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The CSES mission

Collaboration between the Chinese and the Italian space agerici¢SAand AS)
with National Institute for Nuclear PhysidsIEN as prime institute anthe
contribution ofltalian universities and research centres, including the Universit
Naples Federico II, in the framework of the Italian Limadou collaboration.

LIMADOU #|I5E

Realizationofa at el | i t e’ far manibonngibnespHhere pdrtarbations
A Flux of particleprecipitating from Van Allen Belts
A Electricandmagneticfield of the Earth
A Plasma frequencygf the ionosphere and its composition

Scientific objectives
A Monitorandmodelt h e Ei@osphireaad magnetospheraynamics
\ A Investigateco-seismicand possiblerecursorphenomena
A Studywaveparticleinteractions andadiation belt dynamics
\A Detect charged particles arichnsient gammavents
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CSES-01 CSES-02

xbanddata o4 \oe 150 Mbps
transmission

The CSE®R satellite

Based on CAST2000 platform, was launched on June
2025.

A heliosynchronous orbit

A altitude of 500km

A orbital inclination 0fo8°

A phase shift of 180with respect to CSESL.

Storage 160 GB 512 GB

Total mass 730 kg 900 kg

Peak power

: 900 W
consumption

Design

lifespan 5 years 6 years

T S \
i Track interval 5° 2.5°%
—

Whereas the CSHR is operative only betwees65° of Sdays  2.5days*

latitude, the CSEG2 will operate also in polar regions.
|l t°s equipped with various

A TheEFDR02 (Electric Field Detectowhich
measures the Earth’s e

A TheHEPBED2 (HighEnergy Particle Detector)
which measures the flux of particles precipitating
\ from van Allen Belts and their energies.

Limadou collaboration

p . .;‘._i‘ﬁ":/’ Courtesy of the CSES
4‘.':1‘ ~
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The HEPID2 detector

Detectselectrons and protongvith kinetic energies front3 to 100 MeV (electrongnd 30 to 200 MeV (protons).
Courtesy of the CSES
Limadou collaboration

=
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. BOT
PSS iy 5% ‘ w -
i e S b .
Kinetic energy range (e) 3 to 100 MeV N EN
Kinetic energy range (p) 30 to 200 MeV
LAT_03

Angular resolution <10° for E;,, = 10 MeV(e-)

Energy resolution < 25% for E;, = 10 MeV(e-)

PID efficiency >90% \\
~ LAT_04

Detectable flux up to 10° cm2sisrt

Operating temperature -10to 35 °C

Operating pressure <6.65-103 Pa

80 megapixel trackgiDIR) made of MAP sensors 80 megapixel tracker
o (ALTAI sensors)

Data budget <100 Gb/day

[
b
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The HEPID2 detector

Detectselectrons and protongvith kinetic energies front3 to 100 MeV (electrongnd 30 to 200 MeV (protons).
Courtesy of the CSES
Limadou collaboration

_.BOT

Kinetic energy range (") 30 100 MeV TRi+py — EN
Kinetic energy range (p) 30 to 200 MeV " LAT 03

Angular resolution <10° for E,;, = 10 MeV/(e-)

Energy resolution < 25% for E,;, = 10 MeV(e-) \< 2

Detectable flux up to 10° cm2s-1srt y

\ Trigger systenrealized by 2 segmented planes of 80 megapixel tracker
e o plastic scintillator (E200) surrounding the tracker: :
. Trigger system
\ % A First plane (TR1) made of 5 segments
— f?}*l;a/ A Second plane (TR2) made of 4 segments placed

“ orthogonally to T1
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The HEPID2 detector

Detectselectrons and protongvith kinetic energies front3 to 100 MeV (electrongnd 30 to 200 MeV (protons).

Courtesy of the CSES

Limadou collaboration
/,,,BOT
&—::_i\\ ;!: A
Kinetic energy range (e’) 3 to 100 MeV — EN
Kinetic energy range (p) 30 to 200 MeV LAT 03
Angular resolution <10° for E;,, = 10 MeV(e-)
Energy resolution < 25% for E,;, = 10 MeV(e-)
\ Calorimeter(RAN_0112 and EN_-P): 80 megapixel tracker
S0e A 12 planes of plastiscintillatorconstituting the Trigger system
\ % RANge detector
_ o Calorimeter
) - fﬁ%,/ A 2 segmented planes of inorganic scintillator (L)Y S¢
TN constituting the ENergy detector, used to extend ||
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The HEPID2 detector

Kinetic energy range (e) 3 to 100 MeV

Kinetic energy range (p) 30 to 200 MeV
Angular resolution <10° for E;, = 10 MeV(e-)
Energy resolution < 25% for E;, = 10 MeV(e-)

PID efficiency >90%

Detectable flux up to 103 cm2sisr?!

\ Veto system(LAT 0204 and BOT) realized by five
o scintillator planes surrounding the detector

Data budget <100 Gb/day

;%ﬁ'/

Uit
ik
“;.“f,(\
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Detectselectrons and protongvith kinetic energies front3 to 100 MeV (electrongnd 30 to 200 MeV (protons).

Courtesy of the CSES
Limadou collaboration
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80 megapixel tracker

Trigger system
Calorimeter

Veto system




HEPBD2 innovations: the LYSO calorimeter

The wide energy range of HEBR is obtained thanks t6 bars
of LYSO crystawith dimensions 15 x5 x 2.5 énamong the
largest ever grown.

EJ-200 LYSO BGO
Density (g/cr) 1.023 7.1

Advantages: Attenuation length (511 keV)e(cm) 380 1.2

A High density

A Low decay time
A High light output
A Extending trigger capabilities to GRB

Decay time (ns) 2.1 36

Light output (ph/keV) 10 33

Disadvantages: Sensitivity to GRB =
. .. —— FermiGBMBGO
A Radioactivitythe threshold needs to be set to 1.5 MeV at least _ - i ecigia
~ — SwWI
self Count 1 x 17 LYSO (g = = HEPDO2
06T [ﬁ\ 2
é . ; g LYSO crystals for detection of
2 ; f \ 2 high-energy photons > 2 MeV
x 04 E (ke\V) < ]
\ g 04 +88+202keV / 5 -
£ F | 5 102 N
\ T o 2N F N
\ .f‘ﬁ/ OiZEM / \ Courtesy of the CSES \\
“'c."f,(\ 0.1 :i Limadou collaboration1 5 e - o - —.
\ o / . . \\ Energy [MeV]
Marco Mese-TIPP 2026, Mumbai 60 ‘ PS can be used at low 5
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PMT readout and trigger systerr

The board, based oGITIRO(by Weeroc) and Microsemi i
FPGA (A3PE3000L), acquires signals from the PMTs gk .= & =R ™ - .
produces the trigger signal for the experiment. L\ ol S e Lo i R R hed

CITIROCs have two independent preamplifiers:
A the High Gairpreamplifier withgain from 10 to 600

A the Low Gairwith gain from 1 to 60 L B = sastssissiants At
This ensures a wide dynamic range, which is required for—; 1
. . Channel 0 /Hz Charge measurement . . af A _ -« -t
detecting particles over a broad energy range. 5 N % Avostaso A gtok ¢ NRSISNI | YR 1 |
g . . 51t Input i - O ) L L (118 : TE ¢
Each preamplifier is connected taanfigurable shaper || F > SR Tansacions on sumentation and
and ananalog memoryTrack&Hold or Peak Detector). L Za e Measurement, 24 April 2025
o Mg_, 2y I
Afast shapeiand adiscriminatorwith configurable > e =
threshold generateriggersignals for the 32 channels. 1 .
\ % D >
I\l 232 .
<2 ~,-r . Dual DAC J E pun
Marco Mese-TIPP 2026, Mumbai Common to the 32 channels o oac @ <




PMT readout and trigger system

. . . . . . OFFSET COMPENSATION
The board operation is described in the following schematic [onc]
CITIROC [pac]
Channel 0 Il Charge measurement

= >
Atten u ato r FPrmmp low gain
PMT % " é L "
- >

Preamp high gain

5
T

W

ADC

Anastasio A.etai ¢ NAIISNI YR / Ff2NRAYSQ
Acquisition of the HiglEnergy Particle Detector

Onboard the CSESH  { | [iJ8Uin&l:NEEE £

Transactions on Instrumentation and

Measurement, 24 April 2025

x32

ADC

?

Output Enable

SpaceWire

FPGA
Trigger signal

A Signals from the last dynode of the PMT arenuated in order to match the CITIROCS input range

A Trigger signals produced by CITIROCs are acquiredA®garithat implement various logic conditions, calledgger

\ A CITIROGCsanplify, shape and sample photomultiplier signals and producetegger for each PMT

masks, that produce theglobal trigger signal

\ A The FPGA enables CITIROCS outputs and starts the ADC conversion

T subsystems of the detector.

Marco Mese-TIPP 2026, Mumbai

The FPGA also configures the CITIROCs and communicates with the other



The trigger system: trigger masks

HEPB02 provides three classes of trigger masks:

A Event acquisition maskthat validate the acquisition of TN BOT
particles with increasing energy threshold: AN N SO \, %
\\.\:\\\\\\ 2 ; S g ) k.
LWl VMDD AND . \ N \'ﬂ.",.\
AN RN \ N . Y
\‘\\\\\\\‘\ N : \ | & -
. ‘ ) 0
‘\-\‘\\\\\\\'\\ .'x " s ’ l »
Y ? |
.
ISy RANT { RAN12
- 4 ——
, .
Y )
/| M

\

_Eyl -/
‘{' S~ el EN1 ENZ
TR1 \
5 ’ .
\ "% ~ TR2 o ool
— T

- 1 & 1

-~
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The trigger system: trigger masks

HEPB02 provides three classes of trigger masks:

A Event acquisition maskthat validate the acquisition of R -\\' BOT
particles with increasing energy threshold: AN N ‘ \\__ :
1. "Wl \‘T\:\‘\\\\\\‘\‘n;’ \~ \ \Ka-' \\
2. "Wl "Wz \\ \‘\‘\\?‘\\\\\‘\‘\‘\‘\ ' ‘ ‘ “ \ .\\.. \\
:\\‘:‘\\\‘\\l\:‘:‘ \' \ ‘ \ . ‘ ‘\ - ' l .
L 3 '\JJ% )
- |
I RANT - RANT2 | ¢
> 4 p——
s .~
4 }
3 | ) ) st 2 | N
t 3 1 » f A - EN1 ENZ
TRT [/}
" TR2

o
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The trigger system: trigger masks

HEPB02 provides three classes of trigger masks:

A Event acquisition maskthat validate the acquisition of
particles with increasing energy threshold: AN
1. "wi AN
2. WLV AN
3. WL W2 YO0 2 AN

- \\ . ‘.
N )
N \\\ \ ‘v h » ) |
. SN S \ A . 1
o N
\ n . :

‘{J\n

\". \‘ :
L 1:1R
- 4 :

»

\

T

TR1 .
AN Y "IR2

-~
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The trigger system: trigger masks

HEPB02 provides three classes of trigger masks:

A Event acquisition maskthat validate the acquisition of N =N - BOT
particles with increasing energy threshold: N N
1. "Wl A ' ‘ \
2. WL “YY2
3. W1 YW Y802
A Event monitor maskswvhich provide information about
the efficiency of the detector:
4 YO U@PYD U EYD U p g

MR : l’
7 UL e
\ i | | L2 274 EN? EN2
-
TR [|||].
\ "' i T R 2 Courtesy of the CSES

- Limadou collaboration
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The trigger system: trigger masks

HEPB02 provides three classes of trigger masks:

A Event acquisition maskthat validate the acquisition of < S e\ BOT
particles with increasing energy threshold: .\.:_‘.-‘:\\}\\;‘\ , N SO \"’__\ :
1. "wi DN, \ ‘ \ Ry,
_ NN AN\ ) & . \r\ -\
2. WL W2 NN NN \ N & o
3. YL UW2 Y602 NN "\ o\ le\ %\ )|
. : . : AN - R ™\ .
A Event monitor maskswvhich provide information about NS N () /g
the efficiency of the detector: ’ g -
4. YO OBYO O EYD O p G s 44_‘2/11(__'_/// |
g w o v e L ! ' LY
5 YYes By | %M |RANT { RAN12
5B —

»
v

/| N

L~
‘1‘ S~ el EN1 ENZ
TR1 _
\ "' i T R 2 Courtesy of the CSES

\

T
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The trigger system: trigger masks

HEPB02 provides three classes of trigger masks:

A Event acquisition maskthat validate the acquisition of . N
particles with increasing energy threshold: NN N T
1- "Wl \. -:‘\‘T\‘\\\\\\\\\“* ; » ,
5 WL W2 ey : : :
NN\ S \ N\ ot
3. WL W2 Y6U2 NN \ o\l \®
A Event monitor maskswvhich provide information about NS N \ \*) |
the efficiency of the detector: ' g
4 YO U@YO U EYD U B = : |
5 vvge oy : RANT { RAN12
6. 60 "¥OU pFO0O @"YYp YYCD 0 'Y | |
A
4
r -
r ot 1o
1 DL LB
b
TRT  §l|IL
»

\ ' "TR2
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The trigger system: trigger masks

HEPB02 provides three classes of trigger masks:

A Event acquisition maskthat validate the acquisition of
particles with increasing energy threshold:
1. "W
2. W1 W2
3. WYL "Y2 YO0 2
A Event monitor maskswvhich provide information about
the efficiency of the detector:
4 YO U@YO U EYd U pc
5 YYD 06"Y
6.
7.

00 "¥OU pFO0 E"'YYp 'YYqUL OY
(YOO UYOOU@YOUXYOoO)YE YOUTYOU w

\
N,
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The trigger system: trigger masks

HEPB02 provides three classes of trigger masks:

A Event acquisition maskthat validate the acquisition of N =N BOT
particles with increasing energy threshold: NN g N \""_‘_\ :
1. “Yyl a A‘\\‘.‘.?\\\\\\\ . ¢ ’ \ \ ‘ \\’" N
2. WL W2 SNy | By o N
3. WL W2 Y602 Nt ol WA
"\SNANALS | ! : &
A Event monitor maskswvhich provide information about NN B A e l
the efficiency of the detector: . ? ________ =
4 YO URYOOEYO U p IRPILU L4-F30 110 \‘

6 80 YOO OO @VYp YYCOBY  --~ 777
7. (YOO UYB O @YS G XYE )Y YEOTYO 0
A GRB maskased for the GRB detection algorithm: MESS | ' l

r - |
8 (00pOLLE YO0 PO YET"Y | ) ) 7=
\ " ] 1010 EN2
!
r‘

5 YYES 6 Y ].——“E: (| —.—— RAN1 RAN12

" = EN1
\\ N.. Y IR2 S

Limadou collaboration
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The trigger system: trigger masks

HEPB02 provides three classes of trigger masks:

A Event acquisition maskthat validate the acquisition of N =N BOT
particles with increasing energy threshold: R ANECNNNN \'"'.'\
SRR ' \ : ‘ opgettn. 4
1. Yyl \\.‘\\\\‘w_’ ' N . . R \
2. YY1 "YY2 N \\\\\\'\ . : : N . ’ \\\.— N
B R D, ]
3. WL W2 Y80 2 NN o\ \®\ \"\ )
. , L : e, ) . HE
A Event monitor maskswvhich provide information about SN | \® ' I
the efficiency of the detector: . ;_ beee
4. YO OHYOOEYO U p ML U_L4-F0 | |
.

6 80 ¥OO @OU g YYp YYCOOB'Y --~ 777

I LLE1- !
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7 (YOO UYOOQYDBOXYO )@ YOO TYD O w g | |
A GRB maskased for the GRB detection algorithm: THY | | [
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The trigger system: concurrent trlggers

Six of these trigger masks can be selected to work in
concurrencyallowing the simultaneous study of different
physics cases.

The selection of the concurrent trigger masks depends on the
region flown over by the satellite.

Fourorbital zonesare defined:

A SAAtrapped electrons (dominant at 1MeV) and protons
(dominant above 8MeV)

3
o,
@
2
5
-20
\ % -40
PE S—— -60
‘e -80

Marco Mese-TIPP 2026, Mumbai

-150

s

4|3|z|1|o
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Physical Region
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The trigger system: concurrent trlggers

Six of these trigger masks can be selected to work in

concurrencyallowing the simultaneous study of different o [ o
physics cases. s | {[s

The selection of the concurrent trigger masks depends on the

region flown over by the satellite. ms ¢ ms
Fourorbital zonesare defined: 5 l:,ig!efm,lk;i!.,e: K [Freseater egimer |
A SAAtrapped electrons (dominant at 1MeV) and protons Courtesy of Ine C5ES
(dominant above 8MeV) Physical Region

w

A Equatoriai re-entrant and cosmic protons

Latitude [deg]
ra
w
Physical Zones

\

-20
\ % -40
% S -60 05
n’l";.lf?.‘ 28
‘4. J‘ : 80
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The trigger system: concurrent trlggers

Six of these trigger masks can be selected to work in
concurrencyallowing the simultaneous study of different
physics cases.

The selection of the concurrent trigger masks depends on the
region flown over by the satellite.

Fourorbital zonesare defined:

A SAAtrapped electrons (dominant at 1MeV) and protons
(dominant above 8MeV)

: : g

A Equatoriai re-entrant and cosmic protons =

2

A Outer belt low energy trapped electrons (below 10MeV) g
-20
\\
(X N— -60
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The trigger system: concurrent trlggers

Six of these trigger masks can be selected to work in

concurrencyallowing the simultaneous study of different o [ o
physics cases. vz | | ve

The selection of the concurrent trigger masks depends on the
region flown over by the satellite.

5|4|3|z|1|o

Fourorbital zonesare defined: EE———— [Freseater egimer |

Courtesy of the CSES
Limadou collaboration

A SAAtrapped electrons (dominant at 1MeV) and protons
(dominant above 8MeV)

Physical Region

w

A Equatoriai re-entrant and cosmic protons

Latitude [deg]
ra
w
Physical Zones

A Outer belt low energy trapped electrons (below 10MeV)

\ A Polar primary electrons and protons and havier nuclei

15
\ % -40
~ (I -60 05
:’g,&j’ N
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The trigger system

A Inpolar regionsand theSAA low-energy
particle rates can reach tens of megahertz.

Latitude [deg)

Latitude [deg]

Marco Mese-TIPP 2026, Mumbai

prescalers
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The trigger system: prescalers

A Inpolar regionsand theSAA low-energy
particle rates can reach tens of megahertz.

A This would cause the saturation of the
bandwith all owed for t
transmission (6 Mb/s).

Marco Mese-TIPP 2026, Mumbai
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The trigger system: prescalers

A Inpolar regionsand theSAA low-energy
particle rates can reach tens of megahertz.

A This would cause the saturation of the
bandwith all owed for t
transmission (6 Mb/s).

A Fourprescalersan be configured to ignore a
certain number of triggers.

NN,

S N
e
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The trigger system: prescalers

A Inpolar regionsand theSAA low-energy
particle rates can reach tens of megahertz.

A This would cause the saturation of the
bandwith all owed for t
transmission (6 Mb/s).

A Fourprescalersan be configured to ignore a
certain number of triggers.

A This allows the control of the sharing of data
\ throughput among different physics channels.

$ ‘.:. f 8
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The trigger system: GRB detection

The GRB detection algorithm is based on the trigger rate measured for the two GRB trigger masks:

1. The moving average and the mean absolute difference (MAD) are calculated for both the GRB trigger mas

ayatt

"w.:||_l'-"|-l¥l'lilf ! LA

1750 4 Lighteurve from Fermi /GBM (50 — 300 keV)

12500 4

\

b gl

T

1000 4 ,

Lol | : |
] -ll 1.*- -I' L]
750 - e

\, T

Event rate (counts/s)

| S
(=

L
- —10 —8 —b —4 —2 0
‘ Time (s)
Marco Mese-TIPP 2026, Mumbali 11



The trigger system: GRB detection

The GRB detection algorithm is based on the trigger rate measured for the two GRB trigger masks:

1. The moving average and the mean absolute difference (MAD) are calculated for both the GRB trigger mas
2. The sum of these rates are calculated in different time intervals (10, 40, 160, 360 ms)

o 2 I'\'.Il:i
'-q.:ll_l"‘l"'r"ltf {_';_ﬁ"l-t' )

1750 4 Lighteurve from Fermi /GBM (50 — 300 keV)

1500 4

12500 4

\

1 UMY 4

JJlJ |

¥ | I
T I eae 1 LTI 1T
1o [TV PR T

Event rate (counts/s)

| S
(=

—10 —8 —b —4 —2 ]
‘ Time (s)
Marco Mese-TIPP 2026, Mumbali 11



The trigger system: GRB detection

The GRB detection algorithm is based on the trigger rate measured for the two GRB trigger masks:

1. The moving average and the mean absolute difference (MAD) are calculated for both the GRB trigger mas
2. The sum of these rates are calculated in different time intervals (10, 40, 160, 360 ms)

3. If one of these sums exceed the average of a number of MAD, the rate meter values are stored from 10s
before and after this event

W - 2 I'.ﬂ:i
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HEPBD2 beam tests

HEPODZ howed
el ectét arMe V) ,
nucl &tb8 §Me V/ a mu)

good

pP3rQo@ ihesV ) (,

perf ormances
carb
arnd 4 Meovt)an s

A Good linearity over a wide K &L %ne?'@;?/r
p a r t J C ! e S . Gauss fit: B
—--- Bisector ”‘, o ;?ger?wna'-ﬁsll#zlﬂboilsl ++
¢ Electrons TB data > Chi2/Ndof: 0.7
¢ Protons TB data ,‘0. [ + Ele, 60 Mev ~l "%
¢ Carbon TB data //‘ =
103_ ,/’,* ’ 8 0
& 2N
S C i)
S
= - 3 i
2 ” 8| - S A
s *’ L + +
§ 102 P o4 N H
W W 4
o
,.’ ’ E,,,MG[HMEV] "
5 4

.
-,
'
,
” 4
s
-

10!

s
*/
’
i
p

1750

1250

Protons 112 MeV

~1%

Gauss fit:
mean: 112.95+/-0.01

sigma: 1.15+/-0.02

+

Chi2/Ndof: 1.4
Proton, 112 MeV

115
Epres [MeV]

Courtesy of the CSES

102
Beam Energy [MeV]

\ =

Marco Mese-TIPP 2026, Mumbali

0 Limadou collaboration
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fit:

: 364.35+/-0.76
sigma: 39.05+/-0.91
Chi2/Ndof: 1.1
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HEPBD2 beam tests

The discrimination between electrons, protons and heavier particles can be achieved using two different
techniques:

A the dE/dx v¥xaxmethod Aevaluating the pi
HG LG the direction detector

7000

¢ proton band, mode +/- HWHM 3000 ¢ electron, mode +/- HWHM 4 proton, mean +/- HWHM
¢ electron band, mode +/- HWHM ¢ proton, mode +/- HWHM t 4 electron, mean +/- HWHM
$ carbon, mode +/- HWHM 25 $ | carbon, mean -+/- HWHM
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HEPEDZ2 GRB tests
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Conclusions

A The HEPID2 has been substantially improved with respect to HBPIbetter tracker resolution and new

trigger functionalities (prescaled concurrent triggers and GRB detection capability) .

A The detector successfully passed all the environmental tests confirming the quality of the design and

ensuring its correct operations in a space environment.

A Beam tests allowed the evaluation of the detector performances. HEPEhowed good linearity and energy

resolution for different particles and in a wide energy range.

A Since its successful launch on June 14, 2025 -5k been operating nominally, delivering stable
\ scientific data
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Peak Detector

Channel 31 |
Channel 0 # Charge measurement

, shaper output ;

. Em peak sensing output
Preamp high gain I="r Tng _f \ >
Hold_xg >

[>+
. I w{ B Rstb_PSC — - - N
| = I ‘‘‘‘‘ ‘ l:b:,l.I:; j ]?: ( Follower ] Peak sensing K Hold X Follower )
(mon to the 32 channels i @ rb Pealk Sensing status | l "
The trigger board uses the Peak Detector circuit provided by CITWRICICallows to

correctly sample the signals, even in presence of delays between the various channels

— To use the peak detector it is necessary that the psaksing window is opened before
the peak produced by the shaper.
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The HEPI?2 detector has been intensively tested to ensure
correct operation in thespace environmenfextreme
temperature variations, high radiation levels, heat transfe (

vacuum).

Besides these conditions, during the launch of the satellitge= "
the detector experiences strong mechanical shocks and | &
vibrations that could potentially damage it.

The environmental tests included:

A Pyroshoclandvibrationtests
A Thermal andhermakvacuumtests
\ A Electromagneticompatibility

HEPB02 successfully passed all these tests.

-~

\ Courtesy of the CSES
v Limadou collaboration
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HEPBED2 dimensions

20 cm

Courtesy of the CSES8nadou collaboration

Electronics

Subsystem (ELS) %

Detector dimensions: 40.36 x 53 x 38ct®® (47.2 kg)
Calorimeter dimensions: 20 x 20 x 40°%cm

TR1: 20180 x 2 mm

Tracker: 22538 x 12 mn? ky oo o \<
y

Detector
Subsystem (DES)

TR2: 150 x 150 x 8 mim
RAN1- RAN12: 150 x 150 x 10 rAim
LYSO (EN1, EN2 bars): 150 x 50 x 25 mm

o o To To To
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HEPBD2 vibration tests

A Preliminar sinusoidal vibration test for obtaining
resonance frequencies (using accelerometer
placed on different positions)

A Sinusoidal and Random vibration reaching
acceleration up to 12g (with frequencies from
10 to 100Hz)

A An additional vibration test is made to check
that no new resonance frequences are present

A The measurement is repeated for X, Y and Z axes

(¢) Resonance search before the sinusoidal and random tests (d) Resonance search after the sinusoidal and random tests

Courtesy of the CSESnadou collaboration
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1. HEPBED2 is placed inside a thermal
chamber

2. The detector is subjected to a thermal
cycle from-30 to 50C for the QM and20
to 45°C for the FM

3. At each cycle the detector has been
powered on, calibrated with the internal
calibration trigger, put in acquisition mode
to detect cosmic muons and then
powered off.

Thermal vacuum tests follow the same cycle

but with pressure kept below 6.65103 Pa
Courtesy -oifmadeu CSEISI abor at i c
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A Emission tests, for studying the conducted and radiated electromagnet o __
emissions of the HEPIR: =
A Conducted emlsslon: (a) Conducted susceptibility test (b) Radiated susceptibility test

A Power and return lines connected to Line Impedance Stabilization Network (LIS.,.

A A spectrum analyzer performs a frequency scan between 150KHz to 10MHz.
A Radiated emission:

A differs from the preceding test by using an antenna connected to the spectrum analy | s crambe 1
instead of a cable. ? e i i
A Susceptibility tests, to study the ability of the detector to continue to iz | e T |
work in the presence of EM disturbances: e W | |
A Conducted susceptibility: N o s
A the power line of the detector is connected to the secondary coil of a coupling T . s
transformer while the primary coil to a signal generator. ' 3g
4 | Lchassis
A An oscilloscope is used to evaluate the injected voltage, produced with s
frequencies in the range from 30 Hz to 150 kHz spectrum analyzer
A Radlated SUSCGptlblllty (a) Conducted emission test (b) Radiated emission test

A the disturbance is produced by an antenna connected to the signal generator Courtesy of the CSESnadou collaboration



Readoutnd triggersystem

Based on CITIROCs readout integrated circuits (by Weeroc) and on Microsemi

A3PE3000L FPGA.
The board is divided in two identical sections for redundancy.
CITIROCs have 2 independent preamplifiers:

A the High Gain preamplifier can be configured wjdinfrom 10 to 600
A the Low Gain with gain from 1 to 60

This ensures a wide dynamical range, required for the acquisition of signals frc

different scintillators, produced by particles in a wide energy range.

Each preamplifier is connected to a configurable shaper and an analog memoiLt

(Track&Hold or Peak Detector).

Trigger signals for the 32 channels are generated by a fast shaper and a
discriminator with configurable threshold
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E = HEPD-02 stratigraphy
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LYSO radioactivity

Self Count 1’ x 1’ LYSO

0.7 17 +88+202+307keV
A LYSO crystals contains lutetium and the o
2.6% of natural lutetium is th&€°Lu isotope 0.5
which decays beta to excited states'd@iHf E (keV)

+88+202keV

with the following reaction:

Counts/s/keV/cc
o
1N

0.3

A 78 u VSf +e +u 02
@@ +88+307keV

0.1 l
A 178Hf relaxation produces 3-¥ys (88keV, 00+—L— S — |
202keV and 307keV) 0 . 1088 1500

nergy (keV)

A The energy distribution is shown in figure: Courtesy -bifmaheu CSEISI abor ati on

it can be seen that it extends up to 1.5MeV
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Schematic representation in a meridian plane of the trapped particle trajectories
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lonospheric seismic
precursors

A The first statistically significant evidence of the

existence of a coupling mechanism between seismic 30 20 40 0 10 » sl
events (with M> 6) and particle precipitation was A L
obtained by studying the data of the NOAA POES
satellites acquired over a period of 13 years.

EQ-PB pairs
B &8 8 8

A The figure shows the distributions of the time "
i ntervals AT between a se
precipitation of particles (PB) in the ionosphere. If .
the events were uncorrelated there would be a flat 1 20 0 2 4 60 B A arml
distribution.
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peak is observed: the number of seismic event /
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Bayan earthquake of the 5
August 2018

A resonance peaks at 2 Hz, caused by the motion of the . -i
satellite into the magnetic field

Afundamental mode of the ionos P& bl Sewam;taqmﬁ]e ALAK ;*;eh°spée"°
resonance ab 7.9 Hz Bayan Earthquake"”, Remote ‘Sensing, 11 October 2020

A a portion of the whistlermode chorus, generated around
Oi (o= 5 and propagating into the plasmasphere, at 270
Hz (visible ifQwcomponent)

A the signature of the ionospheric hiss@tl kHz, ifrOw
and Gd components

A the background components show the thicdder
Schumann’s resonance at 20 Hz

A peak at 12 kHz, related to the lowhybrid resonance of
the ionospheric F2 layer
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