

Ns
zαs(1 − zβs)

Parametrization

Valence quarks

Gluons

Sea quarks

Parameters A dependence:
ξ = λξ + γξ Aδξ

{ni, n′￼i, αi, βi, ϵi}

24 free parameters

so
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Nuclear Fragmentation Function FIT

arXiv: 2109.09951 

Vacuum FF prediction

Nuclear FF

FIT

CLAS detector  JLab



Nuclear Fragmentation Function FIT

arXiv: 2109.09951 

Vacuum FF prediction

Nuclear FF

FIT

Global Analysis
This plot is part of a 

CLAS detector  JLab
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• The global analysis was also done 
with TUJU21 nPDF set

• Global Analysis

• Next to Leading Order (NLO)
Cross sections up to 𝒪(αs)
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p-Pb collisions

s = 5.02 TeVALICE,  LHC

data from arXiv:1801.07051 
arXiv: 1601.03658

RpPb =

1
⟨TpPb⟩

d2NpPb

dy dpT

d2σpp

dy dpT

∼
σpPb

σpp

• Big difference between two PDFs set

• Dependence on         of the initial-state 
nuclear effect

RpPb



d-Au collisions

s = 200 GeV
STAR,  PHENIX Collaborations at 
Relativistic Heavy Ion Collider RHIC

data from arXiv: 0912.3838
arXiv: 1304.3410
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• nNNPDF3.0 appears to fit the data better
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CONCLUSIONS
• Final-state nuclear effects can be effectively described with nFFs

• Proton-Nucleus collision observables have a strong dependence on the initial-state 
nuclear effects nPDFs.

Rπ
A• The observable        in nuclear SIDIS, measured by CLAS, has proven to be an 

excellent tool for studying final-state nuclear effects.
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In order to fit this data set  
• nPDF with more shadowing than nNNPDF3.0

• nPDF with antishadowing similar to nNNPDF3.0


