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The things we all know

if we maintain the partonic description

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

VOLUME 51, NUMBER 7 PHYSICAL REVIEW LETTERS 15 AUGUST 1~)8$
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FIG. 1. (a) oA~/O'D and (b) or~/aD vs x. Only random errors are shown. Point-to-point systematic errors have
been added linearly (outer bars) where applicable. The normalization errors of + 2.3% and + 1.1% for crA~/oD (E498)
and oF~/aD (E87), respectively, are not included. All data for W» 1.8 GeV are included. The data have been cor-
rected for the small neutron excess and have not been corrected for Fermi-motion effects. The curve indicates
the expected ratio if Fermi-motion effects were the only effects present (Ref. 11). High-Q2az, /oD data from EMO
(Ref. 2), Iow-g o'Ay/ao and ac„/o'D data from Ref. 9, and photoproduction o'A~/oD and oz, /oD data from Ref. 13 are
shown for comparison. The systematic error in the EMC data is + 1.5% at x = 0.35 and increases to + G%%uo for the
points at x= 0.05 and x= 0.65.

sumably higher-twist effects in the language of
QCD, may be important.
Figure 1(b) shows our recent measurements'

of oz,/crD in a similar Q' range, and the EMC da-
ta' at much higher Q'. Also shown a,re values'
for oc„/oD for (Q') = l.2 (GeV/c)' as well as oF, /
gD from photoproduction data. " These data from
heavier targets taken together also indicate that
at low Q' shadowing effects may cancel some of
the nuclear enhancement at low x. These addi-
tional Q'-dependent nuclear higher-twist effects,
like higher-twist effects in the nucleon, are ex-
pected to be small at large values of Q'. There-
fore, the extraction of AQcD from structure-func-
tion data taken with nuclear targets at high values
of Q' may not be affected by these terms.
We have performed a linear fit to the a„,/cD

ratios for our data in the range 0.2 & x & 0.6 [(Q')
= 5.35 (GeV/c)'] and obtain an intercept at x =0 of
1.11+0.02+ 0.023 (where the second error is sys-
tematic) and a slope of —0.30+ 0.06. A similar
fit to our crF, /crD results' [see Fig. 1(b)] over the
range 0.2 & x & 0.6 [(Q') =6.55 (GeV/c)'] yields an

intercept at x=0 of 1.15+0.04+0.011 and a slope
of -0.45~0.08. Our slope for steel is consistent
with the slope of —0.52 + 0.04+ 0.21 reported by
the EMC collaboration. ' The fitted slopes, which
axe not affected by overall normalization uncex
tainties, indicate that the nuclear distortions in
aluminum and steel exhibit a simila, r trend.
The understanding of the mechanisms responsi-

ble for the distortion of the structure functions of
nucleons bound in a large nucleus has been the
subject of several recent theoretical papers.
These include ideas such as six-quark bags, "
pions and quasipions in nuclei, "delta resonances
in nuclei, "diquark states, "a.nd percolation of
quarks from nucleon to nucleon in a large nucle-
us." The data indicate that there are three inter-
esting regions: (a) the low-x region where shad-
owing may be important at low Q', (b) the inter-
mediate-x region where quark distributions in nu-
clei become distorted, and (c) the high-x region
where Fermi motion is important. The theoreti-
cal understanding of these effects is still in a
very qualitative state and new experiments de-

536

Phys.Rev.Lett. 51 
(1983) 534
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we have the factorisation theorems 
+ 

we know about proton PDFs

so we use the same ideas 
and perform global fits to the world data
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Are nuclear PDFs a done deal?

ABSOLUTELY NOT!
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Steps for a global fit:

(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 theoretical predictions using (4)  

(6) Use (1)+(5) to estimate the “goodness” of the description 

(7) Repeat (6) until the description is “good enough” 

(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

The things we all know
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What’s up 
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What’s up with the data?

Points 4276
NC DIS 

proton and 
deuteron

51.8 %

CC DIS 4.6 %

CC DIS
neutrino 22 %

DY & EW 15 %

Jets 6.6 %

for the proton
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not only issues with the amount of data and the coverage

for nuclei
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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 

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

What’s up with the data? NC DIS

FA
2 /FA′�

2
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What’s up with the data? NC DIS

σA/σA′�

doing some archeology, for Q2 > 1 GeV2

# points
F2 ratio 1061
σ ratio 730

F2 927
R 79

🎃     little sensitivity to gluons  

🎃      F2 extraction based on parameterisations of 

🎃      some are actually 

🎃      are there any R data? YES! 

🎃      are there any non-ratio data? YES!

🎃      corrections for non-isoscalarity

R = σL /σT

13/41



🎃     some constraint on the sea 
🎃     92-120 points

VOLUME 64, NUMBER 21 PHYSICAL REVIEW LETTERS 21 MAY 1990
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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

D.M. Alde, et al., Phys.Rev.Lett. 64 (1990) 2479
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What’s up with the data? Drell-Yan

🎃     LO/NLO very similar14/41



What’s up with the data? Drell-Yan

🎃  Badier, J. et al., Phys.Lett. 104B (1981) 335.

🎃  Bordalo, P. et al., Phys.Lett. B193 (1987) 368.

🎃  Heinrich, J.G. et al., Phys.Rev.Lett. 63 (1989) 356.

EPJ C77 (2017) no.3, 163
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🎃  sensitive to the gluon density 
🎃  large uncertainties 
🎃  depends on the fragmentation functions 

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 pT and decrease it at larger pT by up to 5%.
The two central predictions cross each other at pT ⇠ 4

PRD93 (2016) no.8, 085037

What’s up with the data? π production at RHIC
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What’s up with the data? π production at RHIC

🎃  final state effects?

Airapetian et al., 
Nucl. Phys. B780 (2007) 1

Rh
A(ν, Q2, z, p2

T) =
( Nh(ν, Q2, z, p2

T)
Ne(ν, Q2) )A

( Nh(ν, Q2, z, p2
T)

Ne(ν, Q2) )D
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What’s up with the data? CC DIS

Exp. Ref. A Comments

CDHSW Z.Phys. C49 
(1991) 187 Fe structure functions in DSSZ 

NuTeV Phys.Rev. D74 
(2006) 012008 Fe structure functions in DSSZ

CHORUS Phys.Lett. B632 
(2006) 65 Pb structure functions in DSSZ 

cross-sections in EPPS16

A. 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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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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🎃     the ratio is different  
🎃     no proton reference for these experiments 
🎃     the problem seems to be NuTev data, only for the σ 

🕷      normalisation uncertainties in some energy bins 
🕷      only when considering the covariance matrixE⌫ =25 GeV
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What’s up with the data? CC DIS
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I’m free!
(all I can do and how it impacts the results)
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🎃     the data 

🕷     ratios, F2, cross-sections? 
🕷     DIS, DY, jets, hadrons? 
🕷     non-isoscalar corrections? 
🕷     kinematical cuts 
🕷     etc. 

🎃     the theory  

🕷     FFs, final state effects? 
🕷     scales? 
🕷     nuclear effects for deuteron? 
🕷     proton PDF reference? 
🕷     etc.

I get to pick!
I’m free!
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(2) the parameterisation

🎃     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?)

fi/A
�
x,Q2

0

�
� fi/p

�
x,Q2

0

�
RA

i

�
x,Q2

0

�🕷     HKM, HKN, EPS09, 
         DSSZ, KA15, EPPS16

🕷     nDS

🕷     nCTEQ

fi/A
�
x,Q2

0

�
�

� A

x

dy
y WA

i

�
y,Q2

0

�
fpi

�x
y ,Q

2
0

�

directly parameterise the nPDF 

I’m free! The parameterisation
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(5) theoretical predictions
I’m free! The theory

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

🎃     understand clearly what it means in terms of  

🎃     how do we treat the heavy-quarks?

αs

2.1.3 General Mass Variable Flavour Scheme: ACOT scheme

The Aivazis-Collins-Olness-Tung scheme belongs to the group of VFN factorisation schemes that use
the renormalization method of Collins-Wilczek-Zee (CWZ) [21]. This scheme involves a mixture of the
MS scheme for light partons (and for heavy partons when the factorisation scale is larger than the heavy
quark mass) and the zero-momentum subtraction renormalisation scheme for graphs with heavy quark
lines (if the factorisation scale is smaller than the mass of the heavy quark threshold). The DGLAP
kernels and PDF evolution are pure MS. Therefore, the ACOT scheme is considered to be a minimal
extension of the MS scheme.

Within the ACOT package, di↵erent variants of the ACOT scheme are available: ACOT Full, S-
ACOT Chi, ACOT ZM, MS at LO and NLO. For the longitudinal structure function higher order cal-
culations are also available. The ACOT Full implementation fully takes into account the quark masses
and it reduces to ZM MS scheme in the limit of masses going to zero, but it has the disadvantage of
being quite slow. Therefore the k-factor technique has been adopted within the xFitter machinery in
order to perform QCD fits. The k-factor can be defined in two di↵erent ways: on the one hand as the
ratio between same order calculations but massless vs massive (i.e. NLO (ZM-VFNS)/NLO (ACOT),
on the other hand one could speed up the calculations by defining the k-factors as the ratio between LO
(massless)/NLO (massive). Both options are available in the xFitter package and give similar results.
For convergence of the k-factors usually 2 � 3 repetitions of the fit are needed. The di↵erent variants of
this scheme are all integrated in the xFitter framework and can be selected via the namelist HF SCHEME
in the steering.txt (ACOT ZM, ACOT FULL, S-ACOT Chi).

The di↵erences between TR and ACOT scheme types are summarised in the figure 3. One major
issue in a complete GM-VFNS, is that of the ordering of the perturbative expansion. The equivalency
of swapping the O(m2

H/Q
2) terms between Wilson coe�cients (or hard-scattering amplitudes) without

violating the definition of a GM-VFNS is what mainly distinguish the ACOT from TR schemes.

Figure 3: Schematic summary of ACOT and TR schemes.

2.1.4 General Mass Variable Flavour Scheme: FONLL scheme

The FONLL scheme was originally introduced to describe the transverse-momentum distribution of
heavy flavours in hadronic collisions [22], while its application to DIS structure functions was presented
more recently in Ref. [16] and is presently used by the NNPDF collaboration. The name is motivated
by the fact that the method was originally used to combine a fixed (second) order (FO) calculation with

8

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

xFitter manual: https://www.xfitter.org/
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🎃     nuclear effects in the deuteron?        

             in HKN07 (and CTEQ15?) 

🎃     final state effects for hadrons?        

              

             only in DSSZ        

             25% variation in RHIC χ2 

             < 2% variation on the fit χ2 

I’m free! The theory

for CC and NC DIS are very similar and, unlike Fig. 1 in
Ref. [15], no significant tension is observed. A moderate
difference between the two ratios should be actually
expected as they probe different combinations of quark
densities. However, a flexible enough parametrization of
nuclear effects RA

i can accommodate all sets of data
equally well.

We close the discussion on CC DIS by noticing that the
proper treatment of heavy quark mass effects is an impor-
tant asset of our global analysis. The mass dependence is
fully accounted for by using the recently obtained expres-
sions of the NLO coefficients [30] in Mellin moment space
[31]. These corrections are known to be of particular
relevance for the strangeness contribution to CCDIS which
produces a massive charm quark in the final state, and they
have a particularly positive impact on the quality of the fit
in terms of !2 for the F2 data. The use of the massless
approximation increases the contribution of the CC DIS
data to the total !2 by about 26%.

D. Pion production in dAu collisions

Data for single inclusive pion production at mid rapidity
and high transverse momentum pT in dAu collisions at
RHIC are the other major addition to our previous analysis
[3]. Figure 12 shows the neutral and charged pion mini-
mum bias production cross sections per nucleon for dAu
collisions measured by PHENIX [24] and STAR [25,26],
normalized to the corresponding yields in pp. The ratios
are obtained for pions at mid rapidity and presented as a

function of their pT , which also sets the hard scale for
perturbative calculations using Eq. (3). The various theo-
retical curves shown in Fig. 12 are explained and discussed
below.
We are limited to using minimum bias data as collinear

nPDFs do not exhibit any information on the distribution of
partons in the transverse plane needed for computations of
the impact parameter or centrality dependence of heavy-
ion cross sections. Comparing ratios of measured mini-
mum bias dAu and pp cross sections avoids model
dependent estimates of the average number of binary
nucleon-nucleon collisions hNcolli in a given centrality
class, see, e.g., Ref. [26] for experimental details. Notice
that even in the absence of nuclear effects, these ratios are
not necessarily expected to be unity as they can be affected
by isospin effects such as the smaller density of u quarks in
a nucleus than in a free proton due to the dilution from
neutrons. However, noticeable numerical effects are only
expected for electromagnetic probes like prompt photons
[42] which couple directly to the electric charge of the
quarks, see Sec. IV.
In general, results from dAu collisions are significantly

less straightforward to interpret in terms of nuclear modi-
fication factorsRA

i than DIS data. Each value of pT samples
different fractions of the contributing partonic hard
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2 , as obtained from the
fit to SLAC E-139 data. The shaded bands correspond to our
estimates of nPDF uncertainties for !!2 ¼ 30, see Sec. III E
below.
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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

I’m free! The χ2 minimisation
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🎃     average number of parameters: ~ 20 

🎃     multiple local minima, very hard to find the absolute minimum 

🎃     poor sensitivity to some flavours 

🎃     can give relevance to some data sets by adding weights

(7) the fit
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(8) the hessian uncertainties

χ2(a) � χ2
0 +

�

i,j
δaiHijδaj

δai � aj – a0
j

zk �
�

j
Dkjδaj

Dkj �
�
εkv(k)

j

🎃     quadratic expansion the around the global minimum

deviation from best fit value of the parameter

🎃     diagonalise the Hessian matrix:

🎃     define new parameters:

I’m free! The uncertainties

not always 
enough!
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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

🎃     in the new parameter space

ΔO =
��

i
(Δzi)2

��O
�zi

�2

🎃     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–
i )

�2

🎃     defining the PDFs error sets 

I’m free! The uncertainties

we get a choice!

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).

28/41



Comparing 
nPDFs
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Comparing nPDFs: the valence
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Comparing nPDFs: the sea
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Comparing nPDFs: the gluon
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all give nice descriptions of the data
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What can we do 
with an EIC?
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What can we do with an EIC?

🎃     extend the kinematic coverage! 

🎃     more, high precision, “non-modified” data 

🎃     get all data (not only structure functions!) 

🎃     lever arm in A (doable at the LHeC?) 

🎃     publish covariance matrices

35/41

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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Generalities
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What can we do with an EIC?

🕸         study the neutron 
🕸         study inclusive cross-sections
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The things we know and have been doing

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)

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



What can we do with an EIC? The things we know and have not done

🦇     determine FL 

🦇     (try to) achieve full flavour decomposition using CC 

🦇     explore heavy flavour schemes and intrinsic charm 

🦇     check for final state nuclear effects in SIDIS,  
         determine them if existing 

🦇     study the link between centrality and collision geometry,  
         reach high density effective nuclei?

37/41

The things we know and have not done

Zheng, Aschenauer, Lee, 
Eur.Phys.J. A50 (2014) no.12, 189
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What can we do with an EIC?

🦇     study heavy-quark cross-sections
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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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Aschenauer, Fazio, Lamont, Paukkunen, 
PZ, PRD96 (2017) no.11, 114005



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

Klasen and Kovarik, PRD97 (2018) no.11, 114013

What can we do with an EIC?

🦇     include jet data
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What can we do with an EIC?

40/41

The things we do not know

🕷     validity of the factorisation?  

🕷     validity of isospin symmetry? 

🕷     new phenomena (saturation?) 

🕷     nuclear GPDs and TMDs

🤔    ??? 



PDFs
e + p
p + p

e+ + e−

e + p
p + p

e + A
p + A

e + A

FFs

nFFs

e + A
p + A

nPDFs

EIC: the first 
chance to make 
everything the 
right way from 
the beginning

Why do nPDFs matter?
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