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® Motivation

® Energetic Radiation from the Sun
® Gamma-rays from the Sun

® Observing the Sun with lceCube
® |ceCube Neutrino Telescope
® Sun Shadow
® Solar Dark Matter

® Solar Atmospheric Neutrinos and the Dark Matter
Neutrino Floor

® Qutlook and Conclusions
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Credit: NASA/SDO/Goddard Space Flight Center

Solar neutrinos

Credit: Super-Kamiokande Collaboration

® Exotics

® GeV Radiation from the Sun

® |nverse Compton (IC)

® Solar Disk (Disk)
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Energetic Radiation from the Sun
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Sun — Cosmic-Ray Beam Dump

e Leptonic CR electrons

Ny

Moskalenko, Porter, Digel (2006)
Orlando, Strong (2007)

Nov 12 2015 Kenny C.Y. NG, 6th Fermi Symposium



Sun — Cosmic-Ray Beam Dump

* Hadronic

Seckel, Stanev, Gaisser (1991)
Moskalenko, Karakula (1993)

Ingelman, Thunman (1996)

CR protons

V Vv

Nov 12 2015 Kenny C.Y. NG, 6th Fermi Symposium




Cosmic Rays vs Dark Matter

CR protons

V Vv

Nov 12 2015 Kenny C.Y. NG, 6th Fermi Symposium




Ng, Beacom, Peter, Rott Phys.Rev. D94 (2016) no.2, 023004
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® Cosmic-ray interactions with the solar atmosphere e Orlando, Strong (2007)
produce gamma-rays and neutrinos .
Hadronic
® Neutrino background to dark matter search from * Seckel, Stanev, Gaisser (1991)
the Sun e Moskalenko, Karakula (1993)
® First high-energy neutrino point source ? * Ingelman & Thunman (1996)
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Gamma-ray Observations of the Sun

(GeV Range)
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Compton Gamma Ray Observatory

® The Sun is the best understood = ~ (CGRO)

and measured star, yet poorly
studied at energies beyond a GeV

® Past
e EGRET
® Present
® Fermi-LAT
e (DAMPE)
® Future
o GAMMA-400
e HERD
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® Fnergetic Gamma Ray Experiment Telescope

165 cn

(EGRET) --- one of four instruments on the

NASA’s Compton Gamma Ray Observatory
satellite

LICNT SHIELD

e 30 MeV to 30 GeV sensitivity
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® Consisted of spark chamber (pair

production), calorimeter (Nal(Ti)), plastic
scintillator anti-coincidence dome
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1. Type: spark chambers, Nal(T1) crystals, and plastic scintillators.
2. Energy Range: 20 MeV to about 30 GeV.

3. [Energy Resolution: approximately twenty percent over the central
part of the energy range.

4. Total Detector Area: approximately 6400 cm?

5. Effective Area: approximately 1500 cm?2 between 200 MeV and 1000
MeV, falling at higher and lower energies.

6. Point Source Sensitivity: varies with the spectrum and location of the
source and the observing time. Under optimum conditions, well off the
galactic plane, it should be approximately 6 x 10-8 cm-2s-! for E > 100
MeV for a full two week exposure.

7. Source Position Location: Varies with the nature of the source
intensity, location, and energy spectrum from 5 - 30 arcmin.

8. Field of View: approximately a gaussian shape with a half width at

half maximum of about 20. Note that the full field of view will not
generally be used.
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9. Timing Accuracy: 0.1 ms absolute "

10. Weight: about 1830 kg (4035 Ibs) Figure IV-1. The EGRET Instrument
11. Size: 2.25 m x 1.65 m diameter

12. Power: 190 W (including heater power)
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https://en.wikipedia.org/wiki/Compton_Gamma_Ray_Observatory
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Orlando & Strong 2008

EGRET Sun-centred counts maps
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® Evidence for the gamma-
ray emission from the sun
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Table 5. Fluxes used to produce the plotted solar spectra. Fluxes are in
107 em2 57!,

- . oy
" RS

Source 100-300 MeV .">300 MeV E\
~ Extended 21+13 T 17+09
Model extended 1.3 . 0.9 :
Disk 1.4 £09 V04202
Seckel’s disk model 0-1.1 *0.1-0.5 |~

~ L d
~~~~~
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Fermi-LAT Sun observations

(1) Fermi-LAT Collaboration: The Astrophysical Journal 734 (201 1) 116 (http://arxiv.org/pdf/|104.2093.pdf)
(2) Kenny Ng, John Beacom,Annika Peter, Carsten Rott “First Observation of Time Variation in the Solar-Disk
Gamma-Ray Flux with Fermi” Phys.Rev. D94 (2016) no.2, 023004
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http://arxiv.org/pdf/1104.2093.pdf

Galactic coordinates ====~.

\ 4
Sun centered coordinates

ey O “fake Sun” (off source)
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Credit: NASA/DOE/Fermi LAT Collaboration
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ISES Solar Cycle Sunspot Number Progression
Cbserved data through Nov 2015
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Gamma-ray flux extends to
100GeV and beyond

6yr data is lower compared
to Fermi2011 (1.5yrs)

Observed flux factor 5

larger compared to central
prediction of SSG 1991

Spectrum could be fit by
single power law (y~2.3)
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10-4 K.Ng, J. Beacom, A. Peter, C. Rott (2016
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The IlceCube Neutrino Observatory
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South-Pole, Annual Temperature
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Christmas greetings from other Antarctic
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Seongjin In at the Pole. Image: Seongjin In, lceCube.
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® Gigaton Neutrino Detector at
the Geographic South Pole

® 5160 Digital optical modules

. . . Cube Lab
distributed over 86 strings ioetube

® Completed in December 2010, 5°"':\"-.'
data taking with full detector

since May 201 |

® Neutrinos are identified through
Cherenkov light emission from
secondary particles produced in  1som|___
the neutrino interaction with

the ice

2450 m
2820 m»

Solar Observations

® At the South Pole the
Sun is between +/- 230 ¢

Strings Dataset
[ 2005-2006
9 2006-2007
22 2007-2008
40 2008-2009
59 2009-2010

73+6 2010-201 |

78 +8 2011 - ...

IceTop
/ 81 Stations, each with

/'8 strings-spacing optimized for lower energies

2 IceTop Cherenkov detector tanks
2 optical sensors per tank
324 optical sensors

IceCube Array

86 strings including 8 DeepCore strings
60 optical sensors on each string

5160 optical sensors

December, 2010: Project completed, 86 strings|

Ethr ~ 100 GeV

DeepCore Ethr~ 10 GeV

480 optical sensors

Eiffel Tower
324 m

155N
K
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IceCube “Observations’ of the Sun
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® (Calibration Sources:

e |2 LED flashers on each DOM

® [n-lce Calibration Laser

e Cosmic Rays

Cosmic Rays

® Moon Shadow ® Moon blocks cosmic rays - Observed muon deficit

' - |40 signifi
® Atmospheric Neutrinos signiticance

® systematic pointing error <0.|°

® Minimum-ionizing Muons
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Sun, IC79, MPEFit

2 3
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Sun, IC86-1, MPEFit

© 2011-2012

A |
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3, - 8, [deg]
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9012 - 2013

2000 2005
Hathaway NASA/ARC

2015

Su - 8, [deg]

Sun, IC86-I1l, MPEFit

Sun

® Sun shadow observed
during austral summer

® Variations are clearly visible
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Solar Dark Matter Searches
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SOIar Dark Matter All flavor Solar WIMP - IceCube
lceCube

e Convert neutrino flux limit into limit on
WIMP-nucleon scattering cross section Track / & Cascade

,i
g

g
Q

lceCube Eur.Phys.J. C77 (2017) no.3, 146

10% ———1———— — " 10° Hard
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SOIar Dark Matter - All flavor Solar WIMP - IceCube
lceCube/ANTARES

e Convert neutrino flux limit into limit on
WIMP-nucleon scattering cross section Track / & Cascade
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lceCube Eur Phys J. C77 (2017) no 3, 146
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Impact of astrophysical uncertainties

M. Danninger & C. Rott “Solar WIMPs Unraveled” --

Physics of the Dark Universe (Nov 2014)
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Solar Atmospheric Neutrino Search
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High energy neutrino production by cosmic ray interactions in the Sun

G. Ingelman™
Department of Radiation Sciences, Uppsala University, Box 535, S-751 21 Uppsala, Sweden
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e Arguelles et al. [astro-ph/1703.07798]

14 Primary Models —  Hillas-Galsser w/Hda |
. —  Gaisser-Honda
1.3} — GHP
1.2 —  PalyGonato
2 1.1 —  Thunman
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Assuming MRS prowpt model. |

0.6 i Uy Fig. 4 shows prompt model effect

I I
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Figure 3. Effects of different models on our flux prediction, for impact parameter b=0. The top
row shows various primary models; the second row, hadronic and compaosition models; the third row,
extremal solar density and composition models. See text for more information and references.
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® Flux predictions vary by <30%, based
on

® primary models
® hadronic and composition models

® extremal solar density and
composition models

Recent works on the Solar Atmospheric Neutrinos / Atmospheric

Neutrino Floor

e C. Arguelles, G. de Wasseige, A. Fedynitch, B. Jones JCAP 1707 (2017)
no.07, 024 [arXiv:1703.07798]

e K. Ng, J. Beacom, A. Peter, C. Rott Phys.Rev. D96 (2017) no.10, 103006
[arXiv:1703.10280]

e J. Edsjo, J. Elevant, R. Enberg, and C. Niblaeus, JCAP 2017 .06 (2017), p.
033, arXiv: 1704.02892 [astro-ph.HE]

e M. Masip Astropart.Phys. 97 (2018) 63-68 [arXiv: 1706.01290]
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olar Atmospheric Neutring

Calculate flux within cone opening angle matching
Kinematic angle at given neutrino energy
- 68% of solar disk neutrino flux falls within the cone
(assume Sun is a point source)

E*(E) (GeV?/cm?s)

- Background isotropic (angle averaged flux)

Flux in the cone opening angle ... S. In & C. Rott ICRC2017

) — '
Q4n-6 -
S107° - - - v, Solar Disk
~ H :
Ll 8 s v, Atmosphere
Iog..,(E/GeV) @1 0-7 B At h
5 - - - v, Atmosphere
m .

—
S
w

—
S
©

107"

10"

107"

IIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| | IIIIII| F T

Opening angle ueed r \/100+900/E[GeV]0 Ve: for all enersi 1 Lol 1 Lol ] L1 1111 |i 1 L 111 TN
O(E,vi) = { 30°/\/E/GeV Vu, E < 900GeV 10° 10 10° 10°
10 v, E > 900GeV Primary Energy [GeV]

Carsten Rott

¢S 40 LPTHE Seminar December 22,2017



o : . .
® Strategy: 2 ot Austral Winter
© i
® Muon neutrinos for good pointing S i
S 10} .
= [
e Up-going neutrino events (reject large £ S OO SO SSOOOR W
atmospheric muon background) — consider o}
declination angles of & = 5° to -30° Austral |
10 Summer
: . ~182days _
® Base analysis on well tested existing data
samples -20
® Check suitable samples for their sensitivity 0 50 100 150 200 250 300 _ 350
and optimize cuts where needed Day of the Year
- Effective Areas s _— e wrromSoueer ==
N S SR 0 S 8§ E 3yr SolarWiMP
- gOEa. ' Solid: Sighal
- B . : : Dotted: Background :
R D 7 NS W i G SR S e e e
- - BTEE 5 . Reference Signal: |
- B . e . Ingelman & Thunman flux
e 101 e o o T e Background: Honda...............
B ; L, atmospheric ineutrino: flux
/2 o bei Soue <3 <30 USSR WO W N O L T = S S S
B v, Point Source: 30° < 6 < 90°
4/ v, SolarWIMP ; : ; ; ; : ;
. o A IO SRRSO SN SIS SO SO R N DO
| | | | | | | | | | | | | | | | | | | | | | 2 25 3 35 4 45 5 55 6

log  (Neutrino Energy/GeV)

Iogw(Primary Energy/GeV)

Point Source Sample suites the solar atmospheric neutrino analysis well
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i

® Using point source 3
: 2
analysis sample we 2
. o |
determine the 0 e
© -
expected event rates 5
as function of the 5 L
distance from the Sun i
—— Background
. . -1 .
® Assume emission of e sl
solar atmospheric - _,_l_'_l_ d
neutrinos - F:
—
homogeneously over 102 =
: i i | | | I | | | l | | | I 1 | | :
the surface of the Sun 0.999 0.9992 0.9994 0.9996 0.9998 1

cos(P)
® Optimize signal to
sqrt(background) ratio
based on energy and
angle selection cut
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Cut & Count Method optimization .... S. In & C. Rott ICRC2017

> o ® Preliminary optimization yields the
0_3% following selection cuts:
e E>430GeV
0.25
! ® ) <0.75°

® Next: likelihood method ...

10

0.15

log (Reconstructed Energy/[GeV])

Sensitivity Solar Atm. Neutrinos

3 01 ;g : Preliminary lceCube
‘ S - Sensitivity (3yrs)
> s
o 107 F
005 O F
@ [ Prediction
2 0 ST
0 7 8 9 10 il
Angular Distance [degree] 10°
® Sensitivity computed assuming 3 yrs of data i
computed after optimization 107} T (v,)
e Event expectations: i — 90% CL Sensitivity
® Background: 10.5 + 0.2 events 107°
® Signal (assuming IT1996) 1.1 £ 0.2 events L
2 3 4 5 6 7 8

Iogm(E/GeV)
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|

® Cut & Count sensitivity

® Sensitivity falls short by factor of ~3
compared to expected signal flux (assuming
3 years of data)

® Promising ! With careful optimization we
might be able to find an excess !

® |Improvements
® |ifetime

® /years of full lceCube detector data are
. Signal Background
aval Iab I e 2D Relative Probability ) 2D Relative Probability

(S

5

102 102

n
[$)]

® Detection channels

10°

o
S

e All flavors (not just muon neutrinos)

107

|(€J§| O(Fieconsturcted Engggy /[GeV))
wn

I(.‘Jg } 0(Fleconsturcted Enigy /[GeV))

® Likelihood analysis ;
® |ikelihood based on energy (E) and angle TP R oot ol S Wy AN
to the Sun (LI)) L(E,8) = I1(fsig(1) * psig(E, 8|p) + forg(1e) * Porg(E, 0 |1))

Carsten Rott Q’S 44 LPTHE Seminar December 22,2017



Recent works on the Solar Atmospheric Neutrinos /
Atmospheric Neutrino Floor

e C. Arguelles, G. de Wasseige, A. Fedynitch, B. Jones JCAP 1707

(2017) no.07, 024 [arXiv:1703.07798]
® Consider extreme cases: e K.Ng, J. Beacom, A. Peter, C. Rott Phys.Rev. D96 (2017) no.10,
103006 [arXiv:1703.10280]
. e J. Edsj6, J. Elevant, R. Enberg, and C. Niblaeus, JCAP 2017 .06

® (I) Point source at the center of the Sun (2017), p. 033, arXiv: 1704.02892 [astro-ph.HE]

] e M. Masip Astropart.Phys. 97 (2018) 63-68 [arXiv: 1706.01290]
® (2) Rim of the Sun

® (3) HOmOgenOUS over the Surface Of the 109 C. Argiielles, G. de Wasseige, A. Fed'ynitch, B Jones': (2017)
Sun Total v Total ¥ <

® Signal expectations

10-1 L

10°2F

e Different Signal Models / Distributions

1073 E
104

® Systematics

10-°

10-°

WIGeV)? (em? s sr GeV) !

(E

® Signal acceptance

1077

¢,

10°°

® Detector systematics (ice, DOM oW T ) i \
: o/ GeV 2, /GeV
efficiency, ...)

.
107

® Background

® Use off-source region (background
prediction from data itself)
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Solar Atmospheric Neutrino Floor

Kenny C. Y. Ng, John F. Beacom, Annika H. G. Peter, Carsten Rott
Phys.Rev. D96 (2017) no.10, 103006 [astro-ph/1703.10280]
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a ) o~ L U

102 g Beacom, A Pt R ) 10-5 K- Ng, J. Beacom, A. Peter, C. Rott (2017)
- lceCube — m,=200GeV ] | J\ < | | :
_ (cubic kilometer detector) my=500 GeV | Y )
I — m,=1000 GeV || = ]
i — m,=3000 GeV — 10°L N _
. m,=5000 GeV i ] T/ :
£ 10! —  m,=10000 GeV % s \ ]
C 10 m,= e - CT [ \ 1
Q ] i \

> : £ 107 —
w i O = \ ]
— > £ . :
- Q C :
T O [ | ]
; . w 10°E \ =
= 10Y — Q - T -
3 - - Y N : i
- - ] o - o |

: : W 109 g
107 <§,/ . -
| | - e/ s =
10-1 S I 2 L . . 3 L 1 4 10-10 1 1 lllllll 1 1 lllllll 1 1 lllllll 1 1 llll;l\l~\ 1 11 Lill

10 10 10 10° 10! 102 10® 10*  10°
E,[ GeV ] E [ GeV ]

® Natural background to Solar Dark Matter Searches !
® However, energy spectrum expected to be different

® DM annihilation neutrinos significantly attenuated
above a few 100GeV

Recent works on the Solar Atmospheric Neutrinos /

Atmospheric Neutrino Floor

* C. Arglelles, G. de Wasseige, A. Fedynitch, B. Jones JCAP
1707 (2017) no.07, 024 [arXiv:1703.07798]

* K. Ng, J. Beacom, A. Peter, C. Rott Phys.Rev. D96 (2017) no.
10, 103006 [arXiv:1703.10280]

e J. Edsjo, J. Elevant, R. Enberg, and C. Niblaeus, JCAP 2017 .
06 (2017), p. 033, arXiv: 1704.02892 [astro-ph.HE]

* M. Masip Astropart.Phys. 97 (2018) 63-68 [arXiv: 1706.01290]
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Al esr

K. Ng, J. Beacom, A. Peter, C. Rott (2017)

K. Ng, J. Beacom, A. Peter, C. Rott (2017)

102_llll| T T T IIIIII T T T T T T 1] 3 T TTTT T |||||||| T |||||||| T T T T T 17T

- lceCube — m,=200GeV 1 :

" (cubic kilometer detector) m, =500 GeV 1 I

! —  m,=1000 GeV 10738 L
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2 101l TR —  m,=10000 GeV |- 1032 L
GC) ) - —
> . ] Q\ B
it \ - ;
— - ‘ \'\ - —_ 10-40 E

3 | -

3 i h \ 1 A S -
= ° 41|
= 0 A4l
S, 10 = \“\ = 10
L C S ] E

; <, : _

n 7 10-42 - 4

i | : 77 floor _ _. 7 floor

[ - T T 8upérk IceCube
10-1 IIIII | 1 1 1 L1 1 1 1 L 111 10-43 L1 III| 1 1 IIIIII| 1 1 IIIIII| 1 1 L1 1 111
102 103 10% 101 102 10° 104
E, [ GeV] m, [ GeV ]
® Natural background to Solar Dark Matter Searches ! : :
Recent works on the Solar Atmospheric Neutrinos /
: Atmospheric Neutrino Floor
°
However, energy spectrum expected to be different * C. Arguelles, G. de Wasseige, A. Fedynitch, B. Jones JCAP
T . .. 1707 (2017) no.07, 024 [arXiv:1703.07798]
® DM annihilation neutrinos significantly attenuated « K.Ng, J. Beacom, A, Peter. G. Rott Phys.Rev. D96 (2017) no.
above a few 100GeV 10, 103006 [arXiv:1703.10280]
. e J. Edsjo, J. Elevant, R. Enberg, and C. Niblaeus, JCAP 2017 .
Expect ~2events per year at cubic 06 (2017), p. 033, arXiv: 1704.02892 [astro-ph.HE]
kilometer deteCtor * M. Masip Astropart.Phys. 97 (2018) 63-68 [arXiv: 1706.01290]
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® SUSY parameter space scans reveal that many models fall below the neutrino floor

® Energy spectral information needs to be included to distinguish solar atm. neutrinos from a DM signal

® Solar atm. neutrinos are identifiable through their high energy (TeV) component

Likelihood Analysis of the Sub-GUT MSSM in Light
of LHC 13-TeV Data

J.C. Costa®, E. Bagnaschi®, K. Sakurai®, M. Borsato®, O. Buchmueller®* M. Citron®,

A. De Roeck®, M.J. Dolanf, J.R. Ellis, H. Fliicher®, S. Helnemeyer', M. Lucio?,

#=  D. Martfnez Santos?, K.A. Olivel, A. Richards®*, G. Welglein®

* = =—— —— sub-GUT MSSM: best fit, 10, 20, 30

S

100 107 102
mig [GEV]

[] # + t; coann.
] % + x5 coann.

E L e —
sub-GUT MSSM
i * —— — — sub-GUT MSSM: best fit, 1o, 20, 30
i 10 : : : 10
P10 | MasTeRcoe 1038
10400 k‘ (&
E 104 ChEX-1 1073°
104} 10
E 10.44 - k h ~ E‘ 10-42
aiba. 10 45 | S)bg 10-43
10746 10744
1047 L
1048 | 10
104} 10
-50 0 5 N . -47
10 10° 10? 10° 10° 10* 10
mxg[GeV]
| % coann. | #, coann.
" A/H funnel | focus point
[ ] % coann. B ¢, coann. + H/A funnel

B # coann. + ¢, coann. + H/A

https://arxiv.org/pdf/1711.00458. pdf

maS/TEHcge)_f

10737

S 10~

10—47

pMSSM11

10—39 L

10~ —411

10—45 L

* — — — pMSSMIl w/o(g—2),: bestfit, 10,20,30 &

Super-K (2016) 77
100 0
meo [GeVl
gluino coann. [ ] stop coann.
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5+
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A/H funnel . stau coann.
https://arxiv.org/pdf/1710.11091.pdf
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10 Bia Ideas for Future NSF Investments

Windows on the Universe: The Era of Multi-messenger Astrophysics

We have arrived at a special moment in our quest to understand the universe. For years, we
have been making observations across the known electromagnetic spectrum -- from radio
waves to gamma rays -- and many great discoveries have been made as a result. Now, for the
first time, we are able to observe the world around us in fundamentally different ways than we
previously thought possible. Using a powerful and synthetic collection of approaches, we have
expanded the known spectrum of understanding and observing reality. Just as electromagnetic
radiation gives one view of the universe, particles such as neutrinos and cosmic rays provide a
different view. Gravitational waves give yet another.

e —

Solar Atmospheric Neutrinos seem to
be in reach of lceCube

® First high energy neutrino point
source !

® [Expect results early next year

lceCube Gen2 Facility

[ \ Hi
1ergy Arra

Deepcore/PINGU

lceCube Gen2 Cosmic Ray Array (CRA)

Bedrock

_ 14 km ’
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Science

.\ EE ' i
GMEE
iR B
‘a%%??!%i:s -
ATAAAS o S N

HESE 6yrs 80 events (track-like & showers)
observed Gy
Expected from the Earth atmosphere ~41events

Energy Threshold

: = Background Atmospheric Muon Flux
= Bkg. Atmospheric Neutrinos (n/K)
l Background Uncertainties
= Atmospheric Neutrinos (90% CL Charm Limit) |
— Bkg.+Signal Best-Fit 1-Component Astrophysical (E2%?) S ‘ Southern Sky (downgoing) Northern Sky (upgoing)
102 R L = « Bkg.+Signal Best-Fit 2-Component Astrophysical | (0] ! ' - '
i : ee Dat 1 = [ Background Atmospheric Muon Flux
¢%e Data o = Bkg. Atmospheric Neutrinos (#/K)
(7)) X 7 Background Uncertainties
> : . . 102 | == Atmospheric Neutrinos (90% CL Charm Limit) |
© |CeCU be Prel IMiNna ry w = Bkg.+Signal Best-Fit 1-Component Astrophysical (E~*%)
D : 8 = = Bkg.+Signal Best-Fit 2-Component Astrophysical
(00) ‘é ese Data | |
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10° Best fit spectral index (E¥):
Deposited EM-Equivalent Energy in Detector (TeV) ¥='2-92+O‘33-0.29
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;‘;I'ohe lceCube Upgrade” ~7strings

E I ol |*® lceCube
>-
i . A DeepCore
50 A ¢ Upgrade
I A
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: of * .
| & .
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i e also:
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lceCube-Upgrade Preliminary
v, Appearance

*Note, lceCube Upgrade i1s
CC+NC inclusive while SK &
OPERA are only CC

| 90% range
| 68% range
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OPERA 2015 (90%)1

First step to restart South Pole activities
- Tau neutrino appearance
- Calibration devices
- Platform to test new technologies
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’5‘ # — - 'f:;)(';;(;:;ted (stat'. o‘nl'y; 1
"% RS @ Observed (sys. + stat.)
o g |
é 20 o
s e
g L) 2. e .
E‘D 0 '_"\*-o* M - T ] i.a device Swedish Camer
A Wy factor of 6 - lce properties dominant source of
R N : sys. uncertainties for most
DEICN
O . analyses
o* 10 1o* = Solution: Low cost camera system
Deposited energy [TeV] . . 7
i m __ aom = Monitor freeze in
5 | T - Hole ice studies
NN - Local ice environment
I} CMOS , | L,: Scattering Length | o o .
R L — NN i - Position of the sensor in the
. . 2 hole
i, o § - Geometry calibration
E10° bppeal Q1 S % \N\\ ope
= 8 - Survey capability
o’ Distance blg;ween LED and camera[ll:):]
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SKKU SPICE Hole camera

80cm

9.2cm

Function Diagram

Expanded region of instrumented ice: 1270 m

Read Switch 8-bits 4—‘ . - N
(Magnetic [ Microcontroller < . <—>| Image sensor module 1 |
awitch) Q
“—| LD/LED Module 1
I R N
Real Time Orientasion Heating uSD card
Clock sensor Bement 4—>| Image sensor module 2 |
I DAQ2
(¢ LD/LED Module 2
' ! }
- - . o <_’l Image sensor module 3 I
P P emperature .
senzor 1 senzor 2 senzor 3 DAQ 3
(Bartery) (Light 2ourcs) (Cameraz) ¢ »| | D/LED Module 3

1360m 2620m

IceCube instrumented region

Absorption length [m]

Electronics test at low temperature (-40C) Oct 2017
Arduino Pro Mini

PC

Real Time Clock
& a crystal
oscillator

MicroSD card

Arduino Uno
(5V power supply for the RTC)

Magnetic Field
Sensor

(Digital compass)

1 a heating element.)

Scheduled for deployment at the South Pole in 2018
SPICE Core hole (0-1750m) 1km from IceCube side

|
|
|
|
|
|
I
|
!

i L W17

1400 1600 1800 2000 2200 2400 2600 2800
A,(400 nm) [ m ] vs. depth [ m ]

® Goals of the SPICE Hole camera

1200

® Measure anisotropy in the ice

® Demonstrate that cameras can
be used to perform quantitate
ice property measurements

Interdisciplinary science

AEEEEEEEEE,
A EEEEEEER
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lceCube Coll. Gen2 LOI arXiv:1412.5106

® |ceCube has provided an amazing san

| I I I
1 1

of events, but is still statistics limited s000]. 221K Secter ¢ ] T Cleaan Alr Sector
e Observed astrophysical flux is consist § — | Btz
with a isotropic flux of equal amount 5 A5 ¢ W geometry with
1 . fIID 9 | 2000} ----- -----_:f49—-:--0-.-;’.-0‘_;------§I-20-str-‘négs---—
all neutrino flavors ' A : :g. : ®:” e 300m spacing
O : © e O !
® So far non of the analyses has sho s L00%%0 o

. . 1000
any evidence for point sources

® Where are the point sources?
® What is the flavor composition?
® What is the spectrum? Cutoff? —1000

® Transients ?

position offset w.r.t. IceCube center (m)

® Multi-messenger physics? —2000

e GZK neutrinos!

: : —3000 : : : I I
® New physics or something unexpecte Downwind Sector . Quiet Sector
] ] | | |

® —2000 —1000 0 1000 2000
o position offset w.r.t. IceCube center (m)
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for neutrino telescopes

orlds best bound on spin-dependent dark matter nucleon
" masses above 100GeV

y shadow provides clues about propagation in the inner solar system
spheric neutrinos might be observable in the near future

sitivity evaluated further optimization on going

solar atmospheric neutrinos is important for:

® Understanding solar magnetic fields

ropagation in the inner solar system

s in the solar atmosphere

® l|dentifying a first high-energy neutrino point source

Image:Stephan Richter, IceCube/NSF
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® |/ Earlier Starting Tracks
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scasttiiignees

© N* Throughgoing Tracks
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Neutrino-Experiment
Erde verschluckt gehelmnisvolle Gelstertelichen

Neutrinos rasen weitzehend ungestiet durchs All, weil sie fast nicht mit normaler Materie interagieren. Aber
nur fast. Aumagerechnet unsere Erde st ein efMzienter Neutrino-Killer, wie ein Experiment beweist.

a Von Chrtstoph Seidler v

LI Sl ph PAO DA (O, e

-== Neutrino

-+ Antineutrino
——Weighted combination
—This result
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Data

https://www.nature.com/articles/nature24459
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® Photon count maps are divided by exposure

maps to obtain flux

® We expect three components:

e Disk
® Point source

® Inverse Compton
® Extended

® Diffuse background

® |sotropic

Si — (5

51 041
IC _ (IC -1
bi"=1Ff § :gi,j Q; j

J
BKG _ sBKG
by T =Ff § :&-,j
j

1-10GeV
10" — T T T T T T 1
1-10 GeV I [ [
10-4 pom-| =3
|r§1 H4 Data = ]
heni i
07 E HRL"‘L..,‘, :
e
10 L

00 05 1.0 15 2.0]

Integrated intensity [ em s ‘sr ' ]

Diffuse Background
| | | | | | | |
0 1 2 3 4 5 6 7 8 9

Angle [ degree ]

Profile likelihood analysis
L(s1; £, F710) = G(FPE9) [ Plsi + 0 + 577 |da)

Gaussian term to constrain Poisson Probability
diffuse background to the value
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FIG. 2. Left: Angular distribution of the 1-10GeV intensity in the Sun ROl Black points show the observed data with
statistical uncertainties only. Colored histograms show the fitted results for the signal and two backgrounds (the estimate of
the diffuse background incorporates independent data from the fake Suns). The inset shows the same with smaller angular
bins, but without the two solar components (note the different vertical scale). Right: Same, but for 10-100 GeV (note the
lower flux).
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® Fermi science tools version v9r33p0

® Weekly P7REP data set from week 010 - 321
e 2008-08-07 to 2014-07-31
® Weeks are divided into 40 equal time segments
® The data of the time segments are stacked with the Sun in the centre position
® Binning with pixel size of 0.1°x0.1°

® Movement of the Sun is small compared to its diameter

® Event Selections Solar Positional drift ~0.2°
* DATA QUAL == 1 Sun diameter ~0.50
e LAT CONFUG== LAT PSF ~1°0 (@1GeV) / 0.1° (>10GeV)

* ABS(ROCK_ANGLE<52 .
( N ) Remove data periods when

Exposure time reduced by 40% the Sun is near the Galactic
Total photon count reduced by 76% plane Ibl<30°
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Some anomalously bright periods are correlated with solar ares, most notably the ones
10 . in 7 March 201|2 and 25 Februlary 2014 (week I1 86 and 289). | j :

< Year 1l > < Year 2 > < Year 3 > < Year 4 > < Year 5 > < Year 6 s ]

iR a

| | | | |
10 62 114 166 218 270 322

\- Time [ Weeks ]
: Start of observation
+ 2008-08-07

® TJotal gamma-ray flux (1-1.8 GeV) within [.5° from
the Sun

® Periods with significant flaring have been remove
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