I Istituto Nazionale di Fisica Nucleare
Laboratori Nazionali del Gran Sasso

G l GRAN SASSO
SCIENCE INSTITUTE I N F N
| Q SCHOOL OF ADVANCED STUDIES ~ LNGS
() Scuola Universitaria Superiore

The High Energy
Radiation Detector

experiment

Leandro Silveri
On behalf of the HERD collaboration

Gran Sasso Science Institute ( GSSI ) and INFN LNGS, L'Aquila, Italy

TOPICAL SEMINAR
ON INNOVATIVE PARTICLE
AND RADIATION DETECTORS

(IPRD23)
Siena, 25 - 29 September 2023



LA

HERD Space mission
Preliminary design of the HERD subdetectors

Summary
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Cosmic-rays flux is ~ a power law of the energy
To explore the highest-energy regions of Galactic
Cosmic Rays (> 100 TeV - few PeV ) with enough
statistics a significant increase of exposure is
needed

Size and weight are limited by space constraints

Time is limited by payload lifetime

HERD try to overcome these problems with its
peculiar design
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Particle detector to be installed onboard the Chinese
Space Station

Planned launch in 2027

Collaboration among Chinese, Italian, Swiss,
and Spanish institutes

Payload detalls:
Lifetime > 10 years
Power consumption < 1.5 kW
Mass < 4 ton
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- ) Expected Performances

compared with currently running experiments
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. AI@IS-OZ Fermi LAT
e/y Energy res.@100 GeV (%) |[<1 <1.5 2 3 10
e/y Angular res.@100 GeV <0.1 <0.2 0.2 0.3 0.1
(deg.)
e/p discrimination >10° >10° 10° 10>-10° | 10°
Calorimeter thickness (X,) 55 32 27 17 8.6
Geometrical accep. (m?sr) >3 0.3 0.12 0.09 1
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The use of 5 sensitive faces increases significantly
the detector acceptance without dramatically
affecting the size

Silicon Charge Detector

TRD -> calibration
Plastic Scintillator Detector © SCD -> high-precision charge measurement
« PSD -> photon anticoincidence

Fiber Tracker

* FIT -> tracking system

Transition Radiation Detector * CALO -> energy measure and shower imaging

Calorimeter
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g &2 Transition Radiation Detector (TRD) &3

* Placed on a single side

Anode
— » |t provides an additional calibration
Field Cage
Radiator  Protonsin 1l TeV —10 TeV range
Cathode
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8. @ Sjlicon Charge Detector (SCD)

Silicon microstrip detector, outermost shell

Silicon ladders arranged In layers, on each side

More details In G. Silvestre's talk

Total active area ~ 60 m?

High-precision charge measurement

SCD Panel schematic view

CF tubular frame

Silicon sensor
layer

Silicon sensor
layer

" PanelCore  /—7 7

"”m‘--ﬂ'q?. “u_‘__‘f{
fs

Beam test prototype of single
silicon microstrip detector

CF skins
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2 Layers of Plastic Scintillator bars (40 cm long) on each side, with
the goal of providing:

* Anticoincidence fory

* Charge measurement for nuclei

More specifically:

Test beam prototype of the PSD with
the PCBs mounted on the bars

« Efficiency > 99.98%

» High dynamic range (id. up to Fe nuclei, signal ~ Z?2) @ 4 SiPM (3.0x3.0mm2 — 50umcell) - Low Z
m 4 SiPM (1.3x1.3 mm2 — 15um cell) - High Z

PCB
PSD tile

® |ed for calibration W coaxial cable connector

* Reduction of backscattered particles effects on the
measurement, using finer segmentation + timing

*Temperature Sensors
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5 &% Plgstic Scintillator Detector (PSD) &

Trapezoidal bar shape helps increasing
the hermeticity of the PSD layer

PSD L2 Bar: 514160-1315 TOP PCB
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Floer Tracker (FIT)

Fiber Tracker goals:

FIT: 5 instrumented sectors

« Angular resolution < 0.6° @ 1 GeV

« Coverage ratio > 80%

Sector: 7 X-Y planes

Side plane: 6X + 10Y modules
Top plane: 10X + 10Y modules

* Fiber mat: 6 layers of fibers
*Fiber type: KURARAY SCSF-78MJ
o round section with, diameter = 250 um
* Mat width = 97.80 mm to match 3 SiPM arrays

Module: 1 fiber mat + 3 SiPM arrays

IPRD 2023 - L. Silveri
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0.99 Charge resolution for low Z nuclei
. : Preliminary Results
Efficiency of the 128 SiPM 0.98

in the array used in beam test
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cross-calibration to reduce systematic uncertainties

(e CALOrimeter (CALO)

/500 LYSO crystal cubes array, 55 X, radiation length

3x3x3 cm3 LYSO cube

Isotropic 3D geometry ensure a larger geometric factor

3D segmented shower imaging helps improving shower-type discrimination
(hadronic vs electromagnetic)

Energy resolution: |
LYSO cubes assembled in
o 1% electrons and y spherical shape

o 20% protons

Energy range:
o 10 GeV - 100 TeV electrons and y
o 30 GeV — PeV protons and nuclel

2 readout systems Iin each cube, allowing for redundancy and
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2 Photo-diode (PD) readout
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CALOrimeter (CALO) readout

Picture of LYSO cube
connected to its readouts
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HERD can be help us exploring the highest energies for
galactic cosmic rays

lts subdetectors are quite close to their target goals

We are finalizing the detector optimization using data
from simulations, beam tests, and cosmic-ray muons
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Backup

IPRD 2023 - L. Silveri

17




10724
107 - 3 (Lon, Lat)
] —— HERD top }|— (0°,0°)
HERD lateral 1 (45°,120°)
= —— Fermi front + back
= 10! 4 o
5 _ K
= |
IS 5 years Sky Map for E > 100 MeV g
5 10°- E
E ] HERD 5 Years, TS=25, > 10 photons/bin, 4 bin/dec B
: 5
& 1071 5 . 4
& o - 107° ; Observation Time
L o ]
T o — 1 Year
- e -== 5 Years
1072 4 § ----- 10 Years
] — — — . § 10~7 S— S — S ———
102 ml—l l(IJD uI:ul 10? 10° 10° 10f 10°
Energy [GeV] Energy (MeV)
PSF of top and lateral face Longituge (deg) Differential sensitivity to
Compared with Fermi-LAT PSF — — point-like sources
0.40 0.75 1.40 2.70 5.00
Flux(>100 MeV) (cm~2 s71) X107

Using its very large FoV and Energy coverage, HERD can produce
alerts for MultiMessenger astronomy, and study transient phenomena,
also combining data with CTA and LHAASO
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Outlooks on CR nuclel

After 5 years of data taking:

* Direct observation of protons and helium at the knee of their spectra
* Increased statistics in the overall energy range of previous experiments
5 5
10 T T TIrrm T T I T T TTI00 UL AL T T T TIrmT T T LTI T T T TTT10 10 - LALE LR RAELL LIS LR L) LSS\ LR LA AL LR LA LA LR RLLS
' | | CUUAMS02 =] . | | T AMS-02 e
- CREAM +—sa— ] '7..0_) [ CREAM —&—i A
s ATIC-2 —— 1 I ATIC-2 I
B HERD-5yrs ~—e— (\"E x| HERD-5yrs —s— |
E HE s’”\ EE E - :
. """'éc'l--.i'-’ : - 5 2 - 8 3
S’ :;,r O);.aag‘az%@ oofen, % L migg!:éagl.f.m%%nﬂ !iif} L i
> 4 0 ¢ - & 4
) : § g - -,!' {O B
g : {1 uj‘ _:_-;-" g
10 [ .l =Sk 2 g
oLT. E [ % E . :
N 5 © - i
S W Pe Helium
" Protons e . 1 W
102 1 llllllll 1 llllllll ik lllllll 1 ll“ull 1 llllllll 1 llllllll 1Ly 10 Ol B 1 l s 21 “1"13‘ ey 4l s 51 el Gl el 7
10° 10’ 102 10° 104 10° 10° 107 10 10 10 10 10 10 10 10
Ek (GeV) Ek (GeV)

IPRD 2023 - L. Silveri

19




	Slide 1: The High Energy Radiation Detector experiment
	Slide 2: Contents
	Slide 3: Issues with HE-GCR observation 
	Slide 4: HERD Space Mission
	Slide 5: HERD Space Mission
	Slide 6: Expected Performances
	Slide 7: Preliminary Design
	Slide 8: Transition Radiation Detector (TRD)
	Slide 9: Silicon Charge Detector (SCD)
	Slide 10: Plastic Scintillator Detector (PSD)
	Slide 11: Plastic Scintillator Detector (PSD)
	Slide 12: FIber Tracker (FIT)
	Slide 13: FIber Tracker (FIT)
	Slide 14: CALOrimeter (CALO)
	Slide 15: CALOrimeter (CALO) readout
	Slide 16: Summary
	Slide 17: Backup
	Slide 18: Outlooks on γ astronomy
	Slide 19: Outlooks on CR nuclei

