o-wave Annihilating Dark
Matter and the Galactic
Centre Gamma-Ray Excess

Jonathan Cornell

' McGill

UNIVERSITY @,
Based on Phys.Rev. D94 (2016) no.1,

015018, arXiv: 1604.01039, in collaboratic
with Jeremie Choqguette and Jim Cline

(Picture Credit: NASA/T. Linden)



The Galactic Centre
Gamma-Ray Excess
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Two classes of explanations: _

1. Astrophysical — Millisecond
pulsars, burst events
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2. Dark matter annihilation!
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The Galactic Centre vs.
Dwart Spheroidal Galaxies
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 The best fit s-wave cross section and DM mass to the
galactic center excess are in tension with limits from a lack
of gamma rays from dwart spheroidals

* A solution: p-wave annihilating DM — velocity dispersion Is
low in dwarfs relative to the GC.



Scalar Mediator Model

* Velocity dependent annihilation cross section to on-shell
mediators.

* By putting mediator on-shell, coupling to SM does not matter for

annihilation rate, so constraints from direct detection and LHC
can be avoided. Abdulah, et. al. (2014)

* |n calculation of gamma-ray spectrum, we include prompt
photon emission as well as secondary inverse Compton
scattering and bremsstrahlung from b-quark shower products.



Fitting calculated spectra to the excess
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* \We avoid constraints from dwarf spheroidals entirely.

 However, galaxy clusters, with their large velocity
dispersions, could possibly constrain this scenario.



I'he Relic Density
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I'ne Relic Density
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Solution: A heavier state !
that freezes out earlier than'
and then decays to "
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3 Possible Decay Channels

Photon et/e Hadronic
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Conditions needed to get
correct relic density

e Decays: Lifetime of! !
should be longer than
freeze-out time of " . T < H(ty)

f

* Co-annihilations: Should
not deplete number
density below measured
relic density

 |nelastic scatters: Should
occur at a smaller rate

than ! | annihilations:

(ne + né) <O_U>we—>xe < Ny <0/U>¢1Z—>ff



Conditions needed to get
correct relic density

Photon Hadronic
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Limits from inelastic scattering condition dominate
because of large number density of SM particles.



| ate time decays can also
cause problems

* Big Bang Nucleosynthesis: Photo-disassociation as well as
hadronic processes lead to incorrect element abundances
(particularly constrained by ratios of 3He/2H and 6Li/’Li).

Jedamzik (2006)

Cosmic Microwave Background: Injection of energy at

recombination causes CMB distortion.
Slatyer (2013)

Photon Hadronic
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summary

* p-wave annihilating DMs an avenue to alleviate the
tension between the possible signal of DM
annihilation to gamma-rays in the galactic center and
a lack of corresponding observations in dwarf
spheroidal galaxies.

 Such a DM candidate can be produced with the
correct abundance by a decaying progenitor particle.

* This model predicts a large gamma-ray signal from
nearby galaxy clusters.
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What is the dark matter velocity”?

Velocity of DM in a halo described by thermal
Maxwell-Boltzmann distribution:

fv)= 50 y2g 32

V

f Milky Way: \

3 r p(r) Seque | dSph:
oN=wo H TS oy = 4.3km/s

| =1.64 v =130km/s

Radial dependence Coma Cluster:
determined with N-body | |

. . v =913 km/ s
simulations
Romano-Diaz, et. al. (20006) J




Sommerfeld Enhancement

* S eeee e L D gox 'v'=C (M)
\‘/ Parameters that fit GC excess:
’ < ..... L my, ~ 90GeV, C,~ 10" cm’s™*
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Sommerfeld Enhancement
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Experimental Constraints
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 Monojets/photons:
Searches at DELPHI and

CMS €

e Gamma-ray Lines:
Dwarf spheroidals with
Fermi LAT

Weiner, Yavin (2012)

* Direct Detection: LUX,
requires small mass
splitting

Barello, Chang, Newby (2014)




Experimental Constraints
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Except at very low mass splittings, experimental
searches are far less constraining than cosmological
considerations.



