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The LHC Ton Injector Chain - Overview

LHC 7 TeV p-p
2.76 TeV/n Pb-Pb

177 GeV/n Pb

— 4»
1.4 GeV (T ) \PS 25 GeV >\6 GeV/n Pb

// > PROTONS

soMev % LEIR 72 MeV/n

LINACS Pb
4.2 MeV/n
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Pb Ions for LHC: Hardware Upgrades
Engrgy ramping
‘ cavity Dp/p ~ 0.4% I

2LEIR

200 enA Pb?7*:
New 14.5 GHz
source from
CEA Grenoble

Repetitionrate 1 > 5 Hz
New power converters

RF upgrade to 5 Hz Pb27+ > Pb54+

Q Bi-directional injection/transf. Line
O Multiturn injection (transverse+longit.)
O Powerful electron cooling

O Dynamic UHV by NEG, Collimators

O RF cavities with frequency “swing” ~8

QO New injection equipment
QO RF hardware

Al Stripper Pb%%* to Pb82*:
low-beta insertion
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O New rf low level hardware for
synchronization and acceleration




The Heavy Ion (Lead) Linac3 Source

T

GTS (Gr'enoble Test Sorce) frbm CEA

Present ECR (Electron Cyclotron Resonance ~ ECR source with higher performance: >200 enA

Source) delivers ~ 120 epA x 200 ps Pb?7+. .Wiﬂ.‘ 14.5 6Hz expected . _
LEIR Running-in + Early Scheme feasible with

present source, without margin by injecting
2-3 pulses (test in 1997)
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BINP/Novosibirsk E-cooler at CERN (for Xmas)

Telectron 2-40 keV
Tione 4.2-72 MeV/u
Ielectrons 4.2-500 mA
Lactive 3m
Tinjection 200 ms
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Tentative Ion Schedule (Early Beam)

hardware | Start with beam Problems
test
Source and Linac3 | Feb. 2005 March 2005 New source
LEIR injection line | March 2005 June 2005
LEIR ring Apr. 2005 Aug. 2005(?) LEIR conversion completed ? Running-in
through winter to March 2006
PS/TT2 Feb. 2006 Sept. 2006(?) April-August 2006: No LEIR operators (AD)
SPS late 2006 SPS experts busy commissioning LHC ring in
spring 2007 2007
LHC from April Physics with the early beam in LHC
2008(?)
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L HC 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 v

4. impedance - (lions ~lproToN/100)

5. activation and maintainability = (Pions ~PproTon/100)

6. beam induced desorption / vacuum degradation probably not

C-AD Acc. Phys. Seminar Heavy lon Collimation in LHC - Hans-H. Braun
BNL 21 JAN-2005



What makes LHC’s collimation different to other colliders
and why is heavy ion collimation for LHC a specific issue?

. Atomic | Mass Energy . Number of [Number part.| stored energy instanteneous
Collider Circumference
number | number | / nucleon Bunches / Bunch / beam beam power
GeV/u m 107 MJ GW
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 0.4 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
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Allowed
. ; Quench threshold Dilution
intensity
(7.6 x108 p/m/s @ 7 TeV) Length
. - 50 m
Quench Levels for main dipols Ol
MmaX
1.E+1 ~ T . ; i
. N o ~T Rq Ly /77
£
215:15 Quench level
S1E+14 —450 GeV Beam lifetime Cleaning inefficiency
5'»11.?1 ~_] 7 TeV (e..g.. 0.2 h _
e+ T .
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q,1.E+11\ ~ — e
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o \
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S1.E+0 T~ — |
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E
E 1e+012 .
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= |
' 11 -1 : fe+0fd L—i il 0 il
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Local collimation inefficiency [1/m]
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Two stage collimation to achieve required efficiencies

h Primary

collimators

Collimation, halo and efficiency

Tertiary 1
Secondary
— Primary

0.1

0.01

T |||||rl] T |||||II] T ||||rI;I

0.001

Primary

0.0001

Secondary {only one here)
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Protection devices

i Secondary halo

| Normalized available aperture
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Schematics of Collimation Insertion in LHC IR7
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Protection against mishaps

Irregular dump — Proton impact on jaw — Proton-matter interaction

1.684012 v
1.4e+012 |
1.2e+012
164012 F
8e+011 [
6e+011 E
4e+011
204011

0 C

Collimator
impact range

dNy/dx [1/04]
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Temperature Increase in Materials

2000

| 100um Copper Coating
€ 1600 S—
|<-j ! Aluminum ‘ !
g 1200 ! i .
1 h - Graphite
g 1000 T : 0 DRI GAY, D
E 800 -
2 600 | : ~
g 400 L 21 : _____?__Be_’!fl"_l{m__ . —
it [
200 :
0 . L \ | 1 i | iy \ L P e P e
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Length z(cm)

—> Graphite chosen as collimator material

C-AD Acc. Phys. Seminar Heavy lon Collimation in LHC - Hans-H. Braun 13
BNL 21 JAN-2005



LHC Proton collimation difficult, but proposed scheme fulfills requirements
in simulations and SPS prototype tests.

But I-LHC beam has only 1/100 of the proton beam power, so only
collimation n~10-3 required .

So what’s the problem ?
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Criteria for two stage betatron collimation

Necessary condition :

(N22 ~ N12)5N
YreL. Prwiss

oX' >

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

<oX'2> ~ L

if required L > L, particle
undergoes nuclear reaction before
secondary collimator is reached !
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208pp-jon/matter interactions in comparison with proton/matter interactions.
(values are for particle impact on graphite)

Physics process p P 208 Py 208y,
injection collision injection collision
Tonisation energy loss == 0.12 %/m 0.0088 %/m 9.57 %/m 0.73 %/m
Multiple scattering 73.5urad/mi/? | 4.72urad/m? | 7T3.5urad/ml/? | 4.72urad/m!/?
projected r.m.s. angle
Electron capture length - - 20 cm 312 cm
Electron stripping length - - 0.028 cm 0.018 cm
ECPP interaction length

Nuclear interaction length
(incl. fragmentation)
Electromagnetic dissociation
length
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The probability to convert a 208Pb nucleus into a neighboring nucleus.
The calculation is performed for ion impact on graphite at LHC collision energy
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Optimising the material primary collimator material

figure of merit for collimator material

The important ion/matter interactions for ions in this 57
context are \/< = -
—=INT
* hadronic fragmentation Gunp ~ (Aprog V2 +AcoL L Y3)? with Ly, = Ao
Ny p (O-HAD + O-EMD)
* electromagnetic dissociation oiy\p~ Zcop 2
 Multiple scattering <>V~ 700
* Ionisation energy loss dE/dX ~ Zco L e ?%%pp beam in LHC
— collision energy
—— injection energy

]
remark: £
angle deflection for hadronic fragmentation and electromagnetic | —_ 10" -
dissociation are negligibly small for LHC conditions i

S,

. 10
=
-
x
-1 ‘ ‘ ‘ o
ot 10’
i ) L atomic numher 7
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208p}, at collision energy, N1=6, N2=7

N —— collision energy
\ —— injection energy

Condition

(sz ~ le)gN
Yrer. Prwiss

10 +

OX' >>

10 +

can be used to define boundaries in
Z - Brwiss plane

BMIN at primary collimator (m)

1S
2
5 = 2 2 5
= = = 2 ) 1
5| 5 S S =
| | | A
/ 10"
Z of primary collimator
working point of IR7

primary collimators
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Nuclear fragmentation leads to a large variety of residual nuclei. Typical transverse momentum transferred order
of 1 MeV/c/u, small compared to transverse momentum due to the beam emittance
(~ 10 MeV/c/u)

transverse momentum transfer

in electromagnetlc dissociation
Electromagnetic dissociation leads predominantly Tg - 2750 A'GeV 2Pb on C .
to the loss of one neutron or two neutrons. 2 20000 RELDIS: all events -
The transverse momentum transfer in 3 2075041 1
electromagnetic dissociation is even smaller than (2 .
. . = 2%%pp+2n 1
in nucl. Fragmentation %2000 -
1000 —
O 3 L yo A e I i

0.001 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
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Computing tools for ILHC collimation

RELDIS &

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

C-AD Acc. Phys. Seminar
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LHC optics files

MAD-X
generates twiss function
and aperture tables

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

Heavy lon Collimation in LHC - Hans-H. Braun
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Trajectories around collimation in IR7 as computed by ICOSIM
(computed for injection energy)

I

injection.b1.data

N
/
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Nominal ILHC beam at collision

Collimator load distribution
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Fractional heat load in dispersion suppressor, :=12min

I I I I I
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Fractional heat load in IP2 Quadrupoles, t=12min
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Fractional heat load in dispersion suppressor, :=12min
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RHIC BLUE simulation with ICOSIM
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RHIC BLUE downstream of collimators

Particle losses downstream collimators, Tbeam =60min
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RHIC BLUE upstream STAR

Particle losses upstream STAR T . =60min
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Robustness of collimator against mishaps

FLUKA calculations from Vasilis Vlachoudis

for dump kicker single module prefire

Graphite Protons 7 TeV/&/2 10'2p
WM—E—:—B—M . . .
The higher lonisation loss
makes the energy deposition at
& the impact side almost equal to
fg proton case, despite of 100 times
E ____________ less beam power
Py
Q
=S 1 IF SN N N N S
L et s et S P ——— —
@ W T T T T T T T T
o o f o o o o
T I s S A A
e S . I O SO OO SUO SO SO
>
=N A YU SRRSO SR S S N
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w Ny
5
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T i R g
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Length z [em]
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Energy Loss by High Energy lons in Matter

dE/dx of heavy ions deviates from R
- - 20 : :
Bethe-Bloch at high energies g I
o ngher order corrections % 15 fee ............ fﬂf_fﬂ," ..... 31' ______
= L o — --_--_..-d_,.a--" E:I
« Finite nuclear size effects £ o T N -
) ) 2 i Eiln-c,h—h"b;tt—ﬂhlan
* Pair production R T— | 1).LS theery ointnuslei
! 2 LS themé‘_b,r {finite size né.ic,lei]
_ o b e DR
For mult. scattering rms angles are 1o 1 10 102 10°
reduced and Moliere tails are suppressed lon energy (A GeV)
due to finite nucl.size. o120
o gmu - -
Consequences for local energy deposisiton = |
. . . . = A
of impacting beams and for collimation < 8ol \ //2j
efficiency needs to be understood. 2 vﬂ
- . - 1:I
Implementation of all relevant effects in 80 - s
FLU KA COde underway. I 2) LS theary (finite size nuclei) and pair prad
40 L v anaml s aaanl Lol L v anaml 1
107" 1 10 10° 10°

fon energy (A GeV)
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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

* Early lon scheme and injection seems to be ok

* Although P, . =1/100 Py, ., the damage potential on the impact face of the
collimator is comparable for both beams, because relative energy loss due
to ionisation is =100 times larger for ions.

* Use of high Z spoilers is under study as potential improvement path.

* RHIC two stage collimation works much better due to lower energy and
higher Z collimators. Tertiary halo losses in magnets not an issue for RHIC.

°* Would be nice to have some sensitive BLM’s on a few dipole downstream
PHENIX to benchmark ICOSIM program
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