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Outline

collinear factorized nPDFs: state of the art 

Possibilities at an EIC 
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fi(x, µ)

at  LO:  probability  of  finding  the  parton  “i”  in  the 

proton,  carrying  a  fraction  “x”  of  its  momentum, 

when the proton is probed with scale μ 

non-perturbative 

UNIVERSAL 

obtained by global fits to the world data
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fi(x, µ)

at  LO:  probability  of  finding  the  parton  “i”  in  the 

nucleus,  carrying  a  fraction  “x”  of  its  momentum, 

when the nucleus is probed with scale μ 

non-perturbative 

UNIVERSAL 

obtained by global fits to the world data

Parton Density/Distribution Function: 

nPDFs: state of the art  3/31

n



mass scheme 

heavy quarks  

αs 
flavour separation  

data selection 

…

proton PDFs: ~ 3500 data points
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nPDFs: state of the art
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nuclear PDFs: ~ 1100 data points

nuclear dependence 

limited amount of data 

(per nucleus) 
less precise 

nuclear  effects  in  the 

final state? 
new phenomena? 
…

A D He Li Be C N Al Ca Fe Cu Kr Ag Sn Xe W Pt Au Pb

# points 82 35 93 31 148 32 34 73 141 17 26 6 151 1 33 1 39 180
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standard procedure for nPDFs: 
  

global fit with a proton PDF taken as reference 

parameterize the nuclear/proton PDF ratio*Schematic View of x Dependence of nPDFs

Most nuclear parton densities assume a similar shape, the details depend on the
assumptions made and the data included in the fit procedure
Amount and shape of antishadowing region depends on whether it is for valence
quarks, sea quarks or gluons
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nPDFs: state of the art

fp/Ai (x, Q0) = fpi (x, Q0)Ri(x, A)

* There are other ways, see e.g. nDS (Phys.Rev. D69 (2004)) and nCTEQ15 (Phys.Rev. D93 (2016))

 6/31



nDS: de Florian, Sassot, Phys.Rev. D69 (2004) 

HKN: Hirai, Kumano, Nagai, Phys.Rev. C76 (2007) —> KEK nuclear physics textbook (2015) 

EPS09: Eskola, Paukkunen, Salgado, JHEP 0904 (2009) 

DSSZ: de Florian, Sassot, Stratmann, PZ, Phys.Rev. D85 (2012) 

nCTEQ15: Kovarik et al., Phys.Rev. D93 (2016) 

LO
EKS: Eskola, Kolhinen, Salgado, Eur.Phys.J. C9 (1999)  

HKM: Hirai, Kumano, Miyama, Phys.Rev. D64 (2001)

NLO

EPPS16: Eskola, Paakkinen, Paukkunen, 
Salgado, Eur.Phys.J. C77 (2017) no.3, 163

NNLO KA15: Khanpour, Tehrani, Phys.Rev. D93 (2016) no.1, 014026

to come 
a)   A-Z: NNLO 

b)   NNPDF: Pb nPDFs

nPDFs: state of the art  7/31



limited	coverage

pre-LHC	data
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SET DSSZ nCTEQ15 KA15 EPPS16 

d 
a 
t 
a 

t 
y 
p 
e

e-DIS ✔ ✔ ✔ ✔

Drell-Yan ✔ ✔ ✔ ✔

pions ✔ ✔ ✘ ✔

ν-DIS ✔ ✘ ✘ ✔

EW ✘ ✘ ✘ ✔

jets ✘ ✘ ✘ ✔

# data points 1579 740 1479 1811

accuracy NLO NLO NNLO NLO

proton PDF MSTW2008 ~ CTEQ6.1 JR09 CT14NLO

flavour 
separation? no valence only no yes!

Outlook  9/31
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Possibilities 

at an EIC
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a few remarks:
there is much more about EIC than nPDFs (duh!) 

 visit http://www.eicug.org/  for more info 

“data” with estimated uncertainties 

impact  estimations  are  tied  to  the  initial 
parameterizations 

for   x  <  0.001  the  theoretical  curves  are 

extrapolations 

mostly focused on the gluon
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Measurements with A ≥ 56 (Fe):
eA/μA DIS (E-139, E-665, EMC, NMC) 
JLAB-12
νA DIS (CCFR, CDHSW, CHORUS, NuTeV)
DY (E772, E866)
DY (E906)
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two possibilities for the energy range:
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1.4% uncertainty 

due to luminosity 

not shown
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EPPS16*: EPPS16, but less stiff at low x 

Aschenauer et al., arXiv:1708.05654 [nucl-ex]

Possibilities at an EIC

gPb
 R

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2

2 = 10 GeV2Q
 = 31.6 - 44.7 GeVs

 x
4−10 3−10 2−10 1−10 1

 R
ed

. f
ac

to
r

0
2
4
6
8

10

gPb
 R

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2

EPPS16* + EIC (inclusive only)

EPPS16*

2 = 10 GeV2Q
 = 31.6 - 89.4 GeVs

 x
4−10 3−10 2−10 1−10 1

 R
ed

. f
ac

to
r

0
2
4
6
8

10
EPPS16* + EIC (inclusive only)

18/31



gPb
 R

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2

EPPS16* + EIC (inclusive only)

EPPS16*

2 = 10 GeV2Q
 = 31.6 - 89.4 GeVs

 x
4−10 3−10 2−10 1−10 1

 R
ed

. f
ac

to
r

0
2
4
6
8

10
EPPS16* + EIC (inclusive only)

Aschenauer et al., arXiv:1708.05654 [nucl-ex]

Possibilities at an EIC 19/31



if we’re Charming…

access to high-x gluon

FLO,cc̄2 = αsQ2e2c
4π2m2

c
g� C(0)

2,g

jets in e-A analysis:  
Phys.Rev. D95 (2017) no.9, 094013Possibilities at an EIC
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Aschenauer et al., arXiv:1708.05654 [nucl-ex]

Possibilities at an EIC

gPb
 R

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2

2 = 10 GeV2Q
 = 31.6 - 44.7 GeVs

 x
4−10 3−10 2−10 1−10 1

 R
ed

. f
ac

to
r

0
2
4
6
8

10

gP
b

 R

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

EPPS16* + EIC (inclusive + charm)
EPPS16* + EIC (inclusive only)

EPPS16*

2 = 10 GeV2Q

 = 31.6 - 89.4 GeVs

 x
4−10 3−10 2−10 1−10 1

 R
e

d
. 

fa
ct

o
r

0

2

4

6

8

10
EPPS16* + EIC (inclusive + charm)

EPPS16* + EIC (inclusive only)

21/31



gP
b

 R

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

EPPS16* + EIC (inclusive + charm)
EPPS16* + EIC (inclusive only)

EPPS16*

2 = 10 GeV2Q

 = 31.6 - 89.4 GeVs

 x
4−10 3−10 2−10 1−10 1

 R
e

d
. 

fa
ct

o
r

0

2

4

6

8

10
EPPS16* + EIC (inclusive + charm)

EPPS16* + EIC (inclusive only)

Aschenauer et al., arXiv:1708.05654 [nucl-ex]

Possibilities at an EIC 22/31



Summary
There  are  several  nPDFs  sets  available  in 

the market, in constant improvement, but 
they contain all the “issues” of proton PDFs 
plus more 

RHIC and LHC are not the best machines to 

constrain  partons  in  the  nuclear  medium 

(in the present conditions)
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Summary

nuclear gluon density mostly unconstrained: 
we need a  “nuclear HERA”!  

Current impact study for EIC: 

low  energy:  kinematical  range  moderately 

extended, high precision data 

high  energy:  kinematical  range  extended, 
more chances of finding saturation 

for charm: win-win situation! 

also FL and FL  will help determine the gluon

Aschenauer et al., arXiv:1708.05654 [nucl-ex]
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The longitudinal structure function

 x
-410 -310 -210 -110 1

)+
C

2
(x

,Q
Lcc

 F
0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

2 = 1.4 GeV2Q
C=0

2 = 2.5 GeV2Q
C=0.005

2 = 4.4 GeV2Q
C=0.01

2 = 7.8 GeV2Q
C=0.015

2 = 14 GeV2Q
C=0.02

2 = 25 GeV2Q
C=0.025

2 = 44 GeV2Q
C=0.03

2 = 78 GeV2Q
C=0.035

2 = 139 GeV2Q
C=0.04

/A-1Ldt = 10 fb∫
e+Au

/A-1Ldt = 10 fb∫
e+Au  = 63.2, 77.5, 89.4 GeVs

 = 31.6, 38.7, 44.7 GeVs
CT14NLO+EPPS16

 x
4−10 3−10 2−10 1−10 1

)+
C

2
(x

,Q
L

 F

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

2 = 1.4 GeV2Q
C=0

2 = 2.5 GeV2Q
C=0.05

2 = 4.4 GeV2Q
C=0.1

2 = 7.8 GeV2Q
C=0.15

2 = 14 GeV2Q
C=0.2

2 = 25 GeV2Q
C=0.25

2 = 44 GeV2Q
C=0.3

2 = 78 GeV2Q
C=0.35

2 = 139 GeV2Q
C=0.4

2 = 78 GeV2Q
C=0.35

2 = 247 GeV2Q
C=0.45

/A-1Ldt = 10 fb∫
e+Au

/A-1Ldt = 10 fb∫
e+Au  = 63.2, 77.5, 89.4 GeVs

 = 31.6, 38.7, 44.7 GeVs
CT14NLO+EPPS16

Summary

Aschenauer et al., arXiv:1708.01527 [nucl-ex]
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expectation:

e+e–

eA

ep pp

pA AA

Summary

we  really  need  to  understand  proton/nuclear  PDFs  and 

FFs/nFFs, so we can detect new/unexpected phenomena!

26/31

C. Marquet, M. Rodriguez-Moldes and P.Z., arXiv:1702.00839



e+e–

eA

ep pp

pA AA

Summary

reality:

we  really  need  to  understand  proton/nuclear  PDFs  and 

FFs/nFFs, so we can detect new/unexpected phenomena!
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future colliders, for the nuclear case, are a must 

e+e–

eA

ep pp

pA AA

reality:

Summary

we  really  need  to  understand  proton/nuclear  PDFs  and 

FFs/nFFs, so we can detect new/unexpected phenomena!
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Outlook: 
keeping up with 

the protons
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Outlook

use current colliders… but we need DATA 

(and convince experimentalists to publish 

uncertainty correlations) 

improve FFs so we can use available (not 

only LHC) data 

apply  proton  PDFs  analysis  techniques 

and improvements in nPDFs extractions 

go for a proton + nuclear PDFs analysis
28/31



SET DSSZ nCTEQ15 KA15 EPPS16 
AZ   (VERY 

preliminar)

d 
a 
t 
a 

t 
y 
p 
e

e-DIS ✔ ✔ ✔ ✔ ✔

Drell-Yan ✔ ✔ ✔ ✔ not yet

pions ✔ ✔ ✘ ✔ ?

ν-DIS ✔ ✘ ✘ ✔ ✔

EW ✘ ✘ ✘ ✔ ?

jets ✘ ✘ ✘ ✔ ?

# data points 1579 740 1479 1811 3115 (2-5 k)

accuracy NLO NLO NNLO NLO NNLO

proton PDF MSTW2008 ~ CTEQ6.1 JR09 CT14NLO MMHT2014

flavour 
separation?

no valence only no yes! not yet

AZ: Carlota Andrés and P.Z, (work in progress)
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the em
bodim

ent of 

PRELIMINARY

Q  = 10 GeV2 2
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December 4th, 2017

I ran some very nice simulations

I made cute plots to show what we can do

an EIC and a LHeC
a FCC-eh, but only if it fits in your bag

Pia
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