Probing
Asymmetric Dark ‘ »
Matter with the |
CM B ® AsymDM tcomingsoon..)

Speaker: Charis K. Pooni? (she/her)

Collaborators: Jens Chluba?

Email:

1

2

Affiliations: ’
1Theoretical Particle Physics and Cosmology (TPPC),

King's College London (KCL) ING’S : MANCI_ P STER
College 1824

2Jodrell Bank Centre for Astrophysics (JBCA),
The University of Manchester LONDON

The University of Manchester



mailto:charis.pooni@kcl.ac.uk
mailto:jens.chluba@manchester.ac.uk

Asymmetric Dark Matter (ADM)

Setting the scene. ..

o WIMP ark atter () candidate » 1 =Yx — Yx
o Baryonic matter asymmetry — DM asymmetry?

o Indirect probe — DM annihilation — X + X — Y+
o CMB anisotropies are very ‘responsive’ to a source of energy injection
o Energy injection — Energy deposition — Modifies ionization history — CMB anisotropies

o CMB anisotropies are measured to extremely high precision — Constrain DM annihilation
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Annihilation Parameter, pann #encriesee s

Pann
o Defines the particle dependant terms in energy deposition equations from DM annihilation
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o DM annihilation — Change in Polarization (EE) and (TT) CMB anisotropies from LCDM
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Annihilation Parameter, pann #encriesee s

Pann
o Defines the particle dependant terms in energy deposition equations from DM annihilation
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o  WIMP DM annihilation with zero asymmetry pi_ Jeft{00) planck 3.9 % 1022 Gy
(See Planck Collaboration 2015, Planck Collaboration 2018, Steigman et. al, 2015) Pann My ' S
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Possible interpretations for:

AMS-02/Fermi/Pamela Excluded by CMB
Fermi GC

Fermi/HESS e~ e™
AMS /PAMELA positron fraction

Thermal relic Thermal cross-section

AMS anti-proton excess
Fermi Galactic center excess
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Annihilation Parameter, pann #encriesee s

Pann
o Defines the particle dependant terms in energy deposition equations from DM annihilation
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Given the CI\/IB anisotropies we detect what would™
be the equivalent Pann for an Asymmetric DM
Scenariodee . o L i

AMS anti-proton excess
Fermi Galactic center excess

10 100 1000 10000
my [GeV]




cecsnon - pdated Planck Constraints

1. DM evolution equations

2.  Freezeoutyield of DM

3. Cross-section from Relic Abundance
Qpaih? = 0.1200 £ 0.0012 (Planck)
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A Effective cross-sections

YooY Qparh? CMB
2 O;/Q — <O-U)A1]?)I\I€'Il < (U,U>plajnck
OO

5. ADM parameter space
6. Scaling function for energy injection

N = YX — YY o 102

Mass, My [GeV]

10—1'3 10—11 10—12
ASYI’T’ITT'I etry para meter, n

AsymDM (Pooni, Chluba, 2020)
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5. ADM parameter space
6. Scaling function for energy injection

n = YX — YY 0 T 102

Mass, My [GeV]
(exp)
(1) n <Y Reproducesn = 0 result
(exp) P ¢ 3. 10-8 10~° 1010 10-11 10712 10-13 10-14
(2) n ~ Y 7P Approaches asymptotic limit Asymmetry parameter,

AsymDM (Pooni, Chluba, 2020)
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o (exp) : _ _ Qpuh?

(3) n>Yy No solution exists Merit = 3=~ 53
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AMS anti-proton excess
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5. ADM parameter space
6. Scaling function for energy injection
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Qpmh?

(D) n > YO(SXP) No solution exists "erit = M_ritSopch2
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Summarised the CMB as an in-direct probe of DM
Update CMB constraints — ADM scenario — pann((o0), Mx) — p2PM((av), Mx, n, Qpah?)
Push CMB bounds to lower masses — New parameter space (77, Mx ) — Critical parameters

Reproduce results for n = 0

Spectral Distortion constraints

_ ®.Q d 1/°° Q dz
u_1.401/0 Ak ey (1+2)’Hpvjy(z)

Release AsymDM to GitHub — Apply and replicate our results!
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