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Configuration Characteristics

INFN

Saint-Gobain (BC-404) [150 x 5 x 1 cm?] scintillator bar coupled with 2 SiPMs/side [AdvanSiD NUV3S]

BC-404

Radiation Detected

<100keV X-rays

100keV to 5MeV gamma rays

>5MeV gamma rays

Fast neutrons

Alphas, betas X

Charged particles,cosmic rays, muons, protons, etc.

Principal Uses/Applications COLE:"lstting
Scintillation Properties

Light Qutput, %Anthracene 68
Rise Time, ns 0.7
Decay Time (ns) 1.8
Pulse Width, FWHM, ns 2.2
Wavelength of Max. Emission, nm 408
Light Attenuation Length, cm* 140
Bulk Light Attenuation Length, cm 160
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Relative Light Output
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Long Bar Measurements

SiPM model ASD - NUV3S
Effective area (mm) 3x3
Cell count 5520
Cell size (pm) 40
Cell fill factor (%) 60
Response range (nm) 350 — 900
Peak sensitivity (nm) 420
PDE (%) 43
Breakdown voltage (V) 24 — 28
Overvoltage (V) 2-6

Dark count rate

Gain

50 — 100 (kHz /mm?)

3.6 x 10




, SiPM working point CNFN

Trigger imposed by 2 scint+PMTs in
“sandwich” configuration
and placed towards the bar center
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Vs = 30 V is selected collectively for all 4 SiPMs
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Dark Count Rate (DCR) charge spectra @

Extraction of DCR spectra for all 4 SiPMs at V,= 30 V and calculation of Gain
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Muon Spectral Measurements @
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“Sandwich” trigger placed away from the scintillator bar under test

2 L) FEBRBEE ISR No Trigger on bar

S Left SiPM [1]

S 02 Left SiPM [2]

= Right SiPM [1]
— Right SiPM [2]

NI

70
Charge [V-s]

40

~1 hour of data
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Summary of Muon Spectral Measurements B

“Sandwich” trigger placed in various positions along the [Left Half] bar

) ! ! ! Trigger placed at 8 cm ) T T T Trigger placed at 36 cm w T o] R LA Trigger placed at 75 cm
g Left SiPM [1] 5 Left SiPM [1] 5 ‘ Left SiPM [1]
8 Left SiPM [2] 8 Left SiPM [2] S Left SPM [2]
= — RightSPM[1] 2 . Right SIPM[1] Syl ——— Right SIPM [1]
Right SiPM [2] — Right SiPM [2] : — Right SIPM 2]

iy

60 7 7
Charge [n(V-s)] Charge [n(V-s)] Charge [n(Vs)]

o T T T i
7y T T T Trigger placed at 17.5 cm o Trigger Placed at53.5cm
= i S Left SiPM [1]
< Left SiPM [1] 3 Left SiPM [2)
5] Left SiPM [2] S sy
&) =2 ——— Right SiPM [1]

Right SIPM [2]

Right SiPM [1]
Right SiPM [2]

Towards the Left
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Only the LEFT half of the 1.5m bar is graphically illustrated
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Summary of Muon Spectral Measurements

INFN

“Sandwich” trigger placed in various positions along the [Right Half] bar

[Counts]

Towards the Right Side of the Bar

-

Trigger placed at 112.5 cm
Left SiPM [1]

Left SiPM [2]

Right SiPM [1]

Right SiPM [2]

Charge [n(V-s)]

70

[Counts]

Trigger placed at 145 cm
Left SiPM [1]
Left SiPM [2]
— Right SIPM [1]
Right SiPM [2]
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60 70
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Trigger placed at 92.5 cm

v

5 Left SiPM [1]

8 Left SiPM [2]

2 ——— Right SIPM [1]
~ Right SiPM [2]

7
Charge [n(V-s)]

[Counts]

Trigger placed at 131 cm
Left SiPM [1]

Left SIiPM [2]
—— Right SiPM [1]
Right SiPM [2]

Charge [n(V-s)]

Only the RIGHT half of the 1.5m bar is graphically illustrated
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Muon Spectral Measurements @

X — plot from 14 days of total data acquisition
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Muon Spectral Measurements
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(Average SiPM MPV) x (e* ~ 0.82)
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(Average Normalized MPV of all 4 SiPMs) x (e*/4)

x2/ ndf 167.1/8

p0 9.032 + 0.02427
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Trigger Position [cm]

Combining the average photon count with
the average MPV extracted from the fit:

~ 46 p.e

Long Bar Measurements



, Muon Spectral Measurements INEN

Average Normalized MPV of all 4 SiPMs w/ expo fit

E E x2 / ndf 6.632/7
= 1.4—
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Attenuation length:
A =184 + 13 cm

PSD Meeting, 28/05/2021 Long Bar Measurements 10



8 O
i

ICRC HERD PSD INEN
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PROCEEDINGS

OF SCIENCE

|~ ICRC 2021

The Plastic Scintillator Detector of the HERD space
mission

D. Kyratzis,""* F. Alemanno,*” C. Altomare,*“ F.C.T. Barbato,”" P. Bernardini,*/
P.W. Cattaneo,® . De Mitri,"” F. De Palma,*-/ L. Di Venere,"¢ M. Di Santo,*" P.
Fusco,“ F. Gargano,’ F. Loparco,*? S. Loporchio,” G. Marsella,” M.N. Mazziotta,?
F.R. Pantaleo,”? A. Parenti,” R. Pillera,"? A.Rappoldi,* G. Raselli,* M. Rossella,*

D. Serini,” L. Silveri,"” A.Surdo,” L. Wu,"" for the HERD collaboration Poster & Paper in preparation

“Gran Sasso Science Institute (GSSI), Viale Francesco Crispi 7, 67100, LAguila, fraly
PINFN, Laboratori Nazionali del Gran Sasso (LNGS), 67100 Assergi, L'Aquila, Italy

< Dipartimenio di Fisica "M.Merlin” dell’ Unive st e del Politecnico di Bari, 70126, Bari, Italy Representative pIOtS and piCS
dINFN, Sezione di Bari, 70126, Bari, ltaly from the tile layout regardlng

< Dipartimento di Matematica e Fisica "E. De Giorgi", Universita del Salento, 73100, Lecce, Italy . .
FINFN, Sezione di Lecce, 73100, Lecce, Ttaly Ong()lng ]'a'b teSts Wl]']' be usefu]'
SINFN, Sezione di Pavia, 27100, Pavia, Italy
i Dipartimente di Fisica ¢ Chimica "E. Segré", Universitd degli Studi di Palermo, 90133, Palermo, Italy
E-mail: dimitrios.kyratzis@gssi.it

The High Energy cosmic—Radiation (HERD) detector is one of the prominent space-horne instru-
ments to be installed on-board the upcoming Chinese Space Station (CS5), around 2026. Primary
scientific goals regarding this initiative include: precise measurements of cosmic ray (CR) energy
spectra and mass composition, at energies up to the PeV range: contributions to high energy
gamma-ray astronomy and transient studies: as well as indirect searches for Dark Matter (DM}
particles via their annihilation/decay to detectable products. HERD is configured to accept inci-
dent particles from both its top and four lateral sides. Owing to its pioneering design, an order of
magnitude increase in acceptance is foreseen, with respect to previous and ongoing experiments.
The Plastic Scintillator Detector (PSD) constitutes an important sub-detector of HERD, particularly
aimed towards anti—coincidence (discriminating incident photons from charged particles), while
providing precise charge measurement of incoming cosmic—ray nuclei in a range of Z = 1 - 26,
Main requirements concerning its design. include: high detection efficiency, broad dynamic range
and good energy resolution. In order to select the optimal layout, two geometries are currently
under investigation: one based on long scintillator bars and the other on square tiles, with both
layouts being readout by Silicon Photomultipliers (SiPMs). Ongoing activities and future plans
regarding the HERD PSD will be presented in this work.
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Summary & Upcoming activities
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Construction, calibration and test of 1.5m BC-404 w/ AdvanSiD SiPMs
Working point selection w/ muon triggers
Gain calculation from exported charge spectra
Background estimation w/ muon trigger placed away from the bar
Muon data acquired in 9 trigger positions
LanGaus fits on all exported charge distributions
X — plot derived from all MPVs

Calculation of light attenuation length & average p.e in each trigger position

Long Bar Measurements
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Ongoing & Upcoming activities

Energy Spectrum - High Gain

Trigger Centered
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Additional Info
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Muon Spectral Measurements

INFN

X — plot normalized to 1 (according to the each SiPM side)
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Trigger Position [cm]
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| Muon Spectral Measurements CINEN

X — plot with logY
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