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é JLab 6+12
Latest & most promising idea A -
to take lepton-hadron physics .
= E
to the TeV centre-of-mass scale L
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Other LHeC Talks at ICHEP’ 12
‘Partons, QCD and Low x Physics at the LHeC’
Claudia Glasman, Thursday 10.15

‘Design Concepts for a Large Hadron Electron Collider’
Max Klein, Saturday 11.30

"The LHeC Detector Design Concept’
Alessandro Polini, Saturday 15.15

‘Prospects for Higgs Physics at an LHeC’
Uta Klein, Saturday 17.00



Baseline* Design (Electron “Linac”)
Design constraint: power consumption < 100 MW - E_ = 60 GeV

* Two 10 GeV linacs, tune-up dump
e 3 returns, 20 MV/m
* Energy recovery in
same structures
[CERN plans energy
recovery prototype]

10-GeV linac comp. RF

injector

20, 40, 60 GeV

10, 30, 50 GeV

total circumference ~ 8.9 km

++ 10-GeVlinac

e ep Lumi ~ 1033 cm2 s 0.0 km
corresponds to ~10 fb-"

per year (~ 100 fb! total)

« eD and eA collisions have always been integral to programme
« e-nucleon Lumi estimates ~ 1031 (1032) cm2s™! for eD (ePb)

# Alternative designs based on electron ring and on higher energy, lower
luminosity linac also exist



Detector Overview

Muon Detector

« Forward / backward asymmetry reflecting beam energies
 Present size 14m x 9m (c.f. CMS 21m x 15m, ATLAS 45m x 25m)
« ZDC, proton spectrometer integral to design from outset



DIS: Parton Microscopy

QZ%: exchanged boson resolving power

x: fractional momentum of struck quark

Only previously studied in collider

mode at HERA (ep, 1992-2007)
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Some LHeC Heavy lon Highlights

- Measurement of nuclear parton densities

- Behaviour of struck quark
passing through cold nuclear
matter

. H1 and ZEUS
. = Q*=10 GeV*
- How is low x growth of parton
densities tamed to satisfy unitarity?... *| ——————
( \:| model uncert.
- parametrization uncert. Xuy
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Some LHeC Heavy lon Highlights

p,A
- Measurement of nuclear parton densities
- Behaviour of struck quark
passing through cold nuclear P,A

matter

Bi
o

- How is low x growth of parton
densities tamed to satisfy unitarity?...
e.g recombination gg - g?

... new high density parton regime
characterised by non-linear parton

evolution dynamics (e.g. CGC) ...



LHeC Strategy for making the target blacker

LHeC delivers a 2-pronged approach:

Enhance target blackness’ by:

1) Probing lower x at fixed Q%in ep

[evolution of a single source]

2) Increasing target matter in eA
[overlapping many sources at fixed kinematics ... density -~
A'/3 ~ 6 for Pb ... worth 2 orders of magnitude in x]
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Current Status of Nuclear Parton Densities

* Rich array of nuclear Anti-shadowing [Existing data]
effects not fully B s \ e
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Complementarity of AA, pA and eA Physics

Need to constrain
initial conditions to
extract and quantify
QGP properties
from AA data

Inclusive J/W¥ data

Gluon
emission
from

(saturated?)
nuclei

Quark
gluon
plasma
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factorisation)



Impact of eA F, LHeC data

« Simulated LHeC ePb F, measurement 1
has huge impact on uncertainties

e Most striking effect for sea & gluons ¢

e High x gluon uncertainty still large ™
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Exclusive / Diffractive Channels and Saturation

1) [Low-Nussinov] interpretation as 2 vy,
gluon exchange enhances sensitivity
to low x gluon

2) Additional variable t gives access to
impact parameter (b) dependent
amplitudes

- Large t (small b) probes densest

packed part of proton? X

region growing
with decrease of x.

(figure
from C. Weiss.)

—
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Y(Q) VM

Exclusive Diffraction in eA

(W)
Experimentally clear signatures and A A
theoretically cleanly calculable -
saturation effects in coherent Y(@) VM
diffraction case (eA - eVA)
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Summary

[More at http://cern.ch/lhec]

e LHC is a new world for heavy ions even more than for protons

«LHeC adds ep and eA to existing pp, pA and AA programme
- 3-4 orders of magnitude in nPDF kinematic range
- New non-linear QCD dynamics of parton saturation

- Baseline for establishing QGP effects

e Conceptual Design Report available. Moving towards TDR
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... with thanks to Nestor Armesto, Brian Cole, Max Klein,
Anna Stasto and many experimentalist, theorist
& accelerator scientist colleagues ...

LHeC Study Group
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Example Low x Study in ep
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* We should be able to distinguish between different QCD-based
models for the onset of non-linear dynamics

« Unambiguous observation of saturation will be based on tension

between different observables

eg.F,vF inepand/orF,inepveA



Inclusive ep Diffraction
and Nuclear Shadowing

(Gribov-Glauber) nuclear shadowing
as multiple interactions, starting

nt:

from ep DPDFs
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LHeC delivers precise
inclusive diffraction data
in unprecedented ep and
eA kinematic range.



Complementarity of pA and eA Physics

ALICE expected reach in 1 yr. pA(Ap) collisions CMS expected reach in 1 yr. pA(Ap) collisions
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« L HeC offers access to lower x than is realistically achievable
in pA at the LHC

* Clean final states / theoretical control - to (N)NLO in pQCD

* New effects anyway likely to be revealed in tensions between
eA and pA, AA (breakdown of factorisation)
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HERA’s achievements ... and limitations

H1 and ZEUS

Q’=10 GeV?

X

© Proton parton densities in
unprecedented kinematic range with
high precision in most of LHC region

® Insufficient lumi for high x precision
® Assumptions on flavour decomposition
® No deuterons ... u and d not separated,

+ no isoscalar target

®No heavy ions (wasted opportunity!)



Simulation of J/ip Photoproduction in ep

e.g. “b-Sat” Dipole model

- “eikonalised”: with impact-parameter
dependent saturation

€ ”, .
- “1 Pomeron”: non-saturating
p —> J/\y + p

3 1 200 B T T I T T I : T T T |
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p 1000~ | ° ZEULS o(1p) = (2,96 nbXWIGe V)’ 2]
K LHeC Simulation | | .~ -
. | —— b-Sat (eikonalised) ‘_,.-" : i
800 - b-Sat (1- Pomeron) _____ " ! —
- A ' 3 | -
- [2fb o SR ]
soo (2T :
400 o . E.=150Gev
B . E. =100 GeV .
: L ) E.= 50 GeV :
| E = ZDGeV |
200 — Vemcal(ddtted) lines mdt:ate vall&d of n
» W =45 = .\[45 E, at the LHeC with E =7Tev. ]

o~

T B R
500 1000

1 500 2000 2500

W (GeV)

vy,

e Simulated data shown
are extrapolations of
HERA power law fit

e Significant non-linear
effects expected in LHeC
kinematic range, even
for ep.

- Sat" smoking gun?



