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A Mulumessenger Search

Galactic Center: High flux,
astrophysical background.
| _— Dwarf Galaxies: Low flux,
g O o S sy | b 4 low /no background.

Hard to detect, Neutrinos
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B 2 atmospheric background.
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Many pathways,
different backgrounds
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Antiprotons (p)

p/p ratio

Dark Matter

Secondary production
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Antiprotons (p)

p/p ratio

p/p ratio
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Why Antdeuterons?
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Astrophysical Antideuterons

Collision kinematics — Momentum threshold for production.

Low binding energy — inelastic scatter = destruction.
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Why Antdeuterons?

Dark Matter Antideuterons | E
Production is via annihilation or a decay:. | |

— No kinematic threshold.

— No low energy cutott!

Astrophysical Antideuterons

Collision kinematics — Momentum threshold for production.

Low binding energy — inelastic scatter = destruction.

R \ / other stuff
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Significant Ongoing Theoretical Work
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GAPS - General Antiparticle Spectrometer

* Antinucleons provide an excellent window for
dark matter searches.

« With an almost background free signal they
provide a very “clean” window.

+ However, existing techniques (rigidity based)
have problems:

* Energy threshold.
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— More likely to stop

Stopping Depth

y

Probabilit
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Simulation checked

against data measured
at KEK in 2004
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Efficiency

Pion & Proton Production
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Puttung It All Together

Aramaki
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(It works 1n stmulations too ...)

60 MeV p 120 MeV d
4 pions produced 10 pions produced

antiproton - antideuteron

green = d

white = pion
yellow = electron
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Predicted Sensitivity

Antiproton flux [(m? s sr GeV)™]
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Status Update

NASA funding started 2017.

Strong and welcome involvement from INFN joining GAPS.
First flight austral summer 2020-21.

Now the fun begins:

# 1350 silicon detectors.

# ~200 ToF paddles (~400 ends to read out).

* Trigger & readout electronics.

+ Cooling.

, , 2012 2013
* Mechanical design. O PN

pGAP I Data
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S1(L1) Detectors

.........................
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* Process developed in - R S

.......
IR R

partnership with Shimadzu Pregn

.......

* Readout ASIC designed by
INFN

10 layers of
144 detectors | |

High Gain Low Gain

Timing Resolution 100 ns

. ' b
Guard Ring Shimadzu:
1 mm thick grooves

W
. . , .i 'l
‘ \)'\\\ (on n-side) 7 _,
Energy Resolution 4 keV 10% N /,

Li diffused layer =>""= > =

Now 8 strips

Energy Range 20 - 80 keV 0.1 -100 MeV

Li drifted region -

Operating Temperature <-40°C

Leakage Current <10 nA Perez et al. accepted to NIM A (2018)




T'ime of Flight (TokF)

Timing Resolution = (Ta - Tg)/v2
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Cooling & Mechanical

Oscillating Heat Pipe

Cooling System

: ’ Heating

Cooling section -
Radiator section
Surface of (1) Surface of

radiator plate e (%) insulator around
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With a low astrophysical
background they have exciting
potential for a clean signal.

| Scheduled to fly in the austral
- summer of 2020-21 significant
progress has been made.
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Antinucleons provide a g et
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complementary channel for
indirect dark matter searches.

GAPS will search for low energy
antinucleons and provide the best
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Pion Production

(2) Direct Emission

(4) Nuclear Evaporation Fast Ejectiles

Slow Ejectiles

Number of 7t/ p

(3) Pre-equilibrium Emission

Fragmentation depend upon nucleon
__________________ >
annihilating
Nuclear

Annihilation Target Atom NN

0.4 -
(1) Primordial Pion

0.3 -

Aramaki+15
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“; 3 A 3 3 antiproton
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— More likely to stop
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Cosmic Rays - Primary Sources

Energies and rates of the cosmic-ray particles

Grigorov

Akeno

MSU
KASCADE

rotons only

- p

Tibet

KASCADE-Grande ¢

lceTop73
HiRes1&2

all-particle

TA2013
Auger2013
Model H4a

CREAM all particle

xl

B

=

%,
»//\\Q} Galact

1C

Extra-Galactic

1012

10° 10'°

l LHC

1 1 L
10°

E (GeV/ particle)

TEVATRON

HERA

RHIC
R
10*

Fixed target

10°

10°

Protons

SR
TR LI
I

—
)
-

LAY

.
e Pt ~ " .
eSS ee g tdnaseans

‘v‘zfuhu T

1045 - antiprotons

-
£
Iy

3
e
NI
%
et o
LI
o
" P
|
J

o
-
y
-

o
s

'
JIF
AR
IS
relss
eses
2
e,
e,
T
u“‘

ras
ﬂr‘
s
X

X
£
o’
o
B
i

RN

vfz“
o0 s

I3

H

<

17

'

;

P

R

i
= -
5 I 3

2

.
<

&

-
X

15
,

P
+
#

g

3+
o bes
rots
LA
N“
e %aa
sitee e

Pe
b

14
“‘: '
raaslteds
(E

10 nl
10°

10

L AL I T

IR

NIRRT
I

Antiprotons




200 pc

Cosmic Rays - Propagation

D
y H Leaky Box Model — need size of
box and diffusion coefficient

HL B NF NoAl P ClIl K SeV MnColuGoAs Br RbY

o JHeBeC O NeMgSi 5 Ar CaTi Cr Fe Ni Zn Ge Se Kr Sr_
o~ _ Solar System Abundances _
E 104 GCR Abundances _
40 kpc I 5
Measure with e.g.: & 19
| 8 100
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S 10
: SE 2
* Radioactive isotopes, 10

O 10 20 30 40
Element

 Diffuse radio & y-rays
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Diffusion Coefficient
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“ Principle constraint comes from
boron-to-carbon ratio (« H2/D).
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Solar Modulation
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Cosmic Rays - Secondary Production
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Why Antarctic Balloon?
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Voltage (mV)

PMT or S1iPM?

_205 Hamamatsu R7600-200
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Low Energy Antnucleons
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Coalescence Momentum

Fitting py to data on d production

{ { { { {
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anti->He Sensitvity?
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Primordial Black Holes
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