Constraints on Enhanced
Dark Matter Annihilation

from IceCube Results

lvone F. M. Albuquerque

Universidade de Sao Paulo

Exotic Physics with v Telescopes
CPPMarseille - Abril 2013




Qutline

|. Excess of electromagnetic flux
e Pamela: €*/ (€ + e~) at ~10-80 GeV
e Fermilat: (e* t+ e- ) spectrum at ~ 200-700 GeV

2. DM annihilations as one possible excess source

e annihilation rate needs to be enhanced
=> boost on O_ann

3. Enhanced V flux from DM annihilation

e MC simulation prediction vs lceCube data:

Thursday, March 28, 13



Qutline
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e Pamela: €*/ (€ + e~) at ~10-80 GeV
e Fermilat: (e* t+ e- ) spectrum at ~ 200-700 GeV

2. DM annihilations as one possible excess source

e annihilation rate needs to be enhanced
=> boost on O_ann

3. Enhanced V flux from DM annihilation

e MC simulation prediction vs lceCube data:

Constraints on leptophilic annihilation

|.A, L. Beraldo Silva, Carlos de Los Heros, PRD 85, 2012
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Indirect Searches

plot: thanks to F. Halzen
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PAMELA Telescope
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Fermi-LAT Telescope

Y
.: Anticoincide
'i — Dete‘::‘:onrc(ba::geround rejection) = Y ra)’s go freel)’ th rough
........................ :: PIaStiC anti_coincidence
: —~— Conversion Foll
..................... S detector
T e g — charged particles cause a
S A — flash of light
) " Calorimeter

(energy measurement)

Quantity LAT (Minimim Spec.) EGRET
Energy Range 20 MeV - 300 GeV 20 MeV - 30 GeV
Peak Effective Area > 8000 cm? 1500 cm?
Field of View > 2 sr 0.5 sr
Angular Resolution? < 3.5° (100 MeV) 5.8° (100 MeV)
< 0.15° (>10 GeV)
Energy Resolution> < 10% 10%
Deadtime per Event < 100 us 100 ms
Source Location Determination” < 0.5 15'
Point Source Sensitivity” <6x10° em?s?t ~ 107 em? st
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Bits of Light

Hints from from electromagnetic fluxes
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Possible Scenarios

- STANDARD solutions:

— pulsars (s.Profumo - arXiv:0812.4457)

— secondaries from shock accelerated hadrons
( Blasi - PRL 103 - 2009)

- DM solutions:

X — (tt,bb,...) — hadrons
— leptons

vS
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Anti Proton Spectrum
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Anti Proton Spectrum
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DM can explain excess

Two Examples

Extracted from D. Grasso e al.

,
.\“u | Nucl.Instrum.Meth. A630,
{ N - 48-51 (2011).
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Fig. 11. Predictions for the CRE spectrum from two specific dark matter models,
compared to current measurements. The same large scale Galactic CRE components

(dotted line) as in Figs. 4 and 6 (model 0 in Table 1) is used here. Note that the
theoretical model curves showed in this plot do not account for the smearing due

the finite experimental engrgy resolution.

Lepto-pT'nTlc models: pair

annihilation into e*,u*,T*
P.Fox, E. Poppitz ( PRD 79 - 2009)

Annihilation into e*
Finkbeiner, N.Weiner (PRD 76 - 2007)
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DM Fit

Pure e+e- Models
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Pair Annihilation Cross-Section [cm‘zls]
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these candidates are thermal relics!

(ov) =3 x 107 %%cm? /s
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these candidates are thermal relics!
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Boost on [ A is necessary!!

— ['A can be enhanced in several ways:

=> DM substructures in the halo
=> Annihilation XS is enhanced

* Sommerfeld enhancement

=> combination of both effects




Indirect Searches

Should also boost neutrino
flux (Delaunay, Fox, Perez JHeP 05 2009)

Boost on annihilation XS
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Indirect Searches

Should also boost neutrino
fluX (Delaunay, Fox, Perez JHeP 05 2009)

Boost on annihilation XS

Capture and annihilation

equilibrium is accelerated

Thursday, March 28, 13



DM Capture and Annihilation

N = 1¢ — 21'4

I L
'y = %tanhQ <i9>

T

~ _ time scale for DM capture and \/ Vers

annihilation rates to equilibrate ['c (ov)
1 TeV ) */?
Verr X = Verre = 5.7 X 1042 ( © ) cms
My Px My

Annihilation rate is maximum at equilibrium: T, = —=%

Thermal relics => (ov)p = 3 x 107*°cm?
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DM Capture and Annihilation

N = 1'c —2I'4

I t
'y = TCtanhQ <i9>

T

~ — time scale for DM capture and \/ Verr

annihilation rates to equilibrate I'c (ov)
1 TeV ) */?
Verr & = Verre = 9.7 X 1022( : ) cm”
Mx Px My

Annihilation rate is maximum at equilibrium: T, = —=%

Thermal relics => (ov)p = 3 x 107*°cm?

Today Earth is far from equilibrium
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Boost on annihilation XS

[ A enhanced by By :

(ov) = By {ov)p

boost factor
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Boost on annihilation XS

[ A enhanced by By :

(ov) = By (ov)g

boost factor

Enhancement is effective if accelerates equilibrium
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DM Annihilation in the Earth

X Y — fuﬁ V,u v,u
- primary flux from the center of the Earth:

d¢1/ o fl/?FA dNu
dE,dAdtdQ 4w RZ dF,

m, = 500 and 1000 GeV

- monochromatic V flux

- secondary V are too low in energy (Delaunay, Fox, Perez JHeP 05 2009)
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V production and propagation

- Monte Carlo Simulation: WIMPSIM code
(M. Blennow, J. Edsjo, T. Ohlsson - JCAP 01 2008)

=> CC and NC interactions
=> V oscillations

- Output: Vyu flux (j%;)d at the detector

- Number of U at given angular region Q at IceCube™:

Ao,
/ (dE,, dA dt dQ) ) A8y texp Aett {2




DM Vs angular distribution

vu angular distribution g'®
~ 800

(from WIMPSIM) S
400
200

% o5 1 15 2 25 3 35 4

V: are collimated ~ 3°
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Vs from DM at 1C40

- taking IC angular experimental resolution into account:

( 2° for up-going vertical events )

MX =500 GeV

....................................................................................................................................................................

dN, /do

B AU U - angular window that contains

oE-fr N 90% of expected signal:

............................................................................................................................................................
.................................................................................................................................................................

TEEIY 4.0 (3.7)° for 500 (1000) GeV
O™

dN, /dio
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Vs from DM at 1C40

- taking IC angular experimental resolution into account:

( 2° for up-going vertical events )

MX =500 GeV

dN, /do

....................................................................................................................................................................

B AU U - angular window that contains

oE-fr N 90% of expected signal:

............................................................................................................................................................
.................................................................................................................................................................

TESSSSI 400 (3.7)° for 500 (1000) GeV
o2 DM

dN, /dio

main reduction of background

contamination
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|C-40 Effective Area
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FIG. 5. Effective area for vy + vy as a function of the true
neutrino energy in intervals of the true zenith angle of the

neutrino. The angle averaged area is represented by the solid
black line.
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Expected Vs from DM at 1C40

Number of expected events in 375.5 days

-= 1 TeV
— 500 GeV
10 ||||||§ ||||||§ | ||||||§ T
1 0—45 1 0—44 1 0—43 1 0—42 30—41

o, fg(cm°)
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|C40 Results

lceCube 40 string configuration

* Measurement of atmospheric neutrino energy spectrum
(0.| => 400 TeV) (R.~Abbasi et al., PRD83, 2011)

* A Search for a Diffuse Flux of Astrophysical v,

(R.~Abbasi et al., PRD83, 2011)

=> search for diffuse E- flux of cosmic origin
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|C40 Results

lceCube 40 string configuration

* Measurement of atmospheric neutrino energy spectrum
(0.| => 400 TeV) (R.~Abbasi et al., PRD83, 2011)

* A Search for a Diffuse Flux of Astrophysical v,

(R.~Abbasi et al., PRD83, 2011)

=> search for diffuse E- flux of cosmic origin

Both consistent with expected atmospheric flux
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|C40 Data

- Public data from diffuse analysis:

=> www.icecube.wisc.edu/science/data

e avents from near or below the horizon

* background contamination (atm M from above)
< 1%

* final sample of |3 K events

- angular cut (4.1, 3.7°) corresponding to 500 (1000) GeV
DM



http://www.icecube.wisc.edu/science/data
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|C40 Data

- Public data from diffuse analysis:

=> www.icecube.wisc.edu/science/data

e avents from near or below the horizon

* background contamination (atm M from above)
< 1%

* final sample of |3 K events

- angular cut (4.1, 3.7°) corresponding to 500 (1000) GeV
DM

data reduced to |14 (9) events
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Results

M, = 500 GeV M, = 1000 GeV

—~10% 1043 150
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2Ryn-44l A4| i,
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':h"h:'"'-'a..., ---------------------------- --------- SO IO I : "-u..,....,"“ - gg

56 exclusion based on IceCubeG40 :'h"""‘"'@i-'; 55 exclusmn based on IceCubeG40 - ' __ T 40
-------------- 56 sensitivity IceCube-86 {(50% E) s s 55 sensitivity lceCube-86 (50% E) " 30
10‘45: G, IIMItS from Xenoni100 :::::::::::::::;:::::::::::::;::::::::::;:::::::1'I:}"ﬂ'5 ] G, IIMItS from Xenoni100 20

S = predicted number of events
B = measured |IC40 events after angular cuts

Xel00 limits: 0,p~ 4 (8) x 10** cm? for m, = 500 (1000) GeV

At these limits: B> 215 (58) are excluded for fuy = |

at a 5O level
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Comparison with other bounds
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Conclusions

- if DM annihilation is responsible for PAMELA/FermiLAT
excesses => enhancement on DM annihilation rate in the
Earth

=> enhancement on V flux from center of the
Earth should be seen in neutrino telescopes

- anti-proton measurements (PAMELA) rule out
annihilations into heavy products

=> |eptophilic models are favored




Conclusions

- if DM annihilation is responsible for PAMELA/FermiLAT
excesses => enhancement on DM annihilation rate in the
Earth

=> enhancement on V flux from center of the
Earth should be seen in neutrino telescopes

- anti-proton measurements (PAMELA) rule out
annihilations into heavy products

=> |eptophilic models are favored

leptophilic models which favor primary neutrino

production are constrained by our results
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Direct Detection
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