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Motivation
Introduction

I Electroweak boson production in heavy-ion collisions1 is a “standard candle” for
testing factorization in nuclear collisions

I We consider the recent analyses2 of W± and Z production by ATLAS for Pb+Pb
data at LHC Run II,

√
snn = 5.02 TeV

I The nuclear modification factor is experimentally defined as

Rexp
PbPb(y) =

1

〈TAA〉
1

Nevt
dNW±,Z

PbPb /dy

dσW
±,Z

pp /dy

I 〈TAA〉 = 〈Nbin〉/σinelnn , where 〈Nbin(σinelnn )〉 is from a MC Glauber model calculation

I ATLAS and others use σinelnn = 70 mb, from a fit to proton-proton data

1H. Paukkunen and C. A. Salgado, JHEP 03, 071 (2011)
2G. Aad et al. (ATLAS), Eur. Phys. J. C79, 935 (2019)
G. Aad et al. (ATLAS), Phys. Lett. B 802 (2020) 135262
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Motivation
RPbPb from ATLAS
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√
s = 5.02TeV

Rtheor
PbPb(y) =

1

(208)2
dσW

±,Z
PbPb /dy

dσW
±,Z

pp /dy

I The calculations in NNLO pQCD
with NNPDF3.1 proton PDFs and
EPPS16 nuclear modifications, a
theory standard candle

I NNPDF3.1 PDFs match ATLAS
data for W± and Z in p+p at√
s = 5.02 TeV very well. On the

other hand, EPPS16 matches
p+Pb results very well.

I Rexp
PbPb lies slightly, but clearly,

above the calculated result

I Our suggestion: Use these data to
calibrate the Glauber model!
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Motivation
RPbPb from ATLAS as a function of centrality
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I Anomalously strong centrality dependence?
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Nuclear suppression of σinelnn
What is the normalization preferred by the data?

I MC Glauber model maps σinelnn to 〈TAA〉 for each centrality class
I We find the best fit for σinelnn by requiring re-normalized Rexp

PbPb to match Rtheor
PbPb
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Rexp
PbPb =

1

〈TAA(σinelpp )〉
1

Nevt
dNW±,Z

PbPb /dy

dσW
±,Z

pp /dy

Rtheor
PbPb =

1

(208)2
dσW

±,Z
PbPb /dy

dσW
±,Z

pp /dy

χ2 =
∑

i

R
exp
i
×
〈TAA(σinel

pp )〉

〈TAA(σinel
nn )〉

−Rtheor
i +

∑
k fkβ

k
i

δ
exp
i
×
〈TAA(σinel

pp )〉
〈TAA(σinel

nn )〉

2

+ T
∑

k f
2
k ,

βki ≡
1

2

[
Rtheor
i (S+

k )− Rtheor
i (S−k )

]
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Results arXiv:2003.11856

Fitted normalization
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I Data points here obtained by equating Rexp
PbPb and Rtheor

PbPb, and solving for 〈TAA〉
I σinelnn = 70± 5 mb → 41.5+16.2

−12.0 mb

https://arxiv.org/abs/2003.11856
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Results arXiv:2003.11856

Re-normalized RPbPb
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https://arxiv.org/abs/2003.11856
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Results arXiv:2003.11856

Re-normalized RPbPb as a function of centrality
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Nuclear suppression of σinelnn from eikonal minijet model

I Can the large suppression of σinelnn be explained?

I In an eikonal minijet model, σinelnn in AA can be calculated using nuclear PDFs
(no soft component here):

σinelnn (s; p0, λ, [Q]) = π

∞∫
0

(
1− e−σjet(s,p0,[Q])Tpp(b,λ)

)
db2,

σjet(s; p0, [Q]) =

∫
p0

∑
ijkl

fi(Q)⊗ fj(Q)⊗ σ̂ij→kl(Q),

Tpp(b, λ) =
1

4πλ2
e−

b2

4λ2

I Fix p0, λ from proton-proton data using σinelpp and σtotpp

I Compute σinelnn (s; p0, λ, [Q]) for AA with nPDFs from EPPS16 and nCTEQ15
analyses
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Results arXiv:2003.11856

Nuclear suppression of σinel
nn from eikonal minijet model
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I The error bands represent the
68% confidence limit uncertainties
of nPDF sets

I Both nPDF sets are in line with
the suppression obtained from the
fits with ATLAS data

https://arxiv.org/abs/2003.11856
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Summary

I We have compared the state-of-the art calculation to the measured W± and Z

boson RW±,Z
PbPb to obtain the nuclear-suppressed value for σinelnn at

√
snn = 5.02 TeV

I The recent high-precision ATLAS EW data from LHC run II prefer a significantly
suppressed σinelnn

σinelnn = 70± 5 mb → 41.5+16.2
−12.0 mb, 〈T 0-100%

AA 〉 = 5.61± 0.06 1
mb → 5.923+0.195

−0.197
1
mb

I This change in σinelnn would affect all the extractions and analyses of RAA by the
change in 〈TAA〉

I The amount of suppression in σinelnn is consistent with nuclear shadowing of PDFs
in the eikonal minijet model calculation
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EXTRAS
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Nuclear suppression of σinelnn from eikonal minijet model
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Eikonal minijet model

σel = π

∞∫
0

(
1− e−χ(b,s)

)2
db2

σin = π

∞∫
0

(
1− e−2χ(b,s)

)
db2

σtot = 2π

∞∫
0

(
1− e−χ(b,s)

)
db2

χ(b, s) ≡ 1

2k

∞∫
−∞

U(b, z) dz

2χ(b, s) = σjet(s, k0)Tpp(b)

Tpp(b) =
1

4πσ2
e−

b2

4σ2 ,
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W in pp
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Z in pp
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W in PbPb without corrections
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Z in PbPb without corrections
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Forward-backward ratios in muons at
√
s = 8.16TeV
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Figure 2: Differential production cross sections for W+ → µ+νµ (left) and W− → µ−νµ (right),
as a function of the muon pseudorapidity in the centre-of-mass frame. The small horizon-
tal lines represent the statistical and systematic uncertainties summed in quadrature, whereas
the error bars show the statistical uncertainties only. The global integrated luminosity uncer-
tainty of ±3.5% is not shown. The NLO calculations with CT14 PDF, and CT14+EPPS16 and
CT14+nCTEQ15 nPDFs, are also displayed, including their 68% confidence interval PDF un-
certainty bands. The bottom panels show the ratio of data, CT14+EPPS16 and CT14+nCTEQ15
with respect to CT14.
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Figure 3: Forward-backward ratios, N±µ (+η
µ
CM)/N±µ (−η

µ
CM), for the positively (left) and neg-

atively (middle) charged muons, and the forward-backward ratio for muons of both signs,
Nµ(+η

µ
CM)/Nµ(−η

µ
CM) (right), as a function of η

µ
CM. The small horizontal lines represent the

statistical and systematic uncertainties summed in quadrature, whereas the error bars show
the statistical uncertainties only. The NLO calculations with CT14 PDF, CT14+EPPS16 nPDF,
and CT14+nCTEQ15 nPDF, are also displayed, including their 68% confidence interval PDF
uncertainty bands.
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