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@ Beam Loss Monitoring (BLM) with Cherenkov fiber and
Silicon Photomultiplier (SIPM) readout

@ SIPM advantages and drawbacks
¢ Nonlinearity due to limited number of pixels
+ Nonlinearity due to pixel dead time
@ Nonlinear transient SIPM response
¢ Experiment
< |nitial analytical model
@ Reward-renewal Markov process
+ Nonlinear transient response model
¢ Reconstruction of light intensity profile

@ Summary
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Silicon Photomultiplier (SiPM): Lo © LIVERPOO
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SiPM binomial nonlinearity: Zade © LIVERPOOL s
stochastic losses of photons SiPM ¢>

@ Binomial distribution of detections over cells
¢ Losses of simultaneous photons due to limited # pixels
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SiPM dead time nonlinearity: Zaa © LIVERPOOL s
stochastic losses of photons SiPM ¢>

Losses of sequential photons due to pixel dead time

+ Non-paralizible dead time model Naw=— o PDE e g Non PDE Ta
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¢ Exponential RC recovery model: Gain(t) dependent on recovery
— Pixel load A1 = 1
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Transient nonlinearity of SiPM: ‘h © LIVERPOOL
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Approximations of SiPM transients: <o; & LIVERPOOL s

Initial analytical approach sipm: &2 .
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Filtered Marked Point Process: <o; & LIVERPOOL g
linear transient response approach SIPM ¢> e e
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Reward-renewal Markov process: <q> & LIVERPOOL s
conditional transient approach sipm: &2 .

@ Renewal process: conditional probabilities of times between
events (photon arrivals & avalanche triggers)

@ Reward process: random gain dependent on time delay
@ Exponential RC recovery model: Gain(t), PDE(t)
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Reward-renewal Markov process: <q> & LIVERPOOI s
transient model & results sipm: &2 .

Renewal equation and mean reward rate (SIPM response):
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Reward-renewal Markov process: <Q> &) LIVERPOOL 5
qualitative correspondence sipm: &2

Renewal equation and mean reward rate (SIPM response):
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@ Mean SiPM output (current) is a convolution of transient point
process and binomial number of single-electron responses with
history-dependent Gain

@ Reconstruction of light intensity profile |,,(t) means:

¢ To deconvolve outputwith binomial # SER(t) accounting for Gain(t)
+ To solve inverse Laplace transform equation for ly.(t)
¢ To deconvolve |4 (t) with conditional PDE(t)

i (1) = 14 () * SER(Y)

SER(t, At) = Gain(At) - hy, (1)
e (t) = 1, (t) ¥ PDE(A) - pspre (2)
1

AL(t) ~ D

@ Feasibility of successful reconstruction is questionable
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@ Reward-renewal Markov process is a powerful tool to model
response on slowly varying nonlinear signals

@ Practical algorithm of reconstructionis questionable

@ Time to think twice on other possible approaches on BLM with
SiPM:

+ High dynamic range SiPM
— Number of pixels (FBK — 7.5 um pixels ~ 18K pixels/mm?)
— Pixel recovery time (FBK, KETEK —3.5...4.5 ns)

¢ Separate Cherenkov fiber channels (dual readout):
— SiPM readout: super-sensitive (and linear) at low signals
— fast PD (PIN or MSM): inexpensive add-on for large signals

¢ Other practically feasible approximation approaches — new ideas (?)

@ Exciting, challenging, high risk, high impact R&D in progress
@ SUCCESS = NEW HORIZONS in super-sensitive HDR detection
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Thank you for your attention

Questions?

Sergey.Vinogradov@liverpool.ac.uk
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