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Abstract The Ring Ring Option

The LHeC aims at the generation of hadron-leptoGeneral RR and RL LHeC concepts and their layoth wi
collisions with center of mass energies in the Bedle. respect to the LHC geometry are sketched in Figzat.
The existing LHC storage ring with its 7 TeV protonthe RR option a lepton ring will be added to theQ@ with
beams is extended by a high energy electron aeteter minimal interference for the continuing high-lumgity

in the energy range of 60 to 140 GeV. This papesgmts proton-proton program. This will require a sepamati
technical considerations and parameter choicesuoln a bypass for the lepton ring around the high lumityosi
machine and outlines the challenges of collidingigh experiments ATLAS, in the interaction region IRhda
intensity high energy proton and electron beam. CMS in IR5 as indicated in Fig 1 and a new desibone
The LHeC is presently being evaluated in the fofrwe  of the LHC interaction regions.

options, ‘ring-ring’ and ‘linac-ring’, either of wbh The main parameters of the LHeC study are sumnthrize
operate simultaneously with pp or ion-ion collisom intable 1. In order to exploit the full potentilthe high
other LHC interaction regions. Each option takek®unch number in LHC also for the electron proton
advantage of recent advances in radio-frequendinéar collisions, an equivalent number of electron busche
acceleration, and in other associated technologes, foreseen, leading to an overall beam lepton cumémtl
achieve ep luminosity as large as*ton?s. mA. Especially the large number of bunches in LHC
(2808) and the corresponding small bunch distaace i
challenging requirement for the layout of the iatgion
region and the design of the electron storage @Gigen
the stored electron current, the electron energlefsed

by the available rf power: Limiting the requiredpdwer
consumption to about 50 MW an electron energy of 70
‘GeV can be achieved.

General Considerations

The possibility of electron hadron collisions irethHC
tunnel was already foreseen at an early stageeof HC
project (using LEP itself in its first version) [INlow with
the LHC machine coming into operation, there is ne
interest to investigate an e-p option in detail §2d the
possibility of such “LHeC” collider is being invégated

under an ECFA mandate [3, 4, 5]. Cuznnty mit P T
Two options are being considered and studied ialfedir Beam anargy GV i 7000
On one hand the electron beam could be accelegaigd | Tofel beam curment | mA i |
stored in a LEP like storage ring that would bdtbnithe ?ﬁ;ﬂmﬂi;‘ I.-jﬁ 1?_1%:] 01;'3:{
LHC tunnel [6, 7]; a second alternative is basedaon | 1z crmittence i s | oson
superconducting electron linac, configured as cedator Horizontal A2 om 123 180
[8]. We will refer to them as Ring-Ring (RR) andnBi Verncal ) om 71 0
Linac (RL) options. Both options need a specifiwlat of Eﬁ‘mdlvwﬁm‘ %& "1;3-" - n:u:::nli :
one of the present LHC interaction regions. Bk s N2 0

e CMS Energy (/) GeV 1400

Luminesity /1072 em %5t 1.1

Table 1: The parameters for the LHeC ring ringsigar.

The beta functions chosen here at the ep interapiint
lead to matched beam conditions of the electron and
proton beam and a luminosity in the range 6f10

The new electron ring will be located on top of the
LHC proton ring (Fig.2) for the largest part of thanel.
Only at the high luminosity experiments ATLAS and
CMS in IR1 & IR5 respectively, the electron beant e
Figure 1: Schematic layout of possible electrontgmo separated from the proton ring lattice to pass the

interaction regions. The numbers in the figuremédethe  experiment on a bypass whose geometry is sketahed i
interaction region forma ring ring scenario “1”,dato  Fig 3.

linac ring options using the CERN SPL “2” and a
dedicated new electron linac “3".




For the proton beam optics presented here, havae bee
optimised according to the constraints that aneenfthe
B-functions at the IP (table 1), the separation s@he
(mainly the length of the dipole separator magnet
determining the distance of the first hadron qupdte to

the IP) and, above all, matching to the present [EBG0
structure in the arc (see figure 5)

Therefore the mini beta quadrupoles of the electron

4iﬁ < storage ring are positioned of-centre with respecthe

. design orbit. An additional crossing angle of 1.Badh

Figure 2: Geometry of the proton ring in the LHC leads to well separated beams already at theplnstsitic
tunnel and a new electron ring located on top.of it bunch encounter at a distance of 3.75m

A detailed layout of the bypass regions is showRim
4. Guiding the electron beam for a large part iralhel to
the present pp interaction regions and keepingetpasts
dispersion free, there will be enough space evenstall
the required rf structures in the electron machine.

15

& s = Figure 5: Layout of the LHeC interaction region.
of e I
sl /' "\ ] For the design of the proton beam optics in LHeC a
; % special boundary condition had to be observed: ther
a0 by layout of the four present proton proton interactio
b k regions in the LHC machine an anti symmetric optiad

600 -400 -200 0 200 400 600

been chosen: A solution that is appropriate fooand
Figure 3: Geometry of the electron beam in IR 1:&6 beam opticsfx = By). An optimised design for collisions
guide the electron beam on a separated latticendrthe with the flat ex beams however require uneqg@al
high energy detectors, the design orbit has to béified. functions for the hadron beam and the existing LHC
The resulting new lattice for these “bypass regiois optics can no longer be maintained. Therefore titeal
compared in the picture to the former LEP geometry.  layout of the existing triplet structure in the LH@d to

be modified to match the required beta functions
(px=1.8m, By=0.5m) to the regular optics of the FoDo in
the arc (Fig 6).
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Figure 4: Detailed layout of the new bypass stmectu | ! \
for the electron beam at IP 1 and IP 5.
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The Interaction Region and Beam Optics VA \\/A\V/A\/ | / \/ VM ANN A
For the design of the ep Interaction Region a speci . _ L By ;
lattice has been chosen: A focusing scheme thdslem R e
well matched electron and proton beams has bee
combined with a fast beam separation to avoid taras
beam encounters. In general the large momentum
difference of the two colliding beams provides ayve Figure 6: Proton beam optics at the ep collisioimipo
elegant way to separate the lepton and the hadzamp Matched to the existing LHC proton optics.
Shifting the minif quadrupoles of the electron beam and
installing a long but weak bending magnet clostheolP ~ For the electron case again a symmetric tripletcstire
provides the gentle separation scheme needed ptkee has been chosen.The main requirements for a well
synchrotron radiation level in the IR within reaabke bPalanced solution here are given by the need tohrtae
limits. optical parameters of the interaction region torégular

pattern in the arcs, to limit beam beam tune shifthe




electron machine to tolerable values and to obtian
required beam emittance that - unlike to the emittaof
the protons - depend on the focusing propertieth@
ring. Fig 7 shows the result of the electron begatice in
the new e-p interaction region.
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Figure 7: Electron beam optics at the ep colligomt
matched to the FoDo structure of a new electrorag®
ring.

The electron beam optics in the arc is based oBRllke

Figure 9: Beam separation scheme using of centre
guadrupole magnets and a separator dipole magnet.
Schematically the location of the first parasitianbh
collision points have been added (green dots).

Still the separation at the location of the firgbtpn
magnet is small and at this point a half quadruplelsign
for this super conducting magnet has to be chogka.
resulting beam parameters - including the expected
luminosity for this ring ring option - are summadsin
table 2. Colliding two beams of different charaistics,

FODOstructure; however a smaller cell length hasnbe the luminosity obtained is given by the equation

chosen to reduce the emittance of the beam: Aacglidi
for the length of 59m in the FODO structure anchage
advance of 72 degrees an overall number of 384 vl
be required (Fig 8).
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Figure 8: Beam optics in the arc of the new eletting
for the LHeC RR version.

Challenges of the RR Option:

The main challenges for the RR option are relatethé
layout of the interaction region: Due to the largember
of bunches in the LHC (2808) and the correspondiag
bunch distance of 25 ns first parasitic - and urtecn
bunch crossings appear already at a distance 6&f 18.7
from the IP. To overcome this problem, a fast sfan

Z('*

iy \/axp + 02

pi )
2 2
\/a. P to ye

and according to the parameters of table 2 a wa#lue
1.1*10 33 is obtained for the RR design.
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Having chosen the main parameters as beam optics,
energy and current, the main performance limitafana

RR design will be related to the available rf powet is
needed at a given energy to compensate the synahrot
radiation losses. The synchrotron radiation poisea
steep function of the energy,

*y4*r2* Ne

Being limited by the available rf power that can be
installed (or paid), the equations (1) and (2) dsn
combined to establish a relation between the besrgyg
and the resulting luminosity that will be obtain@d Fig
10. Two examples are pointed out in the plot: If a
luminosity of 16° is aimed for, a beam energy of 50 GeV
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of the electron and proton beam is required: Theorresponds to an rf power consumption of 10 MW.

separation effect due to the shifted electron tipl

Increasing the beam energy to 75 GeV the power

quadrupoles is combined with a crossing angle bewe consuption reaches 50 MW, which is still considesisch

the electron and proton beam of 1.5 mrad. The tiagul
beam orbits and -schematically the location of finst
parasitic bunch crossings - are visualised in Fig 9

tolerable limit.



Fig 11 shows a possible location of the recircatatinac
(inred ) located in the plot opposite to the SR&me
marked in green.
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Figure 11: Possible layout and geometry of the
recirculating linac for the LHeC RL option with pect to

the existing SPS and LHC rings.

Figure 10: Scaling the luminosity that is obtained
LHeC RR version for a given power consumption and
beam energy.

) . . A construction-cost optimization suggests thatégdinal
Linac Ring Options . beam energy between 60 and 140 GeV, a single
For the linear accelerator version of the LHeC twgecirculation loop is the cost minimum [10]. Thenting
scenarios are considered at present: The constnuetia radius in this loop can be chosen large enough, le5y
dedicated new linac (a design similar to the XFEid a km, that the SR energy loss does not exceed 2%eof t
ILC versions), or alternatively the use of the fetCERN beam energy. At present an additional Option fer RL
super conducting SPL accelerator. The later is eiersion is being studied: The feasibility to regaie
optimised for proton acceleration but it can beduss peam energy after collision (so called energy recpv
well for the acceleration of an LHeC electron beam:node) and thus allow at constant wall p|ug power a

While this option would present a perfect synergyl a considerable increase of the obtained luminosity.
reduce the cost for the LHeC project consideratiig,

electron energy obtained in this case however wbeld Challengesand Limitations:

limited to about 30 GeV. A dedicated new linac isas in the case of the RR option, the LHeC sceraaised
needed if higher electron beam energy is requested. on a linear accelerator has to be optimised coimgithe
this case the design is optimised to conceive ffegadion performance of the machine luminosity. The syncbrot
as a recirculating linac. Unlike to the RR versishere radiation power can be neglected in this casehahly
the rf power consumption is determined by theontribution comes from the arc of the recirculgtioop
synchrotron radiation losses, in the RL case, timwer and can be neglected in this context. The stranidtion

is defined by the acceleration itself and the penfnce s the beam power itself and the obtained lumigosin
of the machine is related to the efficient transfation of pe rewritten as a function of the electron beam gyotw

available rf power to beam energy. Three possibigcl gptain:
parameters are summarized in Table 2. Each of tkem
optimised for an overall power consumption of 10WM
which - assuming an rf efficiency of 50% - corresg® to

the limit that as well had been foreseen in thedREon. The corresponding graph is shown in Fig 12. Assgmin
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P i again - as in the case of the ring ring option ffgower
comment SPL* (20)+TI2 LINAC  LINAC limit of 50 MW, a beam energy of 120 GeV is within
HPESSES 4t 2 2 reach. The resulting luminosity will be in the rengf
wall plug power RF+Cryo ) 100 (35 cr.) 2 5%10 32
bunch population [19 0 .0 0.1 : .
duty factor [%] 5 5 100 - s
average e- current [mA] 1.6 0.5 0.3 .;;
emittanceye [um] 50 50 50 o
RF gradient [MV/m] 25 25 13.9 §
total linac lengtt3=1 [m] 350+333 3300 6000 K
minimum return arc radius [m] 240 (inal bends) 1100 1100 §
beam power at IP [MW] 24 48 30 =
e- |IP beta function [m] 0.06 0.2 0.2
ep hourglass reduction factor 0.62 0.86 0.86
disruption parameter D 56 17 17
luminosity [1032 cm2 s1] 25 2.2 13

Table 2: Parameter lists for the two linac options

described in the paper: The future super condudciRg B
proton linac, used here in electron mode, and écdel  Figure 13: Scaling the luminosity for he LHeC RL
new electron linac. An additional column has badded yersion

to compare the latter if set up in cw mode.
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