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● Inconsistencies in existing nPDFs: different 
sets of fitted data (ν’s, π0’s, LHC pPb W, Z and 
dijets,…), assumptions (e.g. Ruv=Rdv), non-
suitable data used for lack of better ones, pPDFs 
as questionable base, no flavour separation of sea 
and valence.
⇒ eA@LHeC to fully determine PDFs 
of a single nucleus for the first time.

Ax
8−10 7−10 6−10 5−10 4−10 3−10 2−10 1−10 1

)2
 (G

eV
2

Q

1−10

1

10

210

310

410

510

610

710

810

910

Au(100)+e(20)197

Pb(2750)+e(60)208

Pb(4920)+e(60)208

Pb(19700)+e(60)208

(x)2
sat,PbQ

Present
νDIS+DY+

dAu@

RHIC

pPb@LHC

  γ
*
A  →   J/Ψ A

W  (GeV)

1
/A

2
 d

σ
/d

t 
 (

µ
b

/G
eV

2
)

0

0.5

1

1.5

2

2.5

0 200 400 600 800 1000

DILUTE
REGION

DENSE
REGION

ln A

ln
 1

/
x

eA

e
p

[fixed Q]

DGLAP

BFKL

BK/JIMWLK

DILUTE
REGION

DENSE
REGION

sa
tu

rat
ion sc

ale
 Q s

(x)

ln Q

ln
 1

/x

ln ΛQCD

st
ro

n
g
 c

o
u
p
lin

g
 r

eg
io

n

Physics'and'Range'

''

Large x

Gluon


Higgs

Boson


co
'M

K'

1fo
ur
1m

om
en

tu
m
'tr
an
sf
er
'sq

ua
re

d 

  Bjorken 

High 

Precision

QCD &

El.weak

Physics


RPV SUSY, LQ

Substructure ?


Nuclear 

Structure





QGPlasma


High Density Matter


Injector

Arc 1,3,5 (3142m) Arc 2,4,6 (3142m)

Matching/splitter (30m)
IP line Detector

Linac 1 (1008m)

Linac 2 (1008m)

Bypass (230m)

Loss compensation 1 (140m)Loss compensation 2 (90m)

Matching/splitter (31m)

Matching/combiner (31m)

Matching/combiner (31m)

● Large Hadron Electron Collider: 60 
GeV electron accelerator (energy recovery 
racetrack) to provide ep/eA collisions at the HL-
LHC/HE-LHC/FCC-eh.
➜ √s≃0.8-2.2 TeV/nucleon in ePb.

➜ LeN~4/18/54×1032 cm-2s-1 in ePb.

● Unique physics program: precision Higgs, 
searches complementing LHC, novel EW & BSM 
top physics, high mass diffraction, saturation,…

● eA: fully determined kinematics (not in pp/AA), 
large lever arm in Q (even below Qs if there) ⇒ 

nPDFs, factorisation, saturation, nGPDs, in-
medium radiation/hadronisation,…

hadron

virtual photon
b

1612.05741

● Information on most stages of a heavy-ion 
collision: initial, particle production, in-medium 
radiation/hadronisation, can be obtained from eA.
● Establishing saturation (non-linear dynamics at 
small x) requires a two-pronged approach: 
decrease x & increase A.

● Expected impact of the LHeC: 
pseudodata generated with EPS09, (∫LeN=1/10 
fb-1 in ePb/ep, NC+CC only, no flavour 
decomposition), FL>0; uncorrelated and 
normalisation uncertainties considered. 
● EPPS16 analysis, same method and tolerance.

pTlead>3 GeV
pTass>2 GeV
zlead=zass=0.3

y=0.7
Q2=4 GeV2 

xA<<xp

ΔΦ=Φ12
● Dihadron 
azimuthal 
decorrelation
as a signal of 
saturation:

saturation

● Elastic vector meson 
(J/ψ, Υ) production 
sensitive to saturation.
● t-dependence provides an 
impact parameter scan of 
the nuclear glue (GPDs).

Fixed-target LHeC

∼ratio of FFs A/p
z=phadr/pparton

ν=Estruck parton
hadron rest frame

● In-medium radiation/hadronisation.

● Small-x extrapolation driven by shape of 
initial conditions ⇒ use a more flexible one:

● Abundant yield 
of jets up to 
large ET: tests of 
factorisation, 
nPDFs and 
photon PDFs.

Many thanks to Liliana Apólinario, Claire Gwenlan, Max Klein, Uta Klein, Heikki Mantysaari, Paul Newman, Fred Olness, Hannu Paukkunen, Voica Radescu, Amir Rezaeian and Anna Stasto. 
References: CDR, J.Phys. G39 (2012) 075001 [arXiv:1206.2913 [physics.acc-ph]];  arXiv:1211.4831 [hep-ex];  arXiv:1211.4831 [hep-ex]; 2017 LHeC and FCC-eh Workshop, https://indico.cern.ch/event/
639067/.

● Full flavour 
decomposition s, 
c, b possible in a 
single experiment:
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Energy frontier electron-ion physics 
with the LHeC and the FCC-eh
Néstor Armesto (Santiago de Compostela) for the LHeC/FCC-eh Study Group, http://lhec.web.cern.ch/
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more realistic error bands where 
no data exist

● Extraction of Pb-only PDFs by fitting 
pseudodata, using xFitter to estimate the 
‘ultimate’ precision that could be achieved:
➜ HERAPDF2.0-type parametrisation, NNLO, RTOPT mass scheme, 
αs=0.118; only data with Q2≥3.5 GeV2, initial evolution scale 1.9 GeV2.
➜ Central values from HERAPDF2.0: no parametrisation bias.
➜ Standard xFitter/HERAPDF treatment of systematics.

Armesto at FCC Physics WS2018 
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