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—___Fraction Positron excess with respect to pure secondar
(PAMELA, AMS-02,| Fermi-LAT) . . b P y
: ; production may indicate the possible presence
Spectrometric experiments of a primary positron source (Pulsar/SNR/DM?):
0al ~ pawea = To better understand this excess, it is important to
o © FomiLAT extend the current measurement above 1 TeV
= 1 © CAPRICE
g o2 } ©ear { Spectrometer-based experiments are ideal for
_g ZJ ) ’ } HHH | { this measurement but are limited in energy by
S o1l 11 l “,Hﬁ %* technological issues, which may be overcame in
i u%ii_w the long term only by complex instruments like
i Energy [GeV] the ones proposed by ALADINO/AMS100 projects
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Electron+Positron Flux
(CALET, DAMPE,|... HERD)

Calorimetric experiments

Calorimeter-based experiments are ideal for
the extension of the current measurements
to higher energies, hence present (CALET,

DAMPE) and near-future (HERD) experiments

will be based on a large calorimetric instrument

250

200

S isof- i . .
E w %i However, calorimeter-based experiments cannot
£ oo R ! intrinsically distinguish electrons from positrons:
mE E i:i.:izi:.i:izi:.;:.izi: : z:lse:;ﬂiy band (stat. + syst.) ﬁ HH"L U the e|eCtr0n+pOSitr0n ﬂux can be measured’

50:— gz[;-gé;g?; -—i——t__ﬁ}LIﬂLH.l:_‘}_ bUt the mforma.tlon that V.Ve can get on the

[ o reumoveses T positron excess is very indirect and uncertain.

10 10 10°

5 (OeY] Goal Develop an electron-positron discrimination technique

_ that can be emgloxed in a calorimeter-based exgeriment I
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OB S_ince cosmic-ray _experiments typically operate
in Low Earth Orbits (LEO), we can exploit the
particle bending due to the geomagnetic field

e /v/y/

It’s an electron!
O O @

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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THE POSSIBILITY OF REGISTERING PRIMARY COSMIC ELECTRONS BY MEANS OF SYNCHROTRON
RADIATION IN THE GEOMAGNETIC FIELD

O.F, Prilutskiil

Moscow En, P s Inastitute
Submitted| 22 August 1972 :
ZhETF Pis., Red. 16, No. &, 52 —- 454 (20 October 1972)

Further development Stephens and Balasubrahmanyan

Journal of Geophysical Research: Space Physics 88.A10 (1983): 7811-7822

Several R&D and projects

" AMS Hofer and Pohl NIM A 416(1):59-63, 1998

\Y
6\0006\ SRD Hofer, Krdaber and Viertel Nuclear Physics B 134:202-207, 2004

CREST Yagi et al. International Cosmic Ray Conference 2005, 3:425-428, 2005
Sonya Galper, et al. Journal of Physics: Conference Series, 798(1):012176, 2017
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Most of past projects use a calorimeter mainly for
instrument trigger and background-rejection,
whereas the electron energy is reconstructed A

mainly (or only) using synchrotron photons

400 cm
133 cm
ECAL

The AMS project use ECAL to reconstruct electron
energy but in a spectrometer-based geometry

[ala]
The EPSI project aims to use synchrotron photons & &
just for electron/positron discrimination and v
exploit the advantages of a large ECAL in terms This is just a starting point to
of resolution and acceptance with a novel design study the detection process,

without considering a specific

eometry of a future instrument
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DeAe e«Z’o_@ g&omﬂ'@?

ECAL . 8 X SRD
Electromagnetic CALorimeter T Synchrotron Radiation Detector
Main Purposes Main Purposes
. Energy reconstruction v Z y « Synchrotron photons
« Track reconstruction R ' oB . Point reconstruction
. E/H discrimination £ El ol [ 1 B . Energy reconstruction
. Instrument trigger gl o [Se g
< | - Y
Possible implementation ' éE» P Possible implementation
. Fine granularity sl S| ECAL. " « Fine granularity
« Csl+PD single cell e\ ! ;} « Crystal+SiPM single cell
. 1.33x1.33x0.25 m3 | 5, . 2 opposite single layers
. Assuming 2 tons )  Surface of 4x1.33 m?
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perpendicular to a 0.4 G field,
iImpinging at detector center

Let us consider a 1 TeV electron,

o |
O Not in scale!
A q)
O X
a B
(Y
&
o z y
Il N
5
]

DAeAor @Wmm

The average number of photons reaching the detector is
<N>=4.51
having a critical energy of synchrotron emission of
Ec = 26.78 keV

decm:n <N> Ec [kev.l
'500GeV  3.19 @ 6.69 |
1Tev | 4.51 | 26.78
' 10TeV | 14.28 2677.60

Since at least wo synchrotron photons are necessary 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
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efficiency for X-rays
with energy 7-7100 keV

Scintillator size of about |  Pefeclor %&V&Zo]m%w\f Need of high reflectivity and

2cm x 2cm X 2.5mm low X-absorption coating

80 -
(\Oe \}‘ X_Fay u: _\ —— Polyethylene - 65 um
Need of high light-yield '
and possibly fast crystals Scintillator \
Light Yield |Decay Time f N i\
[v/MeV] [ns] Q@f | ' \1 \\\
! . - ~ >
‘cg;,  SiPM . -
Csl(TI) 54000 900 e W - E (keV]
GAGG(Ce) 60000 <150 ‘9,0,0,}79 E :
E 60

Need of a large-area and high :
hotodetection efficiency SiPM ’ ﬁ

02 03 04 05060708091 2 3 45678900

wavelength [rm]
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Scintillator size of about Cell M'?a Optical simulation of a 10 keV X-ray
2cm x 2cm x 2.5mm for different detector depths

0.3¢
Area 0.29
Synchrotron photons can be separated by 3028
electron bending plane with a RMS dispersion S 005t
of 9.3 mm (for a 1 TeV electron in a 0.4 G field) 8 024 L T
20.22"
0.21; |
A segmentation of 2cm x 2cm "0z IOifhilcklnelsgig:rln)l I
IS a reasonable compromise Thickness

between background rejection A depth of 3 mm maximizes photon
and number of channels collection efficiency against self-
bsorption in the crystal and optical

a
photon losses at crystal 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 as the
entrance window

We tested Al deposition

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

oV Csl:Tl crystals covered
Ge\N\“ x_lqay by 300 nm Al deposit
20
A\
Scintillator
. N
Tecy,  SIPM
Wr,
‘900/,,9

Different roughness of crystal surface will be
tested in laboratory and with simulations
to maximize light collection efficiency
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Need of a large-area and high Lol S141 69- R
hotodetection efficiency SiPM etv dendot 6050H% ~
40 \
Test 6mmxémm SiPM:
« S13360-6075PE IV characterization 4

« S14160-6050HS _in climatic chamber » 'y

60 q 0 )
200 300 400 500 600 700 800 900
E. 0] Wavelength (nm)
T KAPDBO429 EA

Photo detection efficiency (%)

Full characterization of SiPM S13360- _p g

in terms of Photon Detection 6075PE_ /n NEEE
Efficiency and Dark Count o] I /f \
as a function of overvoltage P / \

Voltage [V]

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

\

10

Photon detection efficiency (%

[ ]
.’
20 '
|
]

|
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To estimate light SiPM
collection efficiency, -

laboratory system p it 0 Mh
Tust be able o . Amplifier Digitizer+QDC T

1 A v b b b b b by Ly a iy
0 500 1000 1500 2000 2500 3000 3500 4000 4500
Time

1 33 R o gO L! .rCe Waveformyﬂ

w - ey GA—

detect dark count

X-ray
distribution to \./
express X-ray signal

in terms of SiPM Radioactive
cell signal (cells) source PC
“ > Integration windoC\e/
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Area
SiPM
£ - Entries 287984 P M é . Z
S roml abes _uaes 4 v Mvﬁé M?wa«
800:—
600:—
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L Area Area
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200 E A Mean 02 100 = \’ Envc s
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: | E libration ' =
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Col: 1 vesponse Preliminary

. Csl - Ba133 - no collimator - 6 cm
Csl - Ba133 - no collimator - 6 cm
500 = Eriries T 31501 8000 : o Eiries 2 21501
450 —i“‘ St Dov s | : /f \ it Do o | . .
wifly gy I i i Good linearity
:_| pi 12084123 = / \ pt 450503
3507 ! : s e 6000 b epertyol
R L || B / I at low energy
N Vo i Bt £l / \ L Erits
2501 4000 1200 ’
200F i/ ! : A\ L @/nat 1.9257/1
o \ﬂy \ - \\ 1000—.| PO 28.62 +0.3453
3 b 2000 \\ - et 13.83 +0.006284
100F it i 3 / B . . .
3 Mgy b ey f b 1000 800 COnSIdermg .
A KEN et 30-36 KeV oo - _ _
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LightYield = 54 ph / keV

Csl - Ba133 - no collimator - 6 cm | 400 - C rOSSTa I k = 5 5 0/0

1 SiPM -

1600 : it Entries 21501 | | . 7 — 0
= f" t Mean 1158 L — 0
1400F | | Std Dev 79.35 |, 200
= 2/ ndf 168.6 /161 - -
- po 1374+7.4 L
1200 p1 14703 L
o 1000 t p3 528.9+26.9 0 10 20 30 40 50 60 70 80 80 100
§ 5 M"( p4 ~0.2709 + 0.0200 enegy (keV)

o ,«ﬂ""’w \’”\ Light collection

o efficiency = 35-40%
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Resolution = FWHM/Mean Co). 1Y response

0.6

Uniformity

Bal33 [32 keV] - Fe55 [6 keV]

0.5 1

Significant electronic

B mm
18
§ 04’ @EGBC noise term at low energy § ® @ 9
£ s 12 10% constant term %1?- @ @ @ s
at high energy = 7 mm
] O
| l % B @ ® @
0.1 Eg
7 Tewen 7 7| 20% reduction in light |3 " |
o Somp e 2.5 collection efficiency | < ' 7
Eoan U o between crystal center | o
m e o and crystal corners Distance from crystal center [mm]
344.28 11.14 +/- B.15
b -3.73 +/- 1.85 rel: -0.28
a 0.81 +f- 0.19 rel: B.24

S R Preliminar
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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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Some compriations (7)

Curvature radius
B p|GeV]
Rlml = 03B

Let us consider a 1 TeV electron,
perpendicular to a 0.4 G field,
iImpinging at detector center

~ 83 % 103 km

L’ ...since R << Ax:
L ~ L
¢ ~ L/R ~ 0.22 mrad

Detector

...assuming Ax = 2 m:
% Effective track length

S, L ~ V2RAr ~ 18.3 km
RMS Emission angle

2m
S
bW

S

Ax
@

1
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Let us consider a 1 TeV electron,

perpendicular to a 0.4 G field, Porme mWafww (77)

impinging at detector center

Considering a 1 TeV electron in B = 0.4 G field

Q | | Synchrotron power spectrum

i dP—PF
Sz RO

F(©)

N Average number of y reaching the detector

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

| Synchrotron photon energy Critical energy of synchrotron emission

08 N 3 3 3 heB
€. = —hc— = —
2 R 2m3c

E? = 26.78 keV/
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Let us consider a 1 TeV electron,
perpendicular to a 0.4 G field,
iImpinging at detector center

o
0 Not in scale!
A q)
O X
a B
(Y
& _J;
N Z y
Il \e-
%
<

DAecAion cell M'/;,&

The dispersion of synchrotron photon emission angle is
0o = 0.57 urad
which translates into a position dispersion at detector of
oy <L *09=9.3mm

!

Synchrotron photons can be separated by astrophysical

background since they lie on the electron bending plane:

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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Assuming a SRD with
100% detection efficiency
in the range 1-100 keV

Considering Earth shadow
and generic direction

Only SRD selection is applied
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AAAAAAAAAAAAAA
EEEEEEEEEEEEEEEEEEEE

—— minimum photans = 2
= 0| ==eunes minimum photons =3 y -— Y Ly
n; ............ mimimum F:I'IDTCII'IEI- =4 ,..-—-—'_—_ S
s | i + _ E gecvon o <N> | & keV] , :
& 1__ ‘ 500 GeV | 3.19 6.69
g ¥ ’ ~ 1Tev | 4.51  26.78
c i 10TeV | 14.28 |2677.60 §
gm"— A ,32 . The detection technique works well above 1 TeV
AN e B S B « The detection technique is limited below 100 GeV
10 \ I | -II_.'- .. ; \:.:..:.:..:.:..:.:..;...:..:.:..:.:..;...:..;...:..:.:..;...:..;...:..:.:..:.:..;...:..:.:..:.:...:.:..:;
PAMELA | : I Below a few hundreds of GeV we can use the back-tracing :
i ; | * | | | technique used by Fermi for charge-sign discrimination |
-"]-3 “-;llljz S - J“-,{D'.EI 1 Ll |I.|.1.‘|]4 1 L  _—-e——,—-,—,,e—"—,,_e—m,eee—e—,eee—,eee—ee—eee—ee—e—,e—,——e—e—,—,——_—_—__—_— e —_———
e' energy [GeV]
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Protons and Plucler

Synchrotron radiation generated by protons and nuclei cannot be detected since

<N> o\E * Z52/M
ec «E? * Z/M3

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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Caliloifion offﬁa m%gz? scale

I'Ug;; ’;,’7 I’;’l‘;":‘zf’ Igi-sp ,(z\hzlt/ %“%- glgg)” -58'_7g ; The number and mean energy of synchrotron
' e _ photons depend on the electron energy,
(b) g, = 5 keV 90 | thus it can be used to get an independent
' measurement of the electron energy

!

This is useful to check the absolute energy
scale calibration of the calorimeter,
which is crucial for calorimeter-based
experiments like CALET, DAMPE, Fermi-LAT
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Example of instrument
operating at the
geomagnetic equator

g rumend o;af ww:?af 10

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:
o Sun X-rays
« Astrophysical X-rays
souneae . 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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