High-energy neutrino astronomy
with IceCube
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lceCube

Construction:
Dec 2004 — Dec 2010

86 strings x 60 DOM
lceTop air shower array

Partial detectors analysed.:
1C40, 1C59, IC79

Full detector:

IceCube Lab

324 optical sensor

IceCube Array

86 strings including 8 |
5160 optical sensors

DeepCore

8 strings-spacing optimize
480 optical sen8or

|C86, 3 % years running to date

HESE: 1C79/86-1
HESE-2: IC79/86-1/86-2




Cherenkov light from a 2 PeV neutrino

Induced particle shower in IceCube
- x

Ve

photon arrival .
timings:

yellow
orange
green

blue - late

string spacing 125 m L
DOM spacing 17 m ot
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Messenger particles for
high- energy astronomy:.

5 astrophysical
cosmic neutrino and
=\ gamma-ray

gamma- rays

downgoing muons (neutral, absorbed)

upgoing muoﬁd |

R - upgoing neutrinos
atmosphRegric ./ K e

Ly o %/ through-going
S Vo ,ﬁ muon tracks

\ » astrophysical

neutrino

gamma-ray
absorbed
at source

cosmic
rays



Energies and rates of the cosmic-ray particles

— protons onl
P y Ryan et al. v

all-particle

"electrons

(GeV cm'2sr'1s'1)

‘CAPRICE
AMS e
BESS98 4

Highest energy cosmic
rays: several Joules in a
single particle!

Nature is making particles

B more than a million times

E2dN/dE

more energetic than LHC G

E«n (GeV / particle)

10'° 10'2



An-Active Galaxy, .' S

or Quasar "’
Powered by a masswe

black hol‘é My’

Many frequencies of t

— gamma- ray tor

Acceleration site f

‘high-energy particles? %




Wheredo |
cosmic rays = .
. come from? = - .
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How does 2
nature accelerate | =
g these partlcles'P

‘-A -

Wherever they do,
\ X -expect gamma-rays
and neutrlnos



Neutrino and gamma production
IN cosmic ray accelerators?

The TeV gammas?
pp.py =71 —
7 (")

-rays I
also from \ . C T o @
electrons: Let’s look for
'::mn:stnhluny 72' —> ﬂ these neutrinos!

Se

Hadronic accelerator? —
cosmic ray origin?




Low-energy photons Posutrons

Quorks
Medium-energy EleCtFOHS
\ gommu rays

Neutrinos
—® m .

l.eptons
\/\m Antuprotons

Protons

Supersymmetric
neutralinos

Bosons

Decav nrocess b




N pions,

Atmospheric KAONS

neutrinos at Earth

cosmic rays

P ~ E—2.7

conventional
@~ c.E37

72 . + y
w‘c u D s -
e N prompt / charm
’-‘i‘; | o

*‘f Use Enberg Reno Sarcevic (ERS)




neutrino oscillations:
~1:1:1

flavour mixture

Astrophysical
neutrinos at Earth

astrophysical
¢ ~ a.E=20

many model predictions
-key feature Is harder
energy spectrum
a.E*%vs p.E>"+cC.E3’



The high-energy neutrino sky,
a little history from Frejus to lceCube-59

ARAARDS, 20002008 90RLCL lirmg
AMTARES v 0709 9RLCL lims

1559 v dituso sonsidv y

IC59 v dfusa bas 67

I8 v, di®uma 90%CL limiz

O MO | Mo SpnnG v P EEMOT + H3a)
cone. (HEFMOT 4 H3a) + promp {Enborg ot al. + H3a) ams. v,
WE 2011

Warmham 19595

Shackar G | Saylar) 2005

BER Il 2005 jot disk cormaiation

EEH | 2005 stomp spocTa Sou s

WE GRE 20n

Hgh Paaad BL Lac ima) Muche 2003
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\ atmospheric
N astrophysical e o
cosmic neutrino and
ra amma-ra |
d ’ Y Direction: ( .
Reconstruction of \ | .l -
Cerenkov cone Rt L)
Ene’gy tracks
downgoing muons Rate of light emissio
along muon path

upgoing muor-q"j

Vi, + N = p+ X

“Classical” picture of
neutrino astronomy:

Earth filters out CR
muons

- \3’ .
neutrinos astrophysical

neutrino

cosmid gamma-ray look for upgoing
absorbed muons from neutrinos

rays
; at source



Looking down at the south pole
Into the northern sky

reject upgoing neutrinos
downgoing through-going muon
muons tracks

astrophysical neutrino
point source as excess
on background?

atmosphetic| %\
neutrinds - Jagf

-
s ) > A\
N
>

Areuiwijaid

cosmic
rays



Looking down at the south pole

reject through-going muon
downgoing tracks
Muons

astrophysical neutrino
excess at high energy?

cosmic
rays

4 y muon energy In detector



Atmospheric prompt is an important background
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Optical Cherenkov neutrino detectors

Lake Baikal

ANTARES,NEMO
NESTOR, KM3NET

Seven year AMANDA-II skymap

DUI\/IAND

No obvious point source in the map...
nor any evidence for a diffuse flux
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lceCube

Construction:
Dec 2004 — Dec 2010

86 strings x 60 DOM
lceTop air shower array

Partial detectors analysed.:
1C40, 1C59, IC79

Full detector:

IceCube Lab

324 optical sensor

IceCube Array

86 strings including 8 |
5160 optical sensors

DeepCore

8 strings-spacing optimize
480 optical sen8or

|C86, 3 % years running to date

HESE: 1C79/86-1
HESE-2: IC79/86-1/86-2
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Neutrino event signatures

Neutral Current /

= e Electron Neutrino

.o‘!;’
o

-

ANT
U+ N - p+ X Ve + N =5 e +X
Uy + N — i +X
track (data) cascade (data)
factor of = 2 energy resolution =~ *15% deposited energy resolution
< 1° angular resolution = 10° angular resolution

(at energies = 100 TeV)

time R

F =
CC Tau Neutrino

N

vr+ N -7+ X

“double-bang™ and other
signatures (simulation)

(not observed yet)



IC40+59+79+86 significance:
all-sky through-going muons

ICECUBE PRELIMINARY __———

Pomt source R R

in the sky’? _ 




Neutrinos in coincidence g M
wnth gamma—ray bursts? i
Cube Preliminary %, f~ % |C40 |C59

/ A 8 3
..'fﬁ'ﬁi_? i S\

S s o R
N | :

S L < . 2 A

%4 o A

' " % &

> Ak Fe . I .

f/ | = o =

Exclusion CL ()

10° ) ) T
Neutrino break energy =, (GeV) L Gamma_ ray
Where are the neutrinos? satellites
Are GRBs really

cosmic ray sources? GRB timing/localization information

from correlations among satellites

distant GRB Direction plus time (10-100s) cuts
y - much reduced background




Neutrinos in coincidence
with gamma-ray bursts?

[
-~

== Waxman-Bahcall, w/ error bars
- = 90% CL excluded spectra

=
o

IceCube Preliminary

, (GeV ecm™2 57t grt)

Neutrino energy (GeV) ; o Gam ma' ray

Where are the neutrinos? satellites

Are GRBs really
cosmic ray sources?

1>V . R :
GRB timing/localization information

from correlations among satellites

distant GRB . Direction plus time (10-100s) cuts
i - much reduced background




Detection of an extra-terrestrial
diffuse flux of high-energy neutrinos!

Clues:

Diffuse muon analysis (IC59)

Diffuse shower analysis (1C40)

EHE GZK search — two 1 PeV cascades
(IC79/86)

Detection analyses: (IC79/86)
High Energy Starting Event (HESE)
Through-going upward muon



Looking down at the south pole
Into the northern sky

reject upgoing neutrinos
downgoing through-going muon

muons tracks

astrophysical neutrino
excess at high energy?

cosmic
rays



IC59 upgoing muon analysis

+

expected conventional atmospheric
+

zero prompt

fit to data
05 0 05 1 15 2 S5 3 - .
log(dE/dx__ [GeV/m]) rejects bg-only at 1.8 sigma

[wln]

12



IC59 upgoing muon analy5|s

1.8 sigma excess ~1 PeV neutrino

1
i,
N

',
i
s
.
’

.

5.

Preliminary

atm. p B 42-10°%GevsicmisrlEg?
0 atm. ve +v, (conventional) -= data

atm. ve +v, +v; (prompt) == alm, p extrapolation

atm. g + atm. v

1 1.5 2
log10(dE/dx _ [GeV/m])

preliminary high energy
stat. errors only signal region
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IC40 shower analysis
2.4 sigma excess
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Flashback: Neutrino 2012, Kyoto

Two events passed the selection criteria

2 events / 672.7 days - background (atm. u + conventional atm. v) expectation 0.14 events

preliminary p-value: 0.0094 (2.360)

Run119316-Event36556705 Run118545-Event63733662
Jan 31 2012 August 9t 2011
g ?‘°- : NPE 9.628x104 NPE 6.9928x104
E=1.1PeV E=1.0PeV
6 =62°
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‘These two 1 PeV showers are donngoin
How were they found amongst
billions of atmospheric muons?

(@]



These two 1 PeV cascades are downgoing!

They are “contained”
-starting in the detector.

Atmospheric muons emit light as
they enter the detector
-we can veto these!

“atmospheric
muon
self veto”




accept events with
no light in veto layer

and high charge in

fiducial volume

reject events with light in
veto layer

atmosph h energy
muons: utrinos
rejected cepted




These two 1 PeV cascades are downgoing!
Can they be atmospheric neutrinos?

PHYSICAL REVIEW D 79, 043009 (2009) SCh(‘)‘nert Galsser
Vetoing atmospheric neutrinos in a high energy neutrino telescope Resconi ,SChU|Z '
)

. e 1 r o 2 l \ I
Stefan Schionert,” Thomas K. Gaisser,” Elisa Resconi,” and Olaf Schulz

We discuss the possibility to suppress downward atmosphernic neutrinos 1n a high energy neutrino
telescope. This can be achieved by vetoing the muon which i1s produced by the same parent meson
decaying in the atmosphere. In pninciple, atmospheric neutrinos with energies £, > 10 TeV and a zenith
angle up to 60° can be vetoed with an efficiency of >99%. Practical realization will depend on the depth
of the neutnno telescope, on the muon veto efficiency, and on the ability to identify downward-moving

neutrninos with a good energy estimaton.

“atmospheric
neutrino

self veto”
| i[: ‘/I’ see muons from other
for muon-neutrinos: | ffﬁzfi’ decays in the
. entire air shower

True also for electron
and tau neutrinos:

see muon from same

parent meson decay van Santen, Jero,

Gaisser, Karle




Neutrino from Neutrino from the

| the atmosphere distant Universe
il above the south pole l‘\ “”mw”]”

' Mﬂ‘

&Ni N ‘ ' .“mmtnm il

Muon from the K e ep !

atmosphere above
the south pole

-
N

\ llllul, :




accept events with
no light in veto layer

and high charge in

fiducial volume

reject events with light in
veto layer

atmosph h energy
neutrino \ trophysical
accompnjed , utrinos

by muon
rejected

cepted
ok for
e > 6000)




muons
rang > accept events with
out; no light in veto layer
or no lights

veto laye

strophysical
cutrinos

atmospheric 5 cepted
neutrino e b
background ™
Downgaing starting: e
2.6 per 3years _
>

Upward|starting.
4.0 per 2ars




muons range out; no light in

veto layer accept events with
no light in veto layer

trophysical
utrinos

leak thro cepted

muon
backgro




How often do muons sneak In
through the veto layer?

check
with
real
data!

tag muons

\

‘cheelkhayw dften
\ they fail to be seen
\ in veto layer
\
\ but meeticharge
\ threshold|in|active
volume

Rate: 8.4 +/- 4.2 for
3 year data set



backgrounds: HESE-2 (IC79 + IC86-1 + 1C86-2)
6.6 +5.9-1.6 atmospheric neutrinos
8.4 +/-4.2 downgoing muons

15.0 total expected background



backgrounds: HESE-2 (IC79 + IC86-1 + 1C86-2)
6.6 +5.9-1.6 atmospheric neutrinos

8.4 +/-4.2 downgoing muons

15.0 total expected background

HESE (IC79 + IC86-1) :
26 new events (but no more at 1PeV)

28 events mmmp Science paper



backgrounds: HESE-2 (IC79 + IC86-1 + 1C86-2)
6.6 +5.9-1.6 atmospheric neutrinos

8.4 +/-4.2 downgoing muons

15.0 total expected background

HESE (IC79 + IC86-1) :
26 new events (but no more at 1PeV)

28 events mmmp Science paper

HESE-2 (IC79 + IC86-1 + IC86-2):
28+9 = 37 events total mmmp PRL submitted



E=1.0PeV
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3
10
Deposited EM-Equivalent Energy in Detector (TeV)




downgoing

conventional

IC79/86-1/86-2
diffuse analysis
forward folding

Fit (track/shower)

data to mixture of 5 20 b i # +
g 2or g W& 0® |
_ S i . e KO _
conventional g 4or * 690(9
prompt 60 - 2°” Showers —e—i |
. ~n Tracks ---<-- ~
astrophysical Upgoing T e
60 TeV 10 e

Deposited EM-Equivalent Energy in Detector (TeV)



The power of the self-veto

Without self-veto
astro (grey) and [Southern sky (downgaing)
prompt

have same zenith
shape

With self-veto
prompt

IS highly suppressed
from above

deposited E > 60 TeV
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0.0
sin(Declination)




Global fit of energy vs angle to a mixture of atmospheric and
astrophysical E# neutrinos

best fit flux: E2® =108 GeVcm?Zslsr-i

5.7 sigma rejection of atmospheric-only hypothesis

[Southern Sky (downgoing)} [Northern Sky (upgoing)]
= Background Atmospheric Muon Flux = Background Atmospheric Muon Flux
102 I Bkg. Atmospheric Neutrinos (#/K) ]_02 F |\ Bkg. Atmospheric Neutrinos (7/K)
=21 Background Stat. and Syst. Uncertainties EZ2 Background Stat. and Syst. Uncertainties
— Atmospheric Neutrinos (90% CL Charm Limit) — Atmospheric Neutrinos (90% CL Charm Limit)
Signal+Bkg. Best-Fit Astrophysical E-? Spectrum Signal+Bkg. Best-Fit Astrophysical E-? Spectrum
eee Data eee Data
S 101 e IceCube Preliminary| §S. | , IceCube Preliminary
© = 2= - : : o Lo e
s ¥ B 8 ¢ -
3 Tt 2 [ 1
o "_|——' [ o l v . . _
] = — T L]
@ ; 9] / : - — '
o 0 2 1 . . | o S ; AV 1 1
w 100 ' N 200 7 / ...................... ! 7, v
£ 7 R = 10 ; : 1
g g | |
i o B 1 2
10—1 N ................... 1
: 107
: i i :
102 103 ~1.0 -0.5 0.0 0.5 1.0

Deposited EM-Equivalent Energy in Detector (TeV) sin(Declination)



Global fit, energy (60 TeV — 3 PeV) vs angle,
best fit flux: E2® = 108 GeV cm2 s sr -1 (per flavour)

5.7 sigma rejection of atmospheric-only hypothesis

IIIIIII| I IIIIIIII I 1IIIIII| I IIIIIIII I IIIIIII| L
Honda + ERS Atmos.v Waxman Bahcall Prompt GRB x 3/2
Waxman Bahcall 2013 Blazars Stecker 2005 v, X 3
Loeb Waxman Starburst 2006 Decerprit et al. Proton GZK
IC59 Diffuse v Limit x 3 B 1C79+86 Astrophysical E? v,x3

IC79 v, Unfolding IceCube 3 Year Starting
IceCube 2012 All Flavor Limit
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o
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IceCube Preliminary

| IIIIII|,L| IIIIIJ|,L| IIIIII|,L|

~ best fit flux: -~ E
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global fit, energy (60 TeV — 3 PeV) vs angle,
float astrophysical spectral index:
best fit spectral index = -2.3 +/-0.3

102 =

IIIIII| I IIIIIIII I IIIIIIII I III[III| LI
Honda + ERS Atmos.v Waxman Bahcall Prompt GRB x 3/2
Waxman Bahcall 2013 Blazars Stecker 2005 v, X 3
Loeb Waxman Starburst 2006 Decerprit et al. Proton GZK
IC59 Diffuse v, Limit x 3 BN 1C79+86 Astrophysical E* v, x 3
IC79 v, Unfolding IceCube 3 Year Starting

IceCube 2012 All Flavor Limit
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s
: E2¢ — 10-8 Gev Cm-2 S-l Sr -l*_! + as eXpeCted

Hint from IC59 (1.8 sigma); now IC79/86-1
upgoing muon neutrinos give 3.9 sigma

" Conventional 'a;[r'ﬁéasphéric' —
Prompt atmospheric s

E™“ astrophysical ——
Sum of predictions

g Experimental data e

el astrophysical ®le atmospheric
neutrinos %o neutrinos

e 39
\ igma |

Prompt neutrinos
0.45 X ERS

10%

Muon Energy Proxy (GeV)
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Through going muons

~1 PeV muon
neutrino

W‘s}ggugn :

* northern hemisphere
* neutrino events (best fit)

above 100 TeV muon energy:

— astrophysical: 7 events/yr
— atmospheric: 3 events/yr

 significance in first 2 years of
data: 3.9 sigma (prel.)

i | AR ARl |
R R T

Contained vertex events

2 PeV electron
neutrino

* mostly southern hemisphere
* neutrino events above 60 TeV: /i i

il

-rie

; \ﬂh — astrophysical: 6 /yr

— atmospheric: 1/yr T
- significance in first 3 years of !

data: 5.7 sigma

S e [ LERRH B R T {

LinkHoathrob




E2 dN,/dE, [GeV cm™? s sr]

HESE-2 IC79/86-1/86-2
(0.95 +/- 0.3 ) x 108

11U~
107

10710

Diffuse flux summary

UL LY

§ L L] f'lflll[ I I |f||||| ] ! |||'|||| 1 I FIITI'I'l L L] |||||f| ! I |||'|'||| I I'II'IIE
= Honda + ERS Atmos. v Waxman Bahcall Prompt GRBx 3/2 5
~ Waxman Bahcall 2013 Blazars Stecker 2005 v_x 3 ]
= ——— Loeb Waxman Starburst 2006 Decerprit et al. Proton GZK -
= IC59 Diffuse v_Limit x 3 IC79+86 Astrophysical E*v, x3
IC78 v Unfolding IceCube 3 Yr. Starting Astrophysical
:g lceCube 2012 All Flavor Limit ?:
- Frejus 7]
E AMA B10 o =
- IceCube Preliminary -
- Upgoing IC79/86-1

(1.01 +/- 0.35) x 108

~ 1
L1 Jl].‘lJ] L vl Y| llll].ll. 1 lJll]Jll 11 011l

10° 10° 107 10° 10°

E, [GeV]




Do the HESE events cluster -
IS there a brighter than average source?

ICECUBE PRELIMINARY

Equatorial
cascades 4

p-value = 7%

TS=2log(L/LO) 11.2917




Do the events correlate
with potential sources?

northern
source list

ICECUBE PRELIMINARY

southern
TS=2log(L/LO) RFElY source list
p-value = 8%




Do the events correlate
with the galactic plane?

ICECUBE PRELIMINARY

best fit width +/-7.5 degrees,
p-value = 2.8%

fixed width +/-2.5 degrees,
p-value = 24%

TS=2log(L/LO)

11.2917

Galactic




Indirect dark matter detection?
Dark matter accumulation in

the sun

the earth
galactic halo
other galaxies

Annihilation to neutrinos...



velocity
distribution

v mteractions

Uscatt v
L
S
rcapmre
ram‘d]‘dlaﬂnn

Detector



Low-energy photons Positrons

QU:S N\N\-' °
€

. Medium-energy Electrons

\ gamma rays
\/\M ' Neutrinos

Antiprotons

eptons

Supersymmetric

g~ .
QeUElne Bosons /V\Mf\ﬂ/\/\/\/v\/\:mtons

Decay process mmmmm——mp




Sun +/- 23 deg.




Search for Dark Matter Annihilations in the Sun with the 79-String IceCube Detector

We have performed a search for muon neutrinos from dark matter annihilation in the center of the Sun
with the 79-string configuration of the IceCube neutrino telescope. For the first time, the DeepCore
subarray is included in the analysis, lowering the energy threshold and extending the search to the austral
summer. The 317 days of data collected between June 2010 and May 2011 are consistent with the
expected background from atmospheric muons and neutrinos. Upper limits are set on the dark matter
annihilation rate, with conversions to limits on spin-dependent and spin-independent scattering cross
sections of weakly interacting massive particles (WIMPs) on protons, for WIMP masses in the range
20-5000 GeV /c?. These are the most stringent spin-dependent WIMP-proton cross section limits to date
above 35 GeV/¢? for most WIMP models.

TABLE 1. Results from the combination of the three independent datasets. Upper 90% limits on the number of signal events
ps’, the WIMP annihilation rate in the Sun 'y, the muon flux @, and neutrino flux ®,, and the WIMP-proton scattering

cross-sections (spin-independent, osr p, and spin-dependent, osp »). at the 90% confidence level including systematic errors.
The sensitivity &, (see text) is shown for comparison.
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20 162 2.46 x 10™ 5.26 x 10° 9.27 x 10° 2.35 x 10" 1.08 x 107" 1.29 x 10"
35 70.2  1.03 x 107° 1.03 = 10° 1.21 x 10° 1.02 x 10" 650 x 1072 1.28 % 10—°°
35 128 1.99 x 10%® 5.63 x 10* 1.04 x 10% 6.29 x 10'% 1.28 % 1073 2,49 x 107
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Search for Dark Matter Annihilations in the Sun with the 79-String IceCube Detector
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IceCube search for dark matter annihilation in nearby galaxies and galaxy clusters

We present the results of a first search for self-annihilating dark matter in nearby galaxies and
galaxy clusters using a sample of high-energy neutrinos acquired in 339.8 days of live time during
2009/10 with the IceCube neutrino observatory in its 59-string configuration. The targets of interest
include the Virgo and Coma galaxy clusters, the Andromeda galaxy, and several dwarf galaxies. We
obtain upper limits on the cross section as a function of the weakly interacting massive particle
mass between 300 GeV and 100 TeV for the annihilation into bb , W*W =, 7+~ u* ™, and vi.
A limit derived for the Virgo cluster, when assuming a large effect from subhalos, challenges the
weakly interacting massive particle interpretation of a recently observed GeV positron excess in
cosmic rays.

Source

Right
ascension

Declination

Distance
[kpc]

Mass
[Mo]

logioJurw
[GeViem™?]

Boost factor

Segue 1
Ursa Major 11

Coma Berenices

Draco

10h 07Tm 04s
08h 51m 30s
12h 26m 59s
17h 20m 12s

+16°04°55”
+63°07'48”
+23°54'15"

- g
+57°54°55

23
32
i
&0)

1.58%10"
1.09%107
0.72x107
1.87x107

19.6 £ 0.5 [40]
19.6 + 0.4 [40]
19.0 + 0.4 [40]
18.8 + 0.1 [40]

Not considered
Not considered
Not considered
Not considered

Andromeda

(00h 42m 44s

+41°16°09”

T78

6.9 10"

19.2 [20]°

66

Virgo cluster
Coma cluster

12h 30m 49s
12h 59m 49s

+12°23'28”
+27°58°50”

22300
95000

6.9x 1012
1.3x10'°

18.2 [41)°

980
1300

17.1 [41)*

TABLE L. A list of potential astrophysical dark matter targets, their locations [37], distances, and masses [38], as well as Jnrw
factors (see Sec. III) considered in this paper. Boost factors for Andromeda, Coma, and Virgo are applied, when subclusters
are taken into account. According to Ref. [39], subclusters in dwarf galaxies do not usefully boost the signal. For the extended
Virgo cluster, M87 was used as the central position. *For Andromeda and the galaxy clusters, no uncertainties are available.




Source
estimated
backgr.

Segue 1

Ursa Major 11

Coma Berenices

Draco

Stacking (Segl + UMa II)|9.]
V (subhalos)

(NFW)
Coma (subhalos)
Coma (NFW)
Andromeda (subhalos)
Andromeda (NFW)

TABLE IV. Number of events as estimated from background and as observed in the data, for dwarf galaxies, galaxy clusters,
and Andromeda. In some cases the same cut values and bin sizes were used for different annihilation channels, leading to the
same number of events.
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First data from DM-Icel7

J. Cherwinka,! D. Grant,? F. Halzen,? K.M. Heeger,* L. Hsu.” A.J.F. Hubbard.?** A. Karle®
M. Kauer.** V.A. Kudryavtsev.® C. Macdonald.® R.H. \Iaruymna," * S. Paling,” W. Pettus,??
Z.P. Pierpoint.** B.N. Reilly.** M. Robinson.® P. Sandstrom.? N.J.C. Spooner.® S. Telfer.® and L. Yang®
(The DM-Ice Collaboration)
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*Department of Physics. University of Alberta. Edmonton, Alberta, Canada
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"STFC Boulby Underground Science Facility, Boulby Mine, Cleveland, UK
* Department of Physics, University of Hlinois at Urbana-Champaign, Urbana, IL, USA
(Dated: August 14, 2014)

We report the first analysis of background data from DM-Icel7, a direct-detection dark matter
experiment consisting of 17 kg of Nal(Tl) target material. It was co-deployed with IceCube 2457 m
deep in the South Pole glacial ice in December 2010 and is the first such detector operating in
the Southern Hemisphere. The background rate in the 6.5-8.0keVe region is measured to be
7.9 £ 0.4 counts /day fkeV /kg. This is consistent with the expected background from the detector
assemblies with negligible contributions from the surrounding ice. The successful deployment and
operation of DM-Icel7 establishes the South Pole ice as a viable location for future underground,
low-background experiments in the Southern Hemisphere. The detector assembly and deployment
are described here, as well as the analysis of the DM-Icel7 backgrounds based on data from the first
two vears of operation after commissioning, July 2011 —-June 2013.

arxiv.org/pdf/1 4804v2 . pdf




IceCube has taken the
first steps towards high-ene
neutrino astronomy:

Where and how are these

neutrinos produeetid——"

New US NSF MREFC - submission later this year

High energy extensior
for muons and cascades

=

Surface vetoes — improve ability to see
downward (esp. throughgoing) astrophysical neutrinos

PINGU - oscillations and mass hierarchy

Photograph: Forest Banks



High energy extensions — increase
volume for muons and cascades with
more strings

100 new strings |
240 m spacing

. Ic86

' PINGU: extra strings
Inside original IC:
oscillations and

mass hierarchy
- Darren Grant




Initial simulation studies of geometries

lceCube Sunflower 96 Supercluster
strings: 1C86 strings: 1C86+96 strings: 1C86+2x60
string spacing: ~125m string spacing: ~240m string spacing: ~240m

2000

-2000 -1000 0 1000 2000

Angular resolution:

0.5° 0.4° 0.4°

Effective area:

1.6 km? 5.0 km? 6.5 km?



1 PeV (cosmic primary) veto: reject most atmospheric muon
AND neutrino background above 100 TeV.

An efficient surface veto, 100 km?, for 3-5 sr background
free cosmic muon neutrino and some shower detection
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An extended surface array would increase the
angular veto coverage
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IceCube has taken the first steps towards
high-energy neutrino astronomy:

- diffuse flux: ® = 102 E2 GeV-' cm2 s sr-! (1:1:1 flavour)

- contained vertex (5.70), upgoing muons (3.90)

- atmospheric prompt origin strongly rejected

- lack of correlation with galactic plane, and events at high
galactic latitudes may suggest extra-galactic origin

- many theoretical speculations and attempts to correlate with
sources have been proposed : W ‘ "H

proposal for a next generation detector
- increased in-ice volume
- enhanced surface veto
- PINGU




