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Outline

Why collimationis neededn LHC

Two-stagecollimationandefficiengy

Geometricahpertureconsideration
Rolustnes®f optics
DumpKkicker failure

Materials
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SchematicLHC rings

CMS

Mom Collim. Beta Collim.

LHCDb

Injection 1 Injection 2
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LHC beamparameters

Luminosity 10°*  cm™ %t

o™ atcrossing 10 pum B =0.5m

Storedbeam 3 x 10" protons 2800 x 1.05 x 10*!
Beamenegy 7000 Gev (injection450GeV)
Injectedenegy 2 x10° J = 24 x 4 kg meltedCopper
Storedenegy 340 x 10° J = 2 x 800 kg meltedCopper
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Expectedlossesversusquenchlimit - 1

e 5% of abatchlostafterinjection
A]\[loss — 5% X 2.5 X 1013 — 1.25 % 1012 D

e 10% RF atramping
ANjpss = 0.1 x 3 x 1014 =3 x 1013 p

e Beamlifetime 7y.4,, = 1 hourwith 3 x 103* p stored
Nloss = 10" p/S
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Expectedlossesversusquenchlimit - 2

Case Lossedp(s—1)] Quenchp m—1(s™1)]
Injection  AN;pnjection = 1.25 10'2 AN, = 2.510%
Ramping ANz= = 310" AN, = 2.5101°

Collision N =810'0 N, = 6 10°

Clear needfor collimation —betatronic and momentum

with collimation efficiency> 10* m

Injection must be madewith collimators in working position
In addition: survive to dumpkicker failure

JBJ,BeamlossandCollimationat LHC, pageb6



ICFA-HB2002,Fermilab April 4,2002

Collimation, halo and efficiency

Tertiary

Secondarnr
Primary

Jaws
Primary

Secondary (only one here)
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Table 1: Correlatedphaseadwancesyu,, andpu,, and X — Y jaw orientationsa j,y for three

primaryjaw orientationse andfour scatteringanglese with 1, = cos™ ! (n1/n2).
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RealLHC optics:anadequatapproximatiorof this perfectcase
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Collimation inefficiency - K2 code
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Schematiclayout of the momentum collimation section

ARC | Straight Section

Prim S1
Q6 | D4 D3 Q5

QT
MQ ] DFBA DOS DOR [oFBM vBw MBW

Fixed Coll. S4,5,6 S2,3

D3-D4 dog-ley structureto grow sweep-ouheutrals
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Halo and aperturein Experimental triplet

Cold bore triplet

A x,mech+§1l1'6 mm i 7

Sec halo
n,o0=10x1.4 =14 mm

Harmless tertiary halo Prim halo

AN

AXo: CO+ D6p+ )%ross
= 3+4+7 = 14mm

AX0+ r‘ro +A x,mech+aI: 29.6 mm =~ rcold.bore: 30 mm
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Schematiclayout - IP5-CMS
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Equivalent primary aperture - Injection, IP1-ATLAS

Effective normalisedaperturds 1.4 x n1(s)

|
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Equivalent primary aperture - Collision, IP5-ATLAS

Effective normalisedaperturds 1.4 x nq(s)
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Inefficiency and collimation depth

No longitudinaldilution
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Inefficiency and jaw longitudinal tilt error

No longitudinaldilution
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Inefficiency and beta beating

No longitudinaldilution
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Erratic dump kicker error

TCDQ in IP6

Collimator
IR3 or 7

I

Kicker
Exactk(t) notyetknown

Nb of buncheson collimatorvariesbetweert and16
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Dump error and materials for the jaw

Erraticdumperroris theworstcasefor jaw integrity

Shaver studiesclearly displayadwantageor low-Z materials
Case:possiblereductionof mech.propertieqallowed once/year)
Needmoreprofessionaéxpertise

N [bunches] Margin Factor

Expected 6 — 16

Allowedfor: Beryllium 16 — 20 1-2
Graphite 10 — 20 1-2
Copper/Aluminium 0.1/0.5 0.01-0.03

With low-Z, power depositionislow , REF : AT < 20K

— no harmfullongitudinaldeformation
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Materials for the jaws

NEED low-Z materials

Seriouscandidates:
— Be, but toxicity
— Pyrolythic Graphite out brittle+dust,but poorconductor

— BoronNitride, but ~ clay, but dielectric

Challengers:

In-depthstudystartingnow
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Dynamic stressanalysisfor 10 bunchesimpact on Be

3D Ansysanalysiswith MARS enegy densitymap,Preliminarydata
Dynamicpeakstressr = 1.5 x 10° Pa

Staticpeakstressr = 1.9 x 10” Pa

outs = 0.8 x 10° Pa
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