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v Introduction
v LHAASO-WFCTA SiPM camera R&D

» Conclusion and discussion




Motivation
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* Is made of an (APD + quenching resistor ) array
* APD: operates in Geiger mode, the output signal is 0 and 1 analog signal
* APD size: 15 um —100 um
¢ 1600 APDs/mm? (25pum)



VAR
> The first G-APD Cherenkov telescope (FAST) : LaPalma,
Canary Islands, Spain, 2011 iz4T

e« FOV: 4.5° , 1440 pixels, 9.5m [z t4%, pixel size:
0.11°

> CTA: /pAUEHHs (5TeV-300TeV) , Schwarzschild-Couder
telescope

CTA: smm%%ﬂ%pkﬁém




5195 EDs
1171 MDs

WCDA:
3000 cells
(25m?2/cell)

WFCTA:
18 Cherenkov
telescopes (1024
pixels/telescope)




Wide Field of View Cherenkov Telescope
(WFCTA)

» 5m? spherical mirror;
» 32X 32 SIPMs array
> Pixel size 0.5° ;

» FOV:14° X 16° .
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SIPM camera A prototype of WFCTA
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FBK vs. Hamamatsu

PDE 40% @400 nm 23% @400 nm
Fill factor 72% 47%

Dark count rate ~80kHz/mm? ~50k/mm?
Optical cross talk ~15% ~1%

Gain ~2 X 106 ~0.7 X 108
Break down voltage ~26.5V ~53V

Gain vs. temperature ~1.5%/°C ~1.5%/°C
Break down voltage vs. ~26 mv/°C ~54 mv/°C

temperature



HAMAMASTU

vcc —cm1é
RO C1 Sl
= F

— 2 oo i

R2 s Pulse duration
: <L -0.04— ~
SiPM - 43ns
Output o
_O-DBI_;ELOI IBflml = ‘4(;[1' = ‘SKLDI = IG(‘)U‘ = I7f‘)l]‘ = IBflm‘ = Igflml = Ilﬂlﬂl]
bin (ns)
. a . 9005_ th2

= Entri 40000

SiPM testing board 8005 Eniies 4000

‘GEJ' 700;_ F{ZMS 4.839

CTA o 5000 2indf  66.02/51

. w - N 3168+ 34.7

customized 5 5000 a 8107005

b C G 2.972+0.014

hexagonal 3 400 o 1063%0011

SiPM g 300; b ~1.598+ 0.017
1 z 2005
I 1005

\ Bl v b b by by P T
' 050" "0 5 10 15 20 25 30

Q (pC)
Low light intensity response




CC

ROj C1
— R3

SiPM

Number of Evnents

SiPM & pre-amplifier board

OPA 846

2200

2000

1800

1600

1400

1200

1000

800

600

400

200

0.35

0.3

0.25

S ., ! | Pulse duration
g, .\ ~100n
T

\

N

-100 O

Time (ns)

Low light intensity response

100 200 300 400 500 600 700

;III|III|III|

Entries
Mean

RMS

300000

6.301
3.125

1"

12 13 14 15




HAMAMASTU: 12 mm X 12 mm FBK: 25mu
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» The dynamic range of the SiPM is proportional to the total number of cells.
» At least 200,000 cells is required for 32,000 pe.
» Larger area SiPM has a bigger DCR.

»The small cell pitch: will produce small fill factor and then small PDE.
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Resolution (%)

HAMAMASTU: 12 mm X 12 mm
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» Charge resolution:
* SiPM: 12-13%@100pe,
4% @1000pe
* PMT: 12%@100pe,
4% @1000pe



The long light pulse response
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Breakdown voltage vs. temperature: ~26 mv/°C

Gain vs. temperature: ~1.5%/ °C




50M 14 bit
FADC

50M 14 bit
FADC

I The architecture  Tcp/iP
of SiPM camera
Low voltage  readout electronics L
power supply
I TCP/IP
Slow Control Board: temperature & high
voltage compensation loop. Service

SiPM pulse duration: 20 ns—-50 ns




Mirror

UV light 375nm
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Resolution: 6/1000/sqrt(N)
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Schematic diagram of SIPM camera assembly
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Square SiPM array: 20 mm X20mm

Slow control board Analog Boarg \

/

‘/Digital Board

Metal frame

SiPM board
Winston cone \

» Light concentrator: is to increase the effective area of the SiPM
» SiPM base board: 16 SiPMs, 16 temperature sensors (embedded in the SiPM
chip ), and 16 pre-amplifiers
» Slow control board:
* 16 temperature and high voltage compensation loops;
* 16 channels of high voltage power supply.
» Analogue board: 16 channels of amplifier (high gain and low gain) and shaping
circuit
» Digital board: 50 MHz FADC and FPGA
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Data from
Geneva
University

group
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Relative PDE
LT 1 signal N ePDE
NN Noise /NS o PDE + N2,
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FBK: 20 X 20 mm? | Hamamatsu: PMT
Hexagonal

Relative PDE 40% @400 nm 23% @400 nm 16% @400 nm
Dark count rate 32 MHz 7MHz ~kHz

Sky background ~50 MHz ~30 MHz ~20 MHz
noise
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Three proposals of SiPM array

Square SiPM Hexagonal (side Square SiPM
20mm X 20mm length=7.2mm) 12mm X 12mm

SiPM Collaboration with Hamamatsu Hamamatsu
INFN (FBK) (customized) (commercial)

PDE 40% @400 nm 23% @400 nm 23% @400 nm

Fill factor 72% 47% 47%

Inlet to outlet ratio 1.49 4.42 4.13

of Winston cone

Cell size 25um 25um 25um

SiPM area 400 mm? 134.7 mm? 144 mm?

Relative deviation 4% @32000pe 4% @32000pe 5%@32000pe

Charge resolution 13%@100pe 12%@100pe 12%@100pe

Dark count rate 32 MHz 7MHz 7.2MHz

Sky background ~50 MHz ~30 MHz ~30 MHz

noise



Square SiPM array: 20 mm X20mm
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Light spot from the reflective mirror  Light distribution output from
I“*““ the cone
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» Estimate the non-linearity from the
nonuniform light distribution cause
by the light spot and the light
concentrators

—— Theoretical Curve +

Deviation (%)
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Dynamic range

Photon counting

Charge resolution

Pulse duration

Dark count rate

Aging
Magnetic fields
Gain
Temperature

Optical cross talk

Proportional to total
number of APD cells

Yes

12-13%@100pe,
4%@1000pe

20 - 50 ns

80 kHz/1 mm? @ thrd=0.5
pe

No aging

No sensitive

1X10° @ several tens volts
~1.5%/°C

3% - 15%

Dependent on PMT type, HV
distribution and readout
method

No
12%@100pe, 4% @1000pe

~“6 nS

<1lkHz @ thrd=0.5 pe

Aging

Sensitive
1X10°@ >1000V
~0.2%/°C

No






LHAASO-WFCTA vs. CTA
U st assowrcra

Energy range 5TeV-300TeV 30 TeV -1EeV (Cherenkov mode: 30TeV — 10 PeV,
10PeV-100PeV; Fluorescence mode: > 100PeV)

Diameter of mirror ~4m ~2.3m
Pixel size ~0.25 ~0.5
FoV 9° X9° 16° X16°
Dynamic range 1 pe - 2000 pe 10 pe — 32000 pe
Light pulse duration 6 ns- 50 ns 6ns- 3us
Observation mode Cherenkov light Cherenkov and Fluorescence light
Air shower Cherenkov light spectrum Fluorescence light spectrum
1092_ 100% L T T r l T 1 ]
. 80 ~ a -
-E With atmospheric absorption
g 1081 60 r -
2 40 b i
Flourescence
20 L /Specfrum_
AW VM

107 [ | | I I | 111 1 ‘ 1111 | I I | IIIIII 0
200 300 400 500 600 700

wavelength[nm] 250 300 350 400 450 500

Alnm) —




Cooling System

Aluminum alloy framework

Refrigeration semi-conductor



I-V curve for breakdown voltage and
guenching resistor
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Optical Cross talk & After pulse
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Hexagonal SiPM array




Schematic diagram of SIPM camera assembly

| trol board Digital board
Entrance window: Side to side length is 25.4 mm oW contro; boar l

Exit window: Side to side length is 12.12 mm metal frame

light concentrators

SiPM base board

A module has 4 X4 SiPMs.
» Light concentrator: is to increase the effective area of the SiPM
» SiPM base board: 16 SiPMs, 16 temperature sensors (embedded in the SiPM
chip ), and 16 pre-amplifiers
» Slow control board:
* 16 temperature and high voltage compensation loops;
* 16 channels of high voltage power supply.
» Analogue board: 16 channels of amplifier (high gain and low gain) and shaping
circuit
» Digital board: 50 MHz FADC and FPGA
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Light spot from the reflective mirror  Light distribution output from
I“*““ the cone
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» Estimate the non-linearity from the  °®
nonuniform light distribution cause
by the light spot and the light
concentrators
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