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what we already learned:

— particle physics
— interstellar medium
— y-astronomy

In general good
agreement of models

search for new
phenomena:

— dark matter
— astrophysical objects
— baryogenesis

— unexpected things?
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* antideuteron flux is very small:

— challenging to measure the first antideuterons in cosmic rays
(secondary interactions of protons with interstellar gas)

— good source to study new phenomena
* theories with dark matter self-annihilation predict “large” low-energy antideuteron signals




GAPS consists of two detectors (accep.: ~2.7m?sr):

S|(L|) tracker:
Si(Li) tracker:13 layers composed of Si(Li) wafers
* relatively low Z material (2/3mm,escape fraction ~20keV)
—>target and detector
* Lithium doped Silicon detectors for a good x-ray resolution
* circular modules segmented into 8 strips, ~8cm? each
- 3D particle tracking
* 270 per layer (total: ~3500)
* timing: ~50ns
* dual channel electronics
5-200keV: X-rays (resolution:~2 keV)
0.1-200MeV: charged particle

U-d‘f(fg;egigg)"‘ﬂd p*-contact Time of flight and anticoincidence shield:
* plastic scintillator with PMTs surrounds tracker
* track charged particles
* velocity measurement
* anticoincidence for charged particles

Designed for low-energy antideuterons:

} * no need for a magnet (heavy, sometimes
Balloon flights planned from 2014 complicated/expensive)
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* antideuteron slows down and stops in atomic transitions
material
* large chance for creation of an excited
exotic atom (E_~E)
* deexcitation:
— fast ionisation of bound electrons
(Auger)
- complete depletion of bound
electrons
— Hydrogen-like exotic atom —
(nucleus+antideuteron) rad.
deexcitation: n=2

characteristic x-ray transitions * :
* nucleus-antideuteron annihilation: pions 't -
* exotic atomic physics quite well
understood (tested in KEK 2004 TT- TU Nuclear
testbeam) Annihilation




GAPS needs a very reliable
particle identification:

\ Time Of Flight /
Ao
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GAPS need small geomagnetic
cut-off

—>therefore (ultra) long duration
balloon flights from South Pole
are planned: 60 (300) days

different scenarios give
reasonable antideuteron fluxes
within sensitivity:
Supersymmetry:

LSP: neutralino (majorana)
Kaluza-Klein UED:

LKP: 15t excitation of photon
(boson)

Warped extra dimensions:
Dirac fermion with flavor
dependent couplings to Z'
primordial black holes:

flux from Hawking radiation

synergy with direct searches
and neutrino telescopes:
GAPS covers complementary
dark matter regions!
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Prototype GAPS (pGAPS) goals:

* demonstrate stable, low noise
operation of the detector
components at float altitude and
ambient pressure.

* demonstrate the Si(Li) cooling
approach and verify thermal model

* measure incoherent background

level in a flight |ike config/y/;jation.

4

Taiki Aerospace
Research Field
N 42° 30" 00”
E 143° 26" 30”

Sanriku
Balloon Center

o /U, Tokyo
2011 scheduled flight
from Taiki, Japan




Semikon

structured p*-contact

4" diameter
4mm/2.5mm thick

| Jovoen ()i il

e lower TOF

. . homemade
7 commercial Semikon detectors

2 homemade detectors
(test for the bGAPS fabrication)
energy resolution at 60keV should be

4"diameter, 2mm thick

3keV Semikon: N+: Lithium contact
operation at ambient pressure (8mbar) P+: Boron implanted (strips)
cooling system delivers: -35°C Homemade: N+: Lithium contact (strips)

Au contact with shallow well
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stem

test panel

3 p I a n es Of T O F TOF timing resolu?ion: SDD?s..TQF.spa.clng: im — proton
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1 plane consists of 3x3 crossed panels % ,, Vvelocity resolution | s,
1 panel has 2 PMTs S b iy
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timing resolution:  500ps

charge resolution: 0.35e

MOP value: ~15 photo electrons

angular resolution: 8° b T et oneray [G;\}P
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Si(Li)

by NCT

tracker will be read out
Nuclear Compton

—~

ISAS Li Telescope) card cages from

Power
Conditioning

Ethernet

Analog

Control
Conditioning

Analog Sig.

) ," Flight'mCﬁJ'

ISAS Data
Downlink

Re-a22 L ,;Ser.a. ISAS Cmd
J—

Batteries the 2005 flight:

2x72 channels
high gain: 0-2MeV
low gain: 0.1-100MeV

Rotator TOF readout by VME crate

Flight computer: PC-104

stack

communicates via
Ethernet

store data on compact
flash

send housekeeping,
portion of data to ground

commanding




Simulation

~ cosmic | atmospheric || detector |  exotic atomic:
antideuterons | simulation | simulation = i
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Atmospheric and geomagnetic simulations with PLANETOCOSMICS based on GEANT 4.9.2
. geomagnetic simulations as a function of position and direction

. atmospheric fluxes is in good agreement with measurements

Instrument simulation with GEANT, ROOT output format:

. electromagnetic, hadronic, optical physics are running more details at Geant4
. basic components are implemented, frames and structures must be added Spacez 313(‘)5% W?ﬂkahOP
, oeattle

. ion and exotic physics are under development
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— p =20.3GeV
R+ <0.3GeV - electron /
- positron
T n =0.3GeV = photon
AT, Y " e e - neutron
n <0.3GeV - muon
— e 20.3GeV
___________ o --- & <0.3GeV
-~ e* <0.3GeV
— u <0.3GeV

total rate [Hz]
=

— P =0.3GeV

large cut-off at Taiki
->low-energy charged
particle fluxes are

atmospherically produced « particle rate at 33km at Taiki:

total ~10-50Hz (accep.: 0.054m?3sr)
» strongest backgrounds by neutrons, protons,
\ electrons, positrons
A T T T T T no antiprotons will be measured, but muons
10 0 10 20 30 40 50 60 70 might be used to create muonic atoms to study
altitude [km] exotic physics at flight
I I .+ exotic atomic events faked by x-ray

1 | 1 |
1016 285 60.1 131 32 09 02 005 (pincidences with cosmic rays in the detector
need to be studied carefully!

depth [gfcmil




Conclusion & Outlook

* measurement of low-energetic antideuteron flux is a
promising way for indirect dark matter search
(probably even more than positrons and antiprotons)

* GAPS is specifically designed for low-energetic
antideuterons with a unique detection technique using the
creation of exotic atoms

* GAPS is planned to have (U)LDB flights from South Pole
starting from 2014

* prototype experiment is currently under construction and a
flight is scheduled for Summer 2011 from Taiki, Japan:

— hardware development: Si(Li), TOF, readout,
structure, thermal model

— simulation of particle fluxes in atmosphere and
detector
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1. Cut from the ingot

2. Evaporate Lithium

3. Produce the deep groove and mesa
(optional)

4. Drift the Li into the
silicon

5. Make strips and guard ring

6. Etch the back (shallow well) and
evaporate Au
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* total proton fluxes (cosmic + atmospheric) at 33km altitude
» upward fluxes have smaller energies
* no dependence on azimuth angle
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