.......

ﬂo-....__-..-. L
-

ator

-

e e e e

rrrrrrr T i o T ek i e

l.l.r..r.rii. . | i
DR e . . a7
 F e & & BB OE 7 4 A & B ETT T 2 a = & b
- W a W
- * b 0+ - a ® B + + S
rrrrrrr P4 4 ®BE BT
A magdr & oFf mfe ®m OB E
11111111111 +
= [ n
.....-.l-l.-..___._.....
b i ocw wafd= & TR 4 L et =
L] Ll [
r...-._.-i.r-l1.1.u..r..r...-_.r..|l..,.lr1a.:'il. ...1‘-__|n .-.O.,.
oA B or o @ Ay 6o BT
-1—......-1...._r..-1._++.....r-1_..- 4 = r 8 & b A FF 4 " a woa = =8 % d = a
[ T I I r
) -f
J P * & A o~ - T 4
+ w + LI | - j o2 & F r = B B3 4

the IceCube Neutrino Ob

M A ihﬁzl-.ﬁ
PTE R
g oo mpu B 4 bk F oAb EOFoTA .'uu.n
F.
+ 4 b a @ + + F b4 st T W s [
. - b oa
FO
+ LI . a = v 4
b mor Fp oo P FPT 4 . 4 & r & 5 F 7
4 & 4
P - -
b aom o eom I L
&« v 4 s Wi armdEmamEE TR
& -
+ +* +
Y - +
L
&g o & W ¥ B oA
Eom & & 0 B '
. a4 & * 1 v . - 4 & K a a4 L
¢ ow b+ o= F omE 4 . L '
b = b oF T E . ._I._-'_ '.— l..r.r...._
i T * 4+ & =
+ e @ - oaa )
i + =1 *

Bundesministerium

fiir Bildung
und Forschung

w®

| GEMEINSCHAFT
Allianz fir Astroteilchenphysik

ﬁ HELMHOLTZ

Deutsche Telekom Stiftung

UNIVERSITY

RWTHAACHEN

hukraft
hen University
UBE

AH
J

X
April 15, 2013, DESY Hamburg
ICE

Anne
RWTH



Cosmic rays

1

Discovered by V. Hess in 1912

What is the acceleration
mechanism?

What are the sources?

Hamburg, 2013/04/15

Energies and rates of the cosmic-ray particles
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A model for CR acceleration on the back of an envelop




A model for CR acceleration on the back of an envelop




A model for CR acceleration on the back of an envelope

energy spectrum of

dd
o= E 2
dE &

Due to propagation effects e»
expect for protons at Earth

E—2.7

N
|

d—EOC



A model for CR acceleration on the back of an envelop

predicts an
energy spectrum of

Due to propagation effects we
expect for protons at Earth



Source candidates

- :NEFIB Emax ~ Bs-z2-B L_‘ Maximum energy is constrained
1071 ~ 1 by magnetic field strength and
Iy 1 Size of the object
%) L |
W)
© FLHC 1 Research status:
o [ |
O | 1
1 [ | Proton sources? NO
v
2 | \ :
[ Interplanetar \ 1 Yy-ray sources? YES
= i P spaci\ SNR ‘ | But: only < 100 TeV and no confirmation of
i | hadronic acceleration, yet
10°g . Disk ~% @
R Galactic ol .
L e JU ] Neutrino sources? NO
e N e R O N N ‘_
1km 105kamE 1pc 1kpc 1Mpc
Size
Hamburg, 2013/04/15 A. Schukraft, RWTH Aachen 7



The multi-messenger approach

Charged particles are deflected

~ y-rays can be absorbed v

\ \

y Neutrinos are ideal
messenger particles




The IceCube Neutrino Observatory

Neutrinos interact e e A AT =

inside or near the B g
detector Iil. = " | |

Secondary particles ||| i ‘ ‘ I‘
| (At I
I|| ‘ 1l

produce Cherenkov
Cherenkov photons are | |i | 1 | |J

_ I |
light | | | |
detected by optical |

sensors in clear ice

86 strings

5160 sensors total

1450 - 2450m depth

Hamburg, 2013/04/15 A. Schukraft, RWTH Aachen



The lceCube Collaboration
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South Pole station
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lceCube's optical modules

B>
\

)
3

Holes drilled with hot water, up to 2500m deep

Signal digitization

Hamburg, 2013/04/15 A. Schukraft, RWTH Aachen
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] years of construction
(86 IC79

IC59 e

2005-2006 .. “
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1IC9 Data taking since 2005 - completed in 2010!
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How IceCube looks like now:
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Neutrino event signhatures

\)e+N—>e+X
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track - cascade
450 TeV muon 1 PeV electron

(simulation) (simulation)
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Events in IceCube

Astrophysical
neutrino?

Hamburg, 2013/04/15

A. Schukraft, RWTH Aachen




Events

The Earth as a background shield

m‘%
- Remove through
10°E reconstruction
= quality cuts
alr Downgoing Muons
10
Misreconstructed Muons
10°
10°E
10°F |
- Atmospheric Neutrinos
]'ﬂi E‘lu ___-_'-'”_ﬂ.‘”-.lﬂrﬂ"““?.: :""I-\..._‘ \//\¥
:irl‘*r'-.lqlriﬁ.“"' ‘.‘ T— ."‘(
o ety sl i |
10°E Final Sample 1;':-;"&
e South
@ ! Pole
| : \
: L
-1 05 0 05
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IC59
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Apollon - the highest-energy v event




Angular reconstruction

Angular resolution for a typical v, sample
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The IceCube physics program

E2 d/dE, [GeV om
3 3 3

PRELIMINARY
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,'/ . ; \
Preliminary \
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Diffuse/atmospheric o

Search for an extragalactic
neutrino signal CR

GZK neutrinos

Point source

Search for point-like sources

v . }; \J)f \

— galactic (e.g. SNR) ; V
— extragalactic (e.g. AGN) LAY
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% Prompt atms. neutrinos
Transient sources
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The IceCube physics program

PRELIMINARY

Search for an extragalactic
neutrino signal CR

GZK neutrinos

Search for point-like sources

— galactic (e.g. SNR) \ \ V
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Point-source all-sky scan it yeaf‘-;ofdat
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IC40+I1C59+IC79 point source results

PRELIMINARY o
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IC40+I1C59+IC79 point source results
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IC40+I1C59+IC79 point source results

PRELIMINARY
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Gamma ray bursts as sources of cosmic rays”?

GRBs could be responsible for the
entire extragalactic CR flux

Transient sources
(e.g. GRB)

~ 500 - 1000 bursts per year Steady point sources

(e.g. AGN, SNR, ...)

Signal events

-
-

S3UDAD punoJbdjoeg

Neutrino production in p-y
interactions

2. Break
TeV y-rays
ad 1. Break Onset of synchrotron
radiation for muons
and pions

p+y -’ 4p Y
—Y+TY+DPp

Cosmic rays? ~

N / |E 10'1 !

— It +1 inos? O :
/ TeV neutrinos” S 10_2 | "‘OO" /
+ p/ = 3 =
s - — 10
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Threshold for
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Searches for vs from GRB - model dependent

Model-Dependent — no correlation found.
Analysis: - | | |
- = Waxman & Bahcall 110°
Look for a correlation of —_ == |C40 limit
neutrinos with gamma ray T == 1CED.GUEHEEbal. e Az ooy
. " IC40+59 Combined, 2 St Ve \ —
burtsts assuming per-burst - — it ’ B . 2
. L4 1
spectra from y observations » IC40+59 Guetta,* X . £
G et al. ‘ v \ =
: : : £ " ; 2
Live during window of o ; A ¢ O
maximum gamma = ¥ %Y X -
emission (T90 = 30 s) 9O 10° . o ' -
e:: " “\‘ \‘ _ 10'1 L
-~ " s 1
e ’ “\‘ 1
’;' :’:' “ “
i ) , . S
76 10° 10° 10’

Neutrino energy (GeV)

Model assumptions:

Waxman-Bahcall: GRBs are the sources of extragalactic cosmic rays. Proton shock acceleration, production of
gamma rays and neutrinos. Normalization to cosmic-ray flux.

Magnetic Confinement Models: GRBs are the sources of extragalactic cosmic rays. Protons trapped by
magnetic fields - escape as neutrons (Rachen et al. 1998, Ahlers et al. 2011).

Non-Cosmic Ray Models: Fixed fraction of total GRB energy transferred to protons, which do not necessarily
escape (Guetta et al. 2004, Huemmer et al. 2012).
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Searches for vs from GRB - model independent

Model-Independent |
Analysis: - no correlation found.
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Limits are cutting hard into the
H H favored parameter space of
L ' I theoretical models.
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Summary point source searches

We have searches for all kinds of point-like neutrino sources:

All-sky search, stacking searches, transient searches, ...

- No event clustering found in IC22 - IC79 searches

- No hint on extraterrestrial point-like neutrino sources, yet.

... let's look for diffuse fluxes!

Hamburg, 2013/04/15 A. Schukraft, RWTH Aachen
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What Is a diffuse search?

Looking into all directions at the
X same time.




What Is a diffuse search?

Looking into all directions at the
same time.

/7 N

' Transient sources
(e.g. GRB)
™
" Steady point sources a
2]
= (e.g. AGN, SNR, ...) | €
9 o
) : s
v ‘ E 2
B =8 5 <
/ ‘ 7 ®
”
n

Diffuse searches
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Why diffuse?

Point source search Diffuse search
L. EY “n(L, )
EIL usin (BIL2) = [ [ [ buun (EIL2) 2 dz L ao
qbsulgle ( | Z) 47rdL( ) (Z + 1)»},_1 d dL
More promising for More promising for
« rare bright sources (e.g. GRB) « abundant extragalactic sources
« transient sources (e.g. AGN)

» galactic sources

An extragalactic neutrino flux could be detected even if the individual source flux is
below the detection threshold!

Hamburg, 2013/04/15 A. Schukraft, RWTH Aachen 34



Three recent diffuse searches

Complementary!

* Different event signature
* Different data taking period
« Different detector geometry

casacades Extremely high-energy
cascades

1IC59 v, 1C40 IC79+1C86

May 2009 - May 2010

April 2008 - May 2009

June 2010 - May 2012
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The sighature of a diffuse astrophysical flux
What we expect in the IC59 data sample:

~ 20 000 conv. atms. v ~ 70 prompt neutrinos < 40 astrophysical v
u
(Honda et al.) (Enberg et al.) (Waxman-Bahcall)
Energy distribution Zenith angle distribution
4(2 EI I | T T | T T I T 1T | T 1T | T 1T | T IE 4(2 :I T TT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | T TT I:
o 104 conventional atms. v, (HKKM2007) _| S 1600~ ]
> E 3 > - 4
(V) = prompt atms. v, (Enberg et al.) = () - i
103|;_ s astrophysical v, (10°* E?) —;, 1400__ —
102 N 12001 \:
_ - 1000~ =
= 7 - 800~ -
g 4 600~ .
E E K conventional atms. v, (HKKM2007) ]
= E 400~ 200 * prompt atms. v, (Enberg et al.) ]
- = B s 500 * astrophysical v, (10 * E?) ]
10° ¢ = 2001~ ]
:I 111 | 1111 | | | | | I | | | I I | Lol .t..! | LI |E :I 111 | 1111 | L1111 | L1l | L1l | L1111 | L1111 | [ | | | 111 I:
2 3 4 5 6 7 8 9 -1 -09 -0.8 -0.7 -0.6 -0.5 -04 -0.3 -0.2 -0.1 O
log10(E  [GeV]) cos(6,)

~ 30 u background

. . (including absorption in the Earth and detector acceptance
(<0.2% contamination!) 9 P P )
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The atmospheric background Cosmic ray

Cosmic ray ®
Dominating at

> 100 TeV
Dominating at
<100Tev P® J
/ D+/-’ DO,
|—|+/- K+/- DS+/-’ N +/
Conventional KO ¢
atmosp_heric
neutrinos + atmospheric
® L neutrinos
VIV v I . o
e’ uow Astrophysical v ?
1:2:0 Vv H 3 ViV i M
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The analysis method

Astrophysical Prompt Conventional
0 -] F g
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g 1
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- 2-dim global fit

— Taking full advantage of energy and zenith angle information
(sensitive to the shapes of distributions!)

- Systematic uncertainties are parameterized and taken into account as free
fit nuisance parameters

- Fit for nuisance parameters and signal parameters at the same time

- The high statistical power of conventional atmospheric neutrinos
determines the systematic uncertainties
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The challenge: systematic uncertainties

(7)) =1 T 11 L | L L L T 1T T4 . . .
5 4 | converitional atmsI (HKKIJIZOO7) i SyStematIC uncertainties
: .V .
% 10 rompt atms. v (En;erg otal) affect the shape of signal
. and background distributions
103 m— gstrophysical v, (10~ * E™)

Detection uncertainties:

* Optical ice properties at South Pole
* Optical efficiency of sensors

* Neutrino interaction cross sections
« Muon energy loss cross sections

Atmospheric neutrino
prediction uncertainties:

1021 » Rate, shape and composition of the

= primary cosmic ray spectrum

u * Pion-Kaon ratio in air showers
103 . =

= A ) o

- . -

_I L1 1 | I I | | I I | | I | | I I | L.l .t .1 I Lt

2

3 4 5 6 7 8 9
log10(E  [GeV])
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Example: Optical efficiency

events

Relative uncertainty of the
optical efficiency
composes of:

Photon light yield
Absolute PMT efficiency
Cable and metal grid
shadowing

Global ice transparency

Total uncertainty:
O(15%)

Affects event rates in the tail
of the energy distribution
- free fit nuisance parameter

Hamburg, 2013/04/15
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events

Results

4
10 Preliminary

10°

10° Best fit

Astrophysical 2K

0.3 *108E>
GeVlcm?stsrt

10

(O-signal excluded with 2.10)

IC59 data
conv. atms.v, (HKKM2007)

—— CONV. atms. v, (HKKM2007 + best fit nuisance)

astrophysical v, E* (best fit)

Best fit
Prompt %
0
(within errors

consistent with
prompt models)

1
Boreas

|
pollon

2 15 1 05 0
Presented @ NEUTRINO2012
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Experimental constraints on astrophysical models

90%CL upper limit

Factor 1.5 above the
Waxman-Bahcall upper

bound

|_— sensitivity

Best fit flux

= | [ T T T T T T T T T T T T T
-
2105 AMANDA v, 2000-2003 90%CL limit —
» — ANTARES v, 07-09 90%CL limit -
o~ — IC59 v, diffuse sensitivity _
'E - IC59 v, diffuse best fit —
o — IC59 v, diffuse 90%CL limit —
> | conventional atmospheric v, (HKKMO07) .
f conv. (HKKMO7) + prompt (Enberg et al.) atms. v,
Q) 6] WB 2011 |
=10 — Mannheim 1995 -
IJ.I> - BBR I 2005 steep spectra sources —
5 o BBR 11 2005 jet disk correlation _
~ _ Stecker AGN (Seyfert) 2005 -
% High Peaked BL Lac (max) Mucke 2003
B WB GRB 2011 n
it}
07 e N
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- M
— . \ -
V4 ‘ \
- 4 ‘ N
10° S : =
— ’ v
= preliminar ;
I I | I/1 [ P | L1 1 | | L\l I".l | I N | L1 1 | |
3 4 5 6 7 8 9
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Phys.Rev.D78:043005,2008

Enberg et al.:

Models for prompt neutrino fluxes

Martin et al.: Acta Phys.Polon.B34:3273-3304,2003

Bugaev et al.:

Phys. Rev. D58:054001, 1998
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prompt atms. v, (Enberg et al.)

mmmmmmmmmmmmm prompt atms. v, (Bugaev et al. - RQPM)

n

prompt atms. v, (Martin et al. - KMS)

(
(

e w1 POMPL AtMS. v, (Martin et al. - GBW)
u

(

i prompt atms. v,, (Martin et al. - MRST)

1 IIIIIII
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B Predict 50 - 300 prompt

= events in the data -
- sample of 22 000 events N
— . . «
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4 4.5 5 5.5 6 6.5 7 7.5 8
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Ingredients:

* Primary cosmic ray
nucleon flux

» Differential cross section
for gg —» ccbar, gq = ccbar

 Nucleonic and charm
attenuation and interaction
lengths in the atmosphere

 Charm semi-leptonic decay
spectra

Interesting because:

Provides experimental input to
QCD physics at small x
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Parton distribution functions at small x
- the challenge in the prediction of prompt fluxes

tl)ig)](h=ege(rlg(i)§7s) (PeV, EeV) + forward direction % [Eibies) ek 2l

This region is hard to access for collider
experiments!
Total pp = cc cross section:

LR ALL LR ALLL. I SR LLLL B RLLL | LA AALLL LA LLLL | LELELELLL
| v | [ Atlas and CMS
N> _ () Atlas and CMS rapidity plateau Different calculations give very different results if
O ) DO CentralePwd. Jots extrapolated to high energies
o =1 CDF/D0 Central Jets 103 T T T T T T ]
N~ P Data ~—e— 1 New
e Saturation |
~ 02|  CTEQ3 | data
= ; MRSA V.
O == MRSG / since
() D- 1
- 10 ~ 1 2011
LHet { o 10°} 2IAR T~ I
B O I - \
|‘H| Fi . : j © A | ' ATLAS
i S e 100 ¢ 3 ALICE
[ targe ] _ $ UA2
] 102 | #*
102 | f . ;
X 102 10°  10* 10°  10®° 107 108 10°
E, [GeV]
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Experimental constraints on prompt models

90%CL upper limits

Intrinsic charm model
(Bugaev et al.)

ruled out at 90%CL.

pQCD prompt atms.
neutrino flux predictions
are not yet in reach.

Limits are ~ factor 5
above model predictions

Only experimental

constraints on prompt in
this energy region!

Hamburg, 2013/04/15
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(models shown here as published without knee correction)
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|C40 cascade analysis

Requires different techniques for
background rejection:

I : , « Require spherical shape
Very local energy deposit _ _ o

— good energy resolution! « Require containment inside
PDono3ommopriioap mEomafinoiraonnoenm the detector (BG rejection)
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rottromordnni £ o Different signature
Spherical shape
— poor angular resolution

-
"

Different detector geometry
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- - o “ N i T L L T A

Different year

Same energy range
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Selection of high-energy cascades

1 .
Search fo_r 2849 0 1278 2555
° conta!ned Low enefgy sample
 spherical |

cascade-like

neutrino events High en¢rgy

BDT output
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The IC40 cascade energy spectrum

2.40 excess over atmospheric
Vv + M background (conv. + prompt (Enberg et al.))

W atm. p 2 atm. g + atm. v
B atm. ve +v, (conventional) [ 4.2.10°GeVstcm?2sriE? (v, ;=1:1:1)
B atm. ve +v, +v; (prompt) o data o
B | | | I B
- preliminary low or high
102 - stat. errors only energy sample -
T - ]
— [ ]
5 f 4 ]
1
W 107 E
2 - ;
E - ]
£ i |
8 10°F E
Q - ]
Q_ - .
% i .
c
) 1 _
10" E e
& F :
1075
3.0 3.5 4.0 45 5.0 55 6.0
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log10(Ereco/ GEV)

A. Schukraft, RWTH Aachen

What are the HE
events?

Conventional atms?
Unlikely

Prompt?
Not very likely

Enberg et al. Prediction
would have to be
increased by > factor 10

Astrophysical?
Maybe

(consistent with the
muon channel and
present limits)
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EHE neutrinos from the GZK effect

CR

E2 d®/dE, [GeV cm? s sr-1]

1 V

Cosmic rays interacting
with CMB:

P+V,,2A"»n+m
>N+ U +v-o.,

Energy threshold:
6 * 10" eV
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Angular acceptance for EHE events

(L e L U L 'l')'é > PeV neutrinos are absorbed
- Effective area = (b) by the Earth
= measure of the sensitivity
" per energy and solid angle
_10°F
E f
s F
< —
= 10%F :
S f :
= _ = ~
= E——— E
= = .
- _ i
Need to look upwards!
lo_z_l ] ] I L1 1 1 | L1 Tll Ll | I [
7 8 9 10 Need different background
log E, /GeV rejection techniques!
10 B
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Background rejection in the EHE analysis

A AT'S 10

Atms. BG Total atms. Background
(simulation)

Flux

Energy

GZK signal

10

log NPE

>

Energy

Remove background with an
energy cut

331 08-0.6-04-02 0 02 0.4 0.6 0.8 1

cos O
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lceCube's first PeV events
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Brightest string positions in IceCube

IceCube-86 (78+8) interstring (surface) distances
. string

® |ceTop tank

Ernie
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o
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S
T \
Grid North
—
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@, S
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e . N L L L L L L L L L | L | L ‘ L ‘
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Reconstruction of EHE cascade events

Best cascade fit

Reversed orientation

~+ + Exp. data
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Distance to source (horizontal, along axis) [m]
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A. Schukraft, RWTH Aachen

time

Width of waveform
related to direction
of Cherenkov cone

Height proportional
to energy
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What are they?

2.70 excess over atmospheric
V+ background (conv. + prompt (Enberg et al.))

Expected event numbers: 10° —e
[~ Background sum
. : 10 e atmospheric [
Conv. AtmOSpherlc vV + M e atmospheric v conventional
— O 05 o atmospheric v prompt
' 10°e —— GZK v Yoshida et al.
- GZK v Ahlers et al.
2 10 —— GZK v Kotera et al.
. = = ——— EX0(v +vu+v1)=3.6x10'8[GeV sr' em2 s
Prompt atmospheric v 4 - ‘
@ 1 4 |—| - .
~ 0.1 (Enberg et al.) = = reliminar
N - | . —— p y
2 10'g L —
Ef =
: -
Z 1071 —
10° s
Astrophysical? A
Maybe 10 :
Expectation depends on - e,
normalization, slope and 10—5 L.l | o T L1 | 1 |
cutoff energy 4.5 5 5.5 6 6.5 7 7.5
loguI NPE
Energy
>
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Check coincidence with IceTop

Atmospheric background neutrinos
would be accompanied by an air
shower, which can be seen with IceTop

IceTop hits in the trigger time
window of Ernie and Bert

Geometrical
not possible
as Cascades
2 .1km deep

Coincidences

IceCube

Ernie: no IceTop hit
Bert: 1 IceTop hit

time relative to center of the event in us

Expected random coincidence: 2.1 events
Before first Hit: Correlation

— no hint on CR shower for Ernie & Bert possible After the Event no
Down-going correlation possible
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>

How to find more Muppets

|ldea:
Lower the energy threshold
of the EHE analysis

Atms. BG

Challenge: GZK signal

atmospheric background Astrophysical
coming in!

Strategy:
Look for starting events in
the detector lceCube /

Energy

- these must be neutrinos!!!

Efficient veto
for atmospheric muons

Sensitive to cascade-
and track-like events

4n angular coverage!

Very dirty ice layer
- needs some
special treatment

If the observed
overfluctuations are a signal,
this type of analysis will be

able to proof it! “
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‘. , . . . . B
Summary on IceCube s searches for. :
astrophy5|cal neutnnos

ol e .' ; : ; / ' .’ »

1ceCube IS completed running stable and*hgs reached the
sensitivity to cnallenge theoretical predlctlons for astrophysical

neutrlnos
‘ .
+ No h|nt on galactic or extragalactie neutrlnos in steady and
- transient p0|nt soe searches : . .
¢ . \ 3 . - ’ A . e .

» In the diffuseschannel, we observed hlaenergy excesses at the
IeveI of 2-3a,in complementary anaIyses 3 .

*We do not know y&t, what these h'gh energy ne!Jtnnos are

°- An astrophysmal |nterpretat|on is consistent W|th aII analyses (T

« We are working or eXC|t|ng foIIOWrup.anaIyses' GinptgE .
Results are expected very soon' _—
- ' " | - '
- . . .



Back to “Iow energles

= 10 == | | | | | | | | | | =
7 — ———— conv. atmospheric v, (HKKMO7) 3
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0 3 prompt atmospheric v, (Enberg et al.)
o 107 Py pete e RN prompt atmospheric v, (Martin et al.) —
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— oILILIEIET Mannheim 1995 —
% — — — — BBR | 2005 steep spectra sources I
O 1 04 = BER Il 2005 jet disk correlation —
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o — - WB GRB 2011 —
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o 107 E GZK Allard et al. 2006 =
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Hamburg, 2013/04/15 A. Schukraft, RWTH Aachen 59



lceCube as a long-baseline experiment

N N NS 0

Ve vV, V.
y
v, P N AT
V3

0.0
Amj =7.59-107°eV?
&m;fl =2.43-10%eV?
=339 0,s=0.1°
i 12 13
923:45-00

—-0.4
—-0.6} v
disappearance
e -0.8 0
I %&

i 1\ ) ]

Baselines from several 1.0; . o Tl

100 to ~ 13 000 km! B/ GeV
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lceCube/DeepCore

Opera A low-energy extension of IceCube

T T

Formed by 8 extra strings and 7 IceCube
strings in the center of IceCube

Denser horizontal spacing of strings (70m)
Denser vertical spacing of DOMs (7m)

!ﬁ | ..f| | Hi
| s

Hamburg, 2013/04/15 A. Schukraft, RWTH Aachen 6l




First oscillation results with IC79

f!ndaf=52.?fzﬂ (no oscillations)

Low-energy sample IC79

The no-oscillation
scenario is rejected
at the level of 5.80

PRELIMINARY

No. Events (318 days)
<

719 events

— M, std oscillations

Neutrino energies:
20GeV - 100GeV

—— MC, no oscillations

IIIIIIIIIIIIIIIIIIIIIIIIII I|IIII IIII|IIII
-09 08 07 V6 05 04 -03 02 -01 O
cos(@)

14
1.2

data/MC

. L, G
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Mixing parameters

7]1 1 | ! ] I 1 | I ] I | ] | L i ] I LI I ! | LI I | L] | |
_ MINQOS, 2012 90% ]
- Super-K, 2012, 90% -
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| essesnsnins lceCube-79, 68% :
| e |[ceCube-79, 90% :
O B "
> |
@ _
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€
a |
3_
2_
- PRELIMINARY
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Extracted mixing
parameters are
consistent with other
measurements.

Follow-up analyses with
larger statistical
samples (factor ~10)
and the use of energy
information are ongoing



Future plans: PINGU cecube  PINGU Footprint

string a ® Deep
Precision IceCube Next Generation Upgrade Core

string
A proposal to increase the IceCube/
DeepCore performance at low energies

DeepCore + PINGU
Hamburg, 2013/04/15

A. Schukraft, RWTH Aachen 64



PINGU physics goals

Due to the MSW-effect electron
neutrinos behave different in matter.

-V, disappearance

. V_appearance

* Neutrino mass hierarchy
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PINGU matter oscillations

P(v,—v,) with Travel Through the Earth - 10 GeV, 179
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Hierarchy signature

NH-NN/(NVH)Y2 [PINGU 1 Year]
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The performance of PINGU will strongly
depend on the accuracy in

 Energy reco

« Zenith angle reco

e Flavor identification 1 09 08

- work in progress!

Hamburg, 2013/04/15 A. Schukraft, RWTH Aachen

-° Truth

Reco?

NH-NMFY/(NYH 2 [PINGU 1 Year]
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