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Motivation
® The case for neutrinos
® Search for self-annihilating dark matter

® Astrophysical neutrinos and decaying dark
matter

® Dark Matter capture in the Earth and the
Sun

® Solar Atmospheric Neutrino Floor

® Qutlook & Conclusions
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Role of Neutrinos
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Role of Neutrinos
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The case for Neutrinos

Search for signals from the
Galaxy, etc.

® Probe DM self-
annihilation cross section

Sensitive to signals of dark
matter captured in the Earth
or Sun

® Probe DM-Nucleon
scattering

Neutrino detectors naturally
observe the entire sky (all-
sky coverage)

Neutrino detection
efficiency rises with energy,
and angular resolution
Improves
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Indirect Detection of Dark Matter
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Neutrino lelescopes / Detectors

¢  lceCube at the Geographic South ¢ ANTARES is located at a depth e  Super-Kamiokande
Pole of 2475 m in the Mediterranean at Kamioka uses | 1K 20”
Sea, 40 km offshore from Toulon PMTs
® 5160 |0”PMTs in Digital optical
modules distributed over 86 o Consists 885 10”PMTs on 12 ° 50kt pure water (22.5kt
strings instrumenting ~Ikm? lines with 25 storeys each. fiducial) water-cherenkov
detector

° Physics data taking since 2007 ; 4 Detector was competed in May

Completed in December 2010, 2008 ° Operating since 1996
including DeepCore low-energy
extension

Detect Cherenkov light from neutrino interaction products
Main backgrounds: Atmospheric neutrino, atmospheric muons (down-going)
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Dark Matter Self-annihilations
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Dark Matter Annihilation
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INDIRECT DARK MATTER

SEARCEHIES IN |CECUBE / ANTARES

‘ IceCube Eur. Phys. J. C (2017) 77: 627

= Data - Signal, NFW profile
= = Scrambled signal - Signal, Burkert profile
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Search for DM annihilation in the Galactic Halo (lceCube) and
Galactic Center (ANTARES)

Observations consistent with background expectations
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SEAR

INDIRECT DARK MATTER

CHES IN ICECUBE / ANTARES

ICFCLIRE

® ANTARES and IceCube complementary
positioned on Northern and Southern
Hemisphere

® Galactic Center only accessible in down-
going events for lceCube

® Weak halo model dependence for

Galactic Halo DM annihilation searches cover 10
GeV - 300 TeV Dark Matter masses with 4 analyses:

e ANTARES GC 2007 to 2015

e |ceCube Galactic Halo Cascades 2yrs

lceCube Galactic Center Track 3yrs (low-energy)

lceCube [arXiv:1705.08103] Eur. Phys. J. C
(2017) 77: 627

F v v veveerg L B L B A | v rvveveeen L

. W—# IC 3yr halo cascades k—4 IC 2yr cascades -
- @@ IC 3yr GC tracks — -  ANTARES GC -
- ¥y IC 4yr PS+ 3yr MESE ANTARES Physics Letters .
b B 769 (2017) 249-254 1

YT T ™3

IceCube Preliminary

‘N o Natural scale -
b e i ————rrr — T T J
10 10? 10° 10* 10°

m, [GeV]

observation of extended DM halo
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INDIRECT DARK MATTER

SEARCHES IN ICECUBE / ANTARES

Galactic Halo DM annihilation searches cover 10

GeV - 300 TeV Dark Matter masses with 4 analyses:
e ANTARES GC 2007 to 2015

e |ceCube Galactic Halo Cascades 2yrs

lceCube Galactic Center Track 3yrs (low-energy)

lceCube [arXiv:1705.08103] Eur. Phys. J. C
(2017) 77: 627

F T T Y T Y T YT T ™3

. W—# IC 3yr halo cascades k—4 IC 2yr cascades -
- @@ IC 3yr GC tracks — -  ANTARES GC -
Lo R - ¥y IC 4yr PS+ 3yr MESE ANTARES Physics Letters

B 769 (2017) 249-254

o |
® ANTARES and IceCube complementary =
o 2 - Burkert
positioned on Northern and Southern S |
. 10~ L 4
Hemisphere é 3
® Galactic Center only accessible in down- I IceCube Preliminary _|
going events for lceCube S y——
L T U S L U
® Weak halo model dependence for m, [GeV]
observation of extended DM halo
UCLA Dark Matter
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Galactic Center / Galactic Halo - IceCube/

ANTARES/Super-K

J.A. Aguilar Sanchez [ANTARES & IceCube] ICRC2017 (911) Galactic Center Super.K

—_— i i — ' 10’17 T T T TTT] T T T TTTT] T T TTTTT] T T T TTT] T T TTTES
— |ceCube (1007 days) g [ loeCube-86 (60) 90% CL UPPERLIMIT =
— ANTARES (2101.6 days) 10 arXiv:1705.08103 [hep-ex] SK prelimi E
3 eliminar -
— Combined ANTARES + IceCube 10° :z:: :ﬁ:,ﬁ,,(f:ﬂm B g / _
10722 - BN e m@= Super-K u'u’ (NFW) % bb I1C %
B I : : — 1()‘20 wib= Super-K vT (NFW) '__ =
g nl; 10-21 _ M‘+M- IC‘.‘.‘G“ =
: 3‘ 22 bb SK . You,
- 4 10 u+u- SK ' -
1 [+ Kl STTRARURRRTRRRRRIRRPII. L \? 102 —é
N 1024 vV SK o IC _é
I — T T : :
XX : : 107 natural scale — expectation for DM as thermal relic =
101 102 103 10.26 | [ |IIII| | 1 | |||Il| | (| II|||| | 11 IIIII| | | Illé
m, [GeV] 10" 1 10 10° 10° 10°
Combined S h for N i f Dark M Annihilation i 2
{ho Galaotic Genter using IooCube and ANTARES M, [GeV/c’]
® Combined analysis enhances sensitivity in overlap region and helps to make
analyses more comparable
® Very competitive result from Super-K for dark matter masses below a 100GeV
Neutrino Telescopes can probe models motivated by the observed lepton anomalies
perA Dart Waier 12 (S Carsten Rott
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Science

AAAAAA

IceCube Collaboration, Science 342, 1242856 (2013),

(X9 ’ . .
HESE™ - High Energy Starting Events IceCube Collaboration, Phys. Rev. Lett 113, 101101 (2014)

80 events observed (track-like & showers)
4| events expected from atmospheric backgrounds

Energy Threshold

T
[ Background Atmospheric Muon Flux
[ Bkg. Atmospheric Neutrinos (#/K)
[ Background Uncertainties
= Atmospheric Neutrinos (90% CL Charm Limit)
— Bkg.+Signal Best-Fit 1-Component Astrophysical (E-%%2)

102 I ,,,,,, = = Bkg.+Signal Best-Fit 2-Component Astrophysical
3 e®¢ Data

g ;
B IceCube Preliminary
ﬁ . ‘ Best fit spectral index (E¥):
o 101 aRRER : 5 S ¥=-2.92%033 59
N ‘
o - :
]
Q
2]
3
c
S 10°
> 100 PR L = ]

R R S R
| E—— i ISR O B i
0.0 TS =2 |n(L/Lo) 12.6 102 103 10%
. . . Deposited EM-Equivalent Energy in Detector (TeV)
No significant clustering observed . 599
. L . Best fit spectral index E-2
- consistent with isotropic

Observation not well described by simplest
astrophysical neutrino source scenarios
UCLA Dark Matter
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Heavy Dark Matter Decay

Two flux contributions:
Galactic and Extra galactic

dPpmy,  dPgp, N dPrc o,

dE, dE, dE,

Characteristics of the signal components:

® (|) Dark Matter decay in the Galactic
Halo (Anisotropic flux + decay
spectrum)

SU 1 dN, [
dE,  4dmmpm oM dEL Jy

® Dark Matter decay at cosmological
distances (Isotropic flux + red-shifted

spectrum)

dF B 47 mpmM TDOM . dEy

¢ Galactic Center

p(r(s,l,b))ds

d(I)EG QDMPC . 1 dN,,
/0 70 [(1+2)E,] dz

J. Stettner & H. Dujmovic [IceCube] PoS(ICRC2017) 923

<
J/ N

30° 60° 90° 120° 150°

Galactic Plane

096 150 204 258 312 3.66 420 474 528 582
Line-of-Sight Integral J(¥) [10*? GeV/em? |

Decay process might produce mono-
energetic neutrinos

10-12
~ Line signal ¢ - YN
q | ‘Heavy-loop
O
- 16}
L 10
w
P
q
510—20 -
x example: B. Feldstein, A. Kusenko, S. Mat m\
= " and T. Yanagida arXiv:1303.7320v1 / Phys.Rev. D88\

2013) 1, 015004
- (2013) o o . Garqy, Ibarra, Tran,
10¢ 10° 10° Weniger 1011.3786
Neutrino Energy (GeV)

[ 74

Gravitino T‘Z/I\’Jv
'
Npwm M
Rott, Kohri, Park h\ a0
1408.4575 \ |
\ v;

7
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Heavy Decaying Dark Matter

COUld the Observed neutrlno ﬂUX be due tO only Marco Chlanese Gennaro Miele, and Stefano Morisi

) ] . https //arxiv. org/pdf/1 707.05241.pdf
dark matter decaying into multiple channels? S S SR

: . atm. v
d®pmy, dPgu.,  dPEcu.

e ---------------------------- . [l atm.
_ . —I_ C H

i [[] astro. y=2.0
dEV dEy dE v

" IDMx - T
Take Galactic and Extra galactic
contributions into account

Atri Bhattacharya, Arman Esmaili, Sergio Palomares-

—_
o
N

—
A

-
o
o

IceCube events per 2078 days

= : s
o 1l Lol Lol
~

Ruiz and Ina Sarcevic, arXiv:1706.05746 DM — v, 7. 1071
3 102: ——ry S R 1 [ I 11
single channel : [ = menrenn
i —astrov: @ = 3.1 (E,/100TeV) ™
. s Tl T amvemmtiTev- oRev)
3) 2r S 10F Total IC best fit [60 TeV- 3 PeW) _E
3 Zf 5
7 2 [ I T + ]
o - (]
aif 2 10F (ma E
; e f
10.;01 — 162 . - l(l)3 T iO‘
Deposited EM-Equivalent Energy in Detector [TeV]
Find that HESE data can be best described with the combination of :
the astrophysical neutrino flux and the dark matter decay F Marco Chianese, Gernaro Miele, and Stefano ‘
L Morisi https://arxiv.cérg/pdf/1 707.05241.pdf -
1026 1 |||||||i 1 |||||||i 1 L1 1111
10’ 102 10° 10*
Heavy DM bounds with neutrinos, see also Mpwm [TeV]
Murase and Beacom JCAP 1210 (2012) 043 _ _ _
Esmaili, Ibarra, and Perez JCAP 1211 (2012) 034 A general word of caution when interpreting HESE events:
Rott, Kohri, Park PRD92, 023529 (2015) : :
El Aisati, Gustafsson, Hambye 1506.02657 - Earth absorption needs to be considered .
- Outcome strongly depends on background assumption
UCLA Dark Matter
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http://arxiv.org/abs/1506.02657

Dark Matter Decay with IceCube

J. Stettner & H. Dujmovic [IceCube] PoS(ICRC2017) 923 Dark matter lifetime limit comparison

Rott arXiv:1712.00666
. 28 -
® [wo independent lceCube analyses ~
v /_\
have been performed: 9 5y
E ..
3 Preliminary
® Muon tracks with six years of data U B
L
I -
® (Cascades with two years of data E |,/ /#7 —— IceCubebytracksZv === HAWCHt
E L - |ceCube 6y tracks bb === MAGIC TT
DM DM gAstro .astro a ‘/,’, - |ceCube 2y cascades Hv weeee MAGIC up
Test-Statistic: 7S = 2 x log LT, M ’A(I) i ) & 24 j' === HAWC 1T —.= Fermi Tt
L:(XlTD]\/I — OO’(I)Astro’W",astro) o = HAWC —-= Fermi uy
—== HAWC bb -:= Fermi bb
Bound on DM lifetime at ~10%7s 3 i 5 6 7 5
. . logig(Dark matter mass [GeV])
obtained with IceCube data for (Gamma-ray results see talks by Simona Murgia
mpm>10TeV and James Buckley)

see also HAWC arXiv:1710.10288
® Dark matter alone cannot explain the observed astrophysical
neutrino flux in lceCube

® Scenarios with a PeV neutrino line became less attractive with
lceCube’s observation of neutrino events well above this energy

UCLA Dark Matter g
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lceCube Boosted Dark Matter

prompt
— 10"t shower -
Following search proposed by Kopp, Liu,Wan (2015) E
& 10°F muon 7
E decay
. 6 . 'Y . = e echo neutron
using “Echo Technique” Li, Bustamante, Beacom (201 6) El copure ]
S 10
10] 9 - - . 5 "z -3
500 —r—r—r—rrrrre e e v h dark " ticl q 10° 10° 107 10° 10° 10% 10
m,=30GeV, m,=80GeV, my=3.9PeV + lceCube elry heaVy sll' ;nak er partic : d[; eca|ys Time [s]
26 - to lighter stable dark matter oost!
100 gx2f¢”¢=1-21"10 57! — Total g g X Neutrons capture on hydrogen
2 -26 -1 and product 2.2MeV gamma.
fol14=2.76x107°s™" .. : P 9
@ (9x9v.)To/Ts N ATM . ] In seawater, 33% of neutrons
_E' 10 --- Neutrino | \\\//\ capture on Cl; the emitted
e FEFY 11 & . 0w DM-EG : ' gamma rays have 8.6 MeV,
x — - DM-GC | ¥ making the neutron echoes
5 ) ! more visible
% 1 E:El q 4
B
&
-
=
""" 5 ecol ) ¢>Xxxaa- “Echo Technique” holds
(only hadronic —>V's prospects to individually tag
el N Y A BN A Y high-energy NC and CC
0.01 20 102 10° 104 Cascades) interactions !

Deposited EM—-Equivalent Energy [TeV]

May sound crazy, but is just an example for exotic interactions in IceCube detectable via recoil

see also A. Steuer, L. Koepke [IceCube] PoS(ICRC2017)1008

UCLA Dark Matter ¢
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Super-K Boosted Dark Matter
.-a\/\//n — — > — — B - O Super-K

| /A2 Lina Necib, and Jesse Thaler
| ' JCAP10(2014)062 > . B
| ) very forward scattering
//U\\ ArKiv:1405.7370 » electromagnetic shower
A B ¢ » no hadrons —» no decay e, no
(GC) (Lab) neutrons

1071

Cone search: 8 cones from 5° to 40° around GC
=> no cluster found around Galactic Center .
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Dark Matter Capture in the

Sun




velocity distribution

v 1nteractions

' U Earth
v oscillations
O ann
O -
seatt Fca\,pture
I
A Detector
Freese ‘86

Silk, Olive and Srednicki ‘85
Gaisser, Steigman & Tilav ‘86

Krauss, Srednicki & Wilczek ‘86
Gaisser, Steigman & Tilav ‘86




Number of Events / 0.1 Log10[°]

Solar Dark Matter - lceCube/ANTARES
ANTARES IceCube

10°E — e o (data — limit: 1 TeV xyx =W W~
- A")\‘F‘,'f :alsltri:]?ate — bkg expectation =~ — limit: 50 GeV yyx — 77"
1w AP Data o I F e Sy
- single line 250¢ : : :
. . 200 I I '
102 BBF!t estimate 150! I ’ I
= BBFit Data 100l  [|caCube : :
B 50+ 1 1 1
| O 1 L p—— ]
10§ "g 70 B ; [ ¢ ': ;
u v 60 . ' ' °
i IJ>J 50+ : : ¢ ° : 1
1 §_ “5 40+ 1 1 1 1
— [ 30_ ] ] 1 i
. 220! DelepCore : :
"_'2""11""o""1""2 3 £ 104 ' 7° ;_50 '300
C . ) Logw(\v["]) Z 0 —
Distribution of separation angle for 0.992 0.994 0.996 0.998 1.000
2007-2012 ANTARES data cos(T)

Search for an excess in direction of the Sun
Off source region used to reliable predict backgrounds from data
Energy and angular information taken into account

No excess observed - set limit ...
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Solar Dark Matter Summary

11111

> g
s s 1 i e ]
-’ »
e | i i
T O
e (0%
A z

| Spin-dependent scatteri in-independent scattering
—35 , | | - wr-—
wumi hh . = |ceCube (2011-2014)
DAMA — T wn Super-K (1996-2012)
_ 36l - 104} = = Antares (2007-2012) {10

\ PIco-2L (2016) "
—37- PICO-60 (2015) 1077}

log10( aSD'p/cm2 )
[pbl

10
42— 2 3 4 107
Dark Matter Mass (log(mow/GeV)) Dark Matter Mass (log(mpw/GeV))
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Solar Atmospheric Neutrino Floor
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Cosmic ray interactions with the Sun

see Fermi-LAT Collaboration: The Astrophysical Journal 734 (2011) 116 (arxiv:1104.2093)
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® Cosmic ray interactions in the Solar atmosphere

produce gamma-rays and neutrinos

® Background to dark matter searches from the Sun, that
soon will be relevant (and could result in the first high-

energy neutrino point source)

L paa b e bl e e boa s los s lysan
05 1 15 2 25 3 35 4 45 5

Elongation angle (deg)

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

Hadronic
e Seckel, Stanev, Gaisser (1991)

e Moskalenko, Karakula (1993)
* |[ngelman & Thunman (1996)

UCLA Dark Matter
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Cosmic background from the Sun

i)

no.10, 103006

5 Ng, Beacom, Peter, Rott Phys.Rev. D96 (2017)
10 N 1 LI I 1 1 1 1 1 LI I 1 1 1 1 1 1 I_
- lceCube — my=200GeV
" (cubic kilometer detector) — m,=500GeV |
I —  m,=1000 GeV
! —  m,=3000 GeV
';‘ m,=5000 GeV
£ 10° m,=10000 GeV [ _
Q ]
> ] NE
LLl i (@)
=
i1 { a8
= 190 ©
Z 10 .
3 ]
L i
10-1 2 3 1 1 L1 1 4
10 10 10
E,[ GeV ]

® Solar Atmospheric give a new background to solar dark
matter search

® However, energy spectrum expected to be different

® DM annihilation neutrinos significantly attenuated above

a few 100GeV

Expect ~2events per year at cubic
kilometer detector

10738

10-39

10-40

104

10742

10-43

[P N

Ng, Beacom, Peter, Rott Phys.Rev. D96 (2017) no.10, 103006

e
-

7 floor
IceCube

103

m, [ GeV ]

Recent works on the Solar Atmospheric Neutrinos /
Atmospheric Neutrino Floor

C. Argulelles, 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]

J. Edsj6, 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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Secluded Dark Matter




ANTARES Secluded Dark Matter

 Dark matter annihilates into o~/ T\~ 0
meta-stable particle /',/\’%{\
e X annihilates into - W,/
mediator ¢ o~ v b
,’ / - lul
® ¢ — vvorpy i
!
: : \../
o Livetime of 1321 days (Jan o>/ *~0 v
2007 to Oct 2012) Y
g Mz 0.5 TeV, m=1 GeV 7\ .
" Allowed Reglon ----- ANTARES Dit; 1et=1 5108 km
10 [ = ANTARES Di-{t; 1c1=2.8-10" km
- . Owi -1\ -= ANTARES ¢ into v; Yc1=1.5-10° km
gn o | — ANTARES ¢ into v; Yc1=2.8-10" km
= I = ' —— PICO-2L
Lz losg AU 2 2 —— PICO-60
%\ § 105 ......................... A -\ v == XENON100
D 5 o’
O 7 [ -,
© = 10} = _g N
— 6 %D
S 10l ~
O é
8 10 4 |
= N Into v
1 0 I18 l20 l22 I24 l26 28
10 10 10 10 10 10 _5 L L L
I'[s7] 10 102 10° 10*
Annihilation of DM in the Sun x Branching ratio M, [GeV]

® Contrarily to standard solar WIMP scenarios, secluded dark matter can produce neutrinos > 1TeV
® For most channels, EM signals are expected, cross checks with HAWC, etc. possible
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Beyond Standard Model Physics at

the PeV scale

Energy Threshold - e = ' - R "‘
. PeV Scale R|ght Handed Neutrlno Dark
- Background Atmospherlc Muon Fqu )
3 Bkg. Atmospheric Neutrinos (7/K) Matter
‘— i?r::)gsrpohu:r(ijcUNneCL?trr[iigstl(eso% CL Charm Limit) ¢ Super Heavy Dark Matter
, E —_ :l;g.+2igna: I;est-:jit ;-Eomponent 2strop:ysica: (E2%) ® Neutrino Portal Dark Matter
: - .+Signal Best-Fit 2-Component Astro sica . . . . . . 3
107 veo Dits i " '; * Right-handed neutrino mixing via Higgs portal §
Y o | * Heavy Right Handed Neutrino Dark Matter
8 'CeC§“be Preliminary | e Leptophilic Dark Matter
~ / ® PeV Scale Supersymmetric Neutrino Sector
™~ 1
Q 107 p Bl g B g ] Dark Matter ,
S e Dark matter with two- and many-body decays
% e Shadow Dark Matter
e - e Boosted Dark Matter
g 10° P Tl d T 1 °
LIJ B - -I I- -I ==
1071 BT
10° 103 10*

Deposited EM-Equivalent Energy in Detector (TeV)
® |[ntense interest in high-energy neutrino region

® Observations defy any simple explanation
from a single generic source class

® Multiple sources classes !

® Hints of new physics !
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http://arxiv.org/abs/arXiv:1412.5106

Next generation neutrino detectors

IceCube-Gen2 (PINGU fill in)
S. In & K. Wiebe [IceCube] ICRC2017 (912)

107364 — 77 /7 =0 |ceCube-Gen2 1 Year +—4 |ceCube 2025 *
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» ORCA and IceCube-Gen2 (PINGU infill) have |

unigue capability to explore DM between
4-50GeV in indirect solar DM searches

* This will also be an interesting region for =

Hyper-K / DUNE
* KM3NeT and IceCube-Gen2 extremely
competitive for high-mass DM decay
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Evaporation

Rott, In, Kumar, and Yaylali JCAP 1701 (2017) no.0l, 016
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(see also talk on boosted DM sensitivities by Joshua Berger - Friday Feb 23)
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https://arxiv.org/pdf/1607.02671.pdf

Conclusions

Striking DM signatures might provide high discovery potential
for indirect searches

® Models motivated by positron excess and gamma-ray
observations can and have been tested with neutrino
telescopes

® |ifetimes of heavy decaying dark matter can be constrained to
| 0285 using neutrino signals

® Neutrino Telescopes provide world best limits on SD Dark
Matter-Proton scattering cross section

® A new neutrino floor for solar dark matter searches has been
calculated

® Efforts underway to expand searches beyond WIMP hypothesis

UCLA Dark Matter (
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Jan Luenemann PoS(ICRC2017)896
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Dark Matter could be
captured in the Earth
and produce a vertically
up-going excess
neutrino flux
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Solar Atmoespheric Neutrino Flux

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

P The SOIar atmOSPheI‘IC (2017) no.07, 024 [ngiv:1703.07'798]
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Avallabllty__ of lceCube data

by

Spm dependen‘r sca‘r’rer'mg IccCube Collabortion 2016
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http://arxiv.org/pdf/1601.00653.pdf

Neutrino Telescopes / Detectors

° ANTARES is located at a depth
of 2475 m in the Mediterranean
Sea, 40 km offshore from Toulon

° Consists 885 [0”PMTs on 12
lines with 25 storeys each.

Cable to shore

° Detector was competed in May
2008

ILo7

Junction Box

Depth: 850 hg/cm?

17x17x11 m?

Tank size:
70x70x30 cm’

° Baksan Underground Scintillator

Telescope with muon energy threshold
about | GeV using 3,150 liquid scintillation
counters

Operating since Dec 1978 ; More than 34
years of continuous operation

To Shore \
. - calibeation laser

IceCube at the Geographic South Pole

5160 |0”PMTs in Digital optical modules
distributed over 86 strings instrumenting ~|km3

Physics data taking since 2007 ; Completed in
December 2010, including DeepCore low-

Super-Kamiokande at Kamioka uses | K
20” PMTs

50kt pure water (22.5kt fiducial) water-
cherenkov detector

Operating since 1996

February 21-23, 2018
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Sensitivity

Deep Underground Neutrino Experiment

i v.dunescience.org/ NSC
DUNE e 3 e

Long-Baseline Neutrino Facility (LBNF)

LV
22
23, Y
\1:;- V Sanford
33 .
"'i;;. Underground - S,
REFRN Research I e

Facility
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Low-Energy Neutrinos from the Sun

{qq,gg,cc ss,sbb tt, W+W-, ZZ, T+T H b-, W, e*er,YY

_____________________________________________________________ “few neutrinos

" :: some “high energy” neutrlnos in decays
=> basis of present day searches

dominant decay into hadrons T+

Charged pions and kaons
decay at rest producing
mono-energetic neutrinos

™ — ptv, E= 29.8MeV
K+ = Vll u"‘ Ey,=235.5MeV 170 Lifetime too short to interact

® |nteraction length short compared to losses

® Produces secondary particles in collision with

C. Rott, J. Siegal-Gaskins, J.F.Beacom Physical Review D 88, P rotons
055005 (2013) (arXiv1208.0827)
Bernal, Martin-Albo, Palomares-Ruiz JCAP 1308 (2013) 011
C.Rott, S.In, J.Kumar, D.Yaylali JCAP11 (2015) 039 ® Dom | nant energy IOSS term iS 11-0 pI‘Od UCtion
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Pion and Kaon yields

rt r-value - fraction of center-of-mass Kt r-value fraction of center-of-mass
energy which goes into 1t energy which goes into K*
g 1
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For low dark matter masses difference between flux from
stopped pion and kaon decay at rest can be used to disentangle
annihilation final states
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Solar Dark Matter -
lceCube/ANTARES

e Convert neutrino flux limit into limit on
WIMP-nucleon scattering cross section

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

mm |ceCube (2011-2014)
+ Super-K (1996-2012)
= = Antares (2007-2012)

— 10°

.
.
.
.
.
.
’

.

g
.

All flavor Solar WIMP - IceCube

CC Ve [V1)

NC Ve Vy Vr
10737 | :
5 — ¥r 1y allflavor sensitivity ® ® 7 1y allflavor limit
= — bb 1y all-flavor sensitivity @ ® b 1y all-flavor limit
— W W*Zl y all-flavor ser?sitivity i .
e — Preléiminary __________________ e
Y
10 - I/IL/*W {10° ié% = A .
161 162 163 104 10_39 e : . """"""""" /“
(GeV] S. In [IceCube] ICRC2017 (912) !
Solar WIMPs -40 ) R i 7t limit Super-K
e ANTARES - Phys.Lett. B759 (2016) 69-74 1077 B B i it Superk |
* IceCube Eur.Phys.J. C77 (2017) no.3, 146 3550 100 550 500 1000
e S.In and K. Wiebe [IceCube] ICRC2017 (912) m, [GeV/c?]
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Imaging Galactic Dark Matter with

lceCube's Fligh-Energy Cosmic Neutrinos

Dark Matter - Neutrino Interaction

(1) Fermion DM, (2) Scale DM,
vector mediator ferminonic mediator

Galactic

- 10g(p s/ GeVem 2) 23.0201

*Einasto Profile Assume:

2
OpM—yv X L}

Best constraints 1 GeV DM excluded . . : = Tt ="
from Planck” 400 Gev DM / by 53 HESEs . 11 s
—, T 1/ T .
0.0 |°
—~ 5 107 05 j
S —15 S %
2 ¢ s
=T}
2 _3.0 104 15
4
= -2
g —45 | . .
—6.0 —-45 -30 -—1.5 0.0 e - - 2. - " - T
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“The lceCube Upgrade” ~7strings

~100
E e ® |ceCube
>
50- A DeepCore
i A ¢ Upgrade
[ A
0 >~
[ &
[ . .
-50 -
-100}
.
-150 —
- -_Ll_l_l_lLl L 11 L 1L 11 L 1L 11 L 1L 11
2960 50 0 100 150 200
X (m)

First step to restart South Pole activities
- Tau neutrino appearance

Calibration devices

Platform to test new technologies

see also:

- PINGU LOI arXiv:1412.5106

The IceCube Upgrade

2.00
|lceCube-Upgrade Preliminary
v, Appearance
1.751
*Note, IceCube Upgrade is
CC+NC inclusive while SK &
1.501 '

=
[N)
W

o
~
()

v_normalization
[
[=3
o

OPERA are only CC

0.501

0.251 .~ 90% range
. 68% range

0.00

05 10 15 20 25
livetime (years)

Drill Engineering and Refurbishment

Firn Drill Transport

Main Drill Transport

Optical Module Production

Optical Module Transport

Site Preparation

3.0

DeepCore 10y (68%) ———H

IceCube-Upgrade 3y (68%) +——
DeepCore 2017 (68%) 1

Super-K 2016 (68%)

OPERA 2015 (90%)

Deployment

Project Year 1

Project Year 2 Project Year 3

Project Year 4

Project Year 5
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