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LHeC Design Goals

Luminosity L =1-1033 cm2s-1
Energy E..,=14 TeV

These input parameters are subject to
be altered by further iterations

But this study assumes these
parameters to be fixed



Desigh Asumptions

based on LHC Proton beam parameters

Energy E,=7TeV
Particles per Bunch N, =1.68 10"
Emittance enp = 3.75 radum
Bunch spacing 1, = 25ns

Bunch Length G, = 7.55 cm

—» E_=70GeV

Circumference = 26658.883 m
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Lepton Beam Current

Assumptions: Limited by RF Power only
depends on Bending radius

p = 80% - (C yc-8-Lgpaigtn) / 21 = 2886 m
eU,,ss= C4E*/ (ep) =734 MeV
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If 50 MW beam power considered as a limit & |, = 68mA N_=1.3 10"
5000 h/y x 5S0MW x 10 = 250 GWhly



Design Task: e-Ring and IR Design which provides

B By =1m

« sufficient dynamic aperture

*With matched beams,
» Small crossing angle 0 <G,,/G),

» Small hour glass effect By 2 G,

» tolerable synchrotron radiation background

» feasible components



e-Ring Lattice Parameters

bend radius & circumference fixed by LHC effective FODO structure

chosen (no alternative) the only choice to be made id the FODO cell
length or the number of cell length of the arc

=> This determines the lepton beam emittance and the dynamic aperture
Constraints under the assumption of matched beam sizes at the IP:

Small emittance = large p* = strong beam-beam effect=> no stability

large emittance = small B* = strong hourglass effect effect=> less lumi

Long cells =»large emittance=» reduced dynamic aperture = no stability
Short cell»small emittance, high cost



Dynamic Aperture Scaling
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IR chromaticity for matched beams



Choosing Lepton Ring Lattice Parameters

72 degrees per FODO cell
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Main Parameters of LeHC

Property Ut Laptons | Protons
Beam Enerzies (e 10 J000
Tetal Beam Current A 74 g
Mumber of Particles / bunch 1p1 104 17.0
Herizontal Beam Enuttance Im 7.6 0.501
Vertical Beam Emsttance Tim 38 0.501
Herizontal B-funchons at [P CI 12.7 180
Vertical B-function at the [P CIm 7.1 50
Energv loss per tam Cra 0.707 | 6.10-F
Fadiated Ensrgy MW 50 0.003
Bumch frequency  bunch spacing MHz /' ns 407 25
Centsr of hass Energy (e 1401
Lummasity 10+ em =2+ 1.1




e Lattice

8 Octants with 500m Straight section each
376 FODO cells, Cell length 60.3 m

Dipole length 2 x 12.52 m B= 810 Gauss
Quadrupole length 1.5 m (6 = 8 T/m)

1T 12.52m T

H D H bend bend H D H bend bend
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54m

Adoqo = 72 degree €= 8 NM




Electron Ring Parameter:

Farameter

YValue

Cuwouanfearence C

2665886

Beam Ena1zv E, 70
Arc Focuzing FODO
Cell length L. &0.3
Bending radius p 2997
Eonzontzl betatvon Fhase Ady cell Ap, 72
Wertical betatron Fhasze Adv./cell Ap, 72
Mumbzer of 020 cells mothe Ares W 376
Axe Chromaticity (hor'vert) £, 94120
Beam Cwrrant I, 70.7
Bunch spacmz w 25
INumber of bunches n,, 2800

Iumber of particles per bunch 29,

. F = -
Liomentum compaction factar o

Fonzontzl beam enmutiance £,

Vertical beam enittancs £, 38
ELS enerzv spraad o, 2.4
FOIS mumch length 7.1

FParticle Fadiation ensrgy loz: per tom el

Beam Power loss Plos 50
Cuwovmferencizl Voltaze U 1221
Svnchronous Phaze Opq 27
T frequency £,y 10C0
Bucket heizlit he 8.4
BT frequency shuft 230
Svnechroten fequency £, 0.19




Tunnel Cross Section

Jumper connection_

Helium ring ling

Warm helium recovery line

LHC machine cryostat

Cryogenic distribution line (QRL)



Bypass around Atlas and CMS
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Which IR?
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Interacnon region parameters

property

unit

leprons

protons:

Horzontal Beta Ametion at [P oI 12.7 156
Wertical beta function at IF c11 107 50
Honzonzal I5 Cloomatioity =13 -5
Wertical IR chromaneiny 287 77
Maxmuum horzontzl Setz m 131.7 2279
Alaxmmum vertical Bata m T4 2161
Wlmimnmm of avalabls Apsitae (T, 16 13.5
Low beta quadmupole gradien: T/m Q3.3 1.3
Separation dpele field T 0033 -
Svemrotton Fadianon Power Ay a1l -
_ow zeta quadiupale length m a6 2427114 16.5/18.6'11

_ow zeta quadiupols aperhwe:

12/15/15

Dhistance of fust quadmpls from [P

o B

Dletactor Acceptance Folar Anzle

R [
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IR Parameters
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Need to match "flat" e beam with "round” p beam

Bxp/ Byp = 4 IR optics with low-beta tripletts for both e and p beams
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Radial
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Beam Separation
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Crab Crossing

Crossing angle will enhance effective beam size 62 = ¢f+6%c.2

—
IP A¢ =90 degree Transverse RF resonators

Crab Cavities
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Crab Cavitiy Calculations

Required Crossing Angle ke, = 42

ES

e Separation B, —% =635lmm s = 3222%2m
ke, Sk, ks

ﬂ‘HSEI:: = kas B KEI-:S B, =8, 6, = —2mrad

required crab cavitiy orbit kick for 1o Adfo particles

o
_ _t =18 = 702766
B = o0 E)F’Xn - BPXEE "
~Fr
Qe = Q.. = 2.1 prad
J Pewy Pox,,
crac cavitly frequency f.. =035 GHz
C
ln::n:: = f_ ln::n:: = 599 525 tmin G, = 7imm
cC
_ . . MOy 120
crabcavity phase of one sigma particle bocts = b1 = 45031
A T
: L Bcc'Ep
Required cavitly voltage: T = U.. = 207750V
&5l §roqg
achievable gradient G.. = 340V m
) Un::n::
Length of the cc structure: L. =— L., = 6llm

CC O C
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SR Power Density on Absorber
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ep Collision Parameters and Luminosity

E E,=7x10°GeV  E,_ = 0GeV
| = 02564
2 I, = 00714
il N = 1710l
P M, = 1404 101
! = 130cm
’ Bxp Pye = 1273cm | prl = 2637 X 10°m x| P
B = ilcm
. BFE = 7072em | [Espxl — 2662 % I0°m  maxl P
- .. = 31066 _
Beam size 2P == Oy = 31066 it
Oyp = 163734 Gy = 16373 Hm
G, = T3mm Oy = TOESmm
. = —7040 £ = —7.517
IR Chromaticiy SpxIR exlE.
é’p?IR =-774 &-'eyIEL = —20.757
— -4 — _ -7
heam-Beam AVyp = 831810 AVye = 0048 AV ar = 002910
Tuneshift _ -3
vy, = 3177 1074 Avg, =005t AV ypar = ~044410
Crossing Angle O = ~2ur
Hourglass factor Ric,| =084
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Beam-Beam Effect

Central crossing beam-beam parameters well within the HERA range
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Parasitic Crossings

Beam Separation fhor rins eheam size
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Luminosity vs Bunch Spacing

L independent of bunch spacing

As long as le total can be maintained

At very large bunch spacings limitations by
Proton beam-beam effect

Single bunch instabilities of e-beam

up to 75ns bunch spacing far from
becoming a problem



uadrupole Magnets
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Conclusions

A first look at a possible lepton proton collider in the LHC tunnel
with a luminosity of 1033cm-s! appears to be technical possible

Simultaneous operation of pp and ep should be possible (however
with reduced pp luminosi’ryjp

More work is needed to determine the most optimum parameters,
the optimum technical choices and the cost of such a facility

A workshop to discuss this exciting option together with
experimental physicists and accelerator scientists is envisioned

Further activities on the layout of the accelerator should be
coordinated with and integrated into the discussions on LHC
upgrades
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