DESY 06-006, by J. Dainton, M. Klein, et al.
« 2008 Presentations at EPACO08, Genoa, Italy

« 2008-10 Three CERN-ECFA-NUPECC workshops on Accelerator,
Detector, Physics (New Physics, QCD, EWK and parton densities)

« 2010 Presentations at IPAC10, Kyoto, Japan
« 2011 Status report at PECFA Nov. 2011

« 2012 Conceptual design report (631 pages) delivered:
http://arxiv.org/abs/1206.2913

« 2012 CERN-ECFA-NUPECC Workshop in Chavannes (June 2012)
https://indico.cern.ch/conferenceDisplay.py?confld=183282
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3. Physics Programme

Why an ep/A Experiment at TeV Energies?

For resolving the quark structure of the nucleon with p, d and ion beams
QPM symmetries, quark distributions (complete set from data!), GPDs, nuclear PDFs ..
For the development of perturbative QCD

NkLO (k=2) and h.o. eweak, HQs, jets, resummation, factorisation, diffraction

For mapping the gluon field

Gluon for ~10°< x <1, is unitarity violated? J/, F.5, ... unintegrated gluon

For searches and the understanding of new physics

GUT (o, to 0.1%), LQs RPV, Higgs (bb, HWW) ... PDFs4LHC... instanton, odderon,..?

For investigating the physics of parton saturation

Non-pQCD (chiral symm breaking, strings), black disc limit, saturation border..

..For providing data which could be of use for future experiments [Proposal for SLAC ep 1967]
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PDFs (t, s, g-q, val, xg)
Odderon

Instanton

(no) saturation, QCD
QGP initial state

Candidates for Surprises and Discoveries

The study of deep inelastic ep scattering is important for the investigation of the nature of the Pomercn
and Odderon, which are Regge singularities of the t-channel partial waves f;(f) in the complex plane of the
angular momentum j. The Pomeron is responsible for a growth of total cross sections with energy. The
Odderon deseribes the behaviour of the difference of the cross scctions for particle-particle and particle-
antiparticle scattering which obey the Pomeranchuck theorem. In perturbative (QCD, the Pomeron and
Odderon are the simplest eolorless reggeons (families of gluehalls) construeted from two and three reggeized
gluons, respectively. Their wave functions satisfy the generalized BFKL equation. In the next-to-leadirg
approximation the solution of the BFKL eguation contains an infinite number of Pomerons and to verify
this predietion of QCD one needs to increase the energy of colliding particles, In the N=4 supersymmetric
generalization of QCD, in the t'Hooft limit of large V., the BFKL Pomeron is equivalent to the reggeized
graviton living in the 10-dimensional anti-de-Sitter space. Therefore, the Pomeron interaction describirg
the sereening corrections to the BFKL predictions, at least in this model, should be based on a general
covariant effective theory being a generalization of the Einstein-Hilbert action for general relativity. Thus,
the investigation of high energy ep scattering conld be interesting for the construetion of a non-perturbative
approach to CQQCD based on an effective string model in high dimensional spaces.

Lev Lipatov in the CDR... . .
Factorization pp-ep

LQs, RPV SUSY

Ultra high precision {detector, e-h redundancy) - new insight
e

Maximum luminosity and much extended range - rare, new effects
Deep relation to (HL-) LHC (precision+range) - complementarity nggs CP
> LHeC brings a substantial enrichment of LHC physics a, indeed small (GUT)
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4. The CDR
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CDR Model
2008-2012
Scientific CERIN

Advisory ECFA
Committee NuPECC

Accelerator | Interaction Detector New Physics | QCD and High Parton
Region Electroweak | Densities

Organisation of the LHeC Conceptual Design Report
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Issue a): ring on ring vs. linac on

10-CeV linac comp. RF

— HC injector

Figure 7.1: Schematic Layout of the LHeC: In grey the LEP tunnel now used for the LHC, in red the LHC
extensions. The two LHeC bypasses are shown in blue. The RF is installed in the central straight section of 012 km
the two bypasses. The hypass around Point 1 hosts in addition the injection.

comp. KF 20, 40, 60 Gelf

10, 30, 50 GeV

total circumference ~ 8.9 km

== 10-Ce\ linac
0.03 kan )
e- fi

Figure 8.5: LHeC ERL layout including dimensions.
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M.Klein at IPAC11

Table 1: Parameters of the RR and RL Configurations

Ring Linac

electron beam

beam energy E. 60 GeV

e~ (e*) per bunch N, [107] 20 (20) 1(0.1)
e~ (e*) polarisation [%] 40 (40) 90 (0)
bunch length [mm] 10 0.6
tr. emittance at IP 7'e;’y [ mm] 0.58, 0.29 0.05
IP /3 function B;.y [m] 0.4, 0.2 0.12
beam current [mA | 131 6.6
energy recovery intensity gain — 17
total wall plug power 100 MW

syn rad power [kW] 51 49
critical energy [keV] 163 718

proton beam

beam energy E, 7 TeV
protons per bunch N, 1.7-10M
transverse emittance ye% 3.75 pm

collider

Lum e p (e*p) [102cm—2%s~ 1] 9 (9) 10 (1)
bunch spacing 25 ns

rms beam spot size 0, 4 [pm] 30,16 7
crossing angle # [mrad] 1 0
L.y =AL_4[10%2cm2s71] 0.3 1

Thomas Miuller, KIT Report on LHeC

Caveats:
Linac solution:
high cost
small e*- lumi

Ring-ring solution:
unclear impact on
LHC programme
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Issue b): potential disturbance of LHC programme

Tentative Time Schedule

Year 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Magnet pre-
Legal

series
preparation

Civil engineering
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Issue c): assembly of detector — presence of dipoles

LHeC Detector Overview

Muon Detector

Hadronic Calorimeter

Detector option 1 for LR and full acceptance coverage

Forward/backward asymmetry in energy deposited and thus in geometry and technology
Present dimensions: LxD =14x9m? [CMS 21 x 15m?, ATLAS 45 x 25 m?]
Taggers at -62m (e),100m (y,LR), -22.4m (y,RR), +100m (n), +420m (p)
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5. Comments by RECFA

ECFA congratulates the authors of the Large Hadron Electron Collider
(LHeC) Conceptual Design Report (CDR) for the ingenuity of their design
iIdeas and commends the enormous amount of effort which went into it.

\_/ o WO OpLud - U V C U cal- U g - U UC U \/ C
lineac-ring option realistic. In particular the impact of relatively low
attainable luminosity in the lineac-ring scenario on the positron-proton
programme needs to be quantified. Furthermore there are important open
Issues identified and remarks made by the expert referees reviewing this

CDR, which the community must address.

Once resolved, the community could proceed towards a detailed design,
cost estimate and schedule of the project. This also will depend on the
outcome of the update of the European Strategy in Particle Physics. To
continue the LHeC project, a strong and large enough community, based in
particle and nuclear physics, must be gathered to support the project.
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