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Motivati “Cold QCD phase diagram”
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Parton Density and plenary by Hobbs on Friday.

Aschenauer et al, arXiv:1708.01527
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Wide kinematical lever arm
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F b(7885)+e(60) @ Nuclear DIS down to x ~ 10~ at
L2 perturbative scales
3 103;— / @ Non-linear dynamics in the region where
© 1OEE('aﬁa,,pb(X) ; Q? is a perturbative scale
§\ E o Saturation scale @2 ~ scale where
10 E non-linear phenomena become important
1; é @ EIC project in the US: moving forward
F E rapidly, but much more limited kinematics
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LHeC CDR update
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Some eA physics highlights

CCERN-ACC-Note-2020-0002
Geneva, July 28, 2020

<7

Some physics highlights of the eA program
[0 phy ghlig prog

@ Partonic structure of nuclei

@ Exclusive processes
The Large Hadron-Electron Collider at the HL-LHC *] DifFraCtiVe structure fu nctions

@ Non-linear QCD
Covered in detail in the LHeC/FCC-eh CDR update

LHeC and FCC-he Study Group

Fundamentally interesting physics, with applications to
e.g. Quark Gluon Plasma, Higgs, BSM etc. studies

LHeC CDR update: arXiv:2007.14491 [hep-ex]
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Nuclear parton distribution functions

038

H1 and ZEUS

Q*=10 GeV?

—— HERAPDF1.0
B exp. uncert.
] model uncert.

[ parametrization uncert.

xg (x 0.05)

H1 and ZEUS, JHEP 109 (2010)

e HERA legacy: proton structure down to x ~ 10~*

@ (LHeC can help LHC studies by precise
determination down to much smaller x!)

@ No eA DIS data from colliders exist
= Partonic structure of nuclei at small x uncertain

Data inClUded in the EPPS].6 f|t Eskola et al, arXiv:1612.05741

Q% [GeVY]
=)

L fixed target DIS and DY
10 LHC dijets
LHCW&Z

CHORUS neutrino data
107 F W PHENIX 7 E
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Nuclear parton distribution functions

Very precise structure function measurements (even for heavy quarks)
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Charm
LHeC CDR update aer 2007. 14491
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Nuclear suppression in structure function measurements

Pseudodata calculated assuming EPPS16 nuclear effects. High precision possible!
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LHeC CDR update arXiv:2007.14491
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LHeC impact on global fits of nuclear parton distribution functions
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@ LHeC structure function data (especially
charm) provide strong constraints

e EPPS16* is a global fit, including also
some LHC pA data!

@ R;: nuclear modification to the free
nucleon parton distribution

e EPPS16*: flexible parametrization, large
uncertainties in the region with no data

LHeC CDR update arXiv:2007.14491 and Eur.Phys.J.C 77 (2017) 3
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Ultimate precision in PDF determination

N> 08 ‘ ‘ P, HERA;DFZ.ONNLO‘,xFIner,Af:‘!

[ LHeC

O .« Eﬁgée:‘Fcc-eh

% v

z LHeC data allows for a direct determination of Pb PDF,
3.

<.

no need to introduce e.g. A dependence

@ Estimates ultimately achievable experimental
precision

Pb, HERAPDF2.0 NNLO, xFitter, A;%=1
LHeC

FCC-eh
LHeC+FCC-eh

@ In case of Pb, uncertainty < 10% down to
x ~ few x 107

A,;9(x,10 GeV?)

@ Huge improvement over the EPPS16 global fit

WERRBBF 2§ NN, TFieer 577" @ Precision test for collinear factorization using nuclei
LHeC LHeC+FCC-eh
FCC-eh

LHeC CDR update arXiv:2007.14491

AeREP(x,10 GeV?)
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Diffraction |: Exclusive scattering

No net transfer of color charge: at least 2 gluon exchanged
o Especially sensitive to partonic structure at small x

Exclusive vector meson production: YA — VA

@ Can also measure t (Fourier conjugate to b)
= access to the spatial dependence

Pocket formula for diffraction (2-gluon exchange, LO)
d ~v*A— VA 16 3 2|— 2
o _ &S‘:G [xg(x, Qz)}
dt =g 3aemMy,

Ryskin, 1993

In practice not excatly proportional to the squared PDF, as PDFs are inclusive by definition

See however Guzey, Zhalov arXiv:1307.4526

April 13, 2021 / DIS2021 9/15
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Nuclear effects in exclusive J/W production

g [ e+p(Pb) = e+p(Pb)+J/y «~ " e+p(Pb) = e+p(Pb)+J/y
>
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Exclusive production at t = 0 scales as A2 If no nuclear effects: identical curves

@ Exclusive J/W production is highly sensitive to the nuclear environment at small x

@ Note advantage of J/W: high enough mass = perturbative
(but not too large: still sensitive probe)
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Diffraction Il: inclusive diffraction
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(] N e
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B 006 T 1 DGLAP) to diffractive structure functions
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002 - T 1 the LHeC/FCC-eh
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description of nuclear effects in inclusive

B B
= x in diffracti g ~1 M2
(€ = xin diffraction, small arge M) and diffractive events

LHeC CDR update arXiv:2007.14491
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Non linear QCD

Comprehensive physics program to discover
non-linear QCD dynamics

@ Nuclear suppression:

® . Inclusive and exclusive scattering
%, oo . i
& I @ Two particle correlations
o ® o .
® 30 3% o Azimuthal angle

o Rapidity

(BK)

— |8

In

l o o oo % e Collective dynamics (flow)
= .‘ o & Erea @ Hadronization in nuclear medium
. [ ] ([ 1Y Se z.o °o

Potential to study non-linear QFT!
Q> (DGLAP) With implications to e.g. LHC physics
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Dilute-dense transition

BK F}'/(AF})

10? : : 1.0
— @l - Qp)
0.9
@ Saturation effects important at scales
2 Al/3,-02

”Z LHeC kinematics 08 SJ Qs A X
B o Wide x, Q2 coverage: can study transition
> 0.7 to the saturation region at perturbative

scales at small x

@ Tension in DGLAP fits not including
non-linear dynamics?

0.6

0.5

107 103 102

x

Color Glass Condensate prediction based on H.M, T. Lappi, arXiv:1309.6963
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Non linear QCD

C(4,,)

0.24 T T T
Proton 2.75 TeV
----Proton 7 TeV
0.20 Lead Nucleus 2.75 T eV
0.16 |
0.12 1
0.08
0.04
000 =5 - -
2.6 2.8 3.0 3.2

e Po

e+ A — h+ h+ X LHeC CDR arxiv:1206.2013
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Power of more differential measurements, e.g.
1 @ Azimuthal correlations of hadrons

@ Gluon saturation: gluons have
pT ~ Qs ~ AL/3x=A
1 @ Prediction: back-to-back peak disappears:

e Increasing A
o Decreasing x / increasing /s

wer of nuclei: Huge nuclear oomph
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Conclusions

High energy nuclear DIS at LHeC and FCC-eh, with center-of-mass energies in TeV range

High precision and large kinematical coverage enable a comprehensive physics program
eA collisions is a central part of the physics program
e Nuclear PDF, diffractive PDF, exclusive processes, non-linear QCD

Probe QCD in high density region with multiple probes to reveal non-linear dynamics
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Conclusions

High energy nuclear DIS at LHeC and FCC-eh, with center-of-mass energies in TeV range
High precision and large kinematical coverage enable a comprehensive physics program
eA collisions is a central part of the physics program

e Nuclear PDF, diffractive PDF, exclusive processes, non-linear QCD

Probe QCD in high density region with multiple probes to reveal non-linear dynamics

See also other LHeC/FCC-eh talks

BSM Physics at the LHeC and the FCC-eh: Tuesday

The ERL Facility PERLE at Orsay: Tuesday

Determination of the Parton Densities in the Proton at the LHeC:. Wednesday
The Large Hadron-electron Collider at CERN: Status and Plans: Wednesday
The LHeC as Part of the HL-LHC Programme: Thursday

Top physics at the LHeC and the FCC-eh: Thursday

Higgs physics at the LHeC and the FCC-eh: Thursday

Precision electroweak measurements at the LHeC and the FCC-eh: Thursday
Small-x physics at the LHeC and FCC-eh: Thursday
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Backups
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Differential imaging with exclusive processes

/+Ph—> J/\I!+Pb Q% =0GeV?

107 — mtgggglggg;gsgfmtr%re fuctuatons @ Fourier transform coherent spectra

o — spatial distribution of small-x gluons
o @ Incoherent cross section: sensitive to e-b-e
él()sf; - fluctuations of the scattering amplitude
ilo*( _________________________ @ Dashed line: only nucleon positions
Emi‘ ———_-]r;éér;ér;a}]{_ fluctuate, solid: also nucleon substructure

' @ Substructure fluctuations: large effect at
102 § A\ Coherent large |t| (small length scale)
0.00 0.0 0.0 0.15 020 025 030 035 040 e LHeC/FCC-eh kinematical coverage:
] (GeV?] study x evolution of fluctuations

COherent: Pb remains intaCt Figure: LHeC CDR update arXiv:2007.14491. Nucleon shape fluctuations: H.M,
InCOherent: target breakup Schenke, PRL 117 (2016) 052301, see also review arXiv:2001.10705

W =0.1,0.813,2.5 TeV
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Structure functions at small x: beyond fixed order
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Ball et al, arXiv:1710.05935
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Importance of wide kinematical domain

Q% =5 GeV?
— Xxp=0.01
— X, =0.001

e Large M?: nucleus absorbes ggg dipole
more strongly, nuclear suppression

D)/ (AF

b N \ o Small M2: todo why
Dé‘ 05l §§ ‘;o S | This transition at small x is accessible only
it <2 E= with high /s; EIC at the US is borderline,
. L ik Eits LHeC can do MUCH better
1 10 100
M7 (GeV?)

Aschenauer et al, 1708.01527
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Nuclear effects in inclusive diffraction

Nuclear suppression factor in inclusive diffraction (1 = no nuclear effects)

-

1 T T

osl &= 0.001 |
0.6
R 0.4 .. . . .
- - @ Prediction: large suppression observable in a wide
0 . . . kinematical window
104 103 102 101 100

@ Nuclear effects potentially different compared to

1 inclusive scattering

R 2: @ Multiple probes of the high density nuclear matter
0.4 @ Hatched area: kinematically excluded in LHeC/FCC-eh

0.2

0 ! ! l
104 1073 1072 101 100

(& ~xp, B ~1/MK)

LHeC CDR update and 1901.09076
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