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Upgrade || - Photon detector

Run 298386 - eviD 11309806 Run 300511 - evIiD 1473926 Run 295901 - evID 50497432

Single event in RICH1 at pile-up ~1 Single event in RICH1 at pile-up ~5 Single event in RICH1 at pile-up ~40




Photon detector requirements

Required Silicon

Photomultiplier

Multi-Anode
Photomultiplier Tube

Photon detection efficiency [%]
Timing resolution (FWHM) [ps]

Cell size [mm2]
Dark-Count rate [Hz/mm2]
Operation voltage [V]
Magnetic sensitivity

Radiation hard [n,,/cm2]

50 50-70

50 <100

1Tx1-2x2 1x1
10° — 107
40 -50
NO

2 %1013 NO

30-40

150

2.8x2.8

<1

~1000

YES

YES



Silicon Photomultiplier (SiPM)

40 pm Avalanche Metal
. . Ra region R, R, contact
* Single Photon Avalanche Diode (SPAD): - ~
* PN junction :
 Reverse external E field ml " - ; :
* Electron-hole pairs '
»

Avalanche - > Gain
Quenching resistor

* Silicon Photomultiplier:

 SPAD Array coatect 3 .

* Parallel connection r r
(Sum of signals)

* Excellent signal-to-noise r r

[

Single microcell

Front contact




Silicon Photomultiplier (SiPM)




SIPM characterization

* Current-Voltage
* Breakdown voltage

* Capacitance-Voltage
* Full depletion voltage
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SIPM characterization

* Laboratory setup
* Pulsing laser
* Oscilloscope

* Event analysis
* Photon counting
e SIPMTiming
* Noise characterization
* Efficiency scan




Single Photon Timing Resolution

* Timing resolution
 Full-Width-Half-Max of time of arrival distribution

SiPM Timing
H = 3.88e-08
o = 30.33 ps
1200 A FWHM = 79.50 ps
k= 2.01e+10
alpha = 6.08e-01
1000 A —_ i
v 800 A
=
3
S 600 -
400 A
200 A
O T T T
3.84 3.86 3.88 3.90 3.92

Time [s] le—8



Noise characterization

* Threshold scan
 Dark Count Rate (DCR)

Dark Counts
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Noise characterization

1e8
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* Threshold scan Lo
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Noise characterization

‘-
* Threshold scan
e Dark Count Rate (DCR) > -
» Dark count statistics S, _. s
* Cross-talk probability E e ey
* After-pulse probability E :

Inter-time [s]

10" 101




XY scan

* Event counting efficiency

across SiPM surface 70
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Radiation damage

* Equivalent neutron fluence
« LHCb: 2 % 1013 222

cm?

* Increased DCR
* Decreased peak height
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Radiation damage

* Equivalent neutron fluence

« LHCb: 2 1013 e

cm?
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Radiation damage

* Equivalent neutron fluence

¢ : :
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Radiation damage mitigation

* Cooling
* Liquid nitrogen temperature (-196° C)

* Annealing
* Recrystallization of silicon



Conclusions

* Silicon photomultipliers — good candidate

Project Phase W R&D B Prep of Prod. & Prototyping B Production & Assembly & Test
Infrastructure, Services B Installation
 Radiation hardness o
* Noise ToRCH |
* Resolution loss eoca I
 Counting loss R i e e e R e
« Upgrade 2 - R&D plan

* Operational parameters & best practices
* Characterization
* Measurement
* Analysis
* Radiation damage mitigation



Thank you
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