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DM annihilation benchmark
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Asymmetric Dark Matter Model (ADM)
* Dark matter today is composed of particles without
anti-particles
e SIDM with a primordial dark asymmetry np
(We consider two generations)
« With large enough «j, the symmetric part can be
completely depleted
e Stable bound states
* In depth studies exist for atomic dark matter,
considering massless mediators
* Astrophysicists: Cyr-Racine Francis-Yan,
Sigurdson Kris, Agrawal Prateek, Randall Lisa,
Scholtz Jakub ...
» Particle physicists: Petraki Kalliopi, von-Harling
Benedict ...

* A few papers on cosmology indirect detection
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Multi-TeV: UV model generates a
primordial dark asymmetry np =Y, —

Symmetric part annihilation
Dark recombination

Relic density composed of free y,, y, and

(X1X2)Bs

Bound state formation today

 (Galactic center
e Sun
* Dwarf galaxies

Relativistic d.o.f.s
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Symmetric part annihilation and freeze-out
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The mV is chosen s.t. (discuss later)

* the dark recombination is not
efficient

 Bound state formation cross
section is large

o =
S - [—-0,02
3x10°" N — BS condition
10— — " ™ =4
o iy =2
10“17_ 'nmax=3 i
3x10°° -
2x10°° -
102~
3x107° -
2x107° -
0—3 Il I\IIIHI 1 1 |1|l||| 1 1 \II\\Il |||||I|| 1 L1 1l
1072 107 i 10 10? 10°
my (GeV)
Size of the bound state: a,, = .
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Screening length of the Yukawa potential: A = —.
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Existence condition: a, < A.

Binding energy: Ay = Eyyp ~ _zﬁf
Mass of bound state: M(™ = 2mp — A,,.
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Emitted dark photon energy: w(™ = A() ¢ Eorat



The mV is chosen s.t. (discuss later)

* the dark recombination is not
efficient:

* Bound state formation cross
section is large
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e ap =10.2,
em, =my =mg=2 TeV,u=1 TeV,

e my = 9.08 GeV.
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5 DARK RECOMBINATION AND
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In the non-relativistic limit:
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The bound and scattering wavefuctions
that solve the Schrodinger equation are
written as
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Bound state formation cross section o.100

as a function of mV.
Red line: kp — 1,2s.
Blue line: ks — 2p.
Green line: kd — 2p.

The amplitudes are calculated using
time dependent perturbation theory,
with dipole approximation
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Kk recombination and relic ionization fraction™

» Temperature of thermal photons < Binding energy A

e 25->15S dominant in the standard Hydrogen recombination

e Ly-Continuum photon are non-thermal, can ionize another
bound state

ThermalV

Ly-C Ionization
Thermal +
Ly-C

Our present benchmark only
allows for n=1 bound state
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Assuming that our dark sector constitutes  The ionization cross section can be obtained

the dark matter energy density today from the principle of detailed balance
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Assuming that our dark sector constitutes

the dark matter energy density today
ne = ZnBS + Np1 + Npo

__np
Xp = €
ne
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* The dark recombination
happened at GeV scale

 The recombination is slow

* Ionization fraction can be tuned to

order 1: ~20% free states

» Non-thermal photons can prolong
the recombination, but leads to
negligible change in the relic

ionization fraction
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* We obtain the photon spectrum using the PPPC program

* The predicted Gamma Ray signal from the DM is strongest in the GC
owing to its proximity and the enhanced density of the DM.

» J-factor taken from Ref. [Astrophys. J. 840,43 (2017), 1704.03910],
(calculated assuming a local DM density of 0.4 GeV/cm”3)
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We choose kappa and mV s.t. there is
no impact on the BBN, CMB, and
structure formation... ]
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Decay channel | Branching ratio (MadWidth) Branching ratio (analytic) Mass (MeV) PDG 1ID1 PDG ID2
uii 0.204 0.215901 2.2 2 -2
ce 0.204 0.209764 1280 4 -4
ete” 0.153 0.161767 0.511 11 -11
php 0.153 0.161767 106 13 -13
T 0.134 0.14253 1777 15 -15
dd 0.0511 0.0541345 4.7 1 1
58 0.0511 0.0541345 96 3 -3
bb 0.0511 0 4180 5 -5
VeDe 2.953107e-07 3.11121e-07 0 12 -12
Vg 2.953107e-07 3.11121e-07 0 14 -14
vy 2.953107e-07 3.11121e-07 0 16 -16

TABLE II: Branching ratios for my = 5 GeV. The MadWidth considers only 7, ¢ masses. They are listed
here for validation.



Validation, spectrum from Pythia (Left) and from PPPC (right)
Electroweak correction has been included in the latter case.
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FIG. 16: Comparison of photon energy spectrum between pythia and pppe. The bb mode does not appear
in pythia until about 11 GeV.
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BS formation can generate a

photon flux as strong as the GC

gamma-ray excess
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Figs from L.N.B arXiv: 1703.04629:

Powerful Solar Signatures of Long-Lived Dark Mediators
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Gamma-ray spectra for various final states,
per DM annihilation, with mediator

masses mY = 2 TeV (solid), mY = 200 GeV
(dashed), and mY = 20 GeV (dotted)

v (extinguished) v (less attenuated)

(unattenuated)

Long-lived mediators

* BBN generally require t < ls
Solar Radius = 2.32 s
Consider p, e spectrum to

reduce backgrounds



= Asymmetric Dark Matter model
provides a possible way to generate the
Galactic Center GeV photon excess
through the BS formation process.

= The relic dark recombination can be
made inefficient, making the bound
state formation possible today.

= If the dark photon has a relatively long
life time, there are interesting solar
signatures.

SUMMARY



