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Abstract: <p>Dark matter can be athermal relic exponentialy lighter than<br>
the weak scale without being exponentially weakly coupled. | will present<br>
three mechanisms to obtain light thermal dark matter with sizable<br>
self-interactions and couplings to the Standard Model.</p>
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THE DARK MATTER MASS
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DARK MATTER
SELF-INTERACTIONS
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WIMPS AND MIRACLES

MOST OF THE MODEL BUILDERS ATTENTION HAS BEEN FOCUSED IN A
TINY FRACTION OF PARAMETER SPACE

o/mpm

1 ﬁﬂo‘“ MeV 81 s 5 x 10-°
Mg mpy  MeVEmpy N I T\ ev3

10722 eV 10*® GeV
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WIMPS AND MIRACLES
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WIMPS AND MIRACLES

AND THE WINDOW IS CLOSING
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THERMAL RELICS
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THERMAL RELICS
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THERMAL RELICS

WIMPless Miracle
Feng, Kumar 0803.4196

m

20 TeV
m << myz

07 B

Heavy Mediators
Bohem, Fayet
hep-ph/0305261

keV MeV GeV TeV

(ov)p ~ mpp/A*

12

Pirsa: 16050010 Page 11/46



THERMAL RELICS
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THERMAL RELICS

SIMP Miracle

Carlson, Hall, Machacek

Astrophys.J. 398 (1992) 43-52
Hochberg, Kuflick, Volansky, Wacker
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THERMAL RELICS

Non-Abelian DM
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TODAY
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FORBIDDEN DARK
MATTER
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RTD, J. Ruderman
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THREE EXCEPTIONS

FORBIDDEN CHANNEL ANNIHILATIONS
COANNIHILATION

ANNIHILATION NEAR A POLE

Griest and Seckel
Phys.Rev. D43 (1991) 3191-3203
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FORBIDDEN CHANNEL
ANNIHILATIONS
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FORBIDDEN CHANNEL
ANNIHILATIONS
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A WORKING MODEL
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1) forbidden annihilations:
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2) self-interactions:
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3) indirect detection:
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3) indirect detection:
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d ppv
LDekl,, Fgy

Ton ~ a1

Carlson, Hall, Machacek

Astrophys.J. 398 (1992) 43-52
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FROM DARK SECTOR COOLING
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DARK RADIATION
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DARK RADIATION
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RELIC DENSITY
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RELIC DENSITY
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RELIC DENSITY
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RELIC DENSITY
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RELIC DENSITY

Forbidden Relic Density
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RELIC DENSITY

Splitting
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SELF-INTERACTIONS
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SELF-INTERACTIONS

Thermally Decoupled Dark Sector (e=0)
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1) forbidden annihilations:
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2) self-interactions:
%
g Yd
Y (0

3) indirect detection:

T/) f')/; e
_ €
VY et
4) direct detection:
p ————
« § Yd
N N

41

Page 36/46



ALL THE SIGNALS

Signals from Kinetic Mixing (a;=0.1)
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COANNIHILATION AND
COSCATTERING
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COANNIHILATION
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COANNIHILATION
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A FOURTH EXCEPTION

ORDINARY COANNIHILATION
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A FOURTH EXCEPTION
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A FOURTH EXCEPTION
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COSCATTERING
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NEW SET OF BOLTZMANN EQUATIONS
NEW PARAMETRICS FOR FREEZE-OUT
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COSCATTERING
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CONCLUSION

IF DARK MATTER ANNIHILATIONS REQUIRE FINITE TEMPERATURE
THE RELIC DENSITY IS ENHANCED BY AN EXPONENTIAL BOLTZMANN
FACTOR

mpy ~ ve TFA

THIS IS A GENERAL MECHANISM: FORBIDDEN CHANNEL ANNIHILATIONS,
COANNIHILATION, ...

RICH PHENOMENOLOGY: SELF-INTERACTIONS, LOW ENERGY DIRECT
DETECTION, CMB, DARK PHOTON, ...

PLENTY OF MODEL BUILDING OPPORTUNITIES: FORBIDDEN SIMP,

FORBIDDEN p-WAVE, FORBIDDEN INTO SM CHANNELS, ... (AND
COANNIHILATING SIMP, COANNIHILATING p-WAVE, ...)
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