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Agenda

» Point out a class of dark matter models indirect detection is
optimized to search for

» Present detection prospects of an example model with
ongoing & future antideuteron experiments
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Introduction

» Thus far, dark matter has evaded detection

> Thermal relic "WIMP Miracle” DM remains theoretically
compelling

> ...but harder and harder to realize

If DM is a thermal relic, it has to go somewhere
» Radiation — Neff (Cosmology)
» Matter — SM (Local detection)
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Dark Matter

If annihilated DM ends up in the SM, we should be able to find it!
» Direct detection, Indirect detection, Collider searches

Collider Search

DM SM

Direct
detection

DM SM
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Indirect detection
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Dark Matter

If annihilated DM ends up in the SM, we should be able to find it!

» Direct detection, Indirect detection, Collider searches
» Worst-case scenario:

» dark matter is hidden sector
» mixing between dark and light sectors is extremely small

» Indirect detection is uniquely poised for these searches
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Dark Photon Dark Matter

» New players: Fermion dark matter x, dark U(1) with massive
gauge boson A’/
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> If there is an additional U(1) gauge boson, it will mix with the
photon (Holdom, 1986)
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Dark Photon Dark Matter

» New players: Fermion dark matter x, dark U(1) with massive
gauge boson A’/

1 / nz v / v = / n
L > _ZFHVF“ _7F FN _EFMVFM _gX’YMA,uX—e@ZWMAMZ)

> If there is an additional U(1) gauge boson, it will mix with the
photon (Holdom, 1986)

» Effective interaction
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Dark Photon Dark Matter

» Direct detection and collider signals are suppressed by €2
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Dark Photon Dark Matter

» Direct detection and collider signals are suppressed by €2

However...

» If my > mg, annihilation yx — A’A’ is kinematically allowed

» A’ propagates and decays to qg with 7 ~ (e?e?ma/)~!
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Dark Photon Dark Matter

» Direct detection and collider signals are suppressed by €2

However...
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Dark Photon Dark Matter

» Direct detection and collider signals are suppressed by €2

However...
» If my, > my, annihilation yx — A’A’ is kinematically allowed
» A’ propagates and decays to qg with 7 ~ (€2?mu/)~!
» Indirect detection is insensitive to !

If DPDM is thermal relic but e is small, direct detection/colliders*
will not be able to find it. Indirect detection will.
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Anti-Deuteron Prospects

Benchmark model: m, =50 GeV, ma = 30 GeV, 0,5, = 1 pb
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Anti-Deuteron Prospects

Benchmark model: m, =50 GeV, ma = 30 GeV, 0,5, = 1 pb

Target Experiments: GAPS, AMS-02

®;=2x10"°%(m?ssrGeV/n)"' 0.05< T <0.25 (GeV/n)™?
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Anti-Deuteron Prospects

Benchmark model: m, =50 GeV, ma = 30 GeV, 0,5, = 1 pb

Target Experiments: GAPS, AMS-02

®;=2x10"°%(m?ssrGeV/n)"' 0.05< T <0.25 (GeV/n)™?
®;=2x10"°%(m*ssrGeV/n)' 02<T <08 (GeV/n) !
®;=14x10"°(m?ssrGeV/n)"t 22< T <4.4(GeV/n)t

Propagation

Weishuang Linda Xu (Harvard University) Dark Photon Dark Matter with Antideuterons 7/ 14



Injection Spectra
» MC with Pythia 8. Coalescence model

C(A)=0(p2 —A?)  py =200 MeV

Fitting py to data on d production

Herwig++ (tuned)
CLEO, ALEPH, ZEUS Het
ALICE (pp) Het Heti 47 TeV
ZEUS (e7p) T 318 GeV
z
ALEPH (Z decay) e ———— S 19119 Gev &
<
ISR (pp) et o 153 GeV
BaBaR (e*e™) ot ot 410.58 GeV
-o-PY’
CLEO (T decay) il e~ Herwig 49.46 GeV
50 100 150 200 250

Coalescence momentum py [McV]

From Ibarra & Wild 1209.5539, Dal & Raklev 1402.6259
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Injection Spectra

» MC with Pythia 8. Coalescence model

C(A)=0O(pg —A?)  py =200 MeV
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Injection Spectra

» MC with Pythia 8. Coalescence model

C(A) =0O(p3 —A?)  py =200 MeV

» Boost antideuteron to rest frame of x (isotropically)

1072
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Cosmic Ray Propagation: Galactic

Two zone diffusion model (Donato, Maurin, Taillet, 2002):
» Propagation in a cylinder of radius R =20 kpc, half-height L
> Annihilation in disk of half-height h = 100 pc.

—VI[K(r,z, T)Vng(r,z, T)] + é?Z[sgn(z) Veng(r,z, T)]

+2h6(2)F e ng(r,z, T) = Q4(r, 2, T)

ann
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Two zone diffusion model (Donato, Maurin, Taillet, 2002):
» Propagation in a cylinder of radius R =20 kpc, half-height L
> Annihilation in disk of half-height h = 100 pc.

—VI[K(r,z, T)Vny(r,z, T)] + %[sgn(z) Veng(r,z, T))

—|—2h(5(z)rg_nnnc7(r, z, T)=Q4(r,z,T)

1 dN3 ( p(r,z) 2
o= (%)

Source:
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Cosmic Ray Propagation: Galactic

Two zone diffusion model (Donato, Maurin, Taillet, 2002):
» Propagation in a cylinder of radius R =20 kpc, half-height L
> Annihilation in disk of half-height h = 100 pc.

—VI[K(r,z, T)Vng(r,z, T)] + ;Z[sgn(z) Veng(r,z, T))
+2h8(2)M 2 ng(r, 2, T) = Qz(r, 2. T)

ann

Qg = %<av>% <P(r,z)>2

my

Source:

p(r,z) = exp(=2[(V'r?* + 22/rs)" = (ro/rs)"/a])
rs = 20 kpc, a = 0.17
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Cosmic Ray Propagation: Galactic

Two zone diffusion model (Donato, Maurin, Taillet, 2002):
» Propagation in a cylinder of radius R =20 kpc, half-height L
» Annihilation in disk of half-height h = 100 pc.

—VI[K(r,z, T)Vng(r,z, T)] + %[sgn(z) Veng(r,z, T))
F205(2) Gpnn(r.2. T) = Qalr.2.T)

Annihilation:

rgnn = (nH + 42/3nHe)Udpvc7
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Cosmic Ray Propagation: Galactic

Two zone diffusion model (Donato, Maurin, Taillet, 2002):
» Propagation in a cylinder of radius R =20 kpc, half-height L
» Annihilation in disk of half-height h = 100 pc.

0
—VI[K(r,z, T)Vny(r,z, T)] + é[sgn(z) Veng(r,z, T))
+2h8(2)T 8, n5(r.2, T) = Q3(r. 2, T)
Convection and Diffusion:

K(r.2, T) = BKo (fg@)é
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Cosmic Ray Propagation: Galactic

Two zone diffusion model (Donato, Maurin, Taillet, 2002):
» Propagation in a cylinder of radius R =20 kpc, half-height L
» Annihilation in disk of half-height h = 100 pc.

0
—VI[K(r,z, T)Vng(r,z, T)] + g[sgn(z) Veng(r,z, T)]
+2h8(2)M8,ung(r, 2, T) = Q4(r,2, T)
Convection and Diffusion:

K27 = o (R

Weishuang Linda Xu (Harvard University) Dark Photon Dark Matter with Antideuterons 9 /14



Cosmic Ray Propagation: Galactic

Sq(r,z, T) = :—ing(r, z,T)

Ko [kpc®/Myr] 6 L[kpe] Ve [km/s]
MED 0.0112 0.70 4 12
MAX 0.0765 046 15 5
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Cosmic Ray Propagation: Solar

Model transport in the solar environment by the force-field
approximation (Gleeson, Axford, 1968):

EX(T) — m 500 MV
B(T+eor)-m  7F~

Pe(T) = Po(T + egF)
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Detection Prospects
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Detection Prospects
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Summary

» Given current detection results, it is likely that DM is hidden
sector

» If so, indirect detection may be the only way to look for it
» Dark photon dark matter is a very general type of HSDM

» Antideuterons are promising probes of
my, 2 my ~ O(10GeV) DPDM

» Very few other methods can access this space

Thank you!
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Constraints on €

Upper:
» Collider searches

» Direct detection:

Oxp ~ )

Lg2€262 meP

4 m4A, (my+mp)?
Lower:

> Astrophysics:
T < kpc
» BBN: 7 <s
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Constraints on €

Upper:
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» Collider searches
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