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Anti Deuterons have been proposed as an almost background free
channel for Dark Matter indirect detection

D from annlhllatlon
éof Dark éM:atter

D from coII|5|ons of
10°® ordlnary cosmic rays

“BACKGROUND”

108 |

Flux [(m?srs GV)1]

Xigidity [GV]

1 4 10 40 100
B Dark Matter model: M Collisions of CR model
F. Donato et al., Phys. Rev. D, 62 (2000) 043003 K.Blum et al., Phys. Rev. D 96 (2017) 103021)

The Anti Deuterons Flux is of the Antiproton Flux.



Helium metastable states

-In matter lifetime of stoppedlﬁl is ~ps 106 —Ipro pt annihilation. S
-In liquid/gas He delayed annihilation: few ps 10° _A) *He Gas 3 atm —1

(~3.3% of the p)(discovered @ KEK in 1991)

T, (Olus) = 3.18 = 0.04 us
Sl B delayed

Counts / 100 ns
)
(oh]
I

Observed also for K, = and expected for D ol Ll annihilation |
ASACUSA experiment at CERN use these 109 I X [ | m nﬂmﬂ (T
metastable states to measure p mass 0 5 10 15 20 25
Annihilation Time [us]
6 K PRL 63 (1989) 1590 nw PhysRevA 45(1992)6202 p PRL 67 (1991) 1246
S I S i (e e e e St e e R e M B e SR e e i R R
- ] 105 ' Liquild Heltiain o L LIQUID HELIUM (3) ]
500 i F g
o 10t g <—— Prompt a Prompt Annihilation ]
E 10 —
2 g s § E / Delayed Annihilation E
< 0 103 £ E i § |
S 100 |- 2 i 7.26 + 0.12 nsec g " 3.62+0.14 nsec E
?g r 2 g2 g [ 25.4+ 2.3 nsec
5 %) P : 37 | e :
5 1ol 4 i
S 10 l
100 k4 jltj- fJ | | * 1 4 ; j k |
o = 0 20 30 w0 0w w0 ‘60 1 H-sel)'“ 0o B0 100 150

Ti:
. me (nzec) Annihilation Time (nsec)
Time (nsec)

a signature for Z=-1 antimatter captures in He is a ~pys delayed energy release

e TIFPA F. Nozzoli — INFN/TIFPA — ASAPP-2023 3



Why He is a special target?

THEORY: Phys. Lett. 9 (1964) 65 PRL 23 (1969) 63 oP E<25ev

1) The electron is on 1s ground state, while the 5_
(or also «',K",d) occupies a large n level (~38 for p)

(~same bounding energy of the ejected e-) He
2) the Auger decay is suppressed as well, due to capture
large level spacing of the remaining electron E— @'P
(~25 eV) compared to the small (~2 eV) n-n-1
level spacing of p B »
3) the remaining electron in pHe suppresses the @
collisional Stark effect (pp).,+H=(pp).+H o
(the main de-excitation channel for pp system) >) eXp%Cted lifetime mcreasssfas squa‘;ed of the
reduced mass => expected for antideuterium
4) Metastablllty IS not expected and not observed - . ——
for Z>3 104 ? 1 . quullle:;m‘ o % i p (Dl‘g %).'
f : 108 PhysRevA 45(1992) 6202 -
103 — 7\] Z>3 No é ’8\ E ] .
¢ | delayed | 2 D
§ T | anmhllatlonj B o b i ®
g 10l f Next RF packet - ] %ﬂ a §6;0—3 nsec i
100 ? 4 QQ q \ Jﬁ % g: ______ P (Eg).4 %))
3 Jl\ \‘ E 10l O 12.37 nsec =
-t b 1 L et 17(2.30 %) - ]
—40g = i;(; — O 20 40 60 - 1—) (06 %)..
eeeeeee )
Metastability for Li* target? - still not found o 200 400 600 800 1000
(it could be a very interesting SOLID target) Reduced Mass of Negative Hadron (MeV)

:&%@TIFPA F. Nozzoli — INFN/TIFPA — ASAPP-2023



Lifetime & fraction vs pressure

Decay is NOT a single pure exponential:

10 e 1
LIQUID HELIUM (b) 1 10
- -2
10 3
& 3 -—— 3.7+0.2 nsec | 3 F
g = 10
= /25‘4L 2.3 nsec ]
g 156 £6 nsec 3040470 nsec : Q. 10 -1
g =)
3 10° / — 2
° - S 10
K : ©
+ T = 10
go? Louuollc o vml s saal pnanlions, 2
0 200 400 600 800 1000 o -1
Annihilation Time (nsec) g 10
Roughly approximated by 2 components: @ 10 -2
(slow and fast) E T,
Q
n(t) =ALfNexp(—Agt) +(1=f)Nexp(—At)] 10
-1
10
-2
Gas impurities reduces the slow component 10
-3
10

Increasing Pressure —» Fast component increases

He @ room Temperature

~ Phys Rev A 53 (1996) 3129

(a) p=5bar

2

Annihilation Time (us)

meao TIFPA F. Nozzoli— INFN/TIFPA — ASAPP-2023



Lifetime & fraction @ 400 bar

0.71
- |- 470K
0.61—
k5 |~ 300K .-~ 400(bar..--
§ 05 |- Liquid He F
S 0.4f
R
o B -
g‘ O.Sj ",4 _,."
8 F et Phys Rev A 53
e T S (1996) 3129
iy L
0: A PR, A
10 107 107
Density [g/cm:‘]
0.34—
- [=470K .
| |=300K
0.32~ |- Liquid He
2 L .-"4001bar
S s N G
<’ 1 S P 7
0.28} B
| i-:'.::*-'-"‘"”;“&r
026k 00| L] A
10° 102 107!
Density [g/cm’]

Existing measurements for He gas are scarce.
using the 2 components approximation:

n(1)=A[f\gexp(—Ng)+(1—f)Nexp(—N1)]

we can roughly extrapolate @ 400 bar & 300K:

A ~ 3.3% (no data found for P dependence of this)
f =55+6%

A, =0.307+0.008 ps?* => 3.26+0.08 us

A, =4.0£0.8 us! => 250+50ns

slow

fast

7

- 470K +
6 - 300 K

- Liquid He
5

yl“fast [u s 1]
N

S
1
167 102 o

Density [g/cm”]
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400 bar @ =90cm Helium tank: space qualified

/@’ arilanecroup

300L HELIUM TANK [MPCV]

HIGH PRESSURE TANKS PRODUCT LINE

108L Helium Tank (VEGA)
300L Helium Tank (MPCV)

Thermoplastic Liner Tank

Can be used for both applications, satellite or launcher.

300L HELIUM TANK [MPCV)
Application: Satellites & Launchers

ArianeGroup has developed and i q alifying a 300 ite r}.,rp
tank for MPCV[N‘ Itp\ P rpose Crew Vehicule). This nt ta k
alsobe

Characteristics

> Helium Storage 300 L

Valire 300 Liters > Developed from Ariane 5 tank for
ATV

> Polar Mounting
> Manned flight qualified (NASA)
Safety factor 2 > ATV :Flight Proven : (20 Tanks
delivered)

> MPCV : Under Qualification (flight
planedin 2019)

CONTACT ArianeGroup SAS
Site d'lssar

Eric CHDCHEVRAS 14

Emal chocheyras@ariane.group Rue du Général Niox , BP 30056

Phon 33 55657 34 62 33166 Saint-Médard-en-jalles,
France

www.ariane.group

s> TIFPA

F. Nozzoli— INFN/TIFPA — ASAPP-2023

P = 400 bar
© = 87cm
M = 81kg

vessel

3.5g/cm?

M, /M,,=20% @400bar

tot

Stored energy in the

gas is ~14kg of TNT
a standard gas
bottle would require
>1cm of steel for
such a S|ze/pressure




310 bar @ =50cm Helium tank: ESA HeHPV project

https://artes.esa.int/projects/hehpv-helium-highpressure-vessel 5]

HeHPV (Helium High-Pressure Vessel) - Qualification of a Helium High Pressure Tank

= e HP'V

Objectives

P= 310 bar
@ = 50cm - 50L
M oo = 10.8kg

Grammage 1.4g/cm?
M, /M. =16% @310bar

L

The driving goal of the HeHPV programme is the development and qualification of a lightweight, high-performance, reliable yet cost-competitive helium tank for application in future
spacecraft programmes. The applied approach enabled qualification via similarity of a volume range of 50-75 |, where the tank diameter is common for the entire range. Leak-before-

burst (LBB) and burst testing with dedicated qualification models confirmed predicted failure modes and high margins of safety.

Existing and future market needs show high potential for such tanks, in particular for satellite systems, where helium tanks are required for the pressurisation of chemical propulsion

systems.

MT Aerospace AG - HeHPV

e TIFPA F. Nozzoli — INFN/TIFPA — ASAPP-2023 8



Composite overwrapped pressure vessel (COPV)

Current typical application: H, storage tanks for automotive

2202

(150km from Trento)

meao TIFPA F. Nozzoli— INFN/TIFPA — ASAPP-2023



MC exercise with a SIMPLE geometry @ =90cm:
Anti Deuteron He Detector (ADHD)

Preliminary Geant4 simulation: Simple Concept:
Detector size: External ToF L = 1.5m; HeCalorimeter (scintillator)
ToF = 110 kg ( 4mm scintillator thickness) 3xTime of Flight (segmented) layers

Vessel: ArianeGroup 300L@400bar = 100kg
M, /M = 10% (very naive, no structure here)

detector

He

vessel

Kinetic energy range: 50-150 MeV/n
(threshold due to energy loss in vessel/ToF)

50MeV/n 150MeV/n 3x ToF Layer
stop in the vessel cross the Helium 1.5m

He

\ We need a light/thin vessel but we
also want high Helium pressure

and large vessel volume.

This imply a large force on the vessel

walls and this is the main weakness
of the ADHD concept.

vessel

Lﬂ/ﬁTlFPA F. Nozzoli— INFN/TIFPA — ASAPP-2023 10



MC exercise with a SIMPLE geometry:
Particle Identification

Fragmenting He

' SIMPLE TRIGGER implementation:

: A MIP release 10 MeV crossing HeCal diameter
E 1) Prompt HeCal Energy > 10MeV (reject MIPs)
' 2) only 3 prompt ToF hits (reject not stopping)

: 3) Delayed HeCal Energy >10MeV & <10us

E AntiProton background rejection:
' 4) b, . vs HeCal Epmlpt

+ 5) dE/dx ToF vs HeCal E_

: 6) event topology (>3 delayed tracks)
' 7)HeCal E > 350 MeV

rompt

s> TIFPA F. Nozzoli — INFN/TIFPA — ASAPP-2023



B GEANT4 event display
D (65MeVI/n) p (230MeV) Carbon (600MeV/n)

4 charged outgoing 3 charged outgoing 0 charged outgoing
(+ pair production)

Negative Positive Neutral charges

Py 4

”TIFPA F. Nozzoli — INFN/TIFPA — ASAPP-2023 12
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B - [0-10] ns
D (65MeVI/n) p (230MeV) Carbon (600MeV/n)

... ok itis slow ... prompt HeCal signal prompt HeCal signal
prompt HeCal signal 3 hits in ToF 10 hits in ToF
3 hits in ToF

crreso TIFPA F. Nozzoli — INFN/TIFPA — ASAPP-2023 13
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D (65MeV/n)

[10-XX0] ns
p (230MeV)

Carbon (600MeV/n)

Antideuteron orbiting He Antiproton orbiting He ...nothing
s TIFPA F. Nozzoli — INFN/TIFPA — ASAPP-2023 14
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B [XX0-XX9] ns
D (65MeVI/n) p (230MeV) Carbon (600MeV/n)

Antideuteron annihilation Antiproton annihilation ...nothing

u/"TIFPA F. Nozzoli — INFN/TIFPA — ASAPP-2023 15



Typical HeCal signature for p and D

o) C
= L
0.2
0.15 width
= few ns
0.1 A
B expected
0.05— S2 ampl.
i ¢ forp
_ up to few s
B o | ; | p; |> I | |
DD 10 20 30 40 50 60 70 80 90 100
S1: prompt S2: delayed Time [ns]
porD Charged 1
kinetic energy Typ. 52> Sl
S2 and Ek not related

(- energy loss)

meao TIFPA F. Nozzoli— INFN/TIFPA — ASAPP-2023
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p/D separation: prompt signal
MIP

0.8 35

—30

30
—25

dE/dx [MIPs]

25

.. ........... Wi . _lop

—20

......................

15
15

.................................

10 10

5 5

0

O O O O O R,
0'20 50 100 150 200 250 300 £ 150 200 250 300
HeCal Prompt Energy [MeV] S1 HeCal Prompt Energy [MeV] S1

ToF (30cm baseline & 4mm thickness):
B resolution 5% => 0 ~few cm & G_<0.1ns

dE/E classifier

- ToF Energy resolution: 10%
- He Calorimeter Energy resolution: 10%

Parametrization of (B vs E) & (dE/dx vs E)
2 “independent” classifiers
that can be combined to obtain an overall

(3 : <£3 »
Prompt signal classifier _ _ _ _ —
classifier

e TIFPA F. Nozzoli — INFN/TIFPA — ASAPP-2023 17



p/D separation: delayed signal

delayed signal amplitude is independent from Ekin: ~3 charged pion/antinucleon
-ToF delayed activity classifier = #ToF delayed hits & ToF delayed energy
(might improve with full track topology)

2 AntiProton 22 ] ; ; ; AntiDeuteron —100
Entries 55524 —250 Entries 33998
Mean x 265.2 Mean x 469.1
1.8 Mean y 1.8 Mean y 1.25

Std Dev x
Std Dev y 0.2379

Std Dev x 1921
StdDevy  0.2489 | —(80

i

OII I I200I I 400I I I600I I IBOOI I I100'[]I I I120'[] 0.. I I200I I I400I I .600. I .800. I I1000I I I1200

—1200

150

100

ToF delayed activity Classifier
e
ToF delayed activity Classifier

40
20

0

0

2 “independent” classifiers
that can be combined to obtain an overall
“Delayed signal classifier”

e TIFPA F. Nozzoli — INFN/TIFPA — ASAPP-2023 18



p/D separation

S
2
CTJ 1.6 k) -
i 120 cé T
g 14 B 1%
o 2 G —_——
T 1.2 e E _+_
5 e
@
5 —+
E 0_8 e
e 2
0.6 WE _+_ ——
_I 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 L
0.4 0 100 200 300 400 500 600
Kinetic Energy [MeV/n]
0.2 >
E’ 1=
U R B 8 & M
o o02 04 06 08 1 12 I ; T [ e,
Delayed Signal Classifier § 0,;*
5
3
g

++€+ t H+
possibility to detect 15/1090 p 10_ JW*{ Y
(p rejection 1500 @ 65% d efficiency) i H

1 | 1 1 | 1 1 | 1 1 1 1
50 100 150 200 250
Kinetic Energy [MeV/n]

e TIFPA F. Nozzoli — INFN/TIFPA — ASAPP-2023 19



p/d acceptances

=k

L p|i | p
E O =
2 s [ . P
g | § T Baseline:
= =
I g107E , S1 & S2
< E <C E
= u (dE/dx>MIP)
- - 3 prompt ToF hits
102 102 58
- N il
10—3 - L] : 2 L L:: 10—3 Ve ply 111 Ll
0 500 600 0 100 200 300 400 500 600 700 800 900 1000
Kinetic Energy [MeV/n] Kinetic Energy [MeV]

These have to be multiplied with the probability to form metastable states ~3.3%

Example of sensitivity/new measurements with 5yr data @ 0.2x0.033 m? Sr:
-Antideuteron [50-150]MeV/n: ~10” (m’s sr GeV/n)" (<0.3 p background is expected)
-Antiproton: measurement in few bins in the range [100-300] MeV with < 10% error

%"%TIFPA F. Nozzoli — INFN/TIFPA — ASAPP-2023 20



planned sensitivity for this example (1 single @ = 90cm COPV)

this
ADHD
. example
1073 =
\\

\

107°

-
=3
&
\

10-6

$ [(GeV/n) "m~2s7Tsr 1]

=—— DM CuKrko
MED-MAX M=70GeV

----

.........

Anti-Deuteron
85 BESS limit
[ GAPS sensitivity

ADHD sensitivity

=—— Secondary CuKrKo

11 IlIII 1 IIIIIu] 1 IlIllIII 1 lIlIIIil 1 IIIlIlII 1 lllIlIII

102

® New Polar2 UML
PRL Polar2 UL

O BESS95+97
0 PAMELA
¢ AMS-02

N . — 1 Mitsui et al. Leaky Box
10-7 b MED:MAX Force field =600 MV

g --- 2 Bieber et al. Leaky Box

s (interpolated) Drift model TA=15°(A<0)

" A A A S IR S o (i A 3 Bergstrom et al. Simplified 2-zone diffusion
1078 = Force field ¢=500 MV

E -+~ 4 Donato et al. 2-zone diffusion

- BT Force field ¢=500 MV
10~% b models * --= 5 GALPROP Plain diffusion

; fl‘om' I - v - Tertiary CuKrKo Force field ¢=600 MV

~ * MED-MAX =+ 6 Bieber et al. Leaky Box

- PRD97(20 18) FOBOI 1 Drift model TA=10°(A>0)

10-10 | LI 1111 ool ] [ I | I 1 1
1072 107 10° 10} 102 10! 1

T/n [GeV/n]

Kinetic energy (GeV)

AMSO02-GAPS-ADHD: different techniques, similar sensitivity, complementary Ek regions

Join many signatures in a future/ultimate Antideuteron detector?

mea) TIHFPA

F. Nozzoli— INFN/TIFPA — ASAPP-2023
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test of the performances of He calorimeter prototype
with lab measurement @ INFN-TIFPA
(no efforts to test the ToF)

we trust that a large ToF with o_<100ps is feasible

Large surface ToF detectors with few mm thickness are
considered in many future projects (example AMS-100)

@TlFPA F. Nozzoli— INFN/TIFPA — ASAPP-2023



Scintillation in Helium

800 . . . . . . . ‘
_ W“ 'W“‘”'WU“""“W [T |"1' | ' o 7| He as scintillator has a strong “fast”
g | slow | component (tens ns, 15000 ph/MeV)
2 600/ component
S - He is scintillating in VUV:
£ ! Vessel have to be PTFE coated with an
R 400t fast organic phosphor that converted the
- component Neutron Event wavelength of the scintillation light
0 500 1000 1500 2000 2500 3000 3500 4000 4500 from 80 nm to 430 nm
Tlmes (ns) |
800 . .
3 700} | ' ' High pressure issue:
< PMT cannot be used inside the high
%600' pressure vessel => use SiPM
S PSD capability
5 500}
3 . TYPICAL USE:
S| Glvinis Bvent Fast neutron monitor
2000500 1000 1300 2000 2500 3000 3500 4000 4300
Times (ns)
7 ]
o TIFPA F. Nozzoli — INFN/TIFPA — ASAPP-2023 23



HeCal prototype based on ARKTIS B470 neutron detector

200 bar “cylinder” geometry

PMT1 He Volume PMT 2 => SiPM

lT ¥,

—_— R
p—

PMT1: Hamamatsu R580 @=38mm 27% Q.E.

To reduce material in front of the optical window,
PMT2 was replaced with a SiPM circular array
8xSensL. MicroFJ-60035 6x6mm? Fill Factor 65%

g Iron collimator shield
the SiPM array

—a
—

Amplitude [V]

paps=

PMT 2 |
é WLS coated
/ reflector
2.5cm f h=47cm
Fused " 4He 0.95L
silica : detectlon
? |
light guides % volume
% 209 bar
high pressure
i vessel
s=5mm
PMT 1

> 0.001= The “long” tail of
| == = SiPM array signal |
o TIFPA F. Nozzoli — INFN/TIFPA — ASAPP-2023 24



Vertical muon calibration @ TIFPA

=
251muons/4months cross . S PMT plastic
whole He volume L = 47cm | => 3 MeV deposited 2 L . .
. o ’,. ’ B o0 4x0.8em’ 5 [ scintillator
. ; op 4x0.8cm <
° ° '1 e —d
| plastic scint. T “F
10—2 _'i'ﬂs&‘
107" =
___________ - 0.05 01
102 Time [us]
107 =
P 8 70C 27 ndf = 40.45736
10—4 - ..E. r Constant 58.91+ 248
E w C Mean  1.992e-111 4.453e-11
E 60:— Sigma  1.3556-09 + 3.739e-11
107 50C-
I | I L 1 | L I h |- I I | -
—2 0 2 4 -
Time [us 8
30
20;_ nanosecond
10— i
Bottom 4x0.8cm? - resolution # 9
° . rol I BT T T T T N T T T T AT I O ><107
plastic scint. T %2 T 0 1 2 3 a4
2 T-T ATime [s]
170

e TIFPA F. Nozzoli — INFN/TIFPA — ASAPP-2023 25



Muon/proton transversal calibrations

e

p beam
PMT(L) 215-100-80 MeV
Top 4x0.8cm’
B plastic scint. ,
= | SiPM (R)

]* Bottom 4x0.8cm?’
plastic scint.

e

Test of 10 positions along the detector:
E_beam E_deposited in He

Muon MIP 0.26 MeV

p 215 MeV 0.54 MeV

p 100 MeV 0.93 MeV

p 80 MeV 1.1 MeV

_Large asymmetry on photon collection

Position measured by signal asymmetry

= [ B 2 - MIP p .
> 1__P(al) = Pye (d/do)” 4 P 10 |  E,=215MeV
=% T : . = [ | e E,=100MeV .
g attenuation length: é 9 | e E. = 80 MeV .
05Cdp = 123 + 2 mm S g ;
L 3 :
- B -
% g 7 :
- * MIPp c o PMT "
-0.5- e E,=215MeV 2 Fside
& e E,=100MeV § By H SiPM
E, = 80 MeV 2, a 0 :
95% conf.band 4t . side
LT v Ly v b w | v b L | Lo b b b b b b By Iy
200 -150 -100 50 0 50 100 150 200 -200 -150 -100 -50 0 50 100 150 200

Position along the detector [mm]

Position along the detector [mm]

o> TIFPA

F. Nozzoli— INFN/TIFPA — ASAPP-2023
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PROTONS (70-228MeV) @ TRENTO Proton-Therapy center

steel wall  for Bragg peak  Rear
thickness ~ max. 40 MeV ~ veto
Smm \ /expected inHe T, }

plastic
scint. T,

— G eeeeeen il
hollow 3
SiPM array £ PMT T
= 1

detector TS

@TIFPA F. Nozzoli — INFN/TIFPA — ASAPP-2023 27



Proton Bragg peak in Helium

Expected maximum @ 40MeV

ToF
velocity

selector

=
o

N
o

35
protons
180-240
25 MeV

N
o

8-9 MeV

released in He

by protons
plastic :}tl?elliwaﬂ crossing the Rear
scint. T, ickness rear veto veto

hollow §
SiPM array % PMT T
detector TS !

measured E,,_ [MeV]
(&%)
o

_LIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

15 beam crossing the rear veto

10 :

= e L A
D | | | | | 1 | | | | | 1 | | | | | | 1 | | | | | | 1 | | | | | | | |
60 80 100 120 140 160 180 20

E

beam

To control multiple scattering in
2.5cm SiO, (optical window)

only protons with Ek>175 MeV
that are crossing the rear veto
(thus not hit the lateral steel wall)

0 220 240 are considered to study detector
[MeV] time and energy resolutions.

e TIFPA F. Nozzoli — INFN/TIFPA — ASAPP-2023 28



Measured energy resolution

Use of 4 proton Ek crossing the whole detector: I R N
E_Beam <E_He> E_deposited in He tooL e oura GDadnl 0.00050
228MeV 190 MeV 7.7 MeV - oS
216MeV 175MeV 7.9 MeV 4
w
202MeV 160 MeV 8.4 MeV L -
179MeV 140 MeV 9.3 MeV b 10|
®  SiPM side: Longitudinal B 112 MeV beam
. e: Longiiudinal eeam . .
Resolution model: §  gioy side: Edeng it 16 MeV released in Helium +
o 1 o k : g!m 5!381 Edep - g-gi mex - 4.5% difference
. — = 1 sige: en = Y- e
+ E JEn, o  SPMside:Eg-026MeV(y | TE
d & PMT side: Longitudinal Beam 0.1 -0.05 0 0.05 0.1
e ®  PMTside: Ey, = 1.1 MeV Eenrr-Egipns
L E." ®  PMT side: E, = 0.93 MeV EE
s P ;.. PMT side: E,,, = 0.54 MeV PMT* Esipn
A ... PMT side: E,, = 0.26 MeV ()
- ‘f! SiPM side: n | = 34.5+1.6 ph.e/MeV

01 k 8% asym-PtOtlc >y :--: - Shosan .-.'_'_-_-l-.-_-g-_.‘..-._-g PMT Side: nph =56.4+4.1 phe/MeV

0‘..|....|....|....|....|....|....|....|....|..Ratloofn PMT/SiPM = 1.63+0.14
| [MeV] (expected ~1.3 by surface ratio x PMT _ /SiPM

Sld e FillFactor

Energy resolution better than 10% achieved (ADHD goal)

u/”TIFPA F. Nozzoli — INFN/TIFPA — ASAPP-2023 29



Measured time resolutions

Resolution of (HeCal side — Plastic trigger):

E' 10 B [ SiPM side: Longitudinal Beam
— = . 8 SiPM side: E ., = 1.1 MeV
& Resolution model: ® SPMside:E,. =093 MeV
O ® SiPMside: E = 0.54 MeV
4 .’” o, e o) o, SiPM side: E ., = 0.26 MeV (u)
- /
3-‘ \. E
2 ...""n-.
l‘ Traamg, fww e ....-.....-.-?-
q . .-‘
1 %%y
: ‘$u.'.
5] PMT side: Longltudlr:;I.lieam hb AR LIT TIPS = i ...-.'..
04_ ) PMT side: E, F‘—‘|1M|a\."
] ®  PMT side: E = 0.93 MeV
0.3 PMT side: E, p_054Me\-’
PMTsiFe E —DESMeV{p}
02IIII|IIII dE‘Dl |IIII|IIIIIIIII|IIII|IIII
' 0.5 1 1.5 2 2.5 3 35 4 45
mdelMeV]

SiPM side: o, =11.0£0.5ns and 0,=0.9+0.2 ns
PMT side: 0,=4.4£0.2ns and 0,=0.39+0.03 ns

o, can be interpreted as time uncertainty of single ph.e

0, is the “asymptotic” time difference resolution.

In the case of HeCal PMT side this is dominated by the

time resolution of the Plastic scintillator (380 ps)

(1t is possible that ~300ps is a limit our 5Gs/s DAQ)

Entries

50F 12/ ndf = 26.76 / 26
E Constant 36.50 + 2.05
40 :— Mean —0.01373 + 0.01802
- Sigma 0.379 £ 0.016
30F +
20~
10; + 380ps Plastic Scint. 4
o 1 resolution achieved |
—1 —0 5 0 0. 5 1
A-I-{:)I:Plastic [ns]
Y2
1 42/ ndf = 104.7 / 79
00 H Constant 89.02+2.24 »
H Mean  —0.00972+ 0.00675 + 4% :
0 Sigma 0.33310.0054 | ¢ "
10 ﬁ + *
§ * * 112 MeV beam *
= 16 MeV released in He
- <330ps HeCal resolution
C | 1 | 1 1 1 1 | | 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
-15 -1 0.5 0 0.5 1

At (Plastic - HeCal) [ns]

Th PA

v TIFPA
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Measurement of Helium Scintillation Components

1

Waveform sampling @ 5Gs/s: Measurement of time structure of He scintillation
-Precise measurement of rise time and fast component decay time @ 200 bar

-First indication for a subdominant ~50ns decay component. i
%2 / ndf = 4.24e+04 / 24866 ’ L L | 107
i po 2.425e-06 £ 1.771e-09 & 0 i Time [si3
0}10_4 = : p1 0.05052 + 0.00123 I e 1,=47403ns
- - p2 2.709e-08 £ 1.171e-09 E
% - P4 1.576e-09 % 1.145e-11 ) . U 1,=50%£20ns
o o B
Q = e
100 =S R ..
g - CE:L 102 g
5] G s B
= % :
= =3 _ A
10—8 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | x 0 - .'.' .‘_v. %}
_0-04 _0-02 0 0-02 0-04 0-06 0-08 0-1 10_‘4 1 11111 | 1 1 1 1 I"\ 11 | 1 T 1 | I -] I‘ 1 1 Il 11
Time [s] 10 100 1000 10000
Fast exponential rise: T = 1.60+0.05ns Time: ol
grow _t N. -t N. _L
2 3 T

by comparison with the same DAQ we test
a FNAL-NICADD plastic scintillator:
T .= 0.37+0.07ns and T,= 3.8+0.5ns

gr
(and no evidence for T, in this case)

3 scintillation component: &e i
T

Measured ratios to fast component:
N/N, = (18+0.2+7)% (N, new indication)
N/N, = (70£7£15)% (N, well known)
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Measurement of Helium Scintillation Components

Phys Lett A 28 (1968) 432 s
Past measurements of fast decay component
at lower Helium pressure i3

SRR L e 5
[ ) E | P | | | _ . Ix10®
10 I J = 0 : ¢ Time [s]
; : e T,=4.7+£0.3ns
. ] I U 1,=50%20 ns
o ] 2 ol 1,=1.33+0.09 us
0 1 o F
S L g 2 TR
i . £10%; |
t | =
o [ g [ g
E S, 3l ; :
= 1 @ 107 ' a
o1] 3 i %
: : | N | L L L1 |."\ 11 ‘ 1 v.'E | I T \l 1 1 L1l L1
a | : 10740 100 1000 10000
8 k Time [ns]
o o N. .t N, _t N. _t
4 3 scintillation component: —_l, T4 2, %y 3, T
''''' tl TZ TS
1 10 e 200bar Measured ratios to fast component:
Helium pressure (atm) e N/N, = (1810.217)% (N, new indication)
4.7ns N/N, = (70£7+15)% (N, well known)

e TIFPA F. Nozzoli — INFN/TIFPA — ASAPP-2023 32



Plans for next 3 years:

*

Finanziato
dall’Unione europea
NextGenerationEU A 4;',-__:-,; s e ?:f" “/,/‘//‘v ;—-:-.-.-.?C:-’-;; J/:ff,-v

Segretariato Generale
Direzione Generale della Ricerca

PRIN: PROGETTI DI RICERCA DI RILEVANTE INTERESSE NAZIONALE - Bando 2022
Prot. 2022LLCPMH

Pressurized Helium Scintillating Calorimeter for AntiMatter Identification

Project accepted: a specific PhD scholarship will be granted starting from Nov. 2023
(contact me if interested)

@TlFPA F. Nozzoli— INFN/TIFPA — ASAPP-2023
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2024-2025 (PRIN project)

Development and test of HeCal prototype Development and test of a COPV including
Based on commercial (automotive) COPV a “fast” scintillating layer in the vessel

PET o PET
pMTY, [=%-1 ¥ pMm1
| b)

carbon
fiber

metallic

b boss l

I .

Fuc 1
PM'1
PET and PEN are stronger than Copper
and fast scintillating ( 6.8ns and 35 ns )
( https://doi.org/10.3906/fiz-1912-9 )

o TIFPA F. Nozzoli -
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2026: ADHD demonstrator for a balloon launch
2x2x2 © =50cm He modules

Thanks for your attention

3 m and

Stay Tuned!

-
.; 0 E I g -2 M
“ TUF L‘mﬁ"ﬁ@é" 3\
y<l

htt.ps.://www.tifpa.infn.it/projects/adhd/
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