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• Introduction and baseline assumptions, relevant for the layout

• By-pass - principles

• Larger,  fully de-coupled by-pass
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e-ring energy, power and intensity
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frev = 11245. 5 Hz   given by LHC circumference      #bun = 2800
high collision frequency  f = #bun × frev = 31.5 MHz    and high beam current

beam current  I = n e f                                                           e = 1.60218 × 10-19 As
Ring      :  loss in SynRad  U0 = Cγ Eb4 / ρ   ρ = 2997 m          LEP had ρeff = 3026.42 m

machine N / bun #bun Ntot / 
beam I beam

Eb 

[GeV]
V [GV]

Pacc= 
V I

[MW]

U0 
[GeV]

Psyn 
[MW] γ Ec

[keV]

Baseline
LHeC 1.40E+10 2800 3.92E+13 70.63 mA 50 3531 0.184 13.0 97847 91.6

Ultimate
LHeC 70 4944 0.7087 50.05 136987 251.4

LEP 2 4.16E+11 4 1.67E+12 4×0.75 
mA 100 300 2.923 8.77 195694 733

Ec =

3

2

h̄c!3

"
= 2.96×10

−7
eVm

!3
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By-pass for large experiments
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4.5 Bypass

See Fig. 13 from [8].

Figure 13: Top view (schematically) of straight section around IP1 (IP5) with an e-ring bypass

around the experimental caverns of ATLAS and CMS. The scales are in meters.
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Figure 14: First look at bypass from Mad-X survey. Here just plotting survey and shifting by 10m.

The y-scale is stretched.

First trial for LEP around IR5. First step is to plot the current LEP optics around IR5. The

last regular quadrupoles are QF19.L5/QF19.R5. There is a missing dipole between QL18.L5 and

QL17.L5. The emittance wiggler WIGE is installed in this region. Look for QL18.L5:QL18.5 in the

sequence file lep.seq9

Not easy to add things to the sequence. It is not a structure line. All positions are given with AT.

As a trial for a bypass add a drift length right after QL18.L5 and before QR18.L5 using seqedit ?

Not easy. LEP sequences have all elements with fixed positions. Seems true for all optics found. In

particular checked for lep939.seq, lep954.seq, lep99 90.seq mad8 sequences and the madx version.

See select.ir5.b1.madx as example how to select a part of the ring.
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Option without extra bends
0-th iteration MAD-X lattice layout :
Δ = 10 m bypass.  

Advantage :   no extra power / radiation,
rather long,    already about a 1 km !

for only 10 m separation

x [m]

Δ
 [m

]



Bypass with few extra bends
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Combined bypass layout for Δ = 13.35 m
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no extra
bend

1 inverted LEP cell (79 m) + straight + 1 normal bend cell
Per bypass 4 extra LEP cells.

Modest  4/244 = 1.6% increase in cells 
and energy loss.

Starting bypass with QL18.L5
Total bypass length 880 m.
Full 13.35 m separation
29.5 m straight part at IP5.

β-functions well behaved with extra 
quad in inserted straights

Potential to further optimise - using full 
bends instead of 10 % bends at the arc 
ends.
Then full match including dispersion.
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By-pass for IR1 and IR5
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Transverse distance. 
From proton to electron 
beam axis :
        Δ =  13.35 m

using an existing
survey gallery.

Is that realistic ?

        ➔

CMS

from J.A. Osborne
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from J.A. Osborne



7

Looks OK

from J.A. Osborne
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Looks OK

from J.A. Osborne

Now let us take a look close to CMS
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from J.A. Osborne
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Maybe we should also consider alternatives.

Idea :
consider a much larger by-pass which completely de-
couples the electron tunnel from the large experiments.
 
Profit from the extra space to put extra equipment 
needed only for electrons :
• Injection
• RF

from J.A. Osborne
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Larger “de-coupled” by-passes

Point 1.   ATLAS

Point 5.   CMS

 Δ= 39 m + 7 m = 46 m

 Δ= 22 m + 7 m = 29 m

from J.A. Osborne
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Larger by-pass with RF-section

RF requirements for 70 GeV. 1st estimate by Trevor Linnecar 10/2008:

in total about

540 m for klystron gallery

150 m beam-line with RF,   spread out over ~ 540 m to match klystron gallery

best :  symmetrically distributed in 4 by-pass pieces,  or   4 × 135 m   RF-sections 

Tunnel sizes:

Beam tunnel same size as LHC tunnel.

Klystron gallery of ~ 5 m diameter, separated by 8 m from beam tunnel,

with holes to beam tunnel to take waveguides.

About 100 cavities, group 2 or 4 waveguides  :   25 - 50 holes for waveguides

Not enough to reserve the space.

The significant Energy loss requires that the e-ring RF is in stalled in regions with

negligible Dispersion !



Normal arc and IR
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Arc

DS IR DS

LEP lengths 

79 m long cells ; bending angle of half cell 11.30640 mrad

from 3 × 11.55 m long dipoles 

dipole bending radius  ρ = 3096.175 m

31 cells per octant;  in total 8 × 31 = 244 cells

LEP DS : from start of QL18 440.8 m from IP to  to start of QS11 245.6 m from IP

194.85 m  5 half cells



Design of larger by-passes
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Arc
DS

RF DS

No more need for DS at IR.
Instead DS around RF sections
Preliminary length estimates
Arc end at LEP QF29    ~ 875 m from the IP, 
~ 300 m for DS + RF +  575 m arc piece to “IP” 
To be confirmed by : full lattice design -  part of PhD thesis - starting soon

46
 m



By-pass length and circumference
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Keep equal circumference for the p and e rings.
Increase of the e-ring length by the by-passes.

By-passes,   46 m  separation for ATLAS / IP1  and 29 m for CMS / IP5 
Length increase
2 × ( √ 46m^2 + 875m^2  - 875 m ) +
2 × ( √ 29m^2 + 875m^2  - 875 m )
= 2 × 1.2 m + 2 × 0.48 m = 3.4 m
Compensate by a decrease in radius of   3.4 m / 2 π = 0.54 m
Symmetric case:  2 × 1.2 m = 4.8 m         4.8 m / 2 π = 0.63 m



Layout
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Layout, with larger, fully de-coupled by-passes
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Layout, with larger, fully de-coupled by-passes
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LHeC injection
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20 GeV or more like for LEP would be generous
Minimal injection energy :  LEP was TMCI limited - here much less of 
an issue due to 10× reduced bunch intensities. Multi-bunch instab. -  
feedback.
Careful - make sure bunches no too short at injection and transverse 
impedance increase be smaller beam pipes than in LEP
Reasonable lower limit  ~  10 GeV  (?)

Be able to fill reasonably fast - say within 10 min
low intensity 1.4×1010 / bunch  − could do without accumulation
many (2800) bunches, 25 ns spacing,   total intensity 3.92×1013 electrons

injection scheduling :
analog to protons ( 3 - 4 batches of nominally 72 bunches )

e+ and e−   : no principle problem  -  needs extra e+ source and 
possibility to change polarities



Beam lifetime from ep collisions

17

ep cross section, leading to electron loss  ~  0.25 barn, mostly by Bremsstrahlung
lifetime, for single IP at 70 GeV with design parameters
Loss = 3.071e+08 Part/sec   coll. lifetimes   e =35.55 h   p =431.7 h

Part e+  P=    70 GeV, gamma= 136987,    Ne = 1.4e10 / bunch
Part p   P=     7 TeV, gamma=7460.52,    Np = 1.7e11 / bunch (ultimate intensity)
Lumi =  1.2140e+33 cm**-2 sec**-1

4.10 Pushing performance, β∗

See beam.xcodeproj wit SetLHeC in BeamParm.C. If LINAC pushes β∗ the same should be applied

to ring.

XiX, XiY are calulcated in my BeamParamAsym for both beams seperately. See also formulas

in my WorkNotes.pdf and see Ferdi’s recent talk, local copy LHeC eic 2008 vs2.ppt, slide 31.

math/LHeC.nb.

Table 10: Beam beam tune shift paramter.

Ee [GeV] ξxe ξye ξxp ξyp

70 GeV 0.05042 0.05349 0.0005592 0.0002938

Reducing the electron energy will need adjustments. The beam beam tune shift of the leptons

depends on the proton intensity which should not be reduced to stay compatible with pp running.

FZ Linac options assume much smaller L∗ (distance IP to detector) of 2 - 4 m than the LHC 21

m.

Scaling laws. Reasonable starting point could be : keep standard normalized proton emittance,

match electron beam to it. Check beam-beam and reduce electron current or consider blow up

emittance if needed. Limit total power consumption. For ring assuming a factor of 4 from RF power

not a bad guess (S. Myers and T. Linnecar). 50MW radiated power is then 200MWwall plug power

or about the total current CERN consumption when the everything including the SPS is running.

Doubling that by the LHeC appears rather as an upper limit.

According to email and discussion with Trevor Linnecar on 10 June, 2008, the RF could probably

go into the LHC tunnel. Extra space is needed for the klystron galleries. In case of the 50GeV option,

it might be possible to fit all that into one IR, say IR2.

Using the expressions derived in [23, 24] for the case of collisions between the LHC proton beam

and a high energy lepton beam produced by a linear accelerator, the luminosity is given by

L = 4.8 × 1030 · cm−2s−1 Np

1011
·
10−6m

εpN

·
γp

1066
·
10cm

β∗

p

·
Pe

22.6MW
·
250GeV

Ee

(4.14)

5 Linac Ring and Energy Recovery Options

LinacRing.tex

Direct Linac with parameters like ring-ring, say 70 GeV and over 10mA current is excluded.

The power would be over 70 GV × 10 mA = 700 MW. Im addition, the preferred time structure is

with a very high duty factor, while Linacs are much more power effective for short pulses.

This would be better for recirculating Linacs or energy recovery linacs, which however involved

bending magnets and grow quickly in size with energy.

See Vladimir Litvinenko’s AB-Forum talk from March 2008.

To gain in luminosity, it is then also proposed to modify the proton beam in the LHC. The idea

is that it should be easy with Linacs to get very small electron beams and to gain by going to smaller

proton beams using cooling. This is probably not too realistic for the very intense LHC proton beams

for safety and beam lifetime reasons.

Cooling can be made such that it is effective in all planes - and then also cancels intrabeam

increase.

Shown again by him in LHeC Divonne meeting. Layout with needs for bypass pretty much like

ring-ring.
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