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The General Idea

I Simulate e+A rates by weighting e+p MC generated events at
analysis time.

I This weighting will only modify rates and is only good for estimating
ReA.

I no jet fragmentation modification
I no two-particle correlation broadening
I etc.

I This is an estimate only. Real MCs sample the PDFs for the hard
scattering calculation.
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Nuclear PDF (nPDF) Fitting

I PDF φpi (x ,Q2) fitting follows
from the factorization theorem

I dσep→hX ∝
d σ̂γ

∗fi→fi ⊗ φpi (x ,Q2)⊗ Dh
i (z)

I nPDF fit data from nuclear
targets starting with φpi (x ,Q2)
and finding the nuclear
modification

RA
i (x ,Q2) =

φAi (x ,Q2)

Aφpi (x ,Q2)
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Fig. 26 The CMS dijet data [34] compared with the results
obtained with the EPPS16 (blue bands), nCTEQ15 [32] (red
bands) and DSSZ [31] (hatched bands) nuclear PDFs.

allowed to be partly flavour dependent in the nCTEQ15
analysis (although to a much lesser extent than in EPPS16),

hence we show the comparison for all parametrized par-
ton species. The two fits (as well as nCTEQ15 and our
Baseline fit in Fig. 22) can be considered compatible
since the uncertainty bands always overlap. For all the

sea quarks the nCTEQ15 uncertainties appear clearly
smaller than those of EPPS16 though less data was used
in nCTEQ15. This follows from the more restrictive as-

sumptions made in the nCTEQ15 analysis regarding
the sea-quark fit functions: nCTEQ15 has only 2 free
parameters for all sea quarks together, while EPSS16

has 9. Specifically, the nCTEQ15 analysis constrains
only the sum of nuclear ū + d̄ with an assumption that
the nuclear s quarks are obtained from ū + d̄ in a fixed
way. In contrast, EPPS16 has freedom for all sea quark

flavours separately, and hence also larger, but less bi-
ased, error bars. For the valence quarks, the nCTEQ15
uncertainties are somewhat larger than the EPPS16 er-

rors around the x-region of the EMC e↵ect which is
most likely related to the extra constraints the EPPS16
analysis has obtained from the neutrino DIS data. Es-
pecially the central value for dV is rather di↵erent than

that of EPPS16. The very small nCTEQ15 uncertainty
at x ⇠ 0.1 is presumably a similar fit-function arte-
fact as what we have for EPPS16 at slightly smaller

x. Such a small uncertainty is supposedly also the rea-
son why nCTEQ15 arrives at smaller uncertainties in
the shadowing region than EPPS16. For the gluons the

nCTEQ15 uncertainties are clearly larger than those of
EPPS16, except in the small-x region. While, in part,

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

10
-4

10
-3

10
-2

10
-1

1

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

10
-4

10
-3

10
-2

10
-1

1

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

10
-4

10
-3

10
-2

10
-1

1

R
P

b
g

(x
,Q

2
=

10
G

eV
2
)

x

EPPS16
EPS09
DSSZ

R
P

b
S

(x
,Q

2
=

10
G

eV
2
)

x

EPPS16
EPS09
DSSZ

R
P

b
V

(x
,Q

2
=

10
G

eV
2
)

x

EPPS16
EPS09
DSSZ

Fig. 27 Comparison of the EPPS16 nuclear modifications
(black central curve with light-blue uncertainty bands) to
those from the EPS09 analysis (purple curves with hatch-
ing) and DSSZ [31] (gray bands) at Q2 = 10GeV2. The up-
per panels correspond to the average valence and sea-quark
modifications of Eqs. (54) and (55), the bottom panel is for
gluons.

the larger uncertainties are related to the LHC dijet

data that are included in EPPS16 but not in nCTEQ15,
this is not the complete explanation as around x ⇠ 0.1
the nCTEQ15 uncertainties also largely exceed the un-

certainties from our Baseline fit (see Fig. 22). Since the
data constraints for gluons in both analyses are essen-
tially the same, the reason must lie in the more stringent
Q2 cut (Q2 > 4 GeV2) used in the nCTEQ15 analysis,

which cuts out low-Q2 data points where the indirect
e↵ects of gluon distributions via parton evolution are

Comparison of nuclear modification of 3

different nPDFs from EPPS16 paper
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Example EPS09

I EPS09: K. J. Eskola, H. Paukkunen and C. A. Salgado, “EPS09 - a
New Generation of NLO and LO Nuclear Parton Distribution
Functions,” JHEP04(2009) 065

I The fortran (and c++ version it turns out) code and all LO and NLO
grids are available from
https://www.jyu.fi/science/en/physics/research/highenergy/urhic/npdfs/eps09

I Uses CTEQ6.1M proton PDF – ideally this is what you run for the MC
generator
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Example EPS09

I There is a single method
EPS09(order, pset, A, x, Q, ruv, rdv, ru, rd, rs, rc, rb, rg)

I order = 1 (LO), 2 (NLO)
I pset = 1 (central value), 2 & 3 (±1σ), etc. (31 sets total)
I A, x, Q = atomic mass, x and

√
Q2 of the partonic collision.

I It returns ruv, rud, ru, rd, rs, rc, rb, rg = u, d , ū, d̄ , s + s̄,
c + c̄ , b + b̄ and g nuclear modification factor RA

i (x ,Q2)
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EPS09 C++ Wrapper

I pdfmod simply calls the EPS09 fortran code and returns the
appropriate nPDF modification for the requested parton.
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Applying nPDF Weights

I The nuclear modification is determined from pdfmod for an event.
I If one loops over e+p events and adds a weight of 1 for rate

histograms, these would represent the e+p rates.
hjetpt ep->Fill(jetpt)

I If one loops over e+p events and adds a weight from pdfmod, these
would represent the e+A rates.
double weight = pdfmod(...);

hjetpt eA->Fill(jetpt,weight);

I Nuclear modification to the rate is then the ratio of the two
histograms
hReA = hjetpt eA->Clone(...);

hReA->Divide(hjetpt ep);

ReA =
unweighted rate histogram

weighted rate histogram
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LHAPDF

I The fortran versions (prior to ver. 6) had EPS09 interface

I The current C++ version has EPPS16, nNNPDF nCT15 versions of
nPDFs

I LHAPDF is available on RHIC machines. Not sure if it part of ECCE
offline environment and I didn’t check.

I But, in principle, that is a general interface that we could use.
Though I don’t have too much experience coding with that.
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