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LHeC Design Goals

Luminosity L =1-1033 cm—2s!
Energy E..=14 TeV



Desigh Asumptions

based on LHC Proton beam parameters

Energy E,=7TeV

Particles per Bunch N, =1.68 1011

Emittance enp = 3-76 radpm

Bunch spacing 1, = 75 ns (instead of 25ns)
Bunch Length G, = 7.6 cm

— E.=70 GeV



Luminosity
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Lepton Beam Current

Assumptions: Limited by RF Power only
depends on Bending radius

p= 80% - (CLHc'S'Lstraigth) [ 2n = 2886 m
eUIoss= CgEe4/ (ep) =734 MeV
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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



Dynamic Aperture Scaling
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Choosing Lepton Ring Lattice Parameters

72 degrees per FODO cell
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e Lattice

8 Octants with 500m Straight section

400 FODO cells, Cell length 54 m
Dipole length 2 x 11.33 m B= 780 Gauss

Quadrupole length 1.5 m (6 = 7 T/m)

— 11.33m

H[}H bend bend H[]H bend

bend

| 54m

Adrogo = 72 degree £.,.= 26 NmM




Synchrotron Radiation
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Values for IR

Instantaneous Power for P (Ee , P il’) = 3.203x 10~ ' watt
one electron 9

Total Power Z‘Psyn(EeaPiraeirJe) = 17.41kW

Power per unit Length PS(Ee,pir, 'e) = 0.455kW-m '

Critical Energy uC(Ee,pir) = 107.244keV



Bypass around Atlas and CMS
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Which IR?
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IR Parameters
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IR Layout
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IR Layout
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Luminosity

LeHC Parameter List
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Beam-Beam Effect

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

—— 1st parasitic crossing for different bunch spacing

e

/

Parasitic Beam-Beam Tune shifts of the Lapton Beam

Buneh Crozzing | Herizontal | horizontal vartical
spacing angle Separaticn | parasitic parasicie
beam-beam | beam-heam
tune shift tune ahift
Inal rad mm
2 0.5 278 00123 -[1.0553
50 0.5 .63 0.00%% 00211
[ 0.5 1447 0.0005 00042
2 1 208 L0053 -LL0149Y
50 | .63 0.0020 -0
K | 20.1 0.0003 0,022

75n

50ns
25ns

AX = 8 o separation, ok
AX = 3.5 ¢ separation, not ok

AX = 1 o separation, not ok

Nominal Bunch spacing LHC
not compatible with
maximum LHeC [luminosity !



Crab Crossing

Crossing angle will enhance effective beam size 62 = gf+6%c2
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Quadrupole Magnets
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Conclusions

A first look at a possible lepton proton collider in the
LHC tunnel with a luminosity of 1033cm-2s-! appears to
be technical possible

Simultaneous operation of pp and ep should be
possible (however with reduced pp luminosity)

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 planned in October 06
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