PR vy i (o TR Cony

FI large area pretetgpe SiPM readout plane

: N R For the ePIC —dRII’H detector at the EI
. 4 = | = / i ' ' ot o

n
H
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Luigi Rignanese on behalf of the ePIC dRICH collaboration INFN
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The Electron-lon Collider and the ePIC
detector

SiPMs and radiation damage

Prototype

Test beam results
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Injector

The Electron-lon Collider (¢ Brockhaven — e

Electron
Source

Electron
Injection
Line

www.bnl.gov/eic

The major US project in the field of nuclear physics
 Operating in the early 30s

The world’s first collider for

« Polarized electron-proton (and light ions)
* Electron-nucleus collisions

High Luminosity: 1034 cm2s!
Wide energy span » 20-140 GeV
Inclusive/semi-inclusive DIS

« understand origin of mass & spin of the nucleons
3D images of the nuclear structure (GPD) S

Injector (RCS)

Electron
Storage
Ring

Electron
Cooler

EIC

2" IR y
Hadron \

Storage

Electrons
Ring /

lons

Electron
Gun

/ Electrons

protons and nuclei
RHIC infrastructure

new accelerator
\ complex and storage
ring
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ePIC

« 3.5m > 1=0 5.0m
* New 1.7 T SC solenoid, 2.8 m bore diameter « 3.2m > | < >
| 4

Tracking
* SiVertex Tracker MAPS wafer-level stitched

sensors (ALICE ITS3)
*  SiTracker MAPS barrel and disks
* Gaseous tracker: MPGDs (LRWELL, MMG)

cylindrical and planar
* high performance DIRC (hpDIRC)
* | dual RICH (aerogel + gas) (forward) | 1 E
* proximity focussing RICH (backward) i
* ToF using AC-LGAD (barrel+forward)
* imaging EMCal (barrel)
*  W-powder/SciFi (forward)
*  PbWO, crystals (backward)
*  FeSc (barrel, re-used from sPHENIX) i
* Steel/Scint — W/Scint (backward/forward) !

hadrons > . electrons 1
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“Excellent particle identification (PID) is required to separate n/K/p
at the level of 3 c up to 50 GeV/c in the forward region, up to 10
GeV/c in the central detector region, and up to 7 GeV/c in the
backward region”

EIC yellow report https:.//doi.org/18.1816/j.nuclphysa.2e22.122441
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The dual-radiator (dRICH)

electrons

Compact and cost-effective solution for broad momentum (3-50

GeV/c) coverage at forward rapidity m/K 3o separation at 50 GeV/c and

wide acceptance (+- 300 mrad/ 1.5 <75 < 3.5)

n=1.8

6 spherical mirrors B e
, i [ aerogel .-
Backward-reflecting smo e g o B

Radius =220 cm

Imgingng anglefdeg)

TU D e Ft

K:--- K 100 |~
| L

i,

/
il

Charged S
particle

200 =
-

~==1{J Radiator

)

Gas volume 120 cm y
C,Fs (N ~1.0008) Photosensors 3x3 mm? pixels 0.5 m2 per
sector in 1T magnetic field and radioactive

Aerogel (n ~1.02) 4 cm environnement for low light levels.
Radius =110 cm
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SiPMSs are the best candidates

« Small and cheap

« Insensitive to magnetic field

« High photo-detection efficiency (PDE) ‘.

- High gain-single photon detection E | \ 7
\

« Low voltage operation !

« Excellent timing performance

~
o
TT

V)

But:

rate doubles every
5.3°C

LI IIIIII]

voltage (m
g

x High DCR @ room temperature

107"

T 1 IIIIIII

x Low radiation tolerance

1072

relative change in dark count rate

T T IIIIIII

DCR increases with dose

1073

KU IIIIIII

vl b b Lo b b b b
10 -5 0 5 10 15 20 25 30 35

P! L WA AIIFIFE ISP PP IV IS WA WA A -
-40 -30 -20 -10 0 10 20 30 40 .
temperature [°C] time (ns)
A. N. Otte et al., Nucl.instrum.Meth.A 846 2016
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https://www.sciencedirect.com/science/article/pii/S0168900216309901

@ Sub ns time resolutions allow coincidence cuts that greatly
reduces DCR contribution in the measurements

1 ‘ l + —22.8:].8C + 20.5—:—0.6Ac + ‘-;8.7t3.3‘C i ’
" 6.34+0.9°C + 29.7+0.6°C
o . o ' ' be Ly }
0 Annealing techniques (high temperature process) to recover E
DCR performance loss
20.6- ‘L“‘
05 A 50 7 5. -,
t L T B T N S T
Cooling the sensors down to — 30° C reduces the DCR by a o R L il
factor ~ 100 . : 4 ] ‘ TS

o
g 1
But: E E rate doubles every
g - 5.3°C
x High DCR @ room temperature S10'E
x Low radiation tolerance 5.0
DCR increases with dose 8 I
10‘35—
107 e g B o e

temperature [°C] time (ns)
A. N. Otte et al., Nucl.instrum.Meth.A 846 2016
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Radiation levels on the dRICH

1 MEQ neutron equivalent fluence (cm™?/fb™)

minimum-bias PYTHIA e+p events at 10x275 GeV Neqg = 1-MeV neutron equiva|ent (N lEL mode|)
average: 9.74e+06 | max: 1.65e+07

—
o
@©

y (cm)

200

dRICH photosensors location:
[ mean % 9.7 10% no,/cm? per fio
100 g _ max % 1.7 107 ngq/cm? per fb!

150

107 (including bkg)
50
0
_50 Integrated luminosity and radiation levels
o 10°

~100 ' + 10 fb™! for most of the physics topics <102 n¢q/cm?
-150 « 10?2 fb' GPD and statistically eager topics <10' n.,/cm?
200 « 103 fb! may never be reached <10" n4/cm?

-200-150-100-50 O 50 100 150 200
X (cm)
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NUV-HD-CHK 40 mm SPAD 3.2x3.1 mm?

: N TELEDYNE LeCRoy
)
oy ™

/1
\ \ \ ;\\ A
\ \ |
4 N \ l
o
40 MU S AR MR | VSR A SR \l‘”\‘v’MV\fW/‘\MN‘v/‘WWM %’W}W#J"M/N‘.WWMW".TM”MJ

somy i W o A I‘\ ‘ \
L N N LT TN TN

-100mVv

e mvy\l\m’\‘w\ﬂ\hjm w’\‘w«”“*ww M.\}.\JLV\.’N\‘J\ JM\\MM\MNMN \J\‘w’\.\\w'\«NJNI‘J\J\-\;’\NWJ\‘\WV {\\f' \\M‘MW'\MM,’F\W“N\A\MW

-140mVv
Oﬁs 5us

. ase _0.00 s
20.0 mV/div]  20.0 mV/div 20.0 mV/div 20.0 mV/div | | 1.00 ps/div Stop 5.8 mV
1.00 ps/div 1.00 ps/div 1.00 ps/div | kS 5GS/s Edge Positive
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10" ny4/cm?
(baseline affected)



SiPMs radiation damage studies and annealing (2821

Irradiation campaigns with protons at TIFPA (TN)

40 pm 50 pm 50 um 35 um

< Linear increase of dark N ]
~ L ‘ _ ) I | — N
- HPK $13360-3050VS Vover current/DCR with the dose = 10"¢ Vover =4V =
S10e od % 6E = — ]
5 F / = 10°E _— <
0 — . ij : -
: / o ~50x reduction of dark 1050 = 2 _
10° - ‘ ‘ current/DCR with 150° C E—— . ——— ]
;E y ] oven annealing 104E : EE'E’%
1 0—8 é_ T / _é : . . ‘ 1 03 ;_ L _;
5 / Sl Residual increase in DCR is - E
= E proportional to the dose 102 -
1010 L _ - 3
= 3 10 :_ “o— new —;
E —®— new = All sensors behave E —e—10° Neq Oven annealed (200 hours @ T = 150 °C) E
- —e— irradiated 3 similarly but HAMATSU 1 - —e— 10" n,, oven annealed (200 hours @ T = 150 °C) N
10712 E —e— oven an;nealed (200 houirs @ T =150 °C? a s13360-3050 shows the § —e— 10'" n,, oven annealed (200 hours @ T = 150 °C) %

new 10°n,,  10°n,,  10'"n, lowest DCR and \JX\O.GV‘“ 60,3050\‘5 60_3050\*5 o 4309%

> best PDE W O\ S\ et
R. Preghenella et al, Nuclinstrum.Meth.A 1956 2823 Measurements taken @ -30° C
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https://www.sciencedirect.com/science/article/pii/S0168900223008252

SiPMs current annealing

Annealing by heating up the sensors. Direct polarized “high” current flowing into the SiPM. 175° C with 10 V
and ~100 mA (~1W) per sensor.

/I\T E % T HHIIIl T HIIHF‘ T HIIW‘ HIHIIIl LI IIIHHI T IHHII[ |||H|||| T HII‘ T IHIW [IIIIII|| T \IHHI' T I‘ %
L 107t HPK S13360-3050VS Voer =4V @ 1 g n
- £ 1N f DCR reduction = - Oven level of cure:
O 4o5L O saturates at 50x after © - T=175°C <10 hours
()] 8 = E ) 300 h @150 °C s L T =150 °C <100 hours
105 500 kHz 0 _ S 175 °C no further cure s .
- . - | £ , | =
- ; —— . | 1 i — _
oF - 10x reduction ] 10 : ] 107"
10°= 100x faster j ] C
1o* ;_ M ] I
10E - i
E —e— 10°neq 102k s | 1 i
4L —*— online @ T =175 °C 2 hours T=100°C{T=125°C1 T=150°C 1 T=175C | 102
E - 200 hours @ T = 150 OC 1 HIHIIl 1 HIHH‘ \7 1 HIHH‘ 1 IHIIIIl I’ 1 IIIHH‘ | IHHII‘ IIIHIII| 1 HI; 1 IHHH‘ 1 IIIIIII| 1 HHHIl \; :
L 1 llllllll 1 1111 L 111
e e e 110 110 1 1010° 1 10 10° 10" 1 10 102
(5 . .
v o annealing time (hours) o
annealing time (hours)
Preliminary studies in _
2022 demonstrated 2023/24 test on a large number SiPM. Automated test
the feasibility at different temperatures and time intervals
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https://www.sciencedirect.com/science/article/pii/S0168900223008252

SiPMs current annealing can be done in-situ!
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SiPMs aeqging model

Hamamatsu S13360-3050 @ Vover=4V, T=-30C

IIIIII|

2!'3

P L | ] L | ] ]
5 |
|

19 ||I
v !
i
H !
/ o0 II|
! I
; Y
! Do
! !

DCR limit per sensor

= == 300 kH .
‘ SNR and physics program

DCR (Hz)

Model parameters:

* 1751707 ngq /cm? / fb1 + 2x safety factor

« DCRincrease (Fy): 500 kHz/10° n., /cm?

« residual DCR (F,):
soft 2 h@150C annealing = 50 kHz/10% neg/cm?
hard 100 h@150C annealing =15 kHz/10% neq /cm?

300 fb"!

/

no amealing DCR(K)=DCR+Fg-(K-1)F,

soft annealing limit

10— hard annealing limit  — K-1= number of annealing cycles
L possible operation _
- ; 8 K soft = 44
L1111 Ll |!||||| Khard:3

10 10° :

. . | -
integrated luminosity (fb™)
o o L o All this can be done in-situ. From here we we'll need to

108 10° 101 dismount the detector (10 yr operation)
delivered fluence (1-MeV n__/ cm?)
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Photodetector design and layout

PDU Curved SiPM readout plane dRICH
(sector)
SiPMs matrix
4X
Heat exchanger HAMAMATSU
-30°C 8x8 s13360

X

Flex PCB

4x Front end
board with

15-20 cm ALCOR ASIC

v /
Readout board with

integrated FPGA and
optical output

\

liquid cooling
pipe
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Photodetector design

PDU

5x5 cm?

4 matrixes
256 SiPMs

and layout

Curved SiPM readout plane
(sector)

0.5 m?
208 PDU

832 matrixes
50k SiPMs

ICHEP 2824 - 18-24 July 2824 - Luigi Rignanese

dRICH

3m?2
1248 PDU
4992 matrixes
320k SiPMs!
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ALCOR ASIC by INFN-To

32-pixel matrix mixed signal ASIC initially foreseen for SIPMs in cryogenics

SPTR ALCOR +Hamamatsu s13360-3075

T T T T | T T T T ] T T T T
- Vbias =55V -

The chip performs amplification, signal conditioning and event digitization
with a fully digital 1/O

©
o
®

Each pixel features
* Regulated common gate amplifier (10 Q) impedance)
« Post amp TIA for 4 gain settings
« 2leading-edge discriminators with independent
threshold settings
« 4 TDCs based on analogue interpolation with 50 ps LSB (@ 320 MHz) 0.04
« 3triggerless operation modes:
* LET leading edge threshold measurement, high-rate time-stamp
* ToT Time-over-Threshold 0.02-
+ Slew rate /

FWHM < 300 ps

0.06— gaussian core ¢ ~ 100 ps

- exponential late tail SiPM intrinsic
- Include laser and electronics contributions

normalised counts

Fully digital output on 4 LVDS TX data links 7|
SPI-based chip configuration
64-bit event and status data

Channel configuration block

Configuration from Configuration
bottom channel

R. Kugathasan PoS TWEPP2213 (2820) 811
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PDU prototype

carrier board

4 matrixes of 8x8
Hamamatsu S13650 SiPMs
(256) on rigid-flex pcb
4 ntc sensors on the back

(water-cooled
Peltier)

4x adapters

HV regulation
AC coupling to ALCOR

14 cm

4x FE boards

2x ALCOR-v2 (8 total)
2x Firefly connectors

Alluminum
crate

ICHEP 2824 - 18-24 July 2824 - Luigi Righanese


rignanes@bo.infn.it
https://iopscience.iop.org/article/10.1088/1748-0221/19/02/C02062

Detector box prototype
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Detector box prototype

S13360- 3050

@m"

20x20x20 cm?

~400 cm? optical surface (1/10 of a dRICH sector)
2048-Hamamatsu S13360 SiPMs

2 different SPAD sizes (50 and 75 um)

2 mm dead layer between PDUs

64 ALCOR v2 ASICS

2048 TDC channels electronics

800 Mb/s data rate
TEC active cooling (400 W)

Automatically controlled temp down to -40 °C

10 °C water cooling 400 -394 -30980 -398%

NTC1 NTC 2 NTC 1 NTC 2 NTC1 NTC 2 NTC 1 NTC 2
-39.8°C -40°C -39.4°C -39.8°C -39.9°C -40.1°C -39.8°C -40.1°C

NTC 3 NTC 4 NTC 3 NTC 4 NTC3 NTC 4 NTC 3 NTC 4
-39.9°C -40.4°C -39.3 % -39.7°C -39.9°C -40.2°C -39.8°C -40.4°C
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2024 test beam at CERN PS (ended S June)

time
scin.

- dRICH prototype

weaq
Sujwooul

S. Vallarino et al, Nucl.nstrum.Meth.A 1958 2823
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€ -
e -
10 GeV/c ~ %0 —10
negative beam 60 -
e- only 405 ]
201 1
3 gas
/‘21/ :

1ASIC FE fault 40
—-60

-80 aerogel

IIIIIIIIIIIlIII
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Positive beam momentum scan

Reconstructed radii vs. beam momentum
— 90 10—1

)
+

ring radius (mm

—
<
N

) IIIIIII

50 1072

40

IIII|IIII|IIII|IIII|I

| | [ I | L1 1 | L1 [ L1 | L1 | |

2 4 6 8 10 12
momentum (GeV/c)

Aerogel only

30

107"

1072

107

{1 | l L1 1 1 "l L1l I 11 1 1 I

55

60 65 70 75 80
ring radius (mm)
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Positive beam momentum scan

Reconstructed radii vs. beam momentum

— 90

(0 0]
(o)

ring radius (mm

~
o

IIII|IIII|IIII|IIII|I

50

40
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|

| L1 1 | ] Kl | | | |
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momentum (GeV/c)

ICHEP 2824 - 18-24 July 2824 - Luigi Righanese

=1 o'
— 1 0?2
]

10°°

107"

T llll]ll[

1072

LI IIIHI]

162

T l]llllll

107

T Illllll

(9))
(&)

o e

i

'::f 1._.351,.1 1 J :

65

L}
70

79 80
ring radius (mm)


rignanes@bo.infn.it

Positive beam momentum scan

10 GeV/c positive beam with no selection applied

_ ° 7] I — oH +
I ... Aerogel rings | | el : P A .
; 80 :_ R :ef.‘ax;;ig%;‘ Efw.;{w : & : E r._J ;:;
60:— : ] i s
401~ — 10 10 < E
20/ ] -
O ‘
n 1 107
20— E
C 1 5
401 _
e 10 |
80— :
:l 1 1 I 1 11 I 1 11 I | 11 I 1 11 I 1 11 I 1 11 | 1 11 I 1 1 1 I 1 11 10_1 B |
-80 60 40 -20 0 20 40 60 80 BE 60 65 70 75 80

X (mm)
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Positive beam momentum scan

10 GeV/c positive beam with 1T in gas as veto

€ . ] 1
E T .. Aerogelrings | : 107 .
- 80 — = _ ?ﬁ;’fé ;r{?'gf,\'w,;—.!r;y.—,;s:. : | -
> N el ‘ RS | -
60— . ] i
200 . -
o : g‘ T -
- ot 1 103
40 ‘ *{,sg -
60 4
- 1074 =
-80F :
:l 1| I L1 | I 111 I 11 I 111 I 111 I 111 | 111 I 11 | I 111 10_1 ~ | | | |
80 -60 -40 20 0 20 40 60 80 5 5 L .

X (mm) ring radius (mm)
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Summary

Successfull R&D program to operate SiPM in mild radiation environment through
annealing

400 cm? demonstrator with full electronics readout working with dRICH prototype

First SiPMs application for a RICH in HEP experiment

THANK YOU



