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Introduction: CDM Small-Scale Controversies
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Introduction: CDM Small-Scale Controversies

Small-Scale Potential Problems:

@ Core-Cusp
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Results]

@ Flat Universe
o A (~69%) and DM (~ 26%)

@ DM: cold, non-baryonic,
dissipationless and collisionless

Figure: Rotation curve of galaxy

L/\CDM is a huge success at large scaIesJ F568-3. [D. Weinberg, et. al., arXiv:1306.0913]




Introduction: CDM Small-Scale Controversies

Small-Scale Potential Problems:

@ Core-Cusp
@ Too Big to Falil
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@ Flat Universe
o A (~69%) and DM (~ 26%)

@ DM: cold, non-baryonic, 0.
dissipationless and collisionless

Figure: Rotation curves of sub-halos.

1 M. Boylan-Kolchin, et. al., MNRAS 422: 1203-1218, 2012
L/\CDI\/I is a huge success at large scalesy oy, € 2 ]
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SIDM as a solution

CDM small-scale controversies
could be solved if DM have
strong self-interactions [p. spergel and

P. Steinhardt, PRL 84, 3760, 2000]-
Ixx _ g 5 107(25-22) cmz/GeV
my
= 45— 450 cm?/g

Qualitative effects of SIDM:
@ Heat transport
@ lIsotropization of the velocity

@ Limited destruction of
subestructures
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@ lIsotropization of the velocity

@ Limited destruction of
subestructures

Figure: CDM and SIDM cosmological

simulations. [M. Rocha, et. al., arXiv:1208.3025]

SIDM maintains CDM large scale
success.
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Constraints on SIDM

@ Bullet Cluster
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Figure: X-ray image and weak
lensing mass contours. [s. Randall, et. al.,
ApJ 679:1173, 2008]

@ o,,/my < 1.25 cm?
xx/ My g
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Constraints on SIDM

o Bullet Cluster (< 1.25 cm?/g)

@ Cosmological simulations
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Figure: Density profiles of halos
CDM , SIDMg; and SIDM;. m.

Rocha, et. al., MNRAS 430, 81-104 (2013)]
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Constraints on SIDM

e Bullet Cluster (< 1.25 cm?/g)

@ Cosmological simulations
(<1cm?/g, 0.1 cm?/g: good)

o MW's dwarf spheroidals @ Too Big to Fail problem is

resolved if:

Oxy /My 21 cm?/g
o 0y, /my = 0.1 cm?/g is too low
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Figure: Circular velocity profiles of
largest subhalos. (. zavala, et. al., MNRAS
431 (2013)] 4/16
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Probing SIDM independently: DM signal from the
Sun

High energy v flux from DM self-capture within the Sun

[A. Zentner, Phys. Rev. D 80, 063501 (2009)]

@ Enhancements in the predicted signal from DM annihilations

Our work: Probing SIDM

@ Explore the parameter space of SIDM:
(my, 0yy) — Capture and Annihilation

@ Estimate the event rate in the IceCube detector

© Compare predicted signal vs. IceCube results

v
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DM Capture in the Sun

@ The Sun captures DM particles
while travelling around the
galaxy.

Figure: DM capture in the Sun

o Elastic scattering DM-nucleus

@ When sufficient energy loss:
capture!
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@ When sufficient energy loss:
capture!

In the center of the Sun:

» DM capture vs. DM
annihilation

Ny = Cc — CaN?
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DM Capture in the Sun

@ The Sun captures DM particles
while travelling around the @ In the center of the Sun:

galaxy. » DM capture vs. DM
annihilation

Ny = Cc — CaN?

@ DM particles already captured
are also a target:

Self-capture

Figure: DM capture in the Sun -
[Ny = Ce+ s, — Can2

@ Elastic scattering DM-nucleus

@ When sufficient energy loss: Self-interactions increase N,

capture!
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SIDM Enhances the Annihilation Rate
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Figure: Evolution of the annihilation
rate.



Dark Matter Annihilation

@ m, : 20 GeV to 5 TeV
@ Annihilation channels selected:
> XX — bb
> xx > WHW= /7t~
@ We follow the produced v's:
they could escape the Sun and
reach the Earth

Figure: v's are propagated from the Sun
to the detector [ucar]

@ v's oscillations and charged and

neutral current interactions

@ Sun’s and Earth’s densities
@ Detector location and time of
the event are important:

» Sun-Earth distance
» How much of the Earth the
neutrinos traverse

@ We used WimpSim MC code .

Edjso, http://www.fysik.su.se/~edsjo/wimpsim]

[(;SVH obtained at IceCube]
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Angular Smearing and Cut

@ IceCube angular resolution is
energy dependent
» E, =40 GeV: 0 ~ 10°
» E, = 1000 GeV: 6 ~ 1° 107 107
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[M. Danniger, Searches for DM with IceCube and

DeepCore]
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Figure: Angular error and smearing
about the Sun-lceCube axis.



Muon Neutrino Events at IceCube-79

@ Considering lceCube-79 effective area we obtain the expected number

of events
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Figure: Muon neutrino event spectrum for
W+ W~ channel.

10/16



lceCube79’s Search for DM Annihilations in the Sun

@ 317 days of data between June 2010 and May 2011
@ First time of DeepCore: Lower E;, and Summer days
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2 IceTop Cherenkov detector tanks
2 optical sensors per tank
320 opical sensors.

[2010: 73 strings in operation
[2011: Project completion, 86 strings
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Figure: The IceCube detector.
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Figure: IceCube events angular

distribution.

[Results consistent with background-only hypothesis.]

[lceCube Col., PRL 110, 131302 (2013)]
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Probing SIDM: Results for W W~ channel - si
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Results for bb channel - si
[I. Albuquerque, C. de los Heros and DSR, JCAP 02(2014)047]
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Results for W W~ channel - sd
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Results for bb channel - sd
[I. Albuquerque, C. de los Heros and DSR, JCAP 02(2014)047]
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Conclusions

@ Stringent constraints on SIDM if it annihilates into W™ W ™:
» up to ~ 0.6 cm?/g for (ov) =3 x 10720 cm3/s
» up to ~ 0.1 cm?/g for (ov) = 10727 cm3/s
Most of SIDM parameter space is rule out
@ Weaker constraints for the bb channel.
We confirm constraints from the Bullet Cluster and cosmological
simulations:

» up to ~ 5.6 cm?/g for (ov) =3 x 10720 cm3/s
» up to ~ 0.7 cm?/g for (ov) = 102" cm3/s

o If the CDM small-scale controversies is to be solved within SIDM:

» Annihilation produces few high energy neutrinos

16
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