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The High Energy cosmic-Radiation Detection
(HERD) facility is an international space mission
based on a 3D, homogeneous, isofropic and
finely-segmented calorimeter that  will
measure the cosmic ray flux up to the knee
region, search for indirect signal of dark
matter and monitor the full gamma-ray sky

Side-SCD

SCD Charge Reconstruction

Charge Reconstruction
y ldentification

Trajectory Reconstruction

Energy
Range

Energy
resolution

Effective
Geometric
Factor

Main requirements

Y

>100MeV

1% 1%
@ @
200 GeV 200 GeV

>0.2 m2sr >3 m2sr
@ @
200 GeV 200 GeV

p, nuclei

30 GeV
3 PeV

20%
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100 GeV -1 PeV

>2 m2sr
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100 TeV
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The PSD will have different tasks to accomplish in HERD

» It will be used in the trigger logic as VETO detector for charged particles when y selection is needed

» It will be used as charge measurement detector for nuclei identification (energy loss o 72)

» It will provide timing information (1ns resolution) that will help in track reconstruction and backscattered
particle rejection

In order to fulfill all these task there are strong requirements:

high efficiency in charged particles detection (>99,8%)
high dynamic range to identify nuclei at least up to iron

Charge resolution <30%

V Ve

highly segmented design to reduce the self VETO due to back scattered charged particles and to provide
useful timing information
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1 TOP plane and 4 SIDE plane
SCD and PSD will share the same mechanical structure

Dimensions:
« TOP 180x180 cm?
« SIDE 170x95 cm?

Each plane is composed of two layers to increase the hermeticity
and so the VETO efficiency

Each layer is composed by short
trapezoidal plastic scintillating
tiles 40cm long and 5/4cm wide

TOP plane: 400 files
SIDE plane: 160 tiles

Total number of files: ~1000

The gap between the tiles is increased for visualization
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Each file will be readout by different SIPMs in order to increase the light detection
efficiency and the dynamic range for nuclei identification

LowZ SiPM
High detection efficiency for MIPS
Small dynamic range

4 SiPM (3.0x3.0mm2 — 50umcell) - Low Z
B 4 SiPM (1.3x1.3 mm2 - 15um cell) - High Z

2 LED forccliciEasy « 3x3mm?: Increase light collection
- 2Temperature sensors « 50um cell: Increase gain
B High density coaxial cable connector for space application Hith SiPM

Lower detection efficiency for MIPS
Higher dynamic range

« 1.3x1.3mm?2 : reduce collected light
* 15um cell: reduce cell saturation
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The ICCUB group has designed the B-chip for the readout of SiPMs for both PSD and FIT in
space application (low power consumption, high dynamic range)

BETA - Architecture

Single photon resolution: SNR >10 " - ‘ AlmOST 500 ]6'Ch B'Chlp
Dual path: automatic gain switching SEEMEiTS - 3= needed: <15W of power
On chip ADC: Wilkinson11 bit + 1bit (path sel) 5 BT a e rall ,
Dynamic Range : 15 bit Wi wassana eie'D | COI’]SUI’T]pTIOﬂ
Slow Digital Control : 12C
Power Budget .+ <1.4mW

Channels: 16 (FIT version: 64 ch)
Event rate : 10 kHz max

Configurable preamplifer gain: 4 bits
Tunable shapingtime: 230 nsto 1.5 us
Trigger output: < 250 ps time resolution

IR !

Common Ramp & Counter q-ulu;dix\ X

SERIAL
DATA N

-

CLxX
(50 MH 2)
—

| sEruaL
j DATA OUT

1" order ’ J )
Low Pass Filter x 2 2*- Order Sallen-Key Flip-Around Track & Holder
toplogy Low Pass Filter

PD2024 - 19/11/24 - The Plastic Scintillator Detector for the future High Energy cosmic-Radiation Detection facility on board the Chinese Space Station



4 tiles will be readout by 2 B-chip: one for LowZ and one for HighZ

| "\A/7 R_~hin

| ~\ar7 1 LA~

| ~\a/7 R_—~Nhin

|l ~Aa/7 R~

LowZ B-chip
ROI control unit

HigZ B-chip
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Each ROI (Region of interest) control unit will be connected to 16 tiles and will provide:
Setting of the 8 B-chip

Readout of the 8 B-chip

Power supply

Temperature monitor and active HV feedback
LED control for calibration

Trigger signals for VETO logic

.y V VvV VvV Vv

Time ordered fired bars identification

TOP plane 25 ROI control unit
SIDE plane 10 ROI control unit

All the ROI control unit of a single plane will be connected to an FPGA that will take care of
all the communications with the Main DAQ control unit
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From design to prototype

YOUuR PLAN
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» |In the next slides | will focus on the 2023 test beam at CERN (PS+SPS)

» During these test we have tested a prototype as close as possible the PSD design. All the
prototype are readout with a preliminary version of B-chip

» 4 tiles of EJ200 (30 x 5/4 cm) for each layer. X-Y layers.

7 SiPM : Hamamatsu | $14160-3050 | $14160-1315
Size 1.3x1.3 mm>
Pixel pitch 15um
Number of pixels 7284

Refractive index 1.57

. 220

Peak sensitivity wavele
ngth

460 nm

T
[
|

PDE 32%
Vbr 38V

g ———-
L) o,
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T1 is a squared plastic scintillators
tiles (BC-404) 100x100x5 mm3
used as charge tagger fto
monitor the beam composition
and provide ancillary
information

It is equipped with 3 SiPM S14160-
3015 on one side and 3 SiPM S14160-
1315 on the other side to increase the
synamic range

Beam test set-up with all the HERD sub-detectors

For the analysis reported in this talk we have used
the combined data of PSD and SCD

SiPM : Hamamatsu
Size

Pixel pitch

Number of pixels

Refractive index

Peak sensitivity wavele
ngth

PDE
Vbr

$14160-3015
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Charge tagging

Fragments produce by Pb beam on Be target @150GeV/n

Trigger Tile pedestal-subtracted Z distribution - 1x1 SiPM

Xx?/NDF =28/ 21
A =238 +/-0.1
f, = 0.33 +/- 0.01
kg = 0.0047 +/- 0.0002

ADC channel

-+ 3x3 SiPMs
-+ 1x1 SiPMs

The Birks quenching effects in high excitation
density conditions is evaluated from the mulfi-
gaussian fit and applying the relations

=
w
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b
o
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PSD — Correlation with the charge tagger

With the charge tagger we can identify different ions in the PSD
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lons fragmentation in the SCD

Tile Z values are corrected for Birks saturation
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PSD Spectra

) Prelimi ) Total
Preliminary Feiiral y

. High-Z SiPM Low-Z SiPM

9
8
7
6
5
4
3
2
1

Nuclei fragments

With High Z SiPM we menage to idenftify nuclei up to Z=26é while with the LowZ we reach I=9

PD2024 - 19/11/24 - The Plastic Scintillator Detector for the future High Energy cosmic-Radiation Detection facility on board the Chinese Space Station



PSD — Birks correction

Several studies on inorganic scinftillators proved that additional non-Birks effects can 16
dominate the light yield quenching at low excitation densities We found that also in plastic
scintillators an additional correction term is necessary to properly model the low excitation

density quenching effects.
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] Data
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PSD - Light propagation

Since the readout is done from the top of the
tile we expect direct scinfillating lights and
indirect light (from internal reflection)

The light propagation effect has been
measured during the beam test with the help
of SCD data that allow us to know the impact
point of the nuclei on the PSD

I Test done with Sr90 source

0L o LW
S33 3355 A
W NV R W

A SiPM1-LowZz
@® siPM1-Highz

@ siPM2-Highz
A SPM3-lowZ
@ siPM3-Highz
A siPMa-Lowz
@ SsiPM 4 -Highz

10 15
Sn-90 position (cm)
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PSD — Effective attenuation lenght

Z = 7 High-Z SiPMs

i -
iPM 1 - Low Z ] —
iPM 1 - High Z Il SiPM position

= S We have used the
GiPM3-LowZ -A- siPm 3

- 2 * seus o combined results from

Ao Y% = INA different SiPM (after
i equadlization) to

measure the effective

aftenuation length

(g 1 g 1 ] g

Y center of region[mm)]

Z = 7 High-Z SiPMs

High-Z: Low-Z:
A=0.74 A =344

T =>58.2mm T =58.1mm
do =19.9 mm dy =16.2 mm
C =0.30 C =87

60 80 100
Average distance from SIPM [mm]

N.B effect of direct light have been removed due to saturation
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PSD — Charge resolution

Once we have implemented all the corrections (SIPM gain disuniformity , Bircks saturation 19
effect and light attenuation we obtain the charge resolution vs Z both for Low-Z and High-Z

SiPMs

-+&+ Low-Z SiPMs

- High-Z SiPHis The Low-Z SiPMs show a
- lower charge resolution
OE \ Preliminary for nuclei 7<5/6
& gt the High-Z SiPMs show a
g  —— *Hw‘,ﬁﬁb ++ charge resolution of 5-6%
? %H for 7>12
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» We have built and test a prototype that fulfil all the design requirements.

» Unfortunately, over the course of 2024, the international situation evolved in a
way that forced us to reassess our commitments to the HERD project

» We will do another beam test in November at CERN at SPS with a new
prototype very close to the final design, with the new version of the B-chip
and a readout logic very similar to the final one that allow us to check deeply
all the design parameters (INFN-ASI agreement)

» During this beam test we will also test different kinds of SiPMs produce by FBK
according to our specification (RadHard, Low Cross Talk, Low HV) that should
improve the overall performances of the PSD
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Thanks for your attention
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ADC channel

Charge tagger - low ionization density
correction

1.2

+2INDF =12 /7
A=75+-0.1
fh =0.33
kg = 0.0047

n =0.23 +/- 0.01
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