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Coupling and constructive resonances up to 4t order

Beam energy 60 GeV
No. of particles per bunch 1.98 x 1010
No. of bunches 2808
Circumference 26658.8832 m
Syn. rad. loss per turn 437.2 mev
Power 43.72 MW
Damping partition jz/jy/je 1.5/1/1.5
Coupling constant K 0.5
Damping time 7, 0.016 s
Damping time 7, 0.024 s
Damping time 7, 0.016 s
Polarization time 61.7 min
Horizontal emittance (no coupling) 5.53 nm
Horizontal emittance (k = 0.5) 4.15 nm
Vertical emittance (k = 0.5) 2.07 nm
RF voltage Vrr 500 MV
RF frequency frr 721.421 MHz
Energy spread 0.00116
Momentum compaction 0.00008084
Synchrotron tune 0.058
Bunch length 6.88 mm
Max. hor. beta 141.94 m
Max. ver. beta 138.43 m
Max. hor. dispersion 1.66 m
Vert. dispersion 0Om

Max. hor. beam size (5/2.5 nm emittance) | 2.1 mm
Max. ver. beam size (5/2.5 nm emittance) | 0.59 mm

Table 7.8: LHeC Optics Parameters




7.12.4 10 GeV injector

For the acceleration to 10 GeV we propose a re-circulating LINAC, designed as a downscaled,
low energy version of the 25GeV ELFE at CERN design [?] using modern ILC-type RF-
technology.

6.87 GeV

0.6 GeV
from EPA

4 ILC RF-units, 1.28 HGz, 156 m, providing 3.13 GV 10 GeV to LHeC

Figure 7.62: Recirculator using 4 ILC modules.

LINAC racetrack — injector — close to Linac design [R+D]

Parameter Value Units
Beam Energy 10-60 GeV
Magnetic Length 5.35 Meters
Magnetic Field 0.0127-0.0763 | Tesla
Number of magnets 3080

Vertical aperture 40 mm

Pole width 150 mm
Number of turns 2

Current @ 0.763 T 1300 Ampere
Conductor material copper

Magnet inductance 0.15 milli-Henry
Magnet resistance 0.16 milli-Ohm
Power @ 60 GeV 270 Watt

Total power consumption @ 60 GeV | 0.8 MW
Cooling air or water depends on tunnel ventilation

Table 9.4: Main parameters of bending magnets for the RR Option.

Novosibirsk dipole prototype
measured field reproducible
to the required 2 10

CERN prototype under test

3080 dipoles
336+148 F+D
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rms IP beam size o} , [um] 7 7
initial rms IP beam divergence o7}, ,, [urad] 70 58
beam current [mA] >430 6.4
bunch spacing [ns] 25 or 50 (25 or) 50
Loss compensation 2 (90m) Loss compensation 1 (140m) | bunch population [ns] 1.7 x 10" (1 or) 2 x 10°
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Figure 8.29: The schematic layout of the recirculating linear accelerator complex.

40 30 20 -10 0 10 20 30 40
Z[m]

required for high luminosity, the linac must be based on superconducting (SC) radiofrequency

(RF) technology. The development and industrial production of its components can exploit

synergies with numerous other advancing SC-RF projects around the world, such as the DESY
XFEL, eRHIC, ESS, ILC, CEBAF upgrade, CESR-ERL, JLAMP, and the CERN HP-SPL.
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Parameter
Two linacs
5-cell cavities
Number
Cavities/ cryomodule
Number cryomodules
Length cryomodule
Voltage per cavity
R/Q
Cavity QO
Operation
Bath cooling
Cooling power /cav.

Total cooling power (2 linacs)

Value
length 1 km
length 1.04 m
944
8
118
14 m
21.2 MV
2850
2.5.10%°
CW
2K
32 Wa2K
30 kW @2 K

'
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’5-cell 721 MHz cavities in individual 2 K bath

L
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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.
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IV  Detector
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tagging of b,c)

Modular for ‘fast’
installation

State of the art
for ‘no’ R+D

1-179° acceptance
for low Q?, high x

Affordable

————

Figure 13.9: An rz cross section of the LHeC detector, in its baseline configuration (A). In
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Present dimensions: LxD =14x9m2 [CMS 21 x 15m?, ATLAS 45 x 25 m?]
Taggers at -62m (e),100m (y,LR), -22.4m (y,RR), +100m (n), +420m (p)



11 Project Planning

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

Magnet pre-
series

Legal
preparation

LS3 --- HE 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). In
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The striking advantage of an extension from LHC to a LHeC lies, apart from the new physics,
in the comparatively small investment cost, the possibility of quasi undisturbed continuation
of LHC hadron physics and the fact that the technologies are largely already at hand today.
This applies also to the cryogenic part. No so-called “show-stoppers” could be detected during

Conclusion of the cryo section (page 403) of the draft CDR
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