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The LHC p beams provide 100 times HERA’s luminosity
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Bypassing ATLAS @

For the CDR the bypass concepts
were decided to be confined to

ATLAS and CMS
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Figure 10.11: View on the ERL placed inside the LHC ring and tangential to IP2. TI2 is the injection line
into the LHC. The insert shows the view towards IP2, which currently houses the ALICE experiment, from

the direction of the protons colliding with the electron beam incoming from behind.
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1 Lepton-Hadron Scattering
1.1 Development and Contributions . .
1.2 Open Questions . . . . . . . . . . .

2 Design Considerations
2.1 DIS and Particle Physics . . . . . .
2.2 Synchronous pp and ep operation
2.3 Choice of Electron Beam Energy .
2.4 Detector Constraints . . . . . . ..
2.5 Two Electron Beam Options
2.6 Luminosity and Power . . . . . ..

Default energy: E.=60 GeV

So far LQ limits ~0.5 TeV

Q?>> M,?

Gluon saturation at x ~10~>
in the DIS region Q% >M?

Synchrotron radiation ~ E_*
Cost and Luminosity:
L = 100 Lyygps, Q2 and 1/x = 20 HERA

[LHC in 2014 may affect that choice.]

Why differ leptons from quarks? (Leptopartons)
Higgs? (production via gg (SM), bb(MSSM), quartic selfcoupling)
Mapping of the Gluon Field (next slide)

Non pQCD — 10 dim string theory (BFKL, odderon)
Ultimate precision of a, and sin?0 (0.1%, u dependence)
Determination of ALL quark distributions
Confinement?? (Diffraction)

Generalised parton distributions (Dvcs)

DGLAP = BFKL? (saturation of gluon density)

Structure of the neutron (no eD at HERA)

Partons in nuclei (4 orders of magnitude extended range)
New singly produced states (e*)

Unfolding of Contact interaction effects (up to 50 Tev)

The LHeC has an outstanding, unique programme,
which is complementary to the LHC. It requires:

High energy, high luminosity, polarised e*, p, D, A.
The LHC provides all of that if complemented

by an intense, high energy electron beam. This
determines the schedule, and the site is no question.
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Figure 4.17: Relative uncertainty of the gluon distribution at Q% = 1.9 GeV?, as resulting from an NLO QCD
fit to HERA (I) alone (green, outer), HERA and BCDMS (crossed), HERA and LHC (light blue, crossed)
and the LHeC added (blue, dark). Left: logarithmic z, right: linear x.
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LHeC ERL Design and Beam-dynamics Issues

ERL stores energy while ring stores electrons
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TABLE II REPRODUCIBILITY OF MAGNETIC FIELD OVER 8 CYCLES

Model Low field  High fields
Maximum Relative Deviation from Average
Model 1 (NiFe steel) 5-10° 4-10°
Model 2 (Low carbon steel) 6-10° 6-10°
Model 3 (Grain oriented 3.5% Si steel) 4-10° 6-10°
Standard Deviation from Average
Model 1 (NiFe steel) 3-10° 3-10°
Model 2 (Low carbon steel) 4-10° 5-10°
Model 3 (Grain oriented 3.5% Si steel) 2-10° 4-10°

Prototypes from BINP and CERN: function to spec’s
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Table 2: Components of the Electron Accelerators

Ring Linac
magnets
beam energy 60 GeV
number of dipoles 3080 3600
dipole field [T] 0.013 - 0.076 0.046 — 0.264
total nr of quads 866 1588
RF and cryogenics
number of cavities 112 944
gradient [MV/m] 11.9 20
RF power [MW] 49 39
cavity voltage [MV] 5 21.2
cavity R/Q [2] 114 285
cavity Qg — 2.5 1010
cooling power [kW] 54@4.2 K 30@2 K

{ 2 K supply pump line |
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systems will consist of a complex task. Further cavities and cryomodules will require a limited
R&D program. From this we expect improved quality factors with respect to today’s state
of the art. The cryogenics of the L-R version consists of a formidable engineering challenge,

however, it is feasible and, CERN disposes of the respective know-how.

from CDR LHeC
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Figure 13.9: An rz cross section of the LHeC detector, in its baseline configuration (A). In
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LHeC Tentative Time Schedule LH,

Year 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Magnet pre-
series

Legal

preparation

Civil 2Ngineering

LS3 --- HL LHC

>

We base our estimates for the project time line on the experience of other projects, such as
(LEP, LHC and LINAC4 at CERN and the European XFEL at DESY and the PSI XFEL)
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Figure 11.1: CERN medium term plan (MTP), draft as of July 2011



Table 1: Parameters of the RR and RL Configurations

Ring Linac

electron beam

beam energy F. 60 GeV

e~ (e™) per bunch N, [10°] 20 (20) 1(0.1)
e~ (e™) polarisation [%] 40 (40) 90 (0)
bunch length [mm] 10 0.6
tr. emittance at IP ’yeiqy [ 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 NN, 1.7-10%
transverse emittance yef 3.75 pm
collider

Lum e p (etp) [10%2cm—2s71] 9 (9) 10 (1)
bunch spacing 25 ns

rms beam spot size 0z [pm] 30,16 7
crossing angle ¢# [mrad] 1 0
L.y =AL.4 [10%2cm—2s71] 0.3 1

Both the ring and the linac are feasible and both
come very close to the desired performance.

The pleasant challenge is to soon decide for one.

CERN-ECFA-NuPECC:
CDR Draft (530pages) being refereed
Publish early 2012

Steps towards TDR (tentative)
-Prototype IR magnet (3 beams)
-Prototype Dipole (1:1)
-Develop Cavity/Cryomodule
-Civil Engineering, ...

Build international collaborations
for the accelerator and detector
development. Strong links to ongoing
accelerator and detector projects.

The LHC offers the unique perspective
for a further TeV scale collider. The
LINAC’s are of about 2mile length, yet
the Q2 is 10° times larger than was
achieved when SLAC discovered quarks.
Particle physics needs pp, |l and ep.
Here is a realistic prospect to progress.
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Interaction Region(s)

RR -Small crossing angle ~1mrad (25ns) to avoid first parasitic crossing (L x 0.77)
LR — Head on collisions, dipole in detector to separate beams
Synchrotron radiation —direct and back, absorption simulated (GEANT4) ..

o B z
LIl i
MobbpbpsaiioenezaRERREgs
3 S 343 SRR ¥ IS S 44
Radial
Distance |
in
metres
© Bunch w
a2z z =)
Crossings
a |_non-colliding
b boam _ .

S
i 1
!
) L

9
o
€0-9T°0

e-Separator
Dipole

A ;"
e i i\
Ry !
B u \:
\ Il
- I
- )
L "lr‘ () “.'v“;
] AR
AN ".
\ il A
f d 0
g R
W LR
¥ " ! i R
i i 8
orT
001

s 1 I x
-3 =25 -0 -15 5 20 33 33 40 < >0

-1o =3 a 5 10
Distance from IP in metres

o [July 2010]

15t sc half quad (focus and deflect)
separation 5cm, g=127T/m, MQY cables, 4600 A ond quad: 3 beams in horizontal plane
separation 8.5cm, MQY cables, 7600 A

V 00bL 21920 AOIN € vondo Sun-3ung



