WIMPS@GC

Prateek Agrawal

2% Fermilab

March 20
MITP Workshop
Effective Theories and Dark Matter

PA, Brian Batell, Patrick J. Fox, Roni Harnik
arxiv:1411.2592




The Bullet Cluster
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Big Bang Nucleosynthesis



Cosmic Microwave Background
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The Bullet Cluster




Indirect detection

Dark matter annihilations today
might leave visible traces in the sky

Low-energy photons Positrons
Quarks _ - o
The fluxes are often observable in @ '
the WIMP parameter space / - UVAAR » e
/ Medium-energy ¥ VN n ectrons
) gamma rays [
/

Backgrounds are unknown, so * e == A Neutrinos
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discovery is challenging R LeptonsV"litupgeady e

_ _ ® Antiprotons
Photons and neutrinos point back -
to sources, contain more spatial Supersymmetric ) o
neutralinos VVN\NNANAAAA A ~  Protons

information YV VVIN S

Positrons / anti-protons background spectra fall steeply
at high energies

[credit: Michele Doro]




Fermi Large Area Telescope

Maps out the gamma ray sky
from 20 MeV to 300 GeV

Covers full sky every three hours

Data publicly available

http://fermi.gsfc.nasa.gov/ssc/data
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Galactic Center is a good place to look for dark matter

J(Y) = ds p(r)*

l.o.s.

Navarro-Frenk-White profile

(r/rs)””
(1+ T/T’s):iﬂ(

p(r) = po

Profile uncertainties are large near GC

v=1240.1
po = 0.4+ 0.2
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Daylan et al

CTB Core
Inner Galaxy
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The Galactic Center Analyses
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Daylan et al

CTB Core Pass 7 (V15) data

Inner Galaxy Galactic Center
Template analysis ~ (|b],|l|<20 - |b|<1) Binned likelihood analysis ~ (|b| <5, |I| <5)
« Fermi Collaboration p6v11 Galactic diffuse model - Galactic diffuse emission
- Isotropic map + Model spatially tracing the observed 20 cm emission
- Fermi Bubbles - Isotropic gamma-ray background
9 1672 - Gamma-ray sources listed in the 2FGL catalog
AX = + Two new point sources
e Ay? =~ 300
- 3.01078 . NEW, y=1.26
<
S Robustness
< _ - CTBCore cut choice
% I .
S o106 . Spathl Femplate vs. spectrum
iy [ - Sphericity
\E - Modulation of backgrounds
3 - Choice of diffuse models
=
101076 Lo
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B, (GeV No "systematic” errors

Tansu Daylan, Douglas P. Finkbeiner, Dan Hooper, Tim Linden, Stephen K. N. Portillo, Nicholas L. Rodd, Tracy R. Slatyer
[arXiv:1402.6703]



60 Galactic Diffuse Emission models
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60 Galactic Diffuse Emission models
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Fermi
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PRELIMINARY
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Preliminary analysis

Four well-motivated Diffuse models
Large variation in residual spectra
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A much larger range of masses, and final states allowed

Simona Murgia, Fermi symposium 2014
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All Together Now

; GeV excess emission
cat F =2 GeV

Fof Fod Fo- o Fo- o 1

Hooper&Goodenough 2010
Boyarsky+ 2010

Hooper&Slatyer 2013

Gordon+ 2013 - -

Abazajian+ 2014 - -
Daylan+ 2014

Calore+ 2014

Fermi coll. (preliminary)
contracted NFW ~ = 1.26
Fermi Bubbles (extrapolated)
HI + H2 (at z < 0.2 kpc) 7

10
Galactic latitude |b| [deg], at £ = 0°

Calore, Cholis, McCabe, Weniger
[arXiv:1411.4647 ]



it WIMPS at the Galactic center
Spectra from SM final states Fitting the excess
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WIMPS at the Galactic center

Fitting to CCW

Other firal states provide a "reasonable” fit

Marss of dar matter and S0 final state nesd to be close
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Fitting to Fermi
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Spectra from SM final states

Photons arise from hadronization and Bremsstrahlung

50

] o8] £
el ] <o
— T T

E,*dN/dE, [arb. units]

—
e}
L B B

E, [GeV]

Can potentially be used to discriminate models




Fitting the excess
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Daylan et al :
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WIMPS at the Galactic center

Spectrum of photons from many SM final states similar to the excess

SM states at rest Excesses
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H,Z,W final states are generic when dark matter is charged under Weak interactions

The spectra are boosted for a general dark matter mass




WIMPS at the Galactic center
Fitting to CCW

Other final states provide a "reasonable” fit

Mass of dark matter and SM final state need to be close
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WIMPS at the Galactic center
Fitting to CCW

Other final states provide a "reasonable” fit

Mass of dark matter and SM final state need to be close
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WIMPS at the Galactic center

Fitting to Fermi

Use Fermi spectra (b) and (d)

For each spectrum, find best fit regions using statistical
errors only

Span of the fit region estimates range of possibility
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MSSM neurralino

Mixed neutralino Bino stop
blind spot

Models

Non-standard WIMPs

Pure wino

Mare complicated thermal history
Very simple particle physics

Higgs portal dark matter

Branching raths
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WK, 72, b, aned dbar = : o
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MSSM neutralino

Mixed neutralino Bino stop
blind spot
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Non-standard WIMPs

Pure wino

More complicated thermal history

Very simple particle physics
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Higgs portal dark matter

Branching ratios
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Conclusions

The Galactic Center Excess has held up to scrutiny;
Tantalizing possibility that its origin is dark matter

Characterizing the signal and error-bars rigorously challenging

Limits from many analyses are
getting competitive

- Dwarf Spheroidals
- Diffuse emission
« Isotropic emission

Hints of new signals, possible new
dwarves

Watch this space!
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