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• How?

• What? 
Determine how partons behave in a proton/neutron 

bounded in a nucleus (in the collinear picture)
• Why?

Because it is a fact of Nature that partons in nuclei 
do not behave as in the free proton

Through global fits to the world data*

*results usually shown as the ratio of the nuclear to proton PDF.
 Other depictions may be used

fAi (x, Q
2) =

Zfp/Ai (x, Q2) + (A – Z)fn/Ai (x, Q2)
A

Generalities: what? why? how? who?
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Fitting (n)PDFs is easy!
(1) Select the data 

(2) Write the (n)PDFs at some initial scale (Q0) in terms of free parameters 

(3) Give values to the parameters 

(4) Determine the distributions at the experimental scales (Q) using the DGLAP 
evolution equations 

(5) Write the theoretical predictions using (4)  

(6) Use (1)+(5) to construct a quantity that estimates the “goodness” of the description 

(7) if (6) not “good enough” then  
    goto (3) 

else 
    print(*,*) “we have the best fit!” 

end if 
(8) Determine how much one can move the parameters without spoiling (6) 

(9) Take the parameters of (7)+(8) and generate grids for public use

Fitting (n)PDFs is easy!
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What could possibly 
be different?

What could possibly be different?
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What could possibly 
be different?

the analyses can be affected by the experiments, 
the theory and the phenomenology

What could possibly be different?
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for proton PDFs: ~3500 data points*
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1504 (2015) 040

What could possibly be different?: the data

(1) the available data and how we choose it

* average of all major current PDFs analyses
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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

What could possibly be different?: the data

e+A and p(d)+A experiments ~1400 data points*
* average of newest nPDFs analyses
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NMC Collaboration~Nuclear Physics B 481 (1996) 3-22 17 
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Fig. 6. The present result for F~z2 a/F~2 compared to the NMC results published in Ref. [3] (obtained at 
90 GeV) and to the result obtained by dividing the lff2a/FD ratio by lff2/F ~ (both obtained at 200 GeV and 
published in Ref. [2] ). The errors were treated as uncorrelated. The error bars represent the statistical and 
systematic uncertainties added in quadrature. The relative normalisation uncertainty between the different data 
sets, not included in the error bars shown, is 0.7%. 
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Fig. 7. Comparison of the NMC and 
(Ca /D) / (C /D) ,  taken from Ref. [26]. 
Ref. [2,3] already shown in Fig. 6 (I-l). 
from Ref. [26]. The errors of the E665 
results include the present ones on Ca/C 
Ref. [31 ( r l ) .  F2Pb/F~: the NMC results 
for C/D of Ref. [2]. 

E665 results. (a) F~Z2a/F~2: the E665 points were obtained as 
The NMC points include the present results (o) and those from 
F~b/lff2: the E665 points were obtained as (Pb /D) / (C /D) ,  taken 
results were assumed to be uncorrelated. (b) lff2a/FD: the NMC 
divided by the C/D data of Ref. [2] (o) and the Ca/D results of 
(e) were obtained from the present ones on Pb/C divided by those 

W e  p a r a m e t r i s e d  the  A d e p e n d e n c e  o f  the  da ta  in  the  f o l l o w i n g  ways:  
( i )  W e  used  the  c o n c e p t  o f  the  "e f fec t ive  n u m b e r "  o f  n u c l e o n s  in the  nuc leus  def ined  

as A '~ = O'rA/O'z,N, w h e r e  O':,A is the  p h o t o n - n u c l e u s  cross  sec t ion  and  O':,N is the  
p h o t o n - n u c l e o n  c ross  sec t ion .  F o l l o w i n g  the  ana lys i s  o f  the  E 1 3 9  data,  a fit to 

• NC DIS: σA
red/σD

red, F
A
2 /F

D
2 , f(F

A
L /F

A
2 )

information lost when taking ratios 
little sensitivity to gluons  
F2 and FL determination based on parameterizations of their ratio 
non-isoscalarity corrections

New Muon Collaboration, Nucl.Phys. B481 (1996) 3

What could possibly be different?: the data

σ red = F2 –
y2

1 + (1 – y)2
FL
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• Drell-Yan

VOLUME 64, NUMBER 21 PHYSICAL REVIEW LETTERS 21 MAY 1990

I I I 1 I ~
~

~ t I I I I I f t I
~

v / v
/

v ( I
/

~

~ \

08 —"I

1.00
0.9

(D
~ I~~I

0.7 a I a I a I a I a

2.0 4.0 6.0 8.0 10.0
a I a I a

0.5 1.0
I a I a I

1.5 2.0 2.5
a I a I I I a I a

0.0 O.S 0.4 0.6 O.e

Mass (GeV) P, (GeV)
FIG. 2. Ratios of the dimuon yield per nucleon for Fe/'H vs dimuon mass, pr, and xz. The pr and xz ratios only include data

from the pure continuum mass region, 4 ~M ~9 GeU and M ~ 11 GeU.

EMC effect fall into three general categories: pion-
excess models, quark-cluster models, and rescaling mod-
els. These models can also be used to predict the nuclear
dependence of DY dimuon production. The acceptance
of the E772 spectrometer was taken into account in each
of the following calculations.
The pion-excess model in its earliest forms' ' pre-

dicted a rise in the F2"'/F2" ratio at small x, as well as a
depletion for x, ~0.2. The small enhancement in the
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FIG. 3. Ratios of the Drell-Yan dimuon yield per nucleon,
Yg/Y2„, for positive xF The curves show. n for Fe/ H are pre-
dictions of various models of the EMC effect. Also shown are
the DIS data for Sn/ H from the EMC (Ref. 4).

pion cloud surrounding a bound nucleon arises from a
conjectured attractive p-wave rr-N interaction in nuclear
matter. The strength of this interaction is often charac-
terized by the Landau-Migdal parameter go., typical
values found in the literature range around go-0.6-0.7.
Figure 3 compares the results of a calculation's (using
the structure functions of Ref. 14) with go 0.6 to the
present Fe/ H DY data; it is completely inconsistent
with the data. The pion-excess model of Ref. 17, which
uses a different pion distribution function, predicts a
similar enhancement in the antiquark content of nuclei,
in disagreement with our data.
Quark-cluster models view the nucleus as composed of

a combination of ordinary nucleons plus some fraction of
multiquark (6q, 9q, and higher) clusters formed by the
overlap of nucleons. The uncertainties in these models
come from the essentially unknown structure functions
of multiquark clusters. In the model of Carlson and
Havens, ' for example, the parton structure functions
were parametrized according to constituent counting
rules. The gluon momentum fraction for the 6q cluster
was constrained to be the same as for the free nucleon.
This results in a significant enhancement of the sea even
for a modest 15% 6q-cluster fraction. The calculated
DY ratio (Fig. 3) is in significant disagreement with the
present data. An alternate but plausible assumption,
that the sea-to-glue momentum fraction in 6q clusters is
the same as it is for nucleons, leads to a smaller enhance-
ment of the DY ratio. However, such a calculation is
still in disagreement with our data.
The rescaling model assumes that nuclear binding re-

sults in a phenomenon similar to the scaling violation as-
sociated with gluon emission. ' Comparisons to the
present DY data are made on the basis of the scale
change of structure functions f(x„g) f(xt, gg ),
where (-2 over the Q range of our data. The calcula-
tion, shown in Fig. 3, yields a scaling violation similar to
DIS. It approximately fits the DY data, except in the

2481

some constraint on the sea 
LO/NLO very similar

D.M. Alde, et al., Phys.Rev.Lett. 64 (1990) 2479

What could possibly be different?: the data
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GRV-LO set (big circles) and for the CTEQ4L set (small circles). The results obtained by using our

numerical parametrization (EKS) of RA
i together with the sets GRV-LO and CTEQ4L are shown

by triangles and diamonds, correspondingly. As seen from the panel for tungsten, the differencies
between the two parton distribution sets used for the free proton are larger than the error from
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What could possibly be different?: the data
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• Hadron production in dAu

sensitive to the gluon density 
big uncertainties 
final state effects?

What could possibly be different?: the data

20

(a) Comparison of the nCTEQ15 fit with the data. The error
bands are computed by adding the uncertainties in quadrature.

(b) Comparison of the nCTEQ15 and EPS09 fits with the data.
The nCTEQ15 error bands are computed using asymmetric

uncertainties (MAX) to match EPS09.

Figure 15: We display the comparison of the nCTEQ15 and EPS09 fits with the PHENIX [67] and STAR [68] data for
the ratio R⇡

dAu. The plotted PHENIX and STAR data are shifted by our fitted normalization.

(a) Comparison of the nCTEQ15 fit using the default BKK (blue)
and the KKP fragmentation (violet) functions for the calculation

of R⇡
dAu.

(b) Same as previous figure, but with a full re-analysis using the
BKK (blue) and the KKP fragmentation (violet) functions

throughout the fitting procedure.

Figure 16: We compare the impact of di↵erent fragmentation functions on the observable R⇡

dAu. The nCTEQ15 error
bands are computed using asymmetric uncertainties to match EPS09.

els) we see the pion data have an impact on the gluon
PDF and to a lesser extent on the valence and sea quark
distributions. For the central prediction, the inclusion of
the pion data decreases the lead gluon PDF at large x
and increases it for smaller x; the two gluon distributions
cross each other at x ⇠ 0.08. Throughout most of the
x-range the error bands are reduced with the exception
of x ⇠ 0.1 (and very small x values) where they stay
more or less unchanged. This is precisely the range that
is sensitive to the DIS Sn/C (and DY) data. For most of

the other PDF flavors, the change in the central value is
minimal (except for a few cases at high-x where the mag-
nitude of the PDFs are small). For these other PDFs, the
inclusion of the pion data generally decreases the size of
the error band.

In Fig. 18 the predictions of the nCTEQ15 and
nCTEQ15-np fits are compared to the RHIC pion produc-
tion data. The e↵ect of the pion data is to increase R⇡

dAu

for small p
T

and decrease it at larger p
T

by up to 5%.
The two central predictions cross each other at p

T

⇠ 4

PRD93 (2016) no.8, 085037
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• CC DIS

no proton reference 
normalization uncertainties 
tensions between data setsA. Charged-lepton (‘!A) data

The present nuclear PDF global analysis provides us
with a complete set of NPDFs fAi ðx;QÞ with full functional
dependence on fx;Q; Ag. Consequently, the traditional nu-
clear correction FFe

2 =FD
2 does not have to be applied as a

‘‘frozen’’ external factor, but can now become a dynamic
part of the fit which can be adjusted to accommodate the
various data sets.

Having performed the fit outlined in Sec. II, we can then
use the fAi ðx;QÞ to construct the corresponding quantity
FFe
2 =FD

2 to find the form that is preferred by the data. In
order to construct the ratio, we use the expression given by
Eq. (4) for iron and deuterium. This result is displayed in
Fig. 4(a) for a scale of Q2 ¼ 5 GeV2, and in Fig. 5(a) for a
scale of Q2 ¼ 20 GeV2. Comparing these figures, we im-
mediately note that our ratio FFe

2 =FD
2 has nontrivial Q

dependence—as it should.

Figures 4(a) and 5(a) also compare our extracted
FFe
2 =FD

2 ratio with the (Q-independent) SLAC/NMC pa-
rametrization of Fig. 1 and with the fits from Kulagin-Petti
(KP) [31,32]. We observe that in the intermediate range
(x 2 %½0:07; 0:7') where the bulk of the SLAC/NMC data
constrains the parametrization, our computed FFe

2 =FD
2 ra-

tio compares favorably. When comparing the different
curves, one has to bear in mind the following two points.
First, all curves in principle have an uncertainty band
which is not shown. Second, the data points used to extract
the SLAC/NMC curve are measured at different Q2

whereas our curve is always at a fixed Q2 ¼ 5 GeV2 or
Q2 ¼ 20 GeV2. In light of these facts, we conclude that
our fit agrees very well with other models and parametri-
zations as well as with the measured data points.
It should be noted that the kinematic cuts we employed

to avoid higher twist effects effectively exclude all data
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PARTON DISTRIBUTION FUNCTION NUCLEAR . . . PHYSICAL REVIEW D 80, 094004 (2009)
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What could possibly be different?: the data
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• CC DIS

no proton reference 
normalization uncertainties 
tensions between data setsA. Charged-lepton (‘!A) data
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FFe
2 =FD

2 to find the form that is preferred by the data. In
order to construct the ratio, we use the expression given by
Eq. (4) for iron and deuterium. This result is displayed in
Fig. 4(a) for a scale of Q2 ¼ 5 GeV2, and in Fig. 5(a) for a
scale of Q2 ¼ 20 GeV2. Comparing these figures, we im-
mediately note that our ratio FFe

2 =FD
2 has nontrivial Q

dependence—as it should.

Figures 4(a) and 5(a) also compare our extracted
FFe
2 =FD

2 ratio with the (Q-independent) SLAC/NMC pa-
rametrization of Fig. 1 and with the fits from Kulagin-Petti
(KP) [31,32]. We observe that in the intermediate range
(x 2 %½0:07; 0:7') where the bulk of the SLAC/NMC data
constrains the parametrization, our computed FFe

2 =FD
2 ra-

tio compares favorably. When comparing the different
curves, one has to bear in mind the following two points.
First, all curves in principle have an uncertainty band
which is not shown. Second, the data points used to extract
the SLAC/NMC curve are measured at different Q2

whereas our curve is always at a fixed Q2 ¼ 5 GeV2 or
Q2 ¼ 20 GeV2. In light of these facts, we conclude that
our fit agrees very well with other models and parametri-
zations as well as with the measured data points.
It should be noted that the kinematic cuts we employed

to avoid higher twist effects effectively exclude all data
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FIG. 4 (color online). The computed nuclear correction ratio, FFe
2 =FD

2 , as a function of x for Q2 ¼ 5 GeV2. (a) shows the fit (fit B)
using charged-lepton-nucleus (‘!A) and DY data whereas (b) shows the fit using neutrino-nucleus (!A) data (fit A2 from Ref. [33]).
Both fits are compared with the SLAC/NMC parametrization, as well as fits from Kulagin-Petti (KP) (Ref. [31,32]) and Hirai et al.
(HKN07), (Ref. [15]). The data points displayed in (a) are the same as in Fig. 1 and those displayed in (b) come from the NuTeV
experiment [53,54].
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• LHC (new!): di-jets and EW bosons

little impact from EW bosons due to the high Q2 
gluon sensitive at high x (di-jets)

d�
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�
0.
46
5)
/d

�
(�

⌘
�
0.
46
5)

⌘ � 0.465

EPPS16

nCTEQ15

DSSZ

|⌘jetlab| < 3.0

psubleadingT > 30 GeV

pleadingT > 120 GeV

CMS data

dijets
pPb

p
s = 5.02 TeV

What could possibly be different?: the data
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No nuclear e↵ects
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pT(`±) > 20 GeV

CMS data

Z production, pPb,

p
s = 5.02 TeV
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ratios, structure functions, cross-sections? 

DIS, DY, jets, hadrons 

kinematical cuts 

remove or not the corrections for non-isoscalarity

What could possibly be different?: the data
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(2) the parameterization

• choose a proton PDF as reference and (try to!) be consistent 

select Q0 accordingly (see(4)) 
treat the heavy quarks accordingly 
kinematical cuts not always accordingly 

What could possibly be different?: the parameterization
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(2) the parameterization

• choose a proton PDF as reference and (try to!) be consistent 

select Q0 accordingly (see(4)) 
treat the heavy quarks accordingly 
kinematical cuts not always accordingly 

• somehow include the nuclear dependence (limit for A=1?)

What could possibly be different?: the parameterization
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What could possibly be different?: the parameterization

RA
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2
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c0 + (c1 – c2x)(1 – x)–β xe � x � 1
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Rsea Rū, Rd̄, Rs

Rgluon Rgluon

EPS09                 EPPS16

16/45



HKM, HKN, DSSZ, KA15

What could possibly be different?: the parameterization
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��
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εi
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1 + aixα i
1 + ai
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RHKM
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�
1 – 1

A1/3
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RHKN
i (x, A, Z) = 1 +

�
1 – 1

Aα
�ai + bix + cix2 + dix3

(1 – x)β i
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* * also for KA15
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What could possibly be different?: the parameterization

Wv(y, A, Z) =A[avδ(1 – εv – y) + (1 – av)δ(1 – εv� – y)]

+ nv(
y
A)

αv
(1 –

y
A)

βv + ns(
y
A)

αs
(1 –

y
A)

βs

Wi(y, A, Z) =Aδ(1 – y) +
ai
Ni

� y
A

�αs�
1 – y

A

�βs
i = sea, gluon

allows to study the 1 < x < A region
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What could possibly be different?: the parameterization

xfi/A
�
x,Q2

0

�
=c0xc1(1 – x)c2ec3x(1 + ec4x)c5

d̄(x,Q2
0)

ū(x,Q2
0)

=c0xc1(1 – x)c2 + (1 + c3x)(1 – x)c4

nCTEQ15

recovers the free proton case for A=1

direct parameterization of the nPDF
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(4) scale evolution using DGLAP

d qNS(x,Q2)
d ln(Q2)

=αs(Q
2)

4π

� 1

x

dy
y
Pqq(y) qNS

�x
y
,Q2

�
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d ln(Q2)

=αs(Q
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4π

� 1

x

dy
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�
Pqq(y) qS

�x
y
,Q2

�
+ Pqg(y) g

�x
y
,Q2

��
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4π

� 1

x

dy
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�
Pgq(y) qS

�x
y
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�
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�x
y
,Q2

��

What could possibly be different?: the evolution

No exact solution, numerical strategies implemented 

NF dependent, so one must be careful with heavy quarks  
Initial scale to be chosen
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(5) theoretical predictions

What could possibly be different?: the theory

• choose perturbative order: LO, NLO, NNLO, … 

• understand clearly what it means in terms of the coupling constant 

• how do we treat the heavy-quarks? 

FFNS 
ZM-VFNS 
GM-VFNS: TR’, ACOT, SACOT, FONLL, …? 

• nuclear effects in the deuteron? 

• final state effects for hadrons? 
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(6) χ2

χ2(a) =
�

i,j

�
Ti(a) – Ei

�
C–1
i,j

�
Tj(a) – Ej

�

a
Ti(a)
Ei

: parameters 
: theoretical value of datapoint “i” 
: experimental value of datapoint “i” 
: covariance matrixCi,j

χ2(a) =
�

i

�
Ti(a) – fNEi

δuncorr.
i

�2
+

�
1 – fN
δnorm

�2

if not know

What could possibly be different?: quantifying the quality 
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average number of parameters: ~ 20 

multiple local minima, very hard to find the absolute minimum 

little sensitivity of data sets to certain nPDFs 

Give relevance to some data sets using weights in the χ2

What could possibly be different?: fitting

(7) the fit
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What could possibly be different?: uncertainties

(8) the hessian uncertainties

More information in: 
- J. Pumplin, D. Stump, and W. Tung, Phys.Rev. D65 (2001) 014011. 
- J. Pumplin, D. Stump, R. Brock, D. Casey, J. Huston, Phys.Rev. D65 (2001).

χ2(a) � χ2
0 +

�

i,j

δaiHijδaj

δai � aj – a0
j

We begin by expanding the around the global minimum

deviation from best fit value of the parameter
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What could possibly be different?: uncertainties

(8) the hessian uncertainties

More information in: 
- J. Pumplin, D. Stump, and W. Tung, Phys.Rev. D65 (2001) 014011. 
- J. Pumplin, D. Stump, R. Brock, D. Casey, J. Huston, Phys.Rev. D65 (2001).
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�
εkv(k)

j

We begin by expanding the around the global minimum

deviation from best fit value of the parameter

Diagonalize the Hessian matrix:
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What could possibly be different?: uncertainties

(8) the hessian uncertainties

More information in: 
- J. Pumplin, D. Stump, and W. Tung, Phys.Rev. D65 (2001) 014011. 
- J. Pumplin, D. Stump, R. Brock, D. Casey, J. Huston, Phys.Rev. D65 (2001).

χ2(a) � χ2
0 +

�

i,j

δaiHijδaj

δai � aj – a0
j

zk �
�

j

Dkjδaj

Dkj �
�
εkv(k)

j

We begin by expanding the around the global minimum

deviation from best fit value of the parameter

Diagonalize the Hessian matrix:

Define new parameters:
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What could possibly be different?: uncertainties

More information in: 
- J. Pumplin, D. Stump, and W. Tung, Phys.Rev. D65 (2001) 014011. 
- J. Pumplin, D. Stump, R. Brock, D. Casey, J. Huston, Phys.Rev. D65 (2001).

χ2(a) � χ2
0 +

�

i

z2
i

Now in the new parameter space
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What could possibly be different?: uncertainties

More information in: 
- J. Pumplin, D. Stump, and W. Tung, Phys.Rev. D65 (2001) 014011. 
- J. Pumplin, D. Stump, R. Brock, D. Casey, J. Huston, Phys.Rev. D65 (2001).
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Now in the new parameter space

ΔO =
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Then for any PDF dependent quantity the uncertainty can be obtained by

Δzi =
t+i + t–i
2
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What could possibly be different?: uncertainties

More information in: 
- J. Pumplin, D. Stump, and W. Tung, Phys.Rev. D65 (2001) 014011. 
- J. Pumplin, D. Stump, R. Brock, D. Casey, J. Huston, Phys.Rev. D65 (2001).
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Now in the new parameter space
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Then for any PDF dependent quantity the uncertainty can be obtained by
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Defining the PDFs error sets 
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What could possibly be different?: uncertainties

More information in: 
- J. Pumplin, D. Stump, and W. Tung, Phys.Rev. D65 (2001) 014011. 
- J. Pumplin, D. Stump, R. Brock, D. Casey, J. Huston, Phys.Rev. D65 (2001).

χ2(a) � χ2
0 +
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i

Now in the new parameter space

ΔO =
��
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(Δzi)2
��O

�zi

�2

Then for any PDF dependent quantity the uncertainty can be obtained by

Δzi =
t+i + t–i
2

S±
i

z(S±
i ) = ±t±i (0, ..., i, ...0) i = 1, ..., Nparam

ΔO = 1
2

��

i

�
O(S+

i ) –O(S–
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�2

Defining the PDFs error sets we get a choice!
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Comparing nuclear PDFs
SET HKM nDS HKN EPS09 DSSZ nCTEQ15 KA15 EPPS16 

d 
a 
t 
a 

t 
y 
p 
e

e-DIS yes yes yes yes yes yes yes yes

D-Y no yes yes yes yes yes yes yes

pions no no no yes yes yes no yes

ν-DIS no no no no yes no no yes

EW no no no no no no no yes

jets no no no no no no no yes

# data points 309 420 1241 929 1579 740 1479 1811

χ2 565 300 1486 731 1545 587 1696 1789

Q02(GeV2) 1 0.4 1 1.69 1 1.69 2 1.69

accuracy LO NLO NLO NLO NLO NLO NNLO NLO

proton PDF MRST2001 GRV MRST98 CTEQ6.1M MSTW2008 CTEQ6.1 JR09 CT14NLO

deuteron no/yes no yes no no yes/no ? no

flavour separation? valence no no no no valence no yes

Comparing nPDFs
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Comparing nPDFs: the valence
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Comparing nPDFs: the valence
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What’s next?: EIC studies

possibilities at an EIC
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)

x
10-410-5 10-3 10-2 10-1 1

Q
2  

 (G
eV

2 )

104

103

102

10

1

0.1

EIC √s =
 32 − 90 GeV, 0.01 ≤ y ≤

 0.95   

EIC √s =
 15 − 40 GeV, 0.01 ≤ y ≤

 0.95   

perturbative
non-perturbative

x

Q
2  

 (G
eV

2 )

Current polarized DIS ep data:
CERN DESY JLab-6 SLAC

Current polarized RHIC pp data:
PHENIX π0 STAR 1-jet W bosons

JLab-12
104

103

102

10

1

10-4 10-3 10-2 10-1 1

EIC √s =
 22 − 63 GeV, 0.01 ≤ y ≤

 0.95   

EIC √s =
 45 − 141 GeV, 0.01 ≤ y ≤

 0.95   

arXiv:1708.01527

For energy dependent studies check: 

• EPJ A52 (2016) no.9, 268  
• Aschenauer, Fazio, Lee, Mantysaari, Page, Schenke, Ullrich, Venugopalan, P.Z. , arXiv:1708.01527
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What’s next?: EIC studies

Aschenauer, Fazio, Lamont, Paukkunen, PZ, PRD96 (2017) no.11, 114005

• observables: reduced cross-section                    
• pseudo-data using CT10 NLO proton PDFs + EPS09 nPDFs
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What’s next?: EIC studies

• check impact on EPPS16* nPDFs: inclusive, low energy
gPb
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What’s next?: EIC studies

• check impact on EPPS16* nPDFs: charm, low energy

PRD96 (2017) no.11, 114005

https://indico.fnal.gov/event/15328/session/4/contribution/15/material/slides/0.pdf

See also C. Weiss talk at “Santa Fe Jets and Heavy Flavor Workshop, 30-Jan-18”
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What’s next?: EIC studies

• check impact on EPPS16* nPDFs: charm, high energy

PRD96 (2017) no.11, 114005

https://indico.fnal.gov/event/15328/session/4/contribution/15/material/slides/0.pdf

See also C. Weiss talk at “Santa Fe Jets and Heavy Flavor Workshop, 30-Jan-18”
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What’s next?: EIC studies

Klasen, Kovarik, Potthoff, PRD95 (2017) no.9, 094013 

Klasen and Kovarik, arXiv:1803.10985 [hep-ph].
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What’s next?: LHeC studies

possibilities at the LHeC
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What’s next?: LHeC studies from H. Paukkunen’s talk in POETIC8
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The e↵ect of LHeC pseudodata

The NC data after including NC+CC data into the analysis
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The e↵ect of LHeC pseudodata

The CC data after including NC+CC data into the analysis
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“data” from 
EPS09

NC & CC

NC

CC
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What’s next?: LHeC studies

from H. Paukkunen’s talk in POETIC8

The e↵ect of LHeC pseudodata

The improvement after adding the LHeC data (Q2 = 10GeV2)
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The e↵ect of LHeC pseudodata

The improvement after adding the LHeC data (Q2 = 10GeV2)
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The e↵ect of LHeC pseudodata

The improvement after adding the LHeC data (Q2 = 10GeV2)
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Other proposals: fit only for one nucleus

P. Agostini Infante and N. Armesto, Master Thesis, Department of Particle Physics, USC
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Summary

Summary
several nPDFs sets available, comparing them is tricky 

all give NICE descriptions of the data
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Summary

Summary
several nPDFs sets available, comparing them is tricky

far from the precision of proton PDFs due to the available data

archaeological discoveries have become useful

there are also a lot of data yet to be understood 

active work to include other data

waiting for new results to include!

PLB 104 (1981) 335  
Phys.Lett. B768 (2017) 7

JHEP 1207 (2012) 073

actual photo of “nPDF fitters” 
waiting for data
(I look amazing!)



Summary
future colliders  have a huge potential to help us improve: 
we make impact studies!

• low energy: kinematical range moderately extended, 
high precision data

• high energy: kinematical range extended, more 
chances of finding new phenomena

• for charm: win-win situation!
• also FL will help determine the gluon

- for DIS at an EIC:
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Summary
future colliders  have a huge potential to help us improve: 
we make impact studies!

• low energy: kinematical range moderately extended, 
high precision data

• high energy: kinematical range extended, more 
chances of finding new phenomena

• for charm: win-win situation!
• also FL will help determine the gluon

- for DIS at an EIC:

• relevant decrease of the gluon uncertainty
• higher energy c.o.m. relevant

- for jets and di-jets at an EIC:

- also great possibilities for LHeC 43/45



Summary

Many things to do:

• improve FFs so we can use available data
• look for other measurements/observables (be creative!)
• apply more refined techniques in nPDFs extractions
• joint PDFs + nPDFs + FFs + nFFs analysis?
• …

expectation:

e+e–

eA

ep pp

pA AA
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• apply more refined techniques in nPDFs extractions
• joint PDFs + nPDFs + FFs + nFFs analysis?
• …

e+e–
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ep pp
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reality:
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To come…

Ongoing & future work
• nPDFs NNLO in the GM-VFNS: work in progress, P.Z. 

and C. Andrés Casas 

• nPDFs NNLO using x-Fitter: Vogelsang, Helenius et al. 

• joint analysis of : Accardi et al. (see his talk at the 2017 
EICUG meeting) 

• nuclear PDFs from the NNPDF collaboration 

• and I’m sure, plenty more to come!
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