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|. Motivation: photodetectors in HEP

Institute of Cosmos

Sciences

Where do we need photodetectors?

scintillators readout

Calorimetry (elm & hadr)

Tracking (with scintillating fibers)
'icl

Time-Of-Flight i.e. PID

pcl

t1 t2

12 September 2016

Meeting

detection of Cherenkov light
PID (Particle ID)

Cherenkov Threshold detectors

or RICH irror
Ring

Imaging
CHerenkov

partially also in calorimetry
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Sciences

for Cherenkov emission (namely RICH): .
. o photodetectors in HEP
- blue / UV light sensitivity (large spectral response)
- single photons sensitivity
- optimize spatial resolution of single photons
- maximize number of detected photons Particle ID
- large detector areas

for scintillation:  (most requirements here are specifically application-driven)
- visible light (mostly blue / green)

- nr. of photons .
for fibers => few photons $/racking

for large calorimeters => ~ 100s - 10000s photo

depending on scintillator Calorimetfy
depending on energy deposition

=> large dynamic range

12 September 2016 Meeting 4
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W
for Cherenkov emission (namely RICH): photodetectors in HEP

- blue / UV light sensitivity (large spectral response)

- single photons sensitivity .
?“ icle ID

- optimize spatial resolution of smgle ph
specifica pplication-driven)

- maximize number of detected
LA

- large detector areas
- nr. of pho
f r \ ckmg

for scintil t requir ‘Ga
- visible | stly ﬁ)
for large calorlmeters => ~ 100s - 10000s photo

depending on scintillator Calorimetry
depending on energy deposition

=> large dynamic range
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Sciences

Reversed bias pn junction - Different regimes l
P
Eint

Vbias :
‘ Sgaank - enlarge depletion region
increase electric field
secondary ionization

II. SiPMs: P-N junctions Sr'w“ -

Linear
mode 100000

10000 ——— I —

a B SR et

(101 1] — o FELA R SRS

100 SNPLL M
Geiger : 10 / X B gz B gl umnaud]
mode

Gain (log)

J. Haba, NIM A 595(2008) 154-160

B [em™]

ke e -

\ U.UI h'.-'-’. —_—
¢ » ooiz' T_ ~ionization coefficients
Bias voltage Vep st BN I A

. 1.5 2 25 3 3.5 4
PIN Diode Electric Field [10° Vicm)

I gf}ﬁ AVALANCHE PHOTODIODE (APD) GEIGER MODE AVALANCHE (G-APD)
- voltage -V >V_breakdown
- secondary ionization from electrons - secondary ionization from electrons and holes
- avalanche - “broken” junction , avalanche
- linear regime - Geiger regime, not linear anymore

SILICON PHOTOMULTIPLIER (SiPM) :
array of micro-cells operated in G-APD

12 September 2016 IBIC16 7
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. SIPMs: structure e A r‘W‘-

Sciences S’ UB
B
@) -V bias bias bus
Quench
resis-[or\
// h 4
GM-APD Q — Q (1x1) to (6x6) mm?2 ~20t0 100 pm
Ol,’ nr cells ~ 100 to 15000 / mm?

SiPM : arrav of micro-cells APD-like operated in G-mode connected to a common bias

through independent quenching resistors, all integrated within a sensor chip.
The output is the analogue sum of all cells

individual cell (i liode. APD-like)

- Vbias > Vbreakdown - when hit by 1(2,3...n) photon(s)

- Gain ~ 106 - 107 => full discharge

- Geiger regime (fully saturated) => Qcell = Ccell (Vbjas - Vbreakdown)
- No analogue info at the single cell level ! overvoltage

12 September 2016 IBIC16 ov 8




ll. SiPMs: photon counting

Excellent single photon counting capability

D. Renker, 2009 JINST 4 P04004

Time

10000

3 photoelectrons ~\

Institute of Cosmos S

Sciences

APD activated

: il = Coey V
o ‘/1Gemr_ Qicel cell Vov

Qtotal = N Q1cel

.

3 Geiger-mode
APDs activated

ope |1 Pe =
so00] | SiPM
2 pe .
e Cooling is
S 3 pe required for low
© 40001 ‘\ rates (DCR)
fe) J L \_J l\ i k )[_!. \ulr\/_\‘:____
8] 100 200 300 400
Channel
12 September 2016 IBIC16

The output signal is ‘quantized’ and
proportional to the Nr of fired cells

''''''

GM-APD




ll. SIPMs: linearity

= s
Institute of Cosmos
Sciences S ’ U B

Intrinsic non-linearity in the response
to high Nr incident photons

] SIS
1000 3 G2 om0 9
b : o8 cm®™ ® " ® Linear butonly as long as
p= - og Nr_detected photons < Nr_cells
£ 100 - w m 576
a : 89 o 1024 _
o ] o © 4096 after that : saturation
£ w0 8F
= 9@
: 99 D. Renker, 2009 JINST 4 P04004
1 10 100 1000 10000

Number of photoelectrons

12 September 2016 IBIC16 10
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ll. SIPMs: noise and drawbacks

the ‘dark side’ of SiPM  ® dark counts

impurities and/or thermal generation of free charges
=> permanent rate of avalanches not induced by photons

* cross-talk

correlated noise : avalanches induced by the ‘primary’
avalanche in a neighbor pixel at the same time of the primary
avalanche

* afterpulses

correlated noise : avalanches induced by the
‘primary’ avalanche in the same pixel at a later time

Noise depends strongly on Vov and Temperature!

12 September 2016 IBIC16 11



Il. SiPMs: dark count & ;;OSS 1—%\»—

Sciences

|
Counts registered by SiPM in absence of light - Vov dependence
Due to thermal generation of charge carriers i "3 ~
. — | 4 BN
and/or tunnelling ] e ] e I e
E. 8 z 3 E.
m -
typical values DARK COUNT RATES €. :;i! 2_5 5
T
3
100 kHz - MHz / mm2 @0.5 pe thr) 8 . 3% s 3
, , , = ST 0 o -
- function of the triggering thr U »*" g0 .
| ceee®® ;
67.8 68 662 684 686 688 69 692 694 696 698
3 oo bias voltage [V]
3 =
E - - Temperature dependence
2 ‘E 1 \ E —— K. $10262:11.050C OV@1.3V Ll
8 g \ & —@— H. with trench (2013), OV@3.5V
(&) o h
EE E 0.1 o 102l e Modal
[ [=] i R
g 0.01 -
° 0.001 | i
0 1 2 3 4 5 6 7 8 B
Threshold [Number of Photo-Electrons] 1
-60 -40 -20 0o
general rule : T[Cl

dark rate is halved every ~ 8-10 K
12 September 2016 IBIC16 12



Il. SiPMs: correlated noise & ° "’S =

Sciences

C
®
BB

Optical Cross Talk

During the avalanche a large nr of photons are produced { O(1photon/105 charge carriers) }
=> Reach neighbours pixels and start a second avalanche

correlated noise
contribution added to the primary signal
stochastic process => contributes to ENF

* larger Vov => larger gain => higher P_XT
* smaller pixel size => higher P_XT
* XT ~ 30 -40 % (w/o trenches)

* significant impact of trenches = optical separation
0.0 —jmw

Afterpulses

afterpulses

-0.2

Voltage (V)

primary pulses
generated by the thermal carriers

Charge carriers temporarily trapped in the
lattice defects and released near the avalanche

region (same cell) with some time delay -0.3

cross-talk
correlated noise 04—
contribution delayed, occurring after the primary signal SR PP 150x10°

12 September 2016 IBIC16 13



Photo-Detection Efficiency [%]

SiPMs: state of the art e A SI ak

Sciences ’UB :
High progress in SiPM technology: high PDE & low crosstalk "R
DCR has been also reduced down to 100 KHz/mm?
Still a trade-off between PDE and crosstalk exists
Also for other parameters: linearity, rate, etc
SiPM configuration (pixel size, number, area, overvoltage, model)
has to been chosen accurately for each specific application
452— ‘
403— —
35;— “
30- 1 E
: 1 8 )
25 . -0
r ] —¥- Excelitas C30742 6x6mnT 51
- e~ Hamamatsu LTS 33t 50um E 5 Fosltas Ca0r42 oxemi
r ~®- Hamamatsu LCT4 3x3mnT’ 50um 1 - Hamamatsu LCT4 33mnf ¢
15 Excelitas C30742 6x6mnf 75um E oy LoT4 gﬁmﬁ _f
C - SensL MicroFC-SMTPA 3x3mnt 35um ] - SensL MicroFC-SMTPA 3x2
I I I RN S R L l—.—HamamatsuS12642—0404P.
350 400 450 500 550 600 T 30 20
Wavelength [nm] Crosstalk [%]

J. Biteau et alt. “Performance of Silicon Photomultipliers for the Dual-Mirror Mediun
Sized Telescopes of the Cherenkov Telescope Array”, ICRC2015

12 September 2016 IBIC16 14
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Il. SiPMs: radiation damage e A -
Sciences S’ U B -

NN
Like the other Si devices, SiPM are sensitive to NIEL (Non lonizing Energy Loss)

damages by hadrons => damage of the Si lattice => increase in DCR and | _leakage

| Nakamura, JPS meeting, Sep. 2008 2 MPPC S10362—~11-050U~3
fore i e Reduce DCR
800 Y T o) Hamamatsu 1mm? device by 5 factor
S 7
3x10° n/cm? o 10 F ~2every 8-
v e QO ;-SO'C 10K
1x10° n/cm? S0ty =100
GO0 fr— r_ f‘ - T=0C
3x10° n/em? 10° |
W r r [ - o ,’-
1x10'"° n/em? 104 |
400 (-"‘r Y ﬁJr' e -
3x10" n/cm? 107 |
WYy f",-rf‘r r N g camas an
1x10*"! n/cm? 102 |
200 b WYY Y Y Yy "(‘r-h., "Vw'—"""'_m
" r 10 }
Gl ('\’.’-'ﬂ’;/\‘\ (‘”w"("ff"""ﬂ'w""' ""u\. fo;"r::fl:x
i 1 i 1 i w1 1 A i 1 i A 1 A
% S00 , u(un; 1500 2000 0 05 1 15 2 Oz{zf:?rv glta ;-es (V;
me (ns
significant increase on DCR with irradiation mitigated with COOLING !

12 September 2016 IBIC16 15



ll. SiPMs: solid state photodetectors

13 c.l{_l “ saRiA -
Institute of Cosmos [
Sciences s ’ U B -

o (I BN |
- PIN diodes c § » o
- APD (Avalanche Photo Diode) % 5% §s
- SiPM (Silicon Photomultiplier) | ,g !

12 September 2016 IBIC16 16



Sciences

SiPMs: solid state photodetectors &y e -
SiuB

[
WL

9
. c

- PIN diodes = £ & s

IS - = X

= |f2 |2E

- APD (Avalanche Photo Diode) (% x S

° ez £

= Q A
IPM (Silicon Photomultiplie v vo v

* detection of low light level (single photons detection)
* excellent timing performance

Applicati in HEP
°* PIN /APD : Calorimetry

* SiPM : ~ Everywhere!! (compatibly with the maturity of the technology)
Calorimetry / Timing / Cherenkov single photon detection / Tracker...

note : not all applications are suitable for SiPM!!!

12 September 2016 IBIC16 17



Bs LAm?,

=11l eSS 0o

""+ i % DE MAEZTU -
UNIVERSITAT b Institute of Cosmos [
BARCELONA Sciences S[ UB -

|. Motivation

ll. SiPMs: state of the art

lll. Signhal conditioning
IVV.Use cases in HEP

V. Possible applications for Bl



4 -%ﬂ' © oo
lll. Signal processing: need &y o =
g p g Sncsi.elnléei of Cosmos S’ UB :

* Front end electronics for SiPM is needed to:
— Adapt impedances
» SiPM capacitances range from 30 pF to more than 1 nF

— Preamplify to optimize the SNR

= Even if “hominal” gain is in the order of 10° only a
fraction of the charge is used for fast read-out systems

— Shape the input signal

» Large SiPM time constant may cause saturation or
distortion because of pile up

— Combine (sum) the signal of several SIPMs
— Sometimes equalize over-voltage in SiPM arrays

12 September 2016 IBIC16 19



lll. Signal processing: example (MUSIC)

* MUSIC ASIC incorporates many of those functions:
o It will beused toillustrate them

Power Down

PZ Shaper

S. Gomez et alt. “MUSIC: An 8 channel readout ASIC
for SiPM arrays”, Proc. SPIE 9899, Optical Sensing
and Detection 1V, 98990G (April 29, 2016)

See also NSS and TWEPP 2016

Institute of Cosmos [
Sciences S’ UB -

> Qut ch i
I S RS, B Fast OR
SiPM Discriminato |/
chi Th —1- | 8, T\ OR
- ) / Trigger
ZS Current for slow
integration
(HG) Current .
it il Nl S Switeh L (HG. LG)
|
| 8
I EJ_’; | ;Ll_'i I (LG) Current g PZ Shaper l\ (HG, LG)
: Xn Xno Xn,  Xn, Xng Switch _’8 Diff Dn@ SUM
| Current mode input stage for | — * Diff output
L _ _ SPManode readout | N
Gain control B -
Anode voltage control B
Sensor switch off I
12 September 2016 IBIC16 20



Pole zero shaping

” "‘ ]
A EXCELENCIA
B MARIA
y DE MAEZTU W -
Institute of Cosmos S

Sciences

-
vy
BB

 Pole-Zero cancellation of the SiPM recovery time constant

 Parameters of the PZ cancellation are tunable to deal with different sensors
— Up to 100 ns time constant

 After PZ cancellation: output pulse FWHM < 5 ns

Normalized response

Response to 50 um 6x6 mm~”2 SiPM single cell pulse

Simulation with a
model obtained from
3x3 mm device

1,2
1
0,8 \
0,6 \
0.4 ——No PZ
—PZ
0’2 \ \
0 [ — f T —T !
0,0E+00 5,0E-08 1,0E-07 1,5E-07 2,0E-07 2,5E-07
-0,2

3,0E-07

Time (s)

21
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lll. Signal processing: example (MUSIC)

Institute of Cosmos

Sciences S’ UB
1011

 Output for a LCT4 MPPC ( 3x3 mm?, 75 um cell)
* No pole-zero cancellation
. Large SiPM tail: pulse width > 100 ns

Eeysight I am : Wednesday, June 22, 2016 5:55:08 PM
-

o
3
m
=
[
[
®
=
o
=
0
2
=
D
w
wn

29.0 mv

-46.5 ns 35ns

|°|5[| ons/ [203

|T| Results (Measure All Edges) ]
Messuwement | Cument | Mean |  Min |  Max | Range(MaxMin) | StDev | Cowmt | ]
8 s+ width(2) 47.80661 ns. 34.2232507 ns 20.30234 ns 96.91027 ns. 76.60793 ns. 10.1613120 n 2348
8 Vamptd(2) 166.976 mV 185.043 mV 41.059 mV 391297 mV 350.238 mV 61.2126 mV 2348

22
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IsrlsiZi;lé'éesofCOSmosS’ UB :
» Output for a LCT4 MPPC ( 3x3 mm2, 75 um cell) S

* Pole-zero cancellation

» Excellent resolution with FWHM of about 5 ns
e Possible to reach 2-3 ns FWHM for other SiPM models

Keysight Infiniium : Thursday, June 23, 2016 6:53:20 PM
-

lll. Signal processing: example (MUSIC)

124 my/

104 my

46.5 ns 495 ns 525 ns

@00ns/ [sr50510s

|_-F_| Results (Measure All Edges)

Messwrement | Cument |  Mean |  Min |  Max | Range(MaxMin) | StdDev | Coufd 15 | W 137-2%

© + width(2) ® 504653 ns 52680198 ns  4.63504 ns 17.96875 ns 1333281 ns 633.2735 ps B 9-17 | HE 273-
18-34
35- 68

69 - 136
23

AuzLBINsED




lll. Signal processing: example (MUSIC) o -
Sciences S ’ UB -

‘N
« Charge spectrum for a LCT4 MPPC ( 3x3 mm?2, 75 um cell)
* Pole-zero cancellation

» Excellent resolution with FWHM of 5 ns

300

250 -

Y —

..................................................................................

Counts
[=]
[§)]
(=)

100

50

-0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Ch C le-12
arge (C) o4



lll. Signal processing: example (MUSIC)

Institute of Cosmos
Sciences

SIUB

* Binary output for a LCT4 HPKK MPPC ( 3x3 mm?, 75 um cell)

* Pole-zero cancellation

Keyzight Infiniium : Thursday, June 23, 2016 6:56:41 PM
-

File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help

-700 ps 130 ns 330 ns 5.30 ns

‘°|2 00 ns/ ||9 3018 ns |@ i

|_-£_| Results (Measure All Edges)

1.99929 ns
431719 ns

Measurement
© ATime(l-3) ®
+ width(3)

20506184 ns
56783909 ns

150104 ns
1.04755 ns

AUBWBINSED |

327248 &
&
141967

BpPEIUD|0]

Windows | Waveforms | Appearance | Colors | Results | Callg

Waveform Intensity

- Waveform Persistence

@ Minimum

| @ infinite

© color

25
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IV. Use in HEP: Scintillating Fiber Tracker msﬁ;;eof;o;mer-

Sciences ’ UB :

- upgrade for the tracker system in LHCb experiment (LHC, CERN) nna

- aim at the same performance as in current conditions with the high luminosity upgrade

. * L <4 1032 cm-2s-1 *L~21033 cm-2s-1
Replaces Si ) *50ns ®25 ns
®pileup ~ 1.7 ® pileup ~ 7.6
traCker _ ® readout at interaction rate (40 MHz)
Si-microstrips fibers LHC Run3 (>2019)

Upstream Track

SiPM arrays

VELO

Lt s

Si-pixels
based

LHCb SciFi : not the first tracker based on scintillating
fibers but the first one to face the demanding
challenges of large dimensions / rates / radiation

Requirements :

- hit detection efficiency > 98% ; noise/signal cluster rate < 10%

- spatial resolution < 100 um

- 40 MHz readout

- radiation environment :
scintillating fibers : up to 35kGy ionizing dose \ —
SiPM : 6 10" neq / cm2 (with n shield) + 100 Gy ionizing dose

=

:.
=
Y
:.

I
4
N

12 September 2016 IBIC16 27
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I I
Back-of-the-envelope estimate of photoelectric yield in a 0.25 mm double cladded fibre, 1 m from

photodetector. Non-irradiated.

1

V. Use in HEP: SciFi Tracker Fibers

MIP = dE/dx = 2 MeV/cm

photodetector

dx =0.025 cm = dE =0.05 MeV (when passing through axis ... optimistic!)

* Scintillation yield: dY, /dE = 8000 ph / MeV 2Y, =400
* Trapping inside fibre (1 hemisphere): 5.4% 2Y, ~ 20
* Attenuation losses over 1 m: 22% - Y, ~ 16
* Efficiency of photodetector (typ. PMT): 25% 2 Y~ 4

=>» Need more traversed fibre thickness = increase thickness in particle direction (fiber stack)
=>» Need higher photodetector efficiency = SiPM with PDE ~ 50 %
=>» Need to recover light in the second hemisphere =» mirror at the fiber end

12 September 2016 IBIC16 28



IV. Use in HEP: SciFi Tracker Fibers S‘J i

The majority of SciFi R&D and prototyping has been performed with

rel, photo current (a0

;1000

=00

E00

700

&0

s00

4010

200

-
vy
BB

Sciences

SCSF-78MJ, @ 0.25 mm, from Kuraray (JP).

Attenuation in a 3.5 m long SCSF-78 fibre (@ 0.25 mm) in air, averaged over emission spectrum

¥2 [ ndf 38.51 / 30
:— Short component: A~ 0.3 m ¥ l 819.6 +6.745
= J/ helical paths, cladding light (depends on Al 357 5+ 5 64R
— 7 fibre environment (air, glue, ...) Y 5 2585 +14.28
= AS 30= 0
E d
[ ﬂs)
:_ Long component: /\,=3.6 m
[ Rayleigh scattering, self absorption of WLS,
—  imperfection of core/dadding interface
[ | | | I | | | | I | | | | I | | | | I | | 1 1 | | | | | | | | |
0 =0 100 1520 200 250 200

Positicn [cm]

IBIC"16 29
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V. Use in HEP: SciFi Tracker Modules

* scintillating fibers @ =250 ym ; L=2.5m X

* assembled in modular geometry :
* 3 tracking stations
* 4 planes / station (“XUVX" stereo)

* each plane : stack of staggered layers
6 layers close to the beampipe
5 layers elsewhere
A single fiber cannot guarantee 100% hit
efficiency because of too low light yield!

2%x™~2.5m

2x~3m \
- 3

L | SiPMs

channel
fired pix
photon

v
=]
Q.

\
one detector plane

SiPM[0.25 x 1.25 mm?2, 96 pixels]

_mean position
v

——

: .I. .“;.. '.’- L ) . H ‘r H
S i\ } | | particle Al mirror

amplitude

£
(¥p]
~

O pixel

signal

pixel
fibre

\ 4
| SiPMs

éPM array (128 SiPM)

12 September 20 IBIC16 30



V. Use in HEP: SciFi Tracker Radiation

1ccus” I g
Institute of Cosmos [
P SIUB

Main radiation damage is transparency loss = decreasing attenuationlength ¥ 1 §

" Summary of SciFi irradiation experiments

Doses (kGy) Dose rate (kGy/h)

3, 22 1.7. 04
9 - 60 1.8-103
0.5 ~2-1072
0.1, 0.2 3.5-1073

Beam Type Facility
24 GeV /c protons CERN PS
24 MeV protons KIT
F18{¢:~.+ to 511 keV ) CERN/AAA
35 kV x-ray Uni. HD
1E T T TTTTIT T T TTTTTT T T IIIIII| T IIIIIII|
09 —s— 24 GeVlic protons
08E —— 23 MeV protons 3
“E —a— X-ray .
0.7 ;— + —=— gamma —;
= 06F + =
< c ]
S osE t =
< 04F =
+
02F ﬁ' =
01F * =
E | | ol
1072 10 1 10 10°

Dose (kGy)
12 September 2016

The irradiation tests suggest

* Aearly onset of the damage (A/A,~ log D)
* No strong effect of dose rate visible

* Recovery effects not clearly established

Combination of dose distribution and damage-
vs-dose relation let us expect, at the end of the
lifetime of the detector, a signal reduction by
about 40%.

31
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V. Use in HEP: SciFi Tracker SiPMs o G -
Sciences

10N
custom developments by Hamamatsu and KETEK are meeting the requirements

ne SIPM array =128 SiPMs  (splitted in 2x64ch monolithic arrays)
for yield and reliability reasons

32.59mm

2 x 64 SiPM = “channel”

* 06 pixels/channel

* area/channel : 0.4 mm2

* pixel size ~ 50 ym (large=>PDE)

* with trenches

* <100 um epoxy (Hamamatsu) /
glass (KETEK) protection layer

PCB

Flex cable

Dead area
Pixel outline

Channeloutline
0.25mmx 1.32Zmm

Bonding wire

IBIC16 32
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V. Use in HEP: others i -
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CALICE Analogue HCAL

* for future linear collider detectors

* high granularity calorimeter for particle
flow applications

* scintillator tiles individually readout by
SiPM through WLS fibers

* first large scale SiPM application in HEP

T2K experiment

* long-baseline neutrino experiment

* off-axis near detector

* electromagnetic calorimeter for the
ND280

& \ interface
/ . board
> Foam spring

Ferrule

scintillator

light SiPM-fiber connector
Belle || A ; i
o

* for the KLM (KL and u) endcap detector

10.1016/j.nima.2015.03.060

IBIC16 33



V. Use in HEP: others

CMS HCAL HO (Outer Hadron Calorimeter)

part of the HCAL as “tail catcher”

operating in hadron collider
replaced the HPD (during LS1)

* scintillator tiles with WLS fibers

CMS HCAL UPGRADE

* SiPM will replace the HPD

outside magnet (still in return yoke field)
actually the first large-scale (~ 1600 SiPM)

o -‘5 =4 P —

- EXCELENCIA
E : v » ..-Il'\l;.:.\"--:'n'l | -
Institute of Cosmos [
Pl SIUB \ -

Slgn a GTQ( ves

" —— Optical Cables
HBO Module(Tray)

I ) o [ )
ﬁ T T T AT

ets
/ith

HCAL Tower—' “;

ECAL 'm

5
Tracker—» —
e
-’

IBIC16 34
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V. Possible applications for accelerator BI ~ “7 "~ -
Sciences S’ UB -

« SiPMs could be used in nearly any possible e

PMT application
— Scintillator detectors:

= Large dynamic range: 14-15 bits
— Cherenkov detectors:

= High PDE: near 50 %

— Single photon detectors and photon counting
= Short pulses (< 5ns) after correct shaping.
= High time resolution (single photon time resolution around 100 ps)

» Possible exceptions:

— Radiation damage:
= SiPMs are very sensitive to NIEL
= Can be alleviated: cooling (DCR), shielding, use optical fibres

— Large area photo-detection:
» Large area PMTs are still quite cost competitive
= Depends on the evolution of the market
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e Beam loss monitors based on scintillators and

Cherenkov effect

— For Optical Fibre BLM based on Cherenkov effect, high PDE
SiPMs can be very useful as Cherenkov light yield is rather low

— An optical BLM based on scintillating fibres can be useful in low
radiation environments

— See 1962 - TUPG20 and 2060 - WEPG20
* Transverse Profile Monitors based on scintillating

fibers and others
— See 1691 - MOPG76, 2084 - WEPG64 and 2119 - WEPG70

« Can the experience
from SciFi tracker be
useful ?

E. Rojatti et al. “SCINTILLATING FIBERS USED AS
PROFILE MONITORS FOR THE CNAO HEBT LINES”
Proceedings of IPAC2015, Richmond, VA, USA
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280

Time Correlated Single Photon i
Counting (TCSPC) . 3x3 mmA2 SiPM and
See 2104 - MOPG59 Ean T AN
— By correct choice of SiPM and front end Ug,‘i:: g Ny
lectronics excellent performances can T
Ee obtained P EZ T e >\f+/ﬁ
Cooling might be required for low DCR 1000——— ey & T

Martinenghi et al. “Time-resolved single-photon detection module based on silicon photomultiplier: A
novel building block for time-correlated measurement systems”, Rev. Sci. Instrum. 87, 073101 (2016)

TABLE 1. Performances of the most commonly used PMTs for diffuse optics application and comparison with

the SiPM module.
Area QE 600 nm QE 800 nm SPTR DCR

Manufacturer Name (mm?) (%) (%) (ps) (keps) Cooled
Hamamatsu Ltd. R7400U-20 50.2 16.5 7.7 n.d. <0.4 N
Hamamatsu Ltd. R5900-20-M4 4 x 81 15.0 7.0 320 n.d. N
Becker & Hickl PMC-100 50.2 10.3 4.6 180 0.2-0.5 Y
Becker & Hickl HPM-100-50 7.1 15.0 13.0 130 0.5-3 N
Picoquant PMA-192 50.2 18.0 8.0 0 <3 Y

| SiPMmodule | 1 29.9 10.1 100 | ~100 Y
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