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HoOw DARK IS DARK
MATTER?

e Which probe is the most constraining?
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SEARCH VIA
ANNIHILATIONS

e How do we get photons from DM

annihilation?
e e
DM 2 x N
1. Direct 2. Final State 3. Inverse Compton
Radiation
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A FERMI LINE?
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A FERMI LINE(S)?

Su and Finkbeiner
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A SYSTEMATIC?

0 <6 < 60° Finkbeiner and Weniger
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A SYSTEMATIC?
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24.6 - 26.3 GeV
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SHOULD WE BUILD MODELS
FOR THE FERMI LINE?

Su and Finkbeiner

e Unlikely a statistical fluke

A Models Before trials After trials (one line)
G ian (centered 5.0 3.7
gslovwever like other o =——wmww
unbinned /¢ 5.20 3.20
1 o 1 unbinned ¢ (6 > 40°) 4.90 2.80
‘/\7 nbinned b 4.8 3.5
anoma 1eS, e earn unbinned ;1(9 = ZO ) 4.6Z 3.2Z
NFW « = 1.0 (off center) 6.10 4.50
NFW o = 1.2 (o o t r) 6.50 5.00
about models of DM by &wiciitios o
NFW a=1.4 (off c nt r) 5.60 3.80
NFW a = 1.5 (off center) 5.20 3.20

being faced with an Einasto (of conter) 0.6
unconventional anomaly

e Take the line seriously
and see what it takes to

build a model
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WHAT DOES A MODEL FOR
THE FERMI LINE DO?

e Avoid continuum constraints
e Give a "large” rate

e Obtain correct relic density (if
interested in thermal DM)




1. AVOID CONTINUUM

CONSTRAINT

e DM doesn’t carry a charge; coupling to

photons
particles

comes through loops of charge

e SM i AVAVAY RS s
>< ><SM
X SM e VAV A

e Cut the loop and you get continuum

photons




1. AVOID CONTINUUM

CONSTRAINT
2. Final State 3. Inverse Compton
Radiation

e Annihilation to charged states

dominates by f£sm . /0v2 o 108
R’YV
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1. AVOID CONTINUUM
CONSTRAINT
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MSSM DOES NOT WORK
(PERHAPS)

e Charged states in the loop tend to be
W’s; Annihilation to W’s strongly

Cohen, Lisanti, Slatyer, Wacker
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SIMPLEST FIX ....

X SV AN Y
® p—wave! vprw ~ 1077 SM
X SV e NN Y
(ov) ~ v? ov ~ const
e A toy model: (0V)yy ~ 107 cm®/s
L Igfg\gﬂ((?z;f jsj;f) o oﬂQf,J‘e(|694L7T|z T;(IQRIZV AP

e However, p-wave does not allow one to
obtain thermal DM v ~ 0.3

onin ST T e 10 e’ /s x 10° % 0.3° £ 3 x 105" em &
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1 A ATAVAY I WA X1 R F X aVAVE
X2 Pl - - - - F
X1 VAVAV VAR X2 s F X VAVAVL

THREE EXCEPTIONS

Some way to:
e suppress continuum photons

e obtain the observed abundance of

1. Coannihilation 2. Forbidden Channels
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THREE EXCEPTIONS

Tulin, Yu, KZ 52

* Some way to:
e suppress continuum photons

e obtain the observed abundance of

X --- i X --- Y DM o
\ i ']"CS V\’L Buckley, Hoop
F i F / S BF?nS;ilet::
T ]
e 7 s DM e
X f X ) T

3. Asymmetric Dark Matter (4.) Degenerate States
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EXCEPTION 1:

COANNIHILATION
el ¥ X1 AVAVANVAY o 7
X2
X2 iR Y1 ~, Z

e Relic density set by annihilation with
heavier state; relic abundance fixed by
mass splitting

* Heavier state not present today; must
annihilate through virtual state

 Natural example is dipole moment
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EXCEPTION 1:
COANNIHILATION

. v AL v
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e Natural place to look is in monopoles
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EXCEPTION 1:
COANNIHILATION

e Other toy models are realizable

Dl 5 el l

> | < l
= 5! e

X2 i Xl |

Lint = X2(gs + 9pvs)x19 + f(gs + 9pvs)f'¢ + he.
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EXCEPTION 2:
FORBIDDEN CHANNELS

e Make the charged particle in the loop

heavier than the DM

e No direct annihilation; avoid

continuum constraints

e Dial neutral-charged mass splitting to

obtain correct relic abundance
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EXCEPTION 2:
FORBIDDEN CHANNELS
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EXCEPTION 3: ASYMMETRIC
DARK MATTER

Matter Anti-Matter

e Stop the annihilation in
the early universe dead in
its tracks: remove the anti-
matter

e How do we regain

annihilations today?
Oscillations! Dark
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OSCILLATING ADM

e Asymmetry may be erased

* Any violation of DM
number can lead to dark-

1000 w ‘ ‘
o Flavor—sensitive, k =0 — Yx+Yx
anti-dark oscillations % ™ -
a0l 3
e [ike v oscillations $ 01”’“\ YT +
= dt ]
e Become important when” """ [ L[] wooer
20 50 100 200 500 1000
x=myx/T

mass exceeds Hubble

Tulin, Yu, KZ, "12

expansion
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EXCEPTION 3: ASYMMETRIC
DARK MATTER

e 5Still need to suppress continuum today

e Make use of p-wave
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EXCEPTION 3: ASYMMETRIC
DARK MATTER

e 5Still need to suppress continuum today

e Make use of p-wave
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EXCEPTION 4: ANNIHILATE
TO DEGENERATE STATES
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e Why is the mass splitting so small?

e A symmetry? Flavor symmetry?
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EXCEPTION 5: INTERNAL
BREMSTRAHLUNG

Photon from IB can
look nearly mono-
chromatic

Annihilation to
charged fermions
p-wave suppressed

x*dN/dx

f AEJE = 0.15
S AE/E = 0.02

3

4T ZZ. WW
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0.01 -
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EXCEPTION 5: INTERNAL
BREMSTRAHLUNG

B. Shakya

e (lassic case:
neutralino
annihilation to
charged leptons

* p-wave suppressed

e With IB photon, it
becomes s-wave
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SUMMARY

 Fermi line: compelling signal for DM or

a systematic?

e General take home message: not very

difficult to construct models that fit this
feature, though MSSM-type models
must be very particular

* Good news: experimentally resolvable

on a short time scale
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