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Nuclear PDF

Partonic content in the initial state

• Needed for ∼ any cross section or RAB prediction

• In pPb: correlation between measured kinematics and probed xPb

• PbPb can add some information

EPJC 77 (2017) 3, 163
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nPDF groups
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Electroweak bosons

W bosons in pPb

• CMS W bosons (8.16 TeV):
• Experimental uncertainties smaller than nPDF ones
• Inconsistent with free proton PDF, better agreement with EPPS16 than nCTEQ15 (amount of

shadowing)

80

100

120

140

160

180

 [n
b]

C
M

µ η
) 

/ d
µν

+ µ
→

+
(Wσd

Data
CT14 (68% CL)
CT14+EPPS16 (68% CL)
CT14+nCTEQ15 (68% CL)

µν+µ→+W CMS
 > 25 GeV/c

T

µp

Lumi. uncertainty (3.5%) not shown

 = 8.16 TeVNNs                -1pPb 173.4 nb

R
at

io
 t

o
 C

T
14

3− 2− 1− 0 1 2

CM

µη
0.8

1

1.2

0 0.5 1 1.5 2

CM

µη
0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

)
C

M

µ η−( µ
) 

/ N
C

M

µ η
(+ µ

N
Data
CT14 (68% CL)
CT14+EPPS16 (68% CL)
CT14+nCTEQ15 (68% CL)

µνµ→W CMS
 > 25 GeV/c

T

µp

 = 8.16 TeVNNs-1pPb 173.4 nb

3− 2− 1− 0 1 2

CM

µη

0.1−

0.05−

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

 )− µ
 +

 N
+ µ

 )
 / 

( 
N

− µ
 N− 

+ µ
( 

N

Data
CT14 (68% CL)

CT14+EPPS16 (68% CL)

CT14+nCTEQ15 (68% CL)

µνµ→W CMS
 > 25 GeV/c

T

µp

 = 8.16 TeVNNs             -1pPb 173.4 nb

E. Chapon (IHEP-Beijing) Experimental constraints nPDF GDR-QCD June 2021 4 / 20

PLB 800 (2020) 135048



Electroweak bosons

Drell–Yan in pPb

• Drell-Yan process in pPb collisions for 15 < M < 600 GeV

• Cross sections provided with and without correcting for single muon cuts
• Complementary with W boson measurements:

• Adding mass dependence (different scales Q2)
• Adding pT (and φ∗) dependence

3−10

2−10

1−10

1

10

210

310

410

E
nt

rie
s 

/ G
eV Data

µµ → Ζ* /γ
tt

EW
QCD

, 8.16 TeV)-1pPb (173 nbCMS

| < 1.93
CM

-2.87 < |y

 > 15 (10) GeV
µ

T
| < 2.4, pµ

lab
η|

20 30 40 100 200 300
 [GeV]µµm

0.6
0.8

1
1.2
1.4

D
at

a/
P

re
d.

3−10

2−10

1−10

1

10

 [n
b/

G
eV

]
µµ

/d
m

σd

Data

CT14

CT14+EPPS16

20 30 40 50 100 200 300

 [GeV]µµm

0.6
0.8

1
1.2
1.4

P
re

d.
/D

at
a

, 8.16 TeV)-1pPb (173 nbCMS

| < 1.93
CM

-2.87 < |y

0
1
2
3
4
5
6
7
8
9

10

/d
y 

[n
b]

σd
Data

CT14

CT14+EPPS16

3− 2− 1− 0 1 2
CM

y

0.6
0.8

1
1.2
1.4

P
re

d.
/D

at
a

, 8.16 TeV)-1pPb (173 nbCMS
 < 60 GeVµµ15 < m

 > 15 (10) GeV
µ

T
| < 2.4, pµ

lab
η|

0

10

20

30

40

50

/d
y 

[n
b]

σd

Data

CT14

CT14+EPPS16

3− 2− 1− 0 1 2
CM

y

0.6
0.8

1
1.2
1.4

P
re

d.
/D

at
a

, 8.16 TeV)-1pPb (173 nbCMS
 < 120 GeVµµ60 < m

 > 15 (10) GeV
µ

T
| < 2.4, pµ

lab
η|

E. Chapon (IHEP-Beijing) Experimental constraints nPDF GDR-QCD June 2021 5 / 20

JHEP 05 (2021) 182

http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-18-003/index.html


Electroweak bosons

Drell–Yan in pPb

• Forward-backward ratio, 15 < M < 60 GeV: little discrimination with current data

• Forward-backward ratio, 60 < M < 120 GeV: good agreement with EPPS16 / nCTEQ/WZ

• Correlation matrices for systematic uncertainties also available
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Electroweak bosons

W and Z bosons in pPb

• Z bosons in ALICE and LHCb: no evidence for nPDF effects

• W bosons in ALICE: some suppression in the forward direction

JHEP 09 (2020) 076
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Electroweak bosons

W and Z bosons in PbPb

• ATLAS W and Z bosons: normalisation better described without nPDF?

• ALICE Z bosons: evidence for nuclear effects
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Electroweak bosons

Photons in pPb

• Photons also expected to be sensitive to initial state (isospin + nPDF)

• Limited nPDF constraints within current precision
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Electroweak bosons

Photons in PbPb
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Dijets and top quarks

Dijets in pPb

• Probing gluon nPDF over a wide range of xPb, from shadowing to anti-shadowing and EMC

• pPb data already included in EPPS16

• pPb/pp less sensitive to pp modelling
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Dijets and top quarks

Top quarks

• First measurements in pPb and PbPb

• Production sensitive to gluon nPDFs (higher x and Q2 than dijets)

• Data consistent with expectations (within large uncertainties)
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Ultra-peripheral collisions

Ultra-peripheral collisions

Using the lead ions as a source of quasi-real photons

• Can be used as a probe of the projectile structure

• Sensitivity to nPDF

P. Steinberg
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Ultra-peripheral collisions

Quarkonia in γp and γPb collisions

• Coherent J/ψ in PbPb (ALICE and LHCb)

• Coherent Υ(1S) in pPb (CMS)

• Good agreement with models (NLO pQCD, gluon saturation)

PLB 798 (2019) 134926
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Ultra-peripheral collisions

Photonuclear dijets

• Selecting γPb interactions using ZDC + rapidity
gaps

• Comparison with PYTHIA
(γ spectrum reweighted to STARLIGHT)

• Sensitivity to nPDF
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Heavy flavour

Open heavy flavour

• Heavy flavour mesons mostly produced in gluon fusion

• Sensitivity to gluon nPDFs at very small x

• Large cross sections: excellent experimental precision

• Importance of higher twist / factorisation-breaking effects?
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Heavy flavour

Quarkonia

Similar story with quarkonia

• Remember: excited states more suppressed than ground states → can we trust the ground state
for nPDF?

JHEP 07 (2020) 237
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Heavy flavour

Heavy flavour and nPDF

• Several groups proposed using heavy flavour production
to constrain nPDFs

• PRL 121 (2018) 052004, JHEP 05 (2020) 037

• Expect large impact on low-x gluons

• Some caveats (reliability of nPDF factorisation?
Understanding of production, fragmentation?)
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Future measurements

Future measurements

Many future experiments / facilities
planned with sensitivity to nPDF:

• HL-LHC

• FOCAL (ALICE)

• SMOG2 (LHCb)

• EIC

• . . .

3− 2− 1− 0 1 2

CM
y

20

25

30

35

40

45

50

/d
y 

[n
b]

σd

Pseudo-data

Powheg (CT14)
Powheg (EPPS16)

 = 8.16 TeV)NNs, -1pPb (2 pb

CMS
Projection

Projection CMS

dN
/d

y

500
1000
1500
2000
2500
3000
3500
4000

Pseudo-data

 Powheg (EPPS16)tt

Reconstructed lepton y
2− 1.5− 1− 0.5− 0 0.5 1 1.5 2

R
el

at
iv

e 
un

ce
rt

ai
nt

y

0.9

0.95

1

1.05

1.1

Projection CMS =8.16 TeV)NNs, -1pPb (2 pbProjection CMS =8.16 TeV)NNs, -1pPb (2 pb

E. Chapon (IHEP-Beijing) Experimental constraints nPDF GDR-QCD June 2021 19 / 20



Future measurements

Future measurements

Many future experiments / facilities
planned with sensitivity to nPDF:

• HL-LHC

• FOCAL (ALICE)

• SMOG2 (LHCb)

• EIC

• . . .

3− 2− 1− 0 1 2

CM
y

20

25

30

35

40

45

50

/d
y 

[n
b]

σd

Pseudo-data

Powheg (CT14)
Powheg (EPPS16)

 = 8.16 TeV)NNs, -1pPb (2 pb

CMS
Projection

Projection CMS

dN
/d

y

500
1000
1500
2000
2500
3000
3500
4000

Pseudo-data

 Powheg (EPPS16)tt

Reconstructed lepton y
2− 1.5− 1− 0.5− 0 0.5 1 1.5 2

R
el

at
iv

e 
un

ce
rt

ai
nt

y

0.9

0.95

1

1.05

1.1

Projection CMS =8.16 TeV)NNs, -1pPb (2 pbProjection CMS =8.16 TeV)NNs, -1pPb (2 pb

E. Chapon (IHEP-Beijing) Experimental constraints nPDF GDR-QCD June 2021 19 / 20



Future measurements

Future measurements

Many future experiments / facilities
planned with sensitivity to nPDF:

• HL-LHC

• FOCAL (ALICE)

• SMOG2 (LHCb)

• EIC

• . . .

3− 2− 1− 0 1 2

CM
y

20

25

30

35

40

45

50

/d
y 

[n
b]

σd

Pseudo-data

Powheg (CT14)
Powheg (EPPS16)

 = 8.16 TeV)NNs, -1pPb (2 pb

CMS
Projection

Projection CMS

dN
/d

y

500
1000
1500
2000
2500
3000
3500
4000

Pseudo-data

 Powheg (EPPS16)tt

Reconstructed lepton y
2− 1.5− 1− 0.5− 0 0.5 1 1.5 2

R
el

at
iv

e 
un

ce
rt

ai
nt

y

0.9

0.95

1

1.05

1.1

Projection CMS =8.16 TeV)NNs, -1pPb (2 pbProjection CMS =8.16 TeV)NNs, -1pPb (2 pb

E. Chapon (IHEP-Beijing) Experimental constraints nPDF GDR-QCD June 2021 19 / 20



Future measurements

Future measurements

Many future experiments / facilities
planned with sensitivity to nPDF:

• HL-LHC

• FOCAL (ALICE)

• SMOG2 (LHCb)

• EIC

• . . . 3− 2− 1− 0 1 2

CM
y

20

25

30

35

40

45

50

/d
y 

[n
b]

σd

Pseudo-data

Powheg (CT14)
Powheg (EPPS16)

 = 8.16 TeV)NNs, -1pPb (2 pb

CMS
Projection

Projection CMS

dN
/d

y

500
1000
1500
2000
2500
3000
3500
4000

Pseudo-data

 Powheg (EPPS16)tt

Reconstructed lepton y
2− 1.5− 1− 0.5− 0 0.5 1 1.5 2

R
el

at
iv

e 
un

ce
rt

ai
nt

y

0.9

0.95

1

1.05

1.1

Projection CMS =8.16 TeV)NNs, -1pPb (2 pbProjection CMS =8.16 TeV)NNs, -1pPb (2 pb

E. Chapon (IHEP-Beijing) Experimental constraints nPDF GDR-QCD June 2021 19 / 20



Future measurements

Summary

• Increasing number of experimental measurements sensitive to the initial state
• Uncertainties often small

• Further improvement expected for Runs 3–4 of the LHC

• Nuclear PDF interpretation not always straightforward
• Partonic process modelling, geometric scaling, factorisation breaking, ...

• Bright future for nPDF studies
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