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Outline

Why collimation is needed in LHC

Two-stage collimation and efficiency

Geometrical aperture consideration
Robustness of optics
Dump kicker failure

Materias

JBJ, Beam loss and Collimation at LHC, page 2



ICFA-HB2002, Fermilab May 22, 2002

Schematic LHC rings

CMS

Mom Collim. / Beta Collim.

LHCDb

Injection 1
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LHC beam parameters

L uminosity 10°*  cm 37t

o™ a crossing 10  um BT =0.5m

Stored beam 3 x 10**  protons 2800 x 1.05 x 10!

Beam energy 7000 Gev (injection 450 GeV)

|njected energy 2 x10° J = 24 x 4 kg melted Copper
Stored energy 340 x 10° J = 2 x 800 kg melted Copper
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Expected losses versus quench limit - 1

e 500 of abatch lost after injection
ANjpss = 5% x 2.5 x 1013 =1.25 x 102 p

e 10% RF at ramping
ANjpss = 0.1 x 3 x 1014 =3 x 103 p

e Beam lifetime Tyeq,n, = 1 hour with 3 x 10'* p stored
Nioss = 1011 pis
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Expected losses versus quench limit - 2

Case Losses [p(s™1)] Quench [pm~1(s71)]
Injection  AN;pjection = 1.25 10'2 AN, = 2.510%
Ramping ANz= = 310" AN, = 2.5 101"
Collision N =810 N, = 6108

Clear need for collimation — betatronic and momentum
with collimation efficiency > 10* m

Injection must be made with collimators in working position
In addition: survive to dump kicker failure
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Collimation, halo and efficiency

Secondary (only one here)
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Table 1: correlated phase advances p,, and @, and X — Y jaw orientations aj,w for three

primary jaw orientations o and four scattering angles ¢ with i1, = cos™* (n1/n2).
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Real LHC optics: an adequate approximation of this perfect case
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Collimation inefficiency - K2 code
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Schematic layout of the momentum collimation section
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Fixed Coll.

D3-D4 dog-leg structure to grow sweep-out neutrals
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Halo and aperture in Experimental triplet

n
Harmless tertiary halo

PRIM

n 1:7

_

A Xo+ n r0+ A X,mech+a
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Cold bore triplet

A =1.6 mm

Xx,mech+al

Sec halo
(0 =10x1.4 =14 mi

Prim halo

n=214n,=10 Ax=CO+ D3 x
= 3+4+7 = 14mm

Cross

=296 mMm=~r cold.bors 30 mm
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Schematic layout - IP5-CMS
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Equivalent primary aperture - Injection, IP1-ATLAS

Effective normalised apertureis 1.4 x nq(s)

|
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Equivalent primary aperture - Collision, IP5-ATLAS

Effective normalised apertureis 1.4 x nq(s)
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Inefficiency and collimation depth

No longitudinal dilution
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Inefficiency and jaw longitudinal tilt error

No longitudinal dilution
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Inefficiency and beta beating

No longitudinal dilution
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Erratic dump kicker error

TCDQin IP6

Collimator
IR3or 7

I

Kicker
Exact k() not yet known

Nb of bunches on collimator varies between 6 and 16
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Dump error and materials for the jaw

Erratic dump error isthe worst case for jaw integrity

Shower studies clearly display advantage for low-Z materials
Case: possible reduction of mech. properties (allowed once/year)
Need more professional expertise

N [bunches] Margin Factor

Expected 6 — 16

Allowed for:  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, RF : AT < 20K

— no harmful longitudinal deformation
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Materials for the jaws

NEED low-Z materials

Serious candidates:
— Be, but toxicity
— Pyrolythic Graphite, but brittle+dust, but poor conductor
— Boron Nitride, but ~ clay, but dielectric

Challengers:

In-depth study starting now
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Dynamic stress analysis for 10 bunches impact on Be

3D Ansys analysis, with MARS energy density map, Preliminary data
Dynamic peak stresso = 1.5 x 10° Pa

Static peak stresso = 1.9 x 10° Pa

outs = 0.8 x 10° Pa
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