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Motivation

Positron Eraction Positron excess with respect t d
(PAMELA, AMS-02 | Fermi-LAT) . _WIth Tespect to pure secondary
Spectrometric experiments produ_ctlon may_lndlcate the possible presence_
AL N e ey L of a primary positron source (Pulsar/SNR/DM?):
03l ~ eea = To better understand this excess, it is important to
0 © FomiLAT extend the current measurement above 1 TeV
= i ¢ CAPRICE
..E; o2 } < ear { Spectrometer-based experiments are ideal for
_g IJ ) ’ 1111[1 | ] this measurement but are limited in energy by
S oaf 11 l ++Hi- it technological issues, which may be overcame in
i u%iiw the long term only by complex instruments like
i Energy [GeV] the ones proposed by ALADINO/AMS100 projects
1 10 100 1000
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Electron+Positron Elux Calorimeter-based experiments are ideal for
(CALET, DAMPE,... HERD) the extension of the current measurements
Calorimetric experiments to higher energies, hence present (CALET,

DAMPE) and near-future (HERD) experiments
will be based on a large calorimetric instrument

250

200

However, calorimeter-based experiments cannot
Intrinsically distinguish electrons from positrons:
the electron+positron flux can be measured,
but the information that we can get on the
positron excess is very indirect and uncertain.

150

100

This work

. uncertainty band (stat. + syst.)
AMS-02 2021
DAMPE 2017

JE* [m2srls1GeV3Y]
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¢ Fermi-LAT 2017 (HE+LE)

O 1 1 1 IIIIII
10 10°

IDEA: Develop an electron-positron discrimination
i technique that can be employed as an auxiliary

_ detector in a calorimeter-based exgeriment .
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14e basic | Aea

©B S_ince cosmic-ray _experiments typically operate
In Low Earth Orbits (LEO), we can exploit the
particle bending due to the geomagnetic field

PR

It's an electron!
@ 0 e

Knowing the structure of the geomagnetic field
In a given point of the orbit, the simultaneous
detection of the electron/positron and the emitted
synchrotron photons is enough to univocally
Identify the charge sign of the detected particle.

It's a positron!
® O O
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A bidf bitory

\y [THE POSSIBILITY OF REGISTHRING PRIMARY COSMIC ELECTRONS BY MEANS OF SYNCHROTRON
. (\.33 N RADIATION IN THE GEOMAGNETIC FIELD
A c® 0.F. Prilutskii
(@) Qo IL\, Moscow Engineering Physics Institute
o ol Submitted| 22 August 1972 |
WO ZhETF Pis. Red. 16, No. 8, 452 - U454 (20 October 1972)
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Further development Stephens and Balasubrahmanyan
Journal of Geophysical Research: Space Physics 88.A10 (1983): 7811-7822
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Further development Stephens and Balasubrahmanyan
Journal of Geophysical Research: Space Physics 88.A10 (1983): 7811-7822

Several R&D and projects

0'\0%' o AMS Hofer and Pohl NIM A 416(1):59-63, 1998
\ﬂ&\-\g&‘“\e@\ SRD Hofer, Kriber and Viertel Nuclear Physics B 134:202-207, 2004
'ﬁ“.f% co‘OQ CREST Yagi et al. International Cosmic Ray Conference 2005, 3:425-428, 2005
\)?/‘0 Sonya Galper, et al. Journal of Physics: Conference Series, 798(1):012176, 2017
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Let us consider a 1 TeV electron, M"‘ Via d ;i é é < S 1

perpendicular to a 0.4 G field,

impinging at detector center The average number of photons reaching the detector is
<N>=4.51

having a critical energy of synchrotron emission given by

Not in scale! €c = 26.78 keV

1TeV 4.51 | 26.78

X <N> « \/E
Ec o E? |
i _10TeV | 14.28 2677.60

- 4 Since at least two synchrotron photons are needed

| to identify the charge sign, a high detection efficiency
In the soft X-ray region is necessary, while keeping the
cost limited in order to scale the device to a large area

>
Detector

Hecu-:m <N> . Ec [kE‘.‘V]
500 GeV | 3.19 6.69

Dw

2m

AX =
@
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The EPSI project aims to use synchrotron photons
just for the electron/positron discrimination and
exploit the advantages of a large ECAL in terms

of resolution and acceptance with a novel design

ECAL

Electromagnetic CALorimeter

Detecton

Pr

Main Purposes
* Energy reconstruction
* Track reconstruction
e E/H discrimination
* Instrument trigger

Possible implementation
* Fine granularity
* CslI+PD single cell
e 1.33x1.33x0.25 m?
 Assuming 2 tons

400 cm

v

133 cm

SRD

eliminéﬁ Ezgignj

ECAL

SRD

SRD

Synchrotron Radiation Detector

Main Purposes
* Synchrotron photons
- Point reconstruction
- Energy reconstruction
for e’/e* discrimination

Possible implementation
* Fine granularity
» Crystal+SIiPM single cell
e 2 opposite single layers
» Surface of 4x1.33 m?
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Scintillator size of about
2Cm X 2c¢m X 2.5mm

Need of high light-yield
and possibly fast crystals

CsI(TI) 54000 900
GAGG(Ce) 60000 <150

Light Yield | Decay
[y/MeV] | Time [ns] |

Scintillator

ecy; SiPM

Cty,
N “r, 6,0,0.
n

Need of a large-area and high
photodetection efficiency SiPM

Need of high reflectivity and
low X-absorption coating

—— Be - 300 um
— Al-300 nm
—— Ag-300 nm
— Polyethylene - 65 pum

—_

Absorption Probability

.
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o

/
o
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E [keV]

=
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Reflectivity r 1
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wavelength [rm]
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Sczugﬂlitcz)g ﬁ:zf;;?nbrgm &M 4~3/¢ Optical simulation of a 10 keV X-ray
: q for different detector depths

0.3

Area 20

Synchrotron photons can be separated by 028
astrophysical background since they lie on the
electron bending plane with a RMS dispersion
of 9.3 mm (for a 1 TeV electron in a 0.4 G field) -

I 0.21

A segmentation of 2cm x 2cm . R

0.27

o
8

0.25

light collection efficiency peak
o
8

o
N

IS a reasonable compromise &EE‘;“B
between background rejection A depth of 0.25 cm maximizes
and number of channels photon collection efficiency against
self-absorption in the crystal and

optical photon losses at its edges
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Need of high reflectivity and
low X-absorption coating

In all tests we made so far,
we wrapped scintillator with
Vikuiti ESR (reflectivity>98%)
but in future we will use a
thin Al deposition (500 nm)
as the entrance window

Scintillator

We tested Al deposition

on spare crystals by using
our sputtering machine:
deposition was successful,
but we have to characterize
the Csl-Al optical properties

Cli,

/e SiPM

Q
Wrq

'0,0/}79

Csl:Tl crystals covered
by 300 nm Al deposit

Different roughness of crystal surface will be

tested in laboratory and with simulations

to maximize light collection efficiency
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S14160-6050HS s

Need of a large-area and high
photodetection efficiency SiPM M wnion

[\

40 /
30

Test 6mmx6mm SIPM: o
e S13360-6075PE IV characterization

e $S14160-6050HS __In climatic chamber 20 N

60 4 0 }
200 300 400 500 600 700 800 900
E. it Wavelength (nm)
=

KKKKKKKK EA

Photo detection efficiency (%)

Full characterization of SiPM S$13360-6075PE w0

in terms of Photon Detection ) A==
Efficiency and Dark Count o /f \

a.S a funCtlon Of OverVOItage 46 47 48 49 50 51 52 53 54 55 56 57 58 59 30

Voltage [V] { l \
20

\

and temperature in order to:
* define the best candidate
 define optimal overvoltage

10

Photon detection efficiency (%)

!
.l
!
.i

|

0
200 300 400 500 600 700 800 900 100

Missione
Wavelength (nm)
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Luboratory syatem

SIPM

X raye

‘\\

AN

Radioactive
source

Amplifier Digitize

D=

r+QDC

In order to estimate the
light collection efficiency,
the laboratory system
must be able to detect
dark count distribution to
express X-ray signal in
terms of SiPM cell signal

CINF

Dark Count

L

Entries

mmmmm

133Ba source

L L e b Lo b b Lo Lo a Lo
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D_

B0 Loy
0 2000

L I S
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I PR P P
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Time

<+—» Integration window
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Area
) SiPM
= = Entries 287984
3 + Mean 798.7
O 1000— Std Dev 446.9
800—
600—
400—
200—
0 m L | L L L ‘ L L ‘ Il 1 L
500 1000 1500 2000 2500
Signal[ADC]

Dark

Count

. Ministero
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k
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Area

SiPM
2 C Entries 287984 4
3 - Mean 798.7
soo:—
soo:—
400:—
200:—
Om L | L L L ‘ L L ‘ Il 1 L
0 500 1000 1500 2000 2500
Signal[ADC]
Dark Count s
SiPM
%’ [ Entries 2151
8 B Mean 1.68
© 1000; Std Dev 0.9703
800:—
- Energy calibration
600|—
- from ADC to #cell
400 —
ool ]
ON | M

5
Signal[cells]
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Area
SiPM
2 F Entries 287984 P
3 + Mean 798.7
O 1000 — Std Dev 446.9
800|—
800|—
: 133 B
- a source
400 — Area
- SiPM
B 10 = Entries 2151
200(— E A.._ Mean 760.2
B E ':\ Std Dev 734.6
OW 505 BT Tam 2000 2500 10° = !
Signal[ADC] £
Dark C t i
ar O U n Area A
SiPM 10*
£ r i 2151 I
§ C M
1000 j Std Dev 0.97 W -
800 -
- Energy calibration
800~ o a0 oo Teos soon %00 aoo0 300 4ooo 4500
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400|—
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0 N | L i} i

5
Signal[cells]
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Area
SiPM
2 L Entries 287984 P ]
3 - Mean 798.7
o 1000 — Std Dev 446.9
800 —
600|—
i 133B
T a source
: Area i Area
- - SiPM
200 e i 02| 100 Enirles 21k
L EoY Std Dev 7346 E Mt oy
M‘\" I . Std Dev 7346
O T EE 2000 2500 L ol e
Signal[ADC] E " FE
Dark COU nt Area Zﬁ ﬂ /
w - _SiPM___ 10 | 102 'w/
c
1000 — Std Dev 0.97 e
C E 10 =
800— B E
Energy calibraton ¢ « 17— E
C 050 1000 1500 2000 2500 3000 3500 4000 4500 T e T et e T T S e e,
B from ADC to #Ce” Signal[cels] 0 500 1000 1500 2000 2500 3000 3500 40(§ignal4[ggl?s]
400{— QI i
- C  sian fit to extract
oo mean and RMS
OM ‘ 1 | el i
0

5
Signal[cells]
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Fit with a 2" order polynomial &, TZ %) y,
Cells = -5.10e-03 * E[keV] ** 2 + E[keV] * 13.15 + 2.26

000 i i?iiﬂﬂiiitﬂ
B The energy response is
. well fitted by a 2" order
g polynomial, where the
£ oo non-linear behavior
o is likely due to SiPM.
- However, since we are
interested in E< 100 keV
o] | region, where we have
‘ | response is linear, we
o can use linear fit here.

T T T T T T T T T T T T T T T
00 246 49.2 73.8 984 123.0147.5172.1196.7221.3245.9270.5295.1319.7344.3
Energy [keV]
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Cells = E[keV] * 12.73 + 4.96
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Cal:T¢

Aot

Italiadomani

—_ *
STotaI - ECoIIection 8PDE

}  55Fe-6 keVv ¥ 152Eu_0-122 keV
1000 b 133Ba-31 keVv ¥ 152Eu_0-245 keV
1 b 137Cs-32 keV $ - ke . . .
b Optical simulation of a 10 keV
3000 4 . .
= X-ray for different impact
2 Ecollection = 60%0 y P
. position from the center
% ] ETotal E i
& 1000 03 Collection
- | Pixel pitch: 75 pm E
01 (Typ. Ta=25 °C) oeF 1
0.0 492 98.4 147.5 196.7 1273 y/kev 50 I y\p - I 02.,: 9:10 mm
0 / I/‘ \ | : 1
m: +/- 06.28 rel: 0.02 — 0.2
Gt e 72 | B4 ylkeV £ o - J 1-2'#
0.050 - - .5 I \ 0‘15: Iga
£ 30 ! \ u smmm L
025 ) @ E -
‘ } 24% . [ 'l cooe = 40% n: | [lzam
' Dol ‘\ : Il
5_0‘025_ } } E ’ 0.05 7T ‘WIJ ‘ l
g —0.050 "c‘of 10 l' - [‘_l L[ lltcll ]]]_1 )
e * | % o1 02 03 04 05 06 07 08 09 1
~0.100 J’ 00 300 400 500 600 700 BDD 900 1000
—0.125 -

Wavelength (nm)

Csl: Tl emission peak

T T T T T T T T T T T T T T T
0.0 24.6 49.2 73.8 98.4 123.0147.5172.1196.7221.3245.9270.5295.1319.7 344.3
Energy [keV]

Good agreement between
measurement and simulation
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CINF

Resolution = FWHM/Mean aj,’ .’TZ W
é 0.4 GB b @
_g - C . T L -
P E Significant electronic
noise term at low energy

E [kev] 10% constant term
o e at high energy

2
30.85 22.06 +/- 0.34
32.86 22.87 +/- B.35
c]
]
c]

81.00 13.49 +/- .18
121.78 11.B7 +/- .16

244.78 12.08 +/- .16
344.28 11.14 +/- 8.15
b : 3.73 +/ - 1.685 rel: -0.28
a: .81 +/ - 0.19 rel: B.24
c : .18 +/ - B.01 rel: .16

Chiz/ndf: 128.51/4
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Fit with a 2"¢ order polynomial GAGQ &
Cells = -6.66e-03 * E[keV] ** 2 + 7.64 * E[keV] + -8.36 ey f Pt k:\r W

t 4
4 |  133Ba-31 keVv b 152Eu-245 keV
20001 } 137Cs-32 kev b 152Eu-344 keV
}  152Eu-40 kev } 22Na-511 keV
} 133Ba-81 keV }  137Cs-662 keV
1500
% .
The energy response is
©
: .
2 s strongly non-linear due
o to SIPM coupled to fast
0.‘0 66|.2 13|2‘3 19;3.5 264‘4.7 336.8 39]|i.0 46|3.2 52;}.3 5955 66|1.7 -
decay time of the crystal
a: -0.006658 +/- 0.000415 rel: 0.06
b: 7.64 +/- 0.19 rel: 0.03
[ -8.36 +/- 2.66 rel: 8.32
Chi2/ndf: 1082.70/7
0.15

* More detailed studies
| ‘ It | | are ongoing right now

ST

—0.10 ~

Relative errors

T T T T T T T T T T T T T T T
0.0 47.3 94,5 141.8189.0236.3283.6330.8378.1425.3472.6519.9567.1614.4661.7
Energy [keV]
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EPSI is an R&D, financed by PRIN 2022 funds, which aims to investigate a novel e’/e*
discrimination technique at high energies for future calorimeter-based experiments

This technique requires to develop a synchrotron radiation detector with high efficiency
In the soft X-ray region, which must be enough cheap to be scaled to a large area

A simple system based on Csl/GAGG crystal, wrapped with Vikuiti ESR, and coupled
to a large area SiPM already satisfies the basic requirements down to a few keV

Scintillation light collection efficiency will be further improved by studying the effect
of crystal roughness and optimizing the operation condition of SIPM sensors

To reach 1 keV, we will make use a thin entrance window obtained with Al deposition,
which is expected to slightly reduce the total scintillation light collection efficiency
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Thark you!
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Let us consider a 1 TeV electron, g'a'”"‘ WWM (')

perpendicular to a 0.4 G field, Curvature radius
Impinging at detector center T p[GeV]
=2 103 k
R[m)] 0.3 BIT] 83 x 10” km
B Ll 1
15 ...since R << Ax:
A D € 7' I ~L
L 0 ~ L/R ~ 0.22 mrad
= B
S Y, D ...assuming Ax = 2 m:
o~ f//')& B Effective track length
. % L ~ V2ZRAz ~ 18.3 km
7/
] € ’ RMS Emission angle
m
L < QgR >1/2: ; = E ~ (.51 M?"(Id
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Let us consider a 1 TeV electron,
perpendicular to a 0.4 G field, W MW (")
Impinging at detector center

Considering a 1 TeV electron in B = 0.4 G field

Synchrotron power spectrum

AN dp
~ rra 1?0 F(&)

Average number of v reaching the detector

dN 5v3 2 Ax
N — — L = —_—
< >=< 7 > 6 oy R

= 4.51

Synchrotron photon energy Critical energy of synchrotron emission
T 3. 7% 3 heB

Cpel 2
2 R 2 m3ct

E? = 26.78 keV/

€r —
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| . .
Let us consider a 1 TeV electron, DW el W

perpendicular to a 0.4 G field,

impinging at detector center The dispersion of synchrotron photon emission angle is
0y = 0.51 urad
— which translates into a position dispersion at detector of
A % 777777777777 Notin scale! Oy <L*09=9.3mm
SN I
@ 3
£
N Z 4 Synchrotron photons can be separated by astrophysical
'>'< € | background since they lie on the electron bending plane:
J for this separation, it is enough a segmentation such that
each detection channel have a size of about 1 x 1 cm?
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Assumlng a SRD with

100% detection efficiency
in the range 1-100 keV

Considering Earth shadow
and generic direction

Only SRD selection is applied

—— minimum photons = 2 |

g 1 ¥} [ECEECEE minimum photons = 3 4 -
n'; ............ m|n|mummgmn5 d r__,..—-—-
PR ]
@
Ll
s 1E
2
&
D -
& :
ﬂ-"'1|:|_1:_ X :
g AM
E + - Jd'-'cl--.’-r-ihll-:
]
1072+ E
w
PAME ﬁ_; :
+I-ll -l=: I i :
"}{i Pld |. * IJ.J.I.I* I A W A i
10° 107 10*
e* anergy [GeV]

Ministero
ell’Universita
della Ricerca

AAAAAAAAAAAAAA
PRE A ESIL

_ Eﬂlectn:m . <N> . € [](EV_'
500GeV | 3.19 6.69
1 TeV §.a1 26.78

10TeV | 14.28 2677.60

* The detection technique works well above 1 TeV
* The detection technique is limited below 100 GeV

———— ——— — ——— —— ———————————————————————— ———— — —— —y

| Below a few hundreds of GeV we can use the back-tracing
technique used by Fermi for charge-sign discrimination
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Synchrotron radiation generated by protons and nuclei cannot be detected since

<N> o« VE * Z°?/M
Ec < E?* Z/MP

For example, a 1 PeV proton has <N> = 0.05 and &c = 4.4 eV, below detection limit

CON: We cannot separate nuclei from antinuclei

PRO: We can increase proton rejection factor
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From H. Hofer, M. Pohl/Nucl. Instr. and
Meth. in Phys. Res. A 416 (1998) 59-63

The number and mean energy of synchrotron
photons depend on the electron energy,

2 %g : (b) g, =5 keV gg thus it can be used to get an independent
g }2 % 70 | measurement of the electron energy
= ; < 60 |
< 10 =50 1
5 8| g 401
= 6 5} 30 3
E 4 g 20 This is useful to check the absolute energy
< Z | 13 ¥ scale calibration of the calorimeter,
0 which is crucial for calorimeter-based
experiments like CALET, DAMPE, Fermi-LAT
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Example of instrument

operating at the
geomagnetic equator [\, [/ =

Optimize the design of the space instrument in terms
of geometric factor, charge-sign reconstruction,
energy/track resolution, background rejection

Carefully estimate background sources due to:
* Sun X-rays
* Astrophysical X-rays
* Low energy charged cosmic rays
» Backscattering from calorimeter

Study the best orbit both in terms of maximize
the bending effect of the geomagnetic field and
of minimizing the impact of X-rays from the Sun

® <« Northern'magnetic pole
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