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hard soft 

WHAT ARE NPDFS? 

dσ(lp→ l
′
+ X) =

∑

a

fa ⊗ dσ̂la→l′X

dσ(lp→ l
′
+ X + h) =

∑

a,c

fa ⊗ dσ̂la→c ⊗Dh
c

dσ(pp→ l+l−) =
∑

a,b

fa ⊗ fb ⊗ dσ̂ab→ll̄

dσ(pp→ X + h) =
∑

a,b,c

fa ⊗ fb ⊗ dσ̂ab→c ⊗Dh
c

dσ̂ fa & Dh
c
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we ASSUME factorization holds

dσ(lA→ l
′
+ X) =

∑

a

fA
a ⊗ dσ̂la→l′X

dσ(lA→ l
′
+ X + h) =

∑

a,c

fA
a ⊗ dσ̂la→c ⊗Dh

c

dσ(pA→ l+l−) =
∑

a,b

fA
a ⊗ fb ⊗ dσ̂ab→ll̄

dσ(pA→ X + h) =
∑

a,b,c

fA
a ⊗ fb ⊗ dσ̂ab→c ⊗Dh

c
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we ASSUME factorization holds

same DGLAP scale evolution

same hard scattering cross sections

dσ(lA→ l
′
+ X) =

∑

a

fA
a ⊗ dσ̂la→l′X

dσ(lA→ l
′
+ X + h) =

∑

a,c

fA
a ⊗ dσ̂la→c ⊗Dh

c

dσ(pA→ l+l−) =
∑

a,b

fA
a ⊗ fb ⊗ dσ̂ab→ll̄

dσ(pA→ X + h) =
∑

a,b,c

fA
a ⊗ fb ⊗ dσ̂ab→c ⊗Dh

c
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determination through a 

GLOBAL QCD ANALYSIS

χ2 =
∑

i

ωi
(dσexp

i − dσth
i )2

∆2
i
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theory

parameterization

determination through a 

GLOBAL QCD ANALYSIS

data sets

error treatment

weights

χ2 =
∑

i

ωi
(dσexp

i − dσth
i )2

∆2
i
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SETS OF 

NUCLEAR PDFS 

IN THE MARKET
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SET HKN07 EPS09 DSSZ nCTEQ

reference PRC76 (2007) 
065207

JHEP 0904 (2009) 
065

PRD85 (2012) 
074028

arXiv:
1307.3454

data type e-DIS
D-Y

e-DIS
D-Y

hadro production

e-DIS
D-Y

hadro production
ν-DIS

e-DIS
D-Y

# data points 1241 929 1579 708

proton PDF MRST98 CTEQ6.1 MSTW2008 CTEQ6M

scheme ZM-VFNS ZM-VFNS GM-VFNS GM-VFNS

comments first 
uncertainty set

huge shadowing 
& anti-shadowing 

for gluons

medium modified 
FFs ongoing
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AND IF WE 

COMPARE 

THEM ...
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valence compatible
high x discrepancy

from 
electron 
DIS
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sea 
compatible
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G
L
U

O
N

S

different 
treatment of 

hadro-
production

EPS09: anti-
shadowing

DSSZ: nFFs
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GLUONS

nCTEQ

stronger 
effect

ongoing 
work
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neutrino-nucleus DIS
sea-valence disentanglement
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neutrino-nucleus DIS

Claim from a previous nCTEQ work: 

presence of non-universal effects
hint of factorization breaking

sea-valence disentanglement
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neutrino-nucleus DIS

Claim from a previous nCTEQ work: 

presence of non-universal effects
hint of factorization breaking

EPS09: inclusion via a re-weighting method

DSSZ: inclusion in the fit

nCTEQ: ongoing work

sea-valence disentanglement
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DIFFERENT 
QUALITY OF 

DATA 
DESCRIPTION

SOME REMARKS:

DIFFERENT 
NPDFS ≠
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SOME REMARKS:

Which nPDF set 
should be used?

DIFFERENT 
QUALITY OF 

DATA 
DESCRIPTION

DIFFERENT 
NPDFS ≠
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Hadro-production (FFs): HKN07 or EPS09
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Hadro-production (FFs): HKN07 or EPS09

Hadro-production (nFFS): DSSZ
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Hadro-production (FFs): HKN07 or EPS09

Hadro-production (nFFS): DSSZ

Other: HKN07, EPS09 or DSSZ
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Hadro-production (FFs): HKN07 or EPS09

Hadro-production (nFFS): DSSZ

Other: HKN07, EPS09 or DSSZ

neutrino data: EPS09 or DSSZ
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Hadro-production (FFs): HKN07 or EPS09

Hadro-production (nFFS): DSSZ

Other: HKN07, EPS09 or DSSZ

neutrino data: EPS09 or DSSZ

Outside the kinematical region 

included in the fits: 

none 100% reliable 
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nuclear effects truly universal? 

correlated errors?

more data in D-Y and hadro-production?

cross-sections or structure functions? 

nuclear effects for deuteron?

more flexible parameterizations?

higher fixed-order analyses worthwhile?

A-A collisions?

final state nuclear effects? 

...???
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BAYESIAN 

RE-WEIGHTING 

& THE LHC

N. Armesto, J. Rojo, C. A. Salgado, P.Z., 
JHEP 1311 (2013) 015
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Fitting is:

time consuming (months/years)

cumbersome 

Monday, November 25, 2013



Re-weighting: 
methods to quickly assess the 
impact of new data on PDFs

Fitting is:

time consuming (months/years)

cumbersome 
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The re-weighting method

Developed:

W. T. Giele and S. Keller,  Phys. Rev. D58 (1998) 094923.

R. D. Ball et al. [NNPDF Collaboration], Nucl. Phys. B 849 
(2011) 112 [Erratum-ibid. B 854 (2012) 926] [Erratum-ibid. B 
855 (2012) 927]. 

R. D. Ball, V. Bertone, F. Cerutti, L. Del Debbio, S. Forte, A. 
Guffanti, N. P. Hartland and J. I. Latorre et al. [NNPDF 
Collaboration], Nucl. Phys. B 855 (2012) 608.
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The re-weighting method

Developed:

W. T. Giele and S. Keller,  Phys. Rev. D58 (1998) 094923.

R. D. Ball et al. [NNPDF Collaboration], Nucl. Phys. B 849 
(2011) 112 [Erratum-ibid. B 854 (2012) 926] [Erratum-ibid. B 
855 (2012) 927]. 

R. D. Ball, V. Bertone, F. Cerutti, L. Del Debbio, S. Forte, A. 
Guffanti, N. P. Hartland and J. I. Latorre et al. [NNPDF 
Collaboration], Nucl. Phys. B 855 (2012) 608.

Extended:
     G. Watt and R. S. Thorne, JHEP  (2012) 052. 
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The re-weighting method

Developed:

W. T. Giele and S. Keller,  Phys. Rev. D58 (1998) 094923.

R. D. Ball et al. [NNPDF Collaboration], Nucl. Phys. B 849 
(2011) 112 [Erratum-ibid. B 854 (2012) 926] [Erratum-ibid. B 
855 (2012) 927]. 

R. D. Ball, V. Bertone, F. Cerutti, L. Del Debbio, S. Forte, A. 
Guffanti, N. P. Hartland and J. I. Latorre et al. [NNPDF 
Collaboration], Nucl. Phys. B 855 (2012) 608.

Extended:
     G. Watt and R. S. Thorne, JHEP  (2012) 052. 

Other:
H. Paukkunen and C. A. Salgado, Phys. Rev. Lett.110, 
212301 (2013).
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For any observable

〈O〉 =
1

Nrep

Nrep∑

k=1

O[fk]
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n new data points ⇒

For any observable

with

〈O〉 =
1

Nrep

Nrep∑

k=1

O[fk]

Pnew(f) = NχP(χ|f)Pold(f)

P(χ|f) ∝ (χ2(y, f))
1
2 (n−1)e−

1
2 χ2(y,f)
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After the re-weighting

where

〈O〉new =
1

Nrep

Nrep∑

k=1

wkO[fk]

wk =
(χ2

k) 1
2 (n−1)e−χ2

k/2

1
Nrep

∑Nrep
k=1 (χ2

k) 1
2 (n−1)e−χ2

k/2
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NEW FITRE-WEIGHTING ≠

Monday, November 25, 2013



To quantify the accuracy

NEW FITRE-WEIGHTING ≠

Neff ≡ exp





1

Nrep

Nrep∑

k=1

wk log(Nrep/wk)
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Hadroproduction

1000 MC replicas

pPb→h+X + MSTW2008 + EPS09 + DSS

D. de Florian, R. Sassot and M. Stratmann, Phys. Rev. D76 (2007) 
074033. 
R. Sassot, M. Stratmann and P.Z., Phys. Rev. D82 (2010) 074011.

DGLAP & CGC pseudodata

J. L. Albacete, A. Dumitru, H. Fujii and Y. Nara, Nucl. Phys. A 897 
(2013) 1.

5% systematic & 7% normalization uncertainties

Lint = 30 nb-1

η = 0 & η = 2
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http://inspirehep.net/author/profile/Sassot%2C%20Rodolfo?recid=864241&ln=en
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n=25 χ2 / n < χ2 > / n Neff

Before 1.11 1.75 -

After 0.84 1.02 624

DGLAP for η=0
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n=25 χ2 / n < χ2 > / n Neff

Before 2.25 2.76 -

After 1.50 1.58 229

CGC for η=0
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No change in 
the valence 

change in the 
sea

η = 0

DGLAP
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No change in 
the valence 

change in the 
sea

η = 0

DGLAP
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change in the valence

no change in the sea

No change in 
the valence 

change in the 
sea

CGC

η = 0

DGLAP
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change in the valence

no change in the sea

No change in 
the valence 

change in the 
sea

CGC

η = 0

DGLAP
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DGLAP for η=2
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n=25 χ2 / n < χ2 > / n Neff

Before 0.95 1.82 -

After 0.92 1.08 612

DGLAP for η=2
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DGLAP for η=2

No change in the valence

Slight modification for the sea
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DGLAP for η=2

No change in the valence

Slight modification for the sea
gluon!
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CGC for η=2
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CGC for η=2

We can fit this, right? 
Monday, November 25, 2013



CGC for η=2
Unfortunately, no, because
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CGC for η=2

n=25 χ2 / n < χ2 > / n Neff

Before 36.43 38.62 -

After

Unfortunately, no, because
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CGC for η=2

n=25 χ2 / n < χ2 > / n Neff

Before 36.43 38.62 -

After 1.85 1.85

Unfortunately, no, because
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CGC for η=2

n=25 χ2 / n < χ2 > / n Neff

Before 36.43 38.62 -

After 1.85 1.85 1

Unfortunately, no, because
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CGC for η=2

n=25 χ2 / n < χ2 > / n Neff

Before 36.43 38.62 -

After 1.85 1.85 1

Unfortunately, no, because

the re-weighting method is invalidated
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CGC for η=2

So? What happens with the gluons?

n=25 χ2 / n < χ2 > / n Neff

Before 36.43 38.62 -

After 1.85 1.85 1

Unfortunately, no, because

the re-weighting method is invalidated
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CGC for η=2

So? What happens with the gluons?

n=25 χ2 / n < χ2 > / n Neff

Before 36.43 38.62 -

After 1.85 1.85 1

Unfortunately, no, because

the re-weighting method is invalidated

They are completely suppressed for x < 10-2 
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SUMMARY

several sets of nPDFs available

gluon distributions not (yet) well 
constrained by data 

LHC data required to improve 
proton PDFs

p-Pb @ LHC crucial to study the 
low x region

EIC & LHeC to go further
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Re-weighting methods:

if data ∼ predictions ⇒ time saving!

Otherwise, re-fitting required
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all DGLAP & η = 0 CGC pseudodata:

30-50% reduction of the gluon uncertainty

Re-weighting methods:

if data ∼ predictions ⇒ time saving!

Otherwise, re-fitting required
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CGC pseudodata at η = 2 : no conclusions

all DGLAP & η = 0 CGC pseudodata:

30-50% reduction of the gluon uncertainty

Re-weighting methods:

if data ∼ predictions ⇒ time saving!

Otherwise, re-fitting required
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ongoing comparison with other re-weighting 
methods

same with DSSZ nuclear PDFs coming soon
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EPS09 Monte Carlo replicas available at

http://igfae.usc.es/hotlhc/

index.php/software

ongoing comparison with other re-weighting 
methods

same with DSSZ nuclear PDFs coming soon
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