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DM Capture and Annihilation in the Sun
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e Better sensitivity using direct detection
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The secondary annihilation products can interact in the dense
baryonic environment inside the Sun

Neutrinos are the only messengers that can get out
GeV neutrinos from the Sun- Smoking gun for DM

Sun opaque to neutrinos above ~1 TeV (Exercise)



The IceCube Neutrino Observatory
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Results
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The PICO 60 Superheated Bubble Chamber

Phys. Rev. Lett. 118, 251301 (2017) 52.2 + 0.5 kg C3Fg

November 2016 to January 2017
1167 kg days of effective
exposure
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lceCube + PICO together have the most stringent
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The Standard Maxwellian Halo Velocity distribution function
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Slower DM particles are more likely to get captured in the Sun
Faster DM particles are more likely to recoil off nuclei in PICO
Deviations from SMH will affect the constraints from the different searches differently
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All’'s not well with the SMH
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The Method of Ferrer, Ibarra and Wild

http://iopscience.iop.org/article/10.1088/1475-7516/2015/09/052/meta
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Any VDF can be expressed as a superposition of

hypothetical streams with fixed velocity v, w.r.t. the solar
system.

Derive DD and IC Solar WIMP constraints separately for
each stream, report the worst allowed by both.
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How the calculations are done

PICO Event Rate
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https://dmdd.readthedocs.io/en/latest/
Gluscevic et al 2015, Anand et al 2013

Solar Capture Rate
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Code tested and verified by Carlos Arguelles
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https://dmdd.readthedocs.io/en/latest/
https://github.com/rameez3333/SolarCaptureRates

Results
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Rescaling Factor

Common question

DM Mass = 100.0
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. Uses solar density profile, nuclear abundances
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Teapt(SMH)

Rescaling Factor =

Leapt(stream,v)
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Conclusions

Recent observations and simulations suggest significant deviations from SMH velocity
distribution

Individually, DD and IC constraints can be significantly worse

However, Solar searches and direct detection are complementary in the velocity dependence
of their constraints.

Combined Halo Independent bound is still quite stringent _
osp < 1073%cm? (10738cm? )for a1 TeV DM — t*t~ (bb) for p = 0.3 GeV /cm?

Conservative and robust w.r.t. any uncertainties in the VDF

Unfortunately, still susceptible to uncertainties/local fluctuations in p

M. RAMEEZ - NBIA 14




103 WIMP Mass = 35.0 GeV, bb 103 WIMP Mass = 50.0 GeV, bb 103 WIMP Mass = 100.0 GeV, bb
— PICO
10} 1 10} 1 105 — IceCube E
10| 1 10| ] 105 Halo VDF Independent
1037} . 1037} ] 1037}
— — —
™ (] o
£ 10%} ! £ 103} ] £ 10
& = =
~ 1030 ] P mmmmmmmmmm - ; ~ 1030 g ~ 1030 |
al 10 al 10 al 10
© 1040 L 4 © 1040 [ i © 1040 [
1041 ] J 1041 | R 104 | E
— PICO — PICO
1042 || == IceCube ] 1042 || == IceCube | 1042] ]
== Halo VDF Independent Halo VDF Independent
1043 I I L L 1043 T T L L 1043 | L | L
10 10 1073 1072 10! 10° 105 104 107 102 107! 10° 105 10 107 1072 10! 10°
Stream Velocity[c] Stream Velocity[c] Stream Velocity[c]
103 WIMP Mass = 250.0 GeV, bb 103 WIMP Mass = 500.0 GeV, bh 103 WIMP Mass = 700.0 GeV, bb
-— PICO - PICO — PICO
107 — IceCube ; 10 — IceCube 1 0% — |ceCube 1
== Halo VDF Independent == Halo VDF Independent == Halo VDF Independent
10736 1 1 10736 1 109 1
1037} 1077 | 1097
L | — L |
o (3] o™
E 103 E 10| E 107
= S S
a, 39 [ -39 2, -39
al 10 a i 10 L al 10
b 10-40 [ b 10-40 [ b 10-40 [
10-41 [ N 10-41 [ i 1041 [
104} 1 1042} ] 1042} ]
10-43 L L L L 10-43 N N L L 10-43 L ! L L
10° 10+ 107 1072 10! 10° 10° 10 103 1072 107 10° 10 10 107 1072 10! 10°
Stream Velocity[c] Stream Velocity([c] Stream Velocity[c]

M. RAMEEZ - NBIA




Summary & Outlook

All comments from IceCube reviewers have been implemented.
PICO review will come with the paper.

Not a blinded analysis, write paper soon.

Review from the PICO side will come at the stage of the paper draft.

Paper outline in discussion in the WG

Thanks to my reviewers.
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How fast should you drive your dark matter particle to escape IceCube and PICO
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Preliminary Paper Outline

Proposed Journal: EPJC Letters?

Proposed Title : “Halo Velocity Distribution Independent constraints on Spin-Dependent DM-Nucleon interactions”
Authors : PICO and IceCube collaborations

Figures to show :
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What has changed?

Switched to dmdd (https://pypi.org/project/dmdd/) instead of exponential form factors. (very small difference)

Switched to 1 sigma pessimistic efficiency curves for PICO
Finer scan near threshold to more precisely find the intersection
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https://pypi.org/project/dmdd/

Why is 500 GeV bbar so bad

WIMP Mass = 500.0 GeV, bb
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Systematics

IceCube curves are already scaled up to IceCube systematics pessimistic

PICO curves are obtained from 1 sigma pessimistic efficiencies.

Sufficient? Derive same results with optimistic curves from both experiment and draw
a band?
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Rescaling Factors
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Ferrer, Ibarra and Wild - Results
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Paper from 2015:
Authors used
simplified solar
model, form factors
and older IC results

We can do better:

Newer IC Solar DM
limits - 3 year
Combined

PICO is orders of
magnitude better
than COUPP



Astrophysical Uncertainties

There are uncertainties on:

« The velocity of the Sun w.r.t the halo = " T .
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The uncertainties are 20% (50%) at low (high) WIMP masses

Capture boost (SD)
:

Our results are conservative w.r.t. the dark disk fraction.
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Preliminary Results (contd)
https://github.com/rameez3333/SolarCaptureRates

Currently waiting for the PICO lines from Ken
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Ferrer, Ibarra and Wild - Results
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