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sources accommodating the observed energy budget

Galactic:
supernova
remnants?

G
-
>
()]
Q)
‘n
-
)]
o
=
N

Grigorov \

Akeno A
MSU +——x—
KASCADE
HEGRA —&—
CasaMia —e—
. - —
extragalactic: — ACOADErari——e

\ ; AGASA
gamma ray : HiRes 182

i A 2009
bursts?  Allpartiole fit

e active
galaxies?

254dN/dE

Wednesday, October 30, 13



T 10 e m Frejusv
,?' - g 0 Frejusv,
h;n 102 4_____,_....4: SuperKv
§ - /)L AMANDA v
> 10° 6’/)&, o unfolding "
. s %, foward folding
104 o &L iceCube v,
o g 2@ A \ e unfolding’
g 765 L "a,a X foward folding
%,
10 - ’
8 'O"On-,
108 . it
100= - Galactic supernovae ﬁ S
— , L ]
'9 | N I | | | | I L1 1 1 ] L1 1 1 I el V] L1 1 L1 1 1 I Bl 1 | I \’.
10 = 10 3 s s 7 8
events I°g1o (Ev [GeV])
per km?yr

Wednesday, October 30, 13




10°

E2 d®/dE, [GeV cm? s sr]

107

108

10°°

IEREI

[ IIIIII|

LTI

[ |

AMANDA v, 2000-2003 90%CL limit
ANTARES v, 07-09 90%CL limit
IC59 diffuse sensitivity

IC59 diffuse 90%CL limit

IC40 atmospheric unfolding
conventional atmospheric v, (HKKMO07)

conventional (HKKMOQ7) + prompt (Enberg etal.) v,
Waxman-Bahcall upper bound (2011)

Mannheim 1995

BBR | 2005 steep spectra sources

Stecker AGN (Seyfert) 2005

High Peaked BL Lac (max) Mucke 2003

Prompt GRB Razzaque et al. 2008

59 strings, 1 year
* sensitivity
o “limit”

[ LI

I

|
|
!
|
|
|
|
|
!
:

/
/
/

/

"+
-
é
&+

T'«" R

L 4
..
,:;-‘!

[

_~Preliminary

_l'
A B

L L1

|,4"|/

4

2

o | IIIIII|

4 5
log10(E [GeV])

Wednesday, October 30, 13




neutrino astronomy

francis halzen

cosmogenic, supernova and GRB
neutrinos

lceCube

evidence for cosmic neutrino

—

-y
‘ .‘.. ®
\W/

outlook

lceCube.wisc.edu

Wednesday, October 30, 13



* shielded and optically
transparent medium
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* shielded and optically
transparent medium
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93 TeV muon
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93 TeV muon

Type: NuMu
E(GeV): 9.30e+04

Zen: 40.45 deg

Azi: 192.12 deg
NTrack: 1/1 shown, min E(GeV) == 93026.46
NCasc: 100/427 shown, min E(GeV) == 7.99
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93 TeV muon
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energy measurement (> 1 TeV )

I / }v Sy

Z —0 =5 \"%9*9’3 -,
Y “photo-nudlear  Pair-creation

bremsstrahlung
1 36.43 deg
i: 120.51 deg
r : 11/11 shown, mi (Gev) == 1.42
: 10071079 shown, E(GeVv) == 3.41

convert the amount of light emitted L/
to measurement of the muon CLRL LT
energy (number of optical modules, i

number of photons, dE/dXx, ...) BRE A \

Run 433700001 Event O [Ons, 40000ns]
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Differential Energy Reconstruction of 5 PeV Muon in IC-86

Monte éano Truth ——— '
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Improving angular and energy resolution
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lceCube / Deep Core

IceTop

5160 optical sensors
between 1.5 ~ 2.5 km
10 GeV to infinity

< 0.5 degree on-line
< 0.3 degree off line
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architecture of independent DOMs

LED
flasher
board

. HV board
main

board
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Digital Optical Module (DOM)

.. each DOM independently collects light signals
like this...

Digitized Waveform

20 40 s0O 80 100 120

(@]

...lime stamps them with 2 nanoseconds
precision and sends them to a computer that
sorts them into muon and neutrino events...
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Typg: PPlus
E{CeV¥}: | 42e+04
Zen: 17,37 .deg
Azi: 253.08 deg
NTrack 7250/ 1828 shown, min E{GeV) ==
NCosc: 100/14225 shown, min E(GeV) ==
A S
¢ ]
X

/
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... you looked at 10msec of data !

muons detected per year:

e atmospheric* wu ~ i

« atmospheric*™ v 2> wu ~10°
e COSMIC vV 2 U ~ 10
* 2700 per second ** 1 every 6 minutes
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Neutrino kymaps
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Figure 2: Sky plot of all events that pass level 4 quality cuts
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GZK neutrinos: > 41,000 photons near the horizon

r N humber of
channels

Optimization based MC and MC verification based on 10% experimental ‘burn’ sample

Background MC [Experimental Data (10%) Signal MC

3 E .l .

1
8
6

" Background
0.144/livetime

unblinding: 2 events in the signal region
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neutrino flavors

length of T track = 50m x 5
: PeV
hra\dronlc hadronic
snower
e M v T v
hadronic
shower
hadronic .
+ electromagnetic hadronic
shower shower
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tracks and showers
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tracks and showers

cascade

Cherenkov

muon track
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digital optical module 44 on string 20 only

44,20: 7e+02 PE
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Blue: best-fit direction, red: reversed direction

Wednesday, October 30, 13




=)
w

[ILLLAL

GZK v Yoshida m=4 Zmax = 4 y=2
GZK v Kotera FR2, Emax 316 EeV
GZK v Ahlers m=4.6 Zmax=2 y=2.5 | energy
E*) = 14 x 10 GeV em™ sr! 51 (ICS9 limit)
Background (atm. u + conventional atm. v)
~  Atmeospheric prompt v rnperg sta. 1 ,041 TeV
| —0— IceCube 2010 2012 (673davs) Prelmunarv '

. , , , , 1,141 TeV

[o—
o]

to
L

L IIlIlll

(15% resolution)

[y

Event rates / bin / livetime
=

* not atmospheric:
probability of

| I W= Bl 1O accompanying
__Prglzmtlgary Bl muon is ~ 103 per

event

ek
<

| IIIIIIII

- flux at present
level of diffuse
| I I | - — | |imit

| Illllll| | lIIlIIIl

6.5

Wednesday, October 30, 13



» find more contained N

events (420 Mton)
* total calorimetry ID
* complete sky coverage :I

 flavor determined

* some will be muon | I
neutrinos with good

angular resolution I_

loss in statistics iIs compensated by event detinition
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Tagging muons

veto efficiency by two how many
layer anticoincidence P

. secon

measurement: g
tag muons in the veto
region and see what
fraction is vetoed by
the layer of detectors
below; no simulation
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Veto

) -
th 0.381841 %
mutih 0.0268428 o

©

the shower that produced them:
none seen

atmospheric neutrinos are
accompanied by muons from

(no signals in IceTop)
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what we found
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showers from the South tracks
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data: 86 strings one year

Clear separa.t_.',io"ﬁ of signal and
e ....,b_qgkgrougd’population above
~6000 PE-....
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Charge Threshold
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Charge Threshold

total charge collected
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Charge Threshold
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Charge Threshold

(-
o
—

— : — .
= Background Atmospheric Neutrino Flux

: Background Uncertainties (Atm. Neutrinos)

| Background Atmospheric Muon Flux (Tagged Data)
F| — Signal+Bkg. Best Fit Astrophysical £ Spectrum
e®e Data

(-

o
N
|

(-]
o
w

significances are lower limits: |
Pl increased rejection of higher g
energy events not taken into |

account

(-
o
IS

(-
o
G

Fractional Veto Passign Rate Per Bin

////7/////////////////%’ ///////// /

Preliminary

-]
o
L)

108 10°
Total Collected PMT Charge (Photoelectrons)

Wednesday, October 30, 13




preliminary l > 100 TeV (50 EM-Equivalent): 18 events
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itemization of background

* downgoing muons™:
» atmospheric neutrinos™*:
e combined:

* 4 observed
** charm included (< 3.4 events at 1 o : IceCube limit

obtained with 59 strings)
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events have properties of a cosmic flux

atmospheric background:

« mostly from North (through the Earth, insufficient target to
produce neutrinos from the South)

* mostly muons (neutrinos and cosmic ray muons)

cosmic flux:

« mostly from the South (PeV neutrinos absorbed by the
Earth)

mostly showers (1:1:1 flavor composition and only CC muon
neutrinos produce a track)
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not neutrinos from production and prompt
decay of charmed particles in the atmosphere

lceCube data do not fit the energy dependence
required by a charm signal.

same for the zenith angle dependence.

rate required to explain the data exceeds

our own experimental limit by more than a factor
of 2.

level of charm background allowed by the

data (actually, no evidence yet) is consistent

with expectations.

no evidence for the air shower that would have
produced the charmed particle (no muons!).
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atmospheric muon (blue) + neutrino (red) background
+ astrophysical E2®(E) =(3.6+£1.2)-108 GeVecm—2s~1sr1

.

energy deposited in the detector zenith angle
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Most likely event direction
X track-like events
+ shower-like events

RELIMINARY

+

shower events fiEo
17
‘p-value = 8%
i g =
11 :
23 + 27
8 | t [ all events
16+ X :
p-value = 80% f&:':
7
4
+ 19 t

Equatorial

0 TS=-2log(L/LO) 12.4
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[ B 00
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local enhancement of isotropic diffuse flux («=159)

Galactic
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Galactic

-90°

0 6
local enhancement of isotropic diffuse flux («=159)

Wednesday, October 30, 13




[GeV'' m2srsT
2
|

dN

M.....

dE dA dQ dt

E2.7

6

Systematic err
Single power-I|
[EA Y (051 PR | [ SN P [0 |
6.5 F § F il 8 8.5
Iogw(E/GeV)

Galactic or

the relevant energy range of cos-
mic rays producing PeV neutrinos

ary

Wednesday, October 30, 13




conclusions

* first evidence for (- observation of)
cosmic neutrinos

* origin not revealed (yet), several
analyses in progress to identify
sources— muons are the key

* one more year of data ready for
unblinding, more being taken

lceCube.wisc.edu
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10% of data taken during year 2 of lceCube unblinded
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Increase in threshold not important
(in the region where atmospheric background dominates)
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IceCube 86

spacing 120 m
spacing 240 m |
spacing 360 m
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Spacing 1 (120m): lceCube
(1 km?)
+ 98 strings (1,3 km?)
= 2,3 km3

Spacing 2 (240m):
lceCube (1 km?)
+ 99 strings (5,3 km?)
= 6,3 km?3

Spacing 3 (360m):
lceCube (1 km?)
+ 95 strings (11,6 km?)
= 12,6 km?3
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