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OverviewOverviewOverviewOverview

• Introduction to beam loss monitoring:
---- goalsgoalsgoalsgoals
---- requirementsrequirementsrequirementsrequirements

• Beam loss monitoring by optical fibers
• Working principle of the composite sensor
• Parameters of Cerenkov effect in optical fibers
• SiPM structure
• SiPM response 
• Outlook  
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How to select a beam loss monitor: How to select a beam loss monitor: How to select a beam loss monitor: How to select a beam loss monitor: 
goals and parametersgoals and parametersgoals and parametersgoals and parameters

ParametersParametersParametersParameters

• SensitivitySensitivitySensitivitySensitivity
• Ease of calibrationEase of calibrationEase of calibrationEase of calibration
• Radiation hardnessRadiation hardnessRadiation hardnessRadiation hardness
• ReliabilityReliabilityReliabilityReliability
• Costs (incl. Electronics)Costs (incl. Electronics)Costs (incl. Electronics)Costs (incl. Electronics)
• Physical sizePhysical sizePhysical sizePhysical size
• Localization of beam Localization of beam Localization of beam Localization of beam 

losseslosseslosseslosses

Goals Goals Goals Goals 

• Measure lossesMeasure lossesMeasure lossesMeasure losses

Regular losses

Irregular losses

Radiation damages

• Localize lossesLocalize lossesLocalize lossesLocalize losses
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Optical Fiber Beam Loss MonitorOptical Fiber Beam Loss MonitorOptical Fiber Beam Loss MonitorOptical Fiber Beam Loss Monitor

AdvantagesAdvantagesAdvantagesAdvantages

• Distributed measurements

• Small dimensions

• Smart structure

• Immune to electromagnetic 
fields

• Radiation hardness

Effects of Ionizing particlesEffects of Ionizing particlesEffects of Ionizing particlesEffects of Ionizing particles

• Radiation induced Absorption (RIA)

• Cerenkov EffectCerenkov EffectCerenkov EffectCerenkov Effect

• Change of refractive index

• Change of mechanical properties

MAIN BEAM

RF network

Quadrupole

E

(GeV)
e-

loss/
year

Consequence for electronics

Main Beam 1500 1 E14 Unacceptably high failure rate

Main Beam 9 1 E15 More failures per year

Drive Beam 2.4 1 E16 Few failures per year

Drive Beam 0.24 1 E17 Few failures over lifetime
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Working principles

•Composite sensor

•SiPM as detector
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• Silica multimode fibers with high NA (about 0,63)
• Refractive index 1,46 
• Cerenkov semiangle 47° for electrons
• Average number of photon produced for each electron about 450 between [400-600]nm
• Electron energy threshold for Cerenkov production 0,192 MeV
• High fibers lifetime and radiation hardness
• Smart structure

DisadvantangesDisadvantangesDisadvantangesDisadvantanges

• Loss of particles with angles non included in the acceptance angle

ImprovementsImprovementsImprovementsImprovements

• Increase NA: Photonic bandgab fiber

Cerenkov effect in optical fiber: parametersCerenkov effect in optical fiber: parametersCerenkov effect in optical fiber: parametersCerenkov effect in optical fiber: parameters
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Photon detector: SiPMPhoton detector: SiPMPhoton detector: SiPMPhoton detector: SiPM
In collaboration with STMicrolectronicsIn collaboration with STMicrolectronicsIn collaboration with STMicrolectronicsIn collaboration with STMicrolectronics----CataniaCataniaCataniaCatania

-Matrix of n pixels 
(SPAD) in parallel

- Every pixel gives the 
same signal when it is 
hit by a photon but the 
output charge is 
proportional to the 
number of triggered 
cells, i.e the number of 
injected photons: 
Qout=C(VR – VBR) Nfired

- Analog device

- Photon detection 
efficiency: ca 20% at 
450 nm
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Rise time: 1-2 ns

Recovery time: 
ca 20 ns 
(depending on 
the quenching 
circuitry)

SiPM Response SiPM Response SiPM Response SiPM Response ---- part 1part 1part 1part 1

Photon Detection Efficiency

avalanchegeomSiPM QE εεη ××=

# Detected photons / # Incident photons
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Dynamic range

SiPM Response SiPM Response SiPM Response SiPM Response ---- part 2part 2part 2part 2
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Gain linearity

•linear variable with Vbias

Best working condition => Nphotons < Ncells
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ConclusionsConclusionsConclusionsConclusions

• It seems possible to realize a sensor:It seems possible to realize a sensor:It seems possible to realize a sensor:It seems possible to realize a sensor:
---- low costlow costlow costlow cost
---- extremely compact extremely compact extremely compact extremely compact 
---- with a robust mechanical designwith a robust mechanical designwith a robust mechanical designwith a robust mechanical design
---- immune to external magnetic field immune to external magnetic field immune to external magnetic field immune to external magnetic field 
---- radiation hardnessradiation hardnessradiation hardnessradiation hardness

• After the experimental test the ST SiPMS seems to be the best After the experimental test the ST SiPMS seems to be the best After the experimental test the ST SiPMS seems to be the best After the experimental test the ST SiPMS seems to be the best 
solution for this particular application solution for this particular application solution for this particular application solution for this particular application 

• Next steps: Next steps: Next steps: Next steps: 
---- sensor performances analysissensor performances analysissensor performances analysissensor performances analysis
---- installation at Cern for measuring beam losses at Two Beam Test installation at Cern for measuring beam losses at Two Beam Test installation at Cern for measuring beam losses at Two Beam Test installation at Cern for measuring beam losses at Two Beam Test 
Area.Area.Area.Area.
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Thank you very much for your Thank you very much for your Thank you very much for your Thank you very much for your 
attentionattentionattentionattention


