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The Composition of the Universe (
Today)




Dark Matter

Evidence

10 kpc : Rotation Curves/ Gravitational Lensing

10 Mpc : Galaxy Cluster masses/Gravitational Lensing

100-10* Mpc : CMB and high-z supernovae

All of this evidence comes from gravitational
Interaction:

What the Dark Matter is can only be answer

by understanding its non—gravitational



Dark Matter and the Standard Model
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Dark Matter and the Standard Model

Fermions Bosons
Matter Force Carriers

. Gauge bosons

Dark Matter




Many Standard Model Extensions couple Dark Matter to
Standard Model particles:

LD (xx) (qq)

These interactions givesrise to the following reaction:

XN A XX — 49

. Dark Matter
X% XK q “ Annihilation”










Indirect Dark Matter Detection

Anti—matter is rare in our Universe

« Made by pp collisions in the Galactic Disk (

background ) D //
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« Anti—matter could also arxse from Dark Matter
annihilations
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e Measured Anti—protons Cosmic rays are more—or—less
predicted by background Giesen et. al.
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Antideuterons

 Antideuterons are a bound state of an antiproton and an
antineutron

D=0pn

 Binding Energy B = 2.2 MeV, but mass 1s M = 2,000
MeV.

 Antideuterons can't slow down via elastic
scattering. _
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Astrophysical Antideuterons

« Made by pp collisions in the Galactic Disk (
background )
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e Threshold energy of this process is V@E@(ﬁg%gei 17m,,
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Antideuterons from Dark Matter

« Dark Matter annihilation produces antideuterons
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 Dark Matter sourced antideuterons move slowly ( non-

A~ ticri~ta~ ) I
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LLow energy antideuteron cosmic rays can be
produced by Dark Matter and have essentially no

conventional Astrophyiscal source.
Donato et. al. arXix:hep—
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Define the Cosmic Ray
“Flux”

b — Number

m?2 sr s Gev

Experiments measure
this:

—_

BESS
ATIC
PAMELA \
FERMI

AMS-02
GAPS




Astrophysical Antideuterons vs. Dark Matter
Antideuterons

background q_ background

mpy = (thresh, ..., 1000 GeV)



Astrophysical Antideuterons vs. Dark Matter
Antideuterons

] wsor

mpy = (thresh, ..., 1000 GeV) E
GAPS-ULDB



Experimental Status

Current Bound

@p < 0.95x 107 m* s st GeV]™! 017 <T/n < 1.15 (GeV/n) BESS

Future Sensitivities3—4 orders of magnitude

®p =225 x 107" [m” s sr GeV 2<T/n<08(GeV/n) AMS — 02,
Bp=225x 107" [m"” s sr GeV]™' 22<T/n < 4.2 (GeV/n) AMS — 02,
Bp=15x10""m* s sr GeV]™! 0.1 =T/n < 0.2 (GeV/n) GAPS(LDB)
®p=3.0x10"%m" s sr GeV]™' 0.05<T/n <0.25 (GeV/n) GAPS(ULDB)

®p ~ 2.6 x 10 °[m® s sr GeV]™' 0.1 <T/n < 0.4 (GeV/n) GAPS(SAT).




Experimental Status

Current Bound

st GeV]™! 0.17<T/n < 1.15 (GeV/n) BESS

 (GeV/n) AMS — 02,

< 4.2 (GeV/n) AMS — 02,

GeV]™ 01<T/n<02(GeV/n) GAPS(LDB)
{1,,11._]—1 0.05<T/n <025 (GeV/n) GAPS(ULDB)

]

2.6 x 1007 [in°

ssrGeV]™" 0.1<T/n<04(GeV/n) GAPS(SAT).




GAPS(LDB) GAPS(ULDB) GAPS(SAT)
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AMS(RICH) AMS (TOF)



Mass Reach via Antideuteron Cosmic

Experiment
AMS-02 high (37)
AMS-02 low (3)
GAPS (LDB) (37)

GAPS (ULDB) (3m<

GAPS (SAT) (37)

AMS-02 high (57)
AMS-02 low (5]
GAPFS (LDB) (57)
GAPS (ULDB) (5]
GAPS (SAT) (50)




Summary of Antideuterons

- Antideuterons are the most sensitive
indirect probe of DM annihilations to
hadrons.

« AMS-02 and GAPS (ULDB) will make a
giant leap 1n sensitivity to antideuteron
cosmic rays and will have implications for
Dark Matter up to 400 GeV mass scale

« GAPS ( SAT ) would be sensitive to Dark
Matter masses of 500 GeV w/ significant
antideuteron detection.



Thank You!









