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Evidence of Dark Matter

The successful standard cosmology theory (ACDM) predict existence of DM

DISTRIBUTION OF DARK MATTER IN NGC 3198
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Particle DM searches

If DM is a weak-scale particle, we can hunt it from three directions

simultaneously

Direct detection Detection at accelerators
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Indirect detection and cosmology

DM annihilation/decay
products in CR




has He detected in CR ? (still un-published)
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e magnetic spectrometer on the ISS since 2011

e silicon tracker + RICH + TOF + TRD + ECAL »
identifies CR

e 250 billion events collected |

Electronics
Crates

pectrometer

Antihelium candidates (unpublished)

Anti-Particle

e ~10 antiHe eventsin 13 years Number of event collected
e No secondary expected ‘
e Still low significance, if confirmed,

no known astrophysical explanation R
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Antimatter in CR

positron antiproton
flux rising above ~10 GeV excess at ~10 GV,
screaming for unknown source pointing to a ~70 GeV WIMP
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CR propagation uncertainties,
nuclear cross sections, and detector
systematics can absorb the excess

Pulsars can naturally inject hard ee,
now are the favored explanation



Low energy AntiD as smoking gun for indirect DM

Astrophysical Background
B/ R Heavy final state + target atrest =
ﬁ 319 i large minimum momentum of dBar

threshold energy TIo > 16 GeV
suppressed for T, < 2 GeV/n

DM at rest » no boost + hadronizat
dBar naturally slow

T e, ~ O() GeV/n
more Mx > more hadrons, not faster one




AntiD smoking gun for indirect DM
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"If the AMS-02 antiproton excess is
real DM, what antideuteron flux does

it predict and can GAPS/AMS see it?"
[Korsmeier, Donato, Fornengo, PRD 2018]
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ral AntiParticle Spectrometer (GAPS)

Detector: TOF + 10 x Si(Li) tracker layers

(cooled -35°)

Signature:
e annihilation products
e particle stopping depth

e exotic atomic X-rays (30-44-67 keV)
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“Double pions star” signature

d-bar interacting with an hydrogen rich material produces
two pion star, separated by few cm & few ns
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A signature for d-bar is multiple pion stars




AntiD Annihilation in Plastic Scinti

lator
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Geant4 simulation of antideuteron impinging
on EJ200 at T = 0.2 GeV/n
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Antinucleon Multiplicity after First Annihilation

e ~70% at least one recoiling antinucleon

High survival probability enables double star
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Free Path of the Recoiling Antinucleons 107

e Median free path: 15 cm (anti-n), 10 cm (anti-p)
e Macroscopic distances allow vertex separation '
e Coarse-grained tracker could resolve double star

signhature

n, median=159.13 (mm

— P, median=104.17 (mm

500 2000
free path (mm) 10



PLASTICAMI project: proposed design

A segmented plastic scintillator
ToF detector with Cherenkov veto

-Volume:3x3x3m?>
- 30 x EJ200 5mm thick layers

(20 planes + 10 lateral walls)
- segmented in pads (15 x 75 cm?)
- external Cherenkov veto FBI118
(ICRC poster https://indi.to/l b8tZ)

- SIPM readout for each pad
- 4800 dag channels (ToF 300ps)

- Mass: 1.4Ton scint.(~ 2.5Ton payload)


https://indi.to/Lb8tZ

Three trigger levels:
e Cherenkov threshold (<0.8)
e dE/dX cut (<10 MeV)

e Pads multiplicity in 50 [ns] (#Pads > 30)

trigger rate ~10° [HZ]

. dead time ~ 5%
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“Double pions star” signature

Double star condition:

At > 2ns
|IAZ| > 15cm
Reconstruction:
e Tracking + vertexing
e CNN/GNN
e Depth sensing (B vs Az)
hits map tracking fit topology
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Event reconstruction

Reconstruction with realistic time/energy T -
resolution and light attenuation B / D
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Tracking algorithm leverage:
e 4D hit(x,y,2zt, E)
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Acceptance

Acceptance conditions:

) i ; s ; E é
- geomagn. cutoff ~ 0.75 € 1.4 e — Total acceptance, .
Q : -do>Dp+#mn
- Trigger efficiency: % 1.21 a- '[_) ---------
dE/dX & Cherenkov 5 12 = ' d—->n+#n
pad multiplicity § - B
: < 0.8F
- d-bar selections:
fid. volume: 2.8x2.8x2.8 m? 0.6
At > 2ns 0.4
|AZ| > 15cm '
+ cautiously assumed a 0.2
reconstruction eff. ~ 50% '
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Based on the simple technology
of plastic scintillators.

The PlastiCAMI approach
seems very promising

Construction of a prototype
detector ongoing @ INFN-TIFPA

1.44cm? SiPM fast readout:
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PHeSCAMI project T e | €S sigrent | (3 ueveras | CINFN

s

Detector: TOF + pressurized He scintillator

Signature: Delayed annihilation (us) from
Mmetastable exotic He-antiD atoms,

3.3% captures long-lived states -
prompt+delayed double-event
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N-bar recoiling in d — H

Geant4 simulation of d-barona H
target predict same probability of
p-bar/n-bar recoiling (~ 50%)

s 96

25

d-> H,p :n production, tEkin < 100 MeV (FTFP_BERT)
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but H detectors in space are challenging as He ones:
use plastic scintillator
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N-bar recoiling In plastic
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complete d-bar annihilation

(some uncertainties on nuclear

process)

d — EJ200

d-> EJ200, p : A production, tEkin < 100 MeV (FTFP_BERT)
a 35¢

Still presence of a 60% probability
of N-bar recoil

(some uncertainties on chemistry
of exotic atoms)

20



N-bar recoll kinetic energy

ASTERIX studied the process:
p—d

which is the mirror process of:
d— p

The mean of the momentum

spectrum of recoiled p of these

specific channels indicates that:
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.ar recoil kinetic energy

Geant4 kinetic energy of N-bar d(at rest) -> EJ200

recoiled in plastic is of the same *“5’104: —— P, median=10.17 MeV
order of the direct measurements % n, median=10.18 MeV
e ASTERIX .0
e nuclear prongsin p-bar 10
annihilation of C, Mo, Au I
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Cherenkov-Based Velocity Measurements

Francesco Nozzoli'?, L.E. Ghezzer'?, F. Meinardi’, L. Ricci'?, P. Spinnato’, E. Verroi’, P. Zuccon'?
‘,i“;ﬂ:ﬂ;“;“;“i‘,i TIFPA-INFN,? Universita di Trento,*Universita di Milano Bicocca

; PHeSCAMI: Two-Stage WLS System ™
* Approach (similar to LAY/DUNE) . Brizzolari. 1. 2021 JINST 16 Pt

1. PTP layer converts VUV (80 nm) — UV (330 nm)
new a"'“’““"“' Identification signature: 2. FB118-doped PMMA fiber converts 330 nm — 430 nm (visible)
- delayed annihilation of anti-d and anti-p ATl

(known 15 metastablc states in Ho)
- He is a good/fast scintillator

7,4, <5Ns LightYield=10phikeV
(mass of particle measured from E, B)

(\) High-Efficiency WLS Plastic: Enhancing Compact

) " “pressurized Helium Scintillating Calorimeter
T P

He emission

wotongth ()

FB118: MMA doped with 2,5-Bis(5-ter buty-benzoxazol 2-y)hiophens
produced by Glass2Power Rovereto (TN) Requirement: no i
(ot obvious s EJ-285 WLS i o a scintilator)

E. Nozzoli et al. i.org/10. i 10003

TEST with ic g and 74-225 MeV proton beam @ Trento

Pasmev
i

Normalized counts

75 T2
Signal Ampiitude [a.u]

two external triggers: (no threshold on FB118/ EJ- 200)

« Proton energies: 74-225MeV = B < 0.6

 Atm.muonsenergy:4GeV = B, > 099

FB118 does not emit scintillation light (<30ph/MeV) at the passage of highly-ionizing
non-relativistic protons - observed a strong Cherenkov emission for (8 > 0.99) s o
memm} 10x gain: FB118 WLS converts o2

Normalized counts

| from a comparison with EJ-200 signal:

many UV photons to visible light
(direction is lost: no RICH) * sional Amitude [a.s]/

\ “normal” Ch.radiator provides typically = 200ph/cm

Conclusions

Time of Flight of atmospheric ™ N
»

Particle velocity can be inferred
from # Cherenkov photons:
#ph = ksin®0 = k(1 - 53,,./7°)

ToF measurements:
118 resolution of 8%

5
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o
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EJ-200: 343 layers (25x30x1em?)
10 measure 1If of atmospherlc 4
‘one 30CW5 PIT for each layer

5.1m ToF
FB118 signal [au]

FB118: 4xlayers thZSx‘ an*’l
xHamamatsu

DAQ: CAEN DT5742 568/s

3

Batho-Bloch

1

B> 1.4
E,/n < 400MeVin

Forra Sl

£.200 signal [au]

slow partiies

| SRR A T 7 05 1
o e 11,
Most of u are MIPS, Aselection: FB118 > 4.5 (% MIP) e : 2 E E 2
however a small amount  (just above our electronic noise) FENTE: valosity resdiision oF= 20% in (Ugs07) T
of slow particles, with equivalent to 1/3 > 1.4 selects slow particles e o
| large dErdxin EJ200 only 1.5% of the MIPS are spillovering this selection 'f°;'|‘|°;':lfep:ze?r°Fede'”:‘n':‘l?‘e; 2 -

{and no Cherenkov)
. is collected by our ToF using only our £200 signal amplitude] - allows rejection of E,/n<400MeV/n reducing the trigger rate ot/

 system. ek Rl Sl ol e iy e SR (N large acceptance spectrometers (AMS100/ ALADINO)
lection in HEPDZire - lik t N
salaction in HERDIZIry -Tike space detectors’ , NEXT STEP: doping of AGL (7 = 1.05) with BBT

ICRC-2025
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required by 4800 ToF
PETIROC 2A

SiPM read out for time of flight PET

Features

TRL Technology Readiness Level 6 - Application prototype available

Detector Read-Out SiPM, SiPM array

Number of Channel 32

Signal Polarity Positive or Negative

Fast trigger line

Dynamic Range 0-480 pC i.e. 3000 photoelectrons @ 10°6 SiPM gain
Fixed gain (40) inverting voltage preamplifier

Slow shaper with adjustable shaping time from 25 to 100 ns

Charge measurements by Track&Hold

Integral Non Linearity : 1% up to 2500 photoelectrons

40 ps bin Time to Amplitude converter embedded in each channel
— X 4800ch = 30W

Power consumption 6mW/channel

24
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Background: P pile-up and ﬁ annihilation

Background:

° p pile-up

during solar max, probability
of a proton hit in a gate
of 50 [ns] is:

P~ 0.5%

o p annihilation:
antinucleon annihilation in the
detector

antiP: 50 000 events/flight
antiD: 50 events/flight
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tracking

Recursive RANSAC - Multiple Tracks

Outliers

Track 1 (24 pts)
Track 2 (14 pts)
Track 3 (12 pts)
Track 4 (6 pts)
Track 5 (3 pts)

/eceeeo

easy to integrate time
information

ISCRA26 L.E. Ghezzer

Hough 3D Transform - Detected Tracks

Outliers

Track 1 (15 pts)
Track 2 (18 pts)
Track 3 (19 pts)

Track 4 (4 pts)
Track 5 (2 pts)

L X X XY

difficult to integrate time
information
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Sensitivity Comparison

We verified the presence of . xi0°
systematic introduced by —; 33;
PhysicsList: s °
z 29
e FTFP_BERT 3 29 o
FTPT_BE RT_Op 4 $ 228: ,3
e QGSP_BIC 575
StepLimiter: &1
2.65 - : :
e Default ] é : : 5
PY [ ROSSi 1 g, E| E' %I %l
e Max £ 2 g

No systematic effect
ISCRA26 L.E. Ghezzer 27



