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Design Considerations b
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[LLHeC options: RR and LR LH.0
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LLHeC: Ring-Ring Option
B Challenge 1: Bypassing the main LHC detectors

PZas ¢ PHAG

Point 5

Point4 |y,

THAG

Usag Rad?
uxas ‘ s

] nt‘#_ =
a4

“hp Usas
Point 3.3 £t £ Unes \m
FEL
RZ33 PZ‘EE -“
A .’j
Gy
w132 (EE] |

BE @

()
PM32
AN
) lI Point 3.2

w2z 9 Ua27 Point 2 =

Point 7

Point 1

ECFA, 25" November 2011, CERN Oliver Briining CERN



o

ca. 1.3 km Ing
ca. 300m long dispersion free area for RF installation
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Bypassing ATLAS: using the survey gallery
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‘ LLHeC: Ring-Ring Option LH.O

Bl Challenge 2: Integration in the LHC tunnel
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No interference with LHC

meets design parameters

3 synchrotron radiation
¢ | energy loss < 50 MW
’*& 4 ,, VL (maximum dipole filling)
. ' s k -
. - I 2 quadrupoles families
. / £ ~ reasonable sextupole
;. ' strength and length
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LLHeC: Ring-Ring Option LH.O
B Challenge 3: Installation with LHC circumfer~
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Dipole Prototype- BINP (Novosibirsk)
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LHeC Ring-Ring dipole 400 mm long CERN model

» interleaved ferromagnetic laminations
» air cooled

» two turns only, bolted bars

» 0.4 m models with different types of iron

9
0‘0 \ (Davide Tommasini]
6 b
eV
p Length [m] 5.45
gnetlc field [Gauss] 127-763
Number of magnets 3080
Vertical aperture [mm] 40
Pole width [mm] 150
“g 6 Number of coils 2
\,0 o@ Q‘ . High fields Number of turns/coil 1
6‘\ (G + Average Current [A] 1500
gig 213 Conductor section [mmxmm] 92x43
1) 4107 6-107 Conductor material aluminum
-4 Deviation from Average Magnet Inductance [mH] 0.15
abon stee) iig iig Magnet Resistance [mQ] 0.2
1 _rain oriented 3.5% Si steel) 2-107 4-10° Power per magnet [W] 450
— Cooling air
Manufacture & tests of 3 models Weight [tons] 15
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[LHeC: Linac-Ring Option =» LH.C
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[LLHeC: Baseline Iinac-Ring Option  ©LH.0

B Challenge 1: Super Conducting Linac with Energy Recovery

& high current (> 6mA)

tune-up dump comp. RF

Two 1 km long SC

10)

a,{\o‘\' => requires Cryogenic

! tem comparable
=00 . o0° Sys D
\‘3“ G to LHC system!
\“sxa\ W\ y
B Chal. . xelatively large return arcs

=>» ca.  Km underground tunnel installation
=>» total of 19 km bending arcs
=>» same magnet design as for RR option: > 4500 magnets

;’o“\ \n CW operation
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\90 \’ adles per linac
66 .1z, 21 MV/m CW

" .nilar to SPL, ESS, XFEL, ILC,
eRHIC, Jlab
-24 - 39 MW RF power

'\36 -29 MW Cryo for 37W/m heat load
e( oK) -4500 Magnets in the 2 * 3 arcs:
\‘O = LHC for 600 - 4m long dipoles per arc

a S .errft;?yatCERN 240 - 1.2m long quadrupoles per arc

- /9 U=U(LHC)/3=9km
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9 System Design
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9.9.1 Injection Region Design for Ring-Ring Option . . . .
9.9.2 Injection transfer line for the Ring-Ring Option . . .
9.9.3 60 GeV internal dump for Ring-Ring Option . . . .
9.9.4 Post collision line for 140 GeV Linac-Ring option . .
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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/() [{2] 114 285
cavity Qg — 2.5 1010
cooling power [kW] 5.4@4.2 K 30@2K

| 2 K supply pump line |

"5-m11 721 MHz cavities in individual 2 K bath

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



Interaction Region: Accommodatir gt ms LHeD
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LH.C
‘ Interaction Region: Synchrotron Radiation

Radiation Fan: Example Linac-Ring
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“LH.O
tion

Interaction Region: Synchrotropr ™
Significant power: > 20 kW. Example Ring-Ring ) 6‘6‘

Y [mm]
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Design Parameters

electron beam RR LR LR I 606 0\ R LR
e- energy at IP[GeV] 60 60 140 \OQG \0‘\ 1.7
luminosity [1032 cm-2s1] 17 10 \‘G ‘0‘ 3.75
polarization [%] 40 90 66 er \ 7
bunch population [107] 26 be %G e\o \’ 1
e- bunch length [mm] 1” \‘\0 \\\, \‘\Q \“a‘ °9 ]
bunch interval [ns] < Qe \“‘\" 00 0\3 9\0
transv. emit. yg,, [m~ XC S QQ i\ \‘G‘ :

oL : (03 e‘\o 0((\5 o‘\e G servative
rms eamsi> A\ . C
e- IP bet~ ~ Q@‘ QG‘\ »G 69(0 \,% diso for deuterons
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2 ¢V AN\ * )2 o A o) o
ge D \ < - Ring -
repe g G‘e \'&O 55 —Elnnagc —Eil:\]g
beam | 6\‘\ 31:\6 5—‘ _ ’
ER effic go ‘9 . N/A Ring uses 1° as baseline: L/2
average cL ,‘\\G 90 6.6 5.4 Linac: clearing gap: L*2/3
tot. wall plu, . 6\"\0 J 100 100

‘ea\\ ) pulsed, but high energy ERL notimpossible
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Disclaimer:

B Very short summary of CDR with ca. 500 pages:
-Many topics could not be covered here:

Accelerator:
Sources
Damping rings and injector complex
Injection and injector complex
Collective effects and Beam-Beam
Cryogenic system
Polarization
Beam Dump
Vacuum
Power generation and distribution, etc.....

= LHeC-Note-2011-003 GEN

ECFA, 25" November 2011, CERN Oliver Briining CERN
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[LHeC Planning and Timeline LH.O

Bl \We assume the LHC will reach end of its lifetime with the end
of the HL-LHC project:

-Goal of integrated luminosity of 3000 fb-* with 200fb-! to 300fb?
production per year =» ca. 10 years of HL-LHC operation

-Current planning based on HL-LHC start in 2022
=>» end of LHC lifetime by 2032 to 2035

Bl | HeC operation:

-Luminosity goal based on ca. 10 year exploitation time (100fb1)

-LHeC operation beyond or after HL-LHC operation will imply
significant operational cost overhead for LHC consolidation

ECFA, 25" November 2011, CERN Oliver Briining CERN 21



New rough draft 10 year plan

2010 2011 2012 2013 2014 2015 2016
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LHCb - consolidations ‘
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SPS upgrade ? SPS - LINAC4 connection & ? PSB energy upgrade
2016 2017 2018 2019 2020 2021 _
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LHC LS3
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@ Q o
2 < c
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© 1] -
E- ALICE - Inner vertex system £ £ H L LH C
i : g hard
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LHCb - full trigger upgrade, new Of LH eC
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. Preparation
Injectors

for HE-LHC
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LHeC Options: Executive 51 G“ LH.O
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Bl Ring-Ring option: ‘O\‘
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[LHeC Planning and Timeline LH.O

B CERN Medium Term Plan:
-Only 2 long shutdowns planned before 2022

-Only 10 years for the LHeC from CDR to project start (other
smaller projects like ESS and PSI XFEL plan for 8 to 9 years [TDR
to project start] and the EU XFEL plans for 5 years from
construction to operation start)

Bl | HeC planning:
-Need to start R&D work as soon as possible
-Need to develop detailed TDR after feedback from review panel

=>» concentrate future effort on only one option

ECFA, 25" November 2011, CERN Oliver Briining CERN 24



LHeC Tentative Time Schedule LH.C

Year 2012 2013 2014 2015 201 2017 2018 2019 2020 2021 2022 2023 2024

Magnet pre-
series

Legal

preparation

Civil engineering

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)

ECFA, 25" November 2011, CERN Oliver Briining CERN



LHeC Planning and Timeline LH.O

Bl R&D activities:
-Superconducting RF with high Q =» 1.3 GHz versus 720 MHz?
-Normal conducting compact magnet design ¢
-Superconducting IR magnet design

=>» synergy with HL-LHC triplet magnet development
-Test facility for Energy recovery operations and — or
compact injector complex

-High intensity polarized positron sources

ECFA, 25" November 2011, CERN Oliver Briining CERN 26



Reserve Transparencies LH.O

ECFA, 25" November 2011, CERN Oliver Briining BE-ABP 27



LH-.C

LHeC - Participating Institutes: A very rich collaboration
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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 25 GeV ELFE at CERN design

technology.

6.87 GeV

0.6 GeV
from EPA

[?] using modern ILC-type RF-

w g~

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.

Injector to Ring — similar 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 mi

Pole width 150 mi
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.

Magnets

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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-10
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=20
RR53
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L
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from J.A. Osborne CER



Ring: Dipole + Quadrupole Magnets LH.C

Parameter Value Units

Beam Energy 10-60 GeV

Magnetic Length 5.35 Meters

Magnetic Field 0.127-0.763 | Tesla

Number of magnets 3080

Vertical aperture 40 min

Pole width 150 mim

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
BINP & Power @ 60 GeV 270 Watt

Total power consumption @ 60 GeV | 0.8 MW
CERN Cooling air or water | depends on tunnel ventilation
prototypes Table 3.2: Main parameters of bending magnets for the RR Option.

5m long
(35 cm)?

slim + light
for installation

736 magnets
1.2mlong

Arc quadrupole magnets for the RR Option




LH-C

Loss compensation 1 (140m)

60 GeV Energy Recovery Linac

tune-up dump Loss compensation 2 (90m)

comp. RF

10-GeV linac s
injector

Linac 1 (1008m) —

Injector
20,40, €0 Gev Matching/splitter (31m) :
Matching/combiner (31m)
10, 30, 50 GeV Arc 1,3,5 (3142m) Arc 2,4,6 (3142m)

Bypass (230m)
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¢ final focus CERN 1 Matching/splitter (30m) CERN 2
Injector
|E| This image cannot currently be displayed. Splitter 10 GeV linac Combiner 300 MV
I —
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P
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30.2687 GeV arc ~0.166757 Ag3, phase advance | 5 §
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Jlab

10.35-GeV linac

Two 10 GeV energy recovery Linacs, 3 returns, 720 MHz cavities




Interaction region (2008)

Dump ar R. Tomas, F.Z.

E+ SOUrCE
or return loop

Proton (beam 2)

L*=10-20m L=40m
P

small e- emittance — relaxed B, — L, > L., can&must profit from
IB, ; single pass & low e-divergence — parasitic collisions of little
concern; — head-on e-p collision realized by long dipoles



IR layout w. head-on collision

detector integrated dipole: field ~0.45 T
X [cm] critical photon energy ~ 1 MeV

o
25 \ average SR power =87 kW / 2 ’Y
\ 8x10'° v/ bunch passage
) o
\ 1
158 N
S '
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incoming protons and outgoing electron beam [black]
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LINAC 60 GeV ERL

Loss compensation 2 (90m) Loss compensation 1 (140m)

Linac 1 (1008m) —

Injector

Matching/splitter (31m)
Matching/combiner (31m}

Arc 1,3,5 (3142m) Arc 2,4.6 (3142m)

Bypass (230m)

N
/N

IPline Detector
Matching/splitter (30m)

Linac 2 (1008m)

Matching/combiner (31m)

Figure 8.29: The schematic layout of the recirculating linear accelerator complex.

Table 8.2: IP beam parameters

LH-C

protons electrons
beam energy [GeV] 7000 60
Lorentz factor - 7460 117400
normalizwed emittance ez, [pwm] 3.75 50
geometric emittance €, , [nm] 0.,40 0.43
a [P beta function 3; , [m] 0.10 0.12
rms IP beam size o3 , [pm] T T
initial rms IP beam divergence o, ,, [prad] 70 58
beam current [mA] =430 6.4
bunch spacing [ns] 25 or 50 (25 or) 50
bunch population [ns] 1.7 x 101 (1 or) 2 x 10°

T I T T T T p2
02 | \ 1 Pl
0.15 P = s
S
01} = Coils
005 F .
E ot |
>
005 | -
01t .
015 |
_02 - i

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

10 20 30 40

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.




Ring - Arc Optics and matched IR

23 arc cells, Lcen=106.881 m

Onptics:
Beam Energy 60 GeV 1207 T
Phase Advance per FODO Cell ] Ql[]l“fﬁl]“‘ £ lﬂﬂz [T ] *_‘ [T 1 ]
Cell length 106.881 m <
Dipole Fill factor 0.75 S sof ]
Damping Partition J,/J,/J. 1.5/1/1.5 |
Coupling constant x 0.5 g m: ]
Horizontal Emittance (no coupling) || 4.70 nm & dof .
Horizontal Emittance (x = 0.5) 3.52 nm - '
Vertical Emittance (£ = 0.5) 1.76 nm > ]
T TR a e e e

SR Masks I I

Proton Beam

- Electron Beam

Proton Separator Dipole Electron
Final Final
Quad Doublet
(Offset) P2
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LH-C

Parameter Value
0.2 Ring-Ring RF Design . . . . . . Two linacs length 1 km
0.2.1 Design Parameters . . . . 5-cell cavities length 1.04 m
0.2.2 Cavities and klystrons . . Number 044
0.3 Linac-Ring RF Design . . . . .. Cavities/ cryomodule 8
0.3.1 Design Parameters . E Number eryomodules 118
033 Are RF systems e - Length cryomodule tm
Voltage per cavity 21.2 MV
R/Q 928502
07 Cryogenics. . . . . . . . . v i v i e e e e e e e Cavity QO 2.5.1010
0.7.1 Ring-Ring Cryogenics Design . . . . .. .. Operation CW
0.7.2 Linac-Ring Cryogenics Design . . . . . . .. Bath cooling 2K
0.7.3 General Conclusions Cryogenics for LHeC . Cooling power/cav. 2 Wa2 K
Total cooling power (2 linaes) | 30 kW @2 K
CDR draft
| 2 K supply pump line |
[ i ;
|

IL

"ﬁ-mll 721 MHz cavities in individual 2 K bath

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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