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Abstract: The LHC beam loss monitoring (BLM) system must prevent the super conducting magnets from quenching and protect the machine components from damage. The main monitor type is an ionization chamber. About 4000 of them will
be installed around the ring. The lost beam particles initiate hadronic showers through the magnets and other machine components. These shower particles are measured by the monitors installed on the outside of the accelerator equipment.
For the calibration of the BLM system the signal response of the ionization chamber is simulated in GEANT4 for all relevant particle types and energies (keV to TeV range). For validation, the simulations are compared to measurements using
protons, neutrons, photons and mixed radiation fields at various energies and intensities. This paper will focus on the signal response of the ionization chamber to various particle types and energies including recombination effects in the
chamber gas at high ionization densities.
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lonization Chamber Response Simulation Verification Measurements

Characterization of the LHC BLM detector
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1 Mixed radiation field measurements at

Detector response can be folded with spectra — Detector signal CEREF target area (CERN-EU High Energy
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Verification of simulation by analytic Detailed detector simulation with Geant4 (4.8.1
calculations for muons with Bethe- QGSP_BERT_HP):
Bloch formula
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Agreement:
1 GeV mu”: 95%

 kinetic energy range: 10 keV — 10 TeV

« transverse and longitudinal irradiation

e 35 MeV mu™: 75% 2 Protons at 400 GeV/c: SPS extraction line
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2 mm thick detector wall of stainless
steel leads to an energy cut-off:
(particle above this level start to deposit
energy in the detector)
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Hadronic Shower Measurements at HERA Space Charge Effect in lonization Chamber

Part of the error estimation of the LHC BLM system 6.500mrm . Above a critical ionization density a dead zone of thickness d—x_(d being the

ﬁggbrgiti'g Zrﬁwe?f;?lnéﬁhﬁgﬁ?'on offar transverse T T e electrode spacing) forms next to the cathode (R.M. Zwaska, PhD thesis,

L University of Texas at Austin, December 2005)

Dump simulation in two steps: , ‘ . . o R
+ Simulation of spectra at detector position u: ion mobility, ¢: ionization per volume and time, V: chamber voltage, g: elementary charge.

+ Simulation of detector signal
Simulation codes: , Application of the formula to the
+ Geant4.8.1 QGSP_BERT_HP wsoomm 1 | L750mm 2 750mm " = LHC BLM ionization chamber:
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* FLUKA HERA/DESY internal proton beam dump equipped with LHC type BLM system, :z response to the space charge
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Preliminary Results: . 1.35 _ 5.03

» strong dependence on simulation code and physics modes,
QGSP_BERT_ HP closest to data (less than factor 2 in the
peak)

+ significant difference in absolute height and longitudinal
shape between measurement and simulation. Backward
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proton dump, peak: shower
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Measurement at 920GeV
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Highest correction All 6 HERA detector signals at 920 GeV as a function
and forward tails in the data are not represented in the 3 case (detector 2 of beam current before (above) and after (below)
) simulations. - weorews ) - At 920 GeV) space charge correction. Most of the nonlinearity of
- Successful longterm test of the complete LHC BLM System in S T —— the signals has been corrected by the rather simple
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measured signals versus
detector position on the HERA
proton beam dump. Detector
positions (in scale) indicated at
the bottom.
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Results
BLM detector response simulation with Geant4 and verification by measurements: Simulation and measurement of far transverse hadronic shower tails at HERA proton beam dump (preliminary results):
— Part of the BLM system calibration v significant dependence on simulation codes and physics models (final verification pending!)
v mixed radiation field (CERF) — ratio simulation / measurement within uncertainties, (except upstream position 21%) v simulation does not well represent data in magnitude and longitudinal shape (underestimates transverse and

400 GeV protons — comparison within 13%, determined by systematic uncertainty (23%) in beam position longitudinal tails)
gamma calibration — within 4% v simple space charge model corrects most of the signal nonlinearities

174 MeV neutrons — below 30% (uncertainty in the magnitude of gamma contribution) —» Part of ’E?e ;Jncefrt5ainty estimation Oftﬂ;{efLHl_CHBCLI\’:I ?tystemdcalfibzr(e)l(t)i;))n
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