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LHC collimation

Issues for p-LHC collimation Issues for I-LHC as well ?
1. cleaning efficiency v

2. protection of magnets against quenches

3. robustness of collimator against mishaps ?

4. impedance - (lions ~lproTon/100)

5. activation and maintainability - (Pyons ~PproTon/100)




Why is heavy ion collimation for LHC a specific issue?

. Atomic | Mass Energy . Number of [INumber part.| stored energy | instantaneous

Collider Circumference

number | number | / nucleon Bunches / Bunch / beam beam power

GeV/u m 107 MJ GwW

p-LHC 1 1 7000 26659 2808 11500 362.1 4075
I-LHC 82 208 2760 26659 592 7 3.8 43
I-LHC early scheme 82 208 2760 26659 62 7 04 4
p-HERA 1 1 920 6336 180 7000 1.9 88
TEVATRON 1 1 980 6280 36 24000 1.4 65
I-RHIC 79 183 99 3834 60 110 0.2 14
p-RHIC 1 1 230 3834 28 17000 0.2 14

LHC Proton collimation difficult because collimation efficiency n = 107 required,
but proposed scheme fulfills requirements in simulations and SPS prototype tests.

I-LHC beam has only 1/100 of the proton beam power, so only collimation
efficiency n = 1073 required . Where is the problem ?




Criteria for two stage betatron collimation

Necessary condition :

ox' > szz - le )SN

e

scattering at primary collimator dx’
is mainly due to multiple Coulomb
scattering with

<ox?> ~ L

But:

if required L > L, particle
undergoes nuclear reaction before
secondary collimator is reached !




208pp-jon/matter interactions in comparison with proton/matter interactions.
(values are for particle impact on graphite)

Multiple scattering
projected r.ms. angle

Electron capture length

73.5p1‘ad/m1 2

4.72p1‘adﬂm1 2

73.5p?‘ad/m1 2

20 cro

Physics process P p 5 Ph 208 Py,
injection collision injection collision
Tonisation energy loss -2 0.12 %/m 0.0088 %/m 9.57 %/m 0.73 %/m

4.72p1‘ad,"m1 2

312 ctm

Electron stripping length

0.028 cn

0.01% cmm

ECPP interaction length

Nuclear interaction length
(incl. fragmentation)

Electromagnetic dissociation
length
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Hadronic Fragmentation

Electromagnetic Dissociation

cross sections for “"¥Pb on '2C

cross sections for “"¥Pb on 3¢

Computation of cross-sections by Igor Pshenichnov (INR, Moscow)



transverse momentum transfer
in_electromagnetic dissociation

, o 2 2750 A'GeV 2*Pb on ]

Nuclear fragmentation and dissociation E RELDIS: all events

lead to a variety of daughter nuclei. s 207pp 41 -

[72] =

, 5 “®phion |

Typical transverse momentum = 1 MeV/c/u, = =
transverse momentum due to emittance = 10 MeV/c/u

S SR -

0.002 0.003

P, (GeV/c) per nucleon

First impacts of halo ions on primary collimators is usually grazing, small effective length of collimator.

high probability of conversion in neighbouring isotopes without change of momentum vector

isotopes miss secondary collimator and are lost in downstream SC magnets

because of wrong Bp value



Effective momentum error of daughter nuclei

N
P err. A Z,

8 -1.44%M 0.96% -0.48%@ 0.00%
| [EEST | EEE e e

-1.20% -0.71% " -0.23% +0.26% +0.75%

2637 | eERyMiz0ST | 20eT | 267
-0.46% 0. +1.02%} +1.51%

Energy acceptance LHC arcs = +1%

Energy acceptance energy cleaning IR3 = +0.2%



Computing tools for ILHC collimation

LHC optics files

RELDIS &

ABRATION/ABLATION
(programs of Igor Pshenichnov) MAD-X
generates cross section tables for
fragmentation processes

generates twiss function
and aperture tables (John Jowett

ICOSIM

»reads MAD-X tables

» generates initial impact distribution on collimator

» simulates ion/matter interactions in collimator

» computes trajectories and impact sites of ions in LHC lattice

ICOSIM output

» Loss patterns
» Collimation efficiencies




Beam 1 with tertiary collimators, Ty, =12min

Collimator load distribution
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Beam 1 with tertiary collimators, Tge,,,=12min, without TCP.A6L7.B1

C ollimator load distribution
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Beam 1 without tertiary collimators
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with TCP.A6L7.B1
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L oss map
Beam 2 without tertiary colfimators
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Nominal lon beam 1 with collision optics and collimator settings
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According to a discussion of
John J. with Daniel Leroy
permissible losses in LHC MB’s
can be increased by factor 2

__lon collimation problems
almost solved

Somewhat more official
agreement on acceptable

Cryogenics

ELSEVIER

Cryogenics 39 (1999) 9214931

Heat transfer in electrical msulation of LHC cables cooled with
superfluid helium

r - A, é I :
C. Meuris 7, B. Baudouy ®, D. Leroy ", B. Szeless

* Service des Technigues de Cryogénie et de Magnétisme, Divection des Sciences de la Matiére, CEAlSaclay, 91191 Giff s Yvette, France
b LHC Division, CERN, 1211 Geneva 23, Switzerland
© EP Division, CERN, 1211 Geneva 23, Switzevland

Recerved 23 August 1999: accepted 22 September 1999

loss rates desirable.

Kapton 100 HN or tissue—underloid Kapton +
prepreg or Kapton adhesive on both faces

Kapton 200 HN +
Kapton Gdhesi\ie on outside

C. Meuris et al | Cryogenics 39 (1999) 921-93]

Kapton 150 HN +
Kapton adhesive on outside face
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Fig. 5. Temperature rise of central conductor when the three central conductors are heated. Secondary wrapping with spacing (family 1). 73, = 1.9 K.




Benchmarking of ICOSIM with RHIC data
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Beam impact

Is the ratio of heat deposition in SC coils with 25 mrad BLM
R

to BLM signals the same for Protons and lons ?

FLUKA calculations by Roderik Bruce
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Max. Energy Deposition (GeV/cm?)

Robustness of collimator against mishaps

FLUKA calculations from Vasilis Vlachoudis

for dump kicker single module prefire
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The higher lonisation loss

makes the energy deposition at
the impact side almost equal to
proton case, despite of 100 times
less beam power



dE/dx in Al (MeV mg™' cm?)

Energy Loss by High Energy Ions in Matter
Alfredo Ferrari and George Smirnov (JINR, Dubna) and

dE/dx of heavy ions deviates from
Bethe-Bloch formula at high energies

 Higher order corrections
* Finite nuclear size effects
* Pair production
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Consequences for local energy deposition of
impacting beams and for collimation
efficiency needs to be understood.

Implementation of all relevant effects in

FLUKA code underway.
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Remedies ?

Optimising the material primary collimator material

The important ion/matter interactions for ions in this
context are

* hadronic fragmentation Opap~ (Apros " +Acor™’)?
* electromagnetic dissociation 0Oy, ~ COLLZ

« Multiple scattering <> ~Zcor;

* Ionisation energy loss dE/dx ~Z o5 ;1

remark:

angle deflection for hadronic fragmentation and electromagnetic

dissociation are negligibly small for LHC conditions

figure of merit for collimator material
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:) 208py, at collision energy, N =6, N,=7
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primary collimators

High Z scrapers (already foreseen behind primary collimator)
may give some improvement. Needs further study.



IR7 schematics Only particles with effective AP/P>3%

primary coll.secondary collimators can be intercepted with secondary
' 1 1 1 1 collimators.
_—1 | ol | Trivial (and impossible) solution:
T 11 1 1 1 Ve Increase strength of dogleg magnets by factor 4
ogleg P 1 1 1 1 i
0.38 mrad

Perhaps a different IR7 optics could give some
improvement. Needs further study.

x 107°
s I

grazing primary jaw trajectories with
-3,-2,-1,+1,+2,+3% momentum change —

econdary
collimators

~

6n’moméntum grazing primary jaw trajectory

7 o envelope

| | |
o 100 200 300 400 500 600




Conclusions

Present 2 stage collimation of LHC gives insufficient protection of

s.c. magnets against heavy ion fragments.

Collimation system acts almost like a single stage system.

=> particle losses in SC magnets exceeds permissible values by a factor ~2

for nominal ion beams at collision energy.
Calculations have considerable accumulated errors !

This is a soft limitation depending on 12min lifetime requirement.
Early Ion scheme and losses at injection seem to be ok
Collimator robustness sufficient for kicker accidents with ion beams

FLUKA simulations indicate that BLM thresholds for beam abort are comparable
for protons and ions.

Inventory of nuclear physics relevant for collimation efficiency and energy deposition
has been established. Presently partially implemented in FLUKA code. Complete

implementation progress.

No solution for nominal beam found yet



