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The EMC effect 
[1983PhLB..123..275A]
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Nuclear	PDFs:	How	it	started
The EMC effect 
[1983PhLB..123..275A]Nuclear-binding effects (~MeV) 

Momentum transfer (~GeV)

Four equally possible scenarios: 
a) the fundamental interactions are the same  

but PDFs are different. 
b) The fundamental interactions are different in  

the medium but PDFs are the same. 
c) Both a) and b). 
d) The factorisation picture is no longer valid.

DGLAP

F2(x, Q2, A) = ∑nf
i ∑nf

j Ci(x, Q2) ⊗ Γij(x, Q2) ⊗ qj(x, Q2
0, A)

DIS Structure Function

pQCD npQCD

FFe
2

FD
2
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Nuclear	PDFs:	How	it	started
The EMC effect 
[1983PhLB..123..275A]

The simplest and most popular: 
a) the fundamental interactions are the same  

but PDFs are different. 
b) The fundamental interactions are different in  

the medium but PDFs are the same. 
c) Both a) and b). 
d) The factorisation picture is no longer valid.

DGLAP

F2(x, Q2, A) = ∑nf
i ∑nf

j Ci(x, Q2) ⊗ Γij(x, Q2) ⊗ qj(x, Q2
0, A)

DIS Structure Function
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Nuclear-binding effects (~MeV) 
Momentum transfer (~GeV)
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Heavy-Ion	Collisions

EIC 1/3nNNPDF 00/15Introduction 2/5 99

EPPS16, Fig.19, [1612.05741]

W± Production prediction with/without nuclear effects

Better description of the data

EIC 0/3nNNPDF 0/11 2



Heavy-Ion	Collisions

arXiv:1506.03981

Quarkonium suppression 
 in AA collisions 

Due to shadowing

RAA(pT) ∝
dNAA/dpT

dσpp /dpT

=1 in absence of initial  
and final states effects
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Proton	Flavour	Separation
The W± mediated DIS access different combinations of quark and anti-quark flavours 

than photon-mediated DIS.

CC DIS provide access to flavour-dependent PDFs without the uncertainties from 
fragmentation functions (SIDIS)

Additional constraint on the strange sea in the proton PDFs

arXiv:1706.00428
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Gluon	Saturation	in	Nuclei

For a given x, 
heavier the nucleus, 

larger is Q2S,  
hence, more accessible. 

Q2
S =

αS

πR2
xG(x, Q2) ∝ ( A

x )
1/3

saturation can be more easily probed  
in collisions of protons on heavy nuclei targets

Saturation scale for gluon PDF can be estimated by:
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Data	
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Table 1, [1802.05927]
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[arXiv:1904.00018]
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Kinematics	
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Kinematical cuts

Consistent with our 


Proton PDF Boundary

NNPDF3.1

nNNPDF1.0
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Parametrisation

xg(x, Q0, A) = Bg(A)x−αg(1 − x)βg ξ(3)
3 (x, A) ,

xΣ(x, Q0, A) = x−αΣ(1 − x)βΣ ξ(3)
1 (x, A) ,

xT8(x, Q0, A) = x−αT8(1 − x)βT8 ξ(3)
2 (x, A)

Isoscalar nuclei F2 as observable

g(x, Q0, A) =
x

ln 1/x

ξ(3)
1ξ(1)

1

ξ(1)
2

ξ(2)
1

ξ(2)
2

ξ(2)
25

A ξ(1)
3

Bgx−αg(1 − x)βg ξ(3)
1

nNNPDF1.0

ξ(3)
2

ξ(3)
3

Σ(x, Q0, A) =
x−αΣ(1 − x)βΣ ξ(3)

2

T8(x, Q0, A) =
x−αT8(1 − x)βT8 ξ(3)

3

Evolution basis

Σ =
nf

∑
i=1

q+
i

T3 = u+ − d+

T8 = u+ + d+ − 2s+

where: q± = q ± q̄
No contribution from T3 
in isoscalar observables

Bg(A) =
1 − ∫ 1

0
dx xΣ(x, Q0, A)

∫ 1
0

dx xg(x, Q0, A)
.

Momentum Sum Rule

nNNPDF1.0
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Cost	Function
χ2 ≡

Ndat

∑
i, j=1

(R(exp)
i − R(th)

i ({fm})) (covt0)
−1

ij (R(exp)
j − R(th)

j ({fm}))

+λ ∑
m=g,Σ,T8

Nx

∑
l=1

(fm(xl, Q0, A) − f (p+n)/2
m (xl, Q0))

2
.

nNNPDF1.0
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Cost	Function
χ2 ≡

Ndat

∑
i, j=1

(R(exp)
i − R(th)

i ({fm})) (covt0)
−1

ij (R(exp)
j − R(th)

j ({fm}))

+λ ∑
m=g,Σ,T8

Nx

∑
l=1

(fm(xl, Q0, A) − f (p+n)/2
m (xl, Q0))

2
.

Per replica boundary condition on the level of minimisation  
to reproduce NNPDF3.1 central value and uncertainties  at 
A=1 with x ∈ [10−3, 0 . 7]

nNNPDF1.0
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Cost	Function
χ2 ≡

Ndat

∑
i, j=1

(R(exp)
i − R(th)

i ({fm})) (covt0)
−1

ij (R(exp)
j − R(th)

j ({fm}))

+λ ∑
m=g,Σ,T8

Nx

∑
l=1

(fm(xl, Q0, A) − f (p+n)/2
m (xl, Q0))

2
.

R =
C ⊗ nNNPDF1.0(A)
C ⊗ nNNPDF1.0(A′�)

Fitting pdf in ratio

Per replica boundary condition on the level of minimisation  
to reproduce NNPDF3.1 central value and uncertainties  at 
A=1 with x ∈ [10−3, 0 . 7]

nNNPDF1.0
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The	Fit



Data	vs.	Theory
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Errors computed 
as 90% CL (1k replicas)

NNPDF3.1 central value 
and uncertainties 

reproduced

f(x, Q, A = 1)

=
1
2 [fp(x, Q2) + fn(x, Q2)]

The boundary condition 
constrain the nPDFs 

for low-A nuclei

Σ +1/4 T8 
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The	need	for	EIC
Hera DIS data being the backbone of free-proton PDFs,  

we need something similar for nPDFs

Reliable data to constrain the gluon at small-x and low-Q2

EPPS16, Fig.19, [1612.05741] Fig.17, [1708.05654]

EIC  
impact

nNNPDF 8/8 EIC 1/3

nNNPDF1.0
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EIC	kinematics
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Pseudo-data constructed 
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[arXiv:1708.05654]
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EIC	impact	on	nPDFs
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Summary
• First determination of nPDF using NNPDF methodology. 

• Excellent agreement (NLO and NNLO)  
with all available NC DIS data (A=2 to A=208). 

• Quark distributions are reasonably constrained for x≥10-2 . 

• Significant methodology improvement lead by use of TensorFlow and 
stochastic gradient descent for the first time in NNPDF.  

• Vitality of the boundary condition (A=1 limit), reproducing NNPDF3.1 central 
values and uncertainties of using consistently the same theory settings. 

• Quantification of the future impact of e+A measurements from an Electron-
Ion Collider constraining the quark and gluon nPDFs down to x≈5x10-4. 

• LHAPDF sets available on NNPDF website. 

• In progress: Fitting ATLAS Z-W production and CHORUS, NuTeV DIS CC

http://nnpdf.mi.infn.it/for-users/nuclear-pdf-sets/
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Effective	Exponents
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�⌃ = �T8 = 2.54 ± 0.88

�g = 4.86 ± 2.29

↵⌃ = 0.20 ± 0.27

↵g = �0.30 ± 0.56
↵T8 = �0.01 ± 0.52

In previous NNPDF analyses, the preprocessing exponents αf and βf were fixed  
to a randomly chosen value from a range that was determined iteratively. 
Here instead we will fit their values for each Monte Carlo replica, so that they are 
treated simultaneously with the weights and thresholds of the neural network.  

1*



Data	vs.	Theory
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Data	vs.	Theory
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Q2	dependence
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Difference pronounced  
at large- and small- x

Reduction in uncertainty 
in NNLO



Parametrisation

nNNPDF1.0 [1904.00018]
xg(x, Q0, A) = Bgx−αg(1 − x)βg ξ(3)

3 (x, A) ,

xΣ(x, Q0, A) = x−αΣ(1 − x)βσ ξ(3)
1 (x, A) ,

xT8(x, Q0, A) = x−αT8(1 − x)βT8 ξ(3)
2 (x, A)

8*

EPPS16 [1612.05741]nCTEQ15 [1509.00792]


