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TI* Beam-gas Interactions in the Beam Delivery System

L. KELLER, T. MARUYAMA and T. MARKIEWICZ
ILC-NOTE-2007-016

« Beam-gas interactions are simulated in the ILC Beam Delivery
System.

— BDS length 1500 m
— “SLC” gas: 62% H,, 22% CO, 16% CO,
« p= 6.5x10*g/cm3@1 atm room temp.,
¢ Xo=5x10""m @10 nTorr
« Scattering rates at 10 nTorr (both beams):

— Bremsstrahlung 2.9/bunch
— Coulomb 2.3/bunch
— Moller (atomic electrons) 0.3/bunch

« Find the point of origin of charged particles which hit the FD
protection collimator and reach the IP.



[ |
: Lossé of 150 random beam-gas brem. trajectories in the BDS
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g ' P Beam-Gas Bremsstrahlung Electrons Hitting Beyond the Final

11U Doublet

Cut: Outside 10 mm at entrance to 1%t extraction line quad
Average Energy = 100 GeV
Origin is inside 200 m from the IP
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Within the IP region there are 0.02 - 0.04 hits/bunch
at an average energy of about 100 GeV/hit originating 0—200 m from the IP.
Therefore 1 nTorr from 0-200 m is conservative.

Summary for 10 nTorr:

Pressure in the IP Region can be much higher.

On the FD protection collimator there are 0.20 charged hits/bunch

at an average energy of about 240 GeV/hit and 0.06 photon hits/bunch

at an average energy of about 50 GeV/hit originating 0—-800 m from the IP.
Therefore 10 nTorr from 200-800 m.

Beyond 800 m from the IP the pressure could conceivably be at least
an order of magnitude higher than 10 nTorr.



Cern note ref. in the TDR
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v . Update on Conclusion 1
Track those 0.02-0.04 particles/BX in the SiD detector.

BeamCal

These are most serious.

4246 particles
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— 346
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e NH= 0:3
« NH<15:
« NH>15:
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N

No of Charged Hits

Only 10% of particles would generate

significant number of hits.
— 10 nTorr is acceptable.
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IP Vacuum
» 0-th draft of IR region (A. Seryi)
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incoming beamline, and
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in the outgoing beamline

Be-55 connection is permanent
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Pump system_5

Suetsugu (IRENGO07)

 Pressure distribution after 100 hours

evacuation

» Calculated by a Monte Carlo code
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-"P SiD Forward Region
o

No Space for Vacuum pump in the SiD Forward region
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Do we need vacuum pumps inside the detector?
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Hew bad is the beam gas scattering If
o vacuum is 1000 nT?

250 GeV e- — | 2.4-cm ¢ 7-m long gas (H.,/CO/COQO,)

 Among the three beam gas scattering proc
considered in the BDS, only Moller scatteri
atomic electrons is significant.
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 Electro-production of hadrons

— Fixed target data
¢ GTOT ~ 2 mb — 5X1O-3/BX

— FLUKA does not simulate this process.
« Replace e- with y : 1.9x103/BX@1000nT

— GEANT4 simulates this process (GHAD
package)
¢ 3.3x103/BX

Luminosity backgrounds (pairs, yy—hadrons) are much higher.
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,-"'l: Other IP Vacuum Issue

» Particle stimulated gas desorption
(Malyshev)

— e+/e- flux from beamstrahlung pairs can reach
~109/s.

— NEG coated vacuum chamber?
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,,’E Conclusions

« Based on the beam gas scattering, the vacuum
requirements are
— Up to 800 m from IP 10 nT
— Beyond 800 m >> 10 nT

« Beam gas scattering inside the detector is
negligible compared to the luminosity
background even at 1000 nT.

— |P vacuum requirement is not determined by the
beam-gas scattering rate.

« (Gas desorption needs to be studied for the IP
vacuum consideration.
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