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energy measurement (> 1 TeV)
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pair-creation
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convert the amount of light emitted
to measurement of the muon
energy (number of optical modules,
number of photons, dE/dx, ...)
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Differential Enerav Reconstruction of 5 PeV Muon in IC-86
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Improving angular and energy resolution




lceCube / Deep Core

5160 optical sensors
between 1.5 ~ 2.5 km

e 10 GeV to infinity

« <0.5degree on-line
< 0.2 degree off line

< 30% energy resolution

Digital Optical Module (DOM)
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construction of lceCube, year b

construction
completed: Dec
2010.

Fully operational
(all strings): May
2011
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drill and install
60 DOMSs In less
than 2 days

drilling and deployment




architecture of independent DOM

10 inch pmt

LED
flasher
board

HV board




Digital Optical Module (DOM)

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

Digitized Waveform

...time stamps them with 2 nanoseconds
precision and sends them to a computer
that sorts them into neutrino events...
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Type: ~PFlus
E(Gev): | 422404
Len; 17, 37%.deg
gzi: 253.08 deg
WTrack 25071828 shown, min E{GsV) == 1184 _25
NCose: 100714225 shown, min, E[GeY) =

=\ 0,94




... you looked at 10 msec of data !

muons detected per year:

e atmospheric* L ~ 101

e atmospheric** v 2> [110°
e COSMIC V2> U [110

* 3000 per second ** 1 every 6 minutes




Run 110977 Event 6561545 [Ons., 40000ns]
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lceCube 40 + 59 strings out of 86

43339 neutrinos
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oscillations in DeepCore [5.6 sigma] Andreas Gross

Low-energy sample IC79 High-energy sample IC79
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Low-energy sample IC79
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neutrino oscillations in Deep Core
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resonance in effective 013 angle traversing the Earth diameter at 10 GeV




hierarchy: sign A;?

A




~ 10 GeV : hierarchy revealed by
“large” matter effects in the Earth

- 2
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(mostly) neutrino + antineutrino -

sign A,; : hierarchy !
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Mumber of Events

number of nu-mu events versus cosO in IceCube 40
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Cos(Zenith) Distributions
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sources accommodating the observed energy budget

Galactic: —
supernova
remnants?

Grigorov
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extragalactic: Ao
HiResl
gamma ray HiRes2
bursts? Auger 31
_ Auger hybrid

active
galaxies?

Kascade
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shock acceleration (solar flare)

, 'Pw |
.\

0 GeV
particles

flows of charged particles result in large B-fields




Hillas formula :

e accelerator must contain the particles

ngro (_ ) <R

EquBR

e dimensional analysis, difficult to satisfy
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cassiopeia A supernova remnant in X-rays

gravitational energy
released is trans-
formed Into
acceleration

acceleration when
particles cross
high B-fields




collapse of massive
star produces a

gamma ray

burst /

/
ninning black hole

shocks produced
In the outflow of
the spinning
black hole:
electrons (and

protons ?)
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diffuse flux limit
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cosmic rays Iinteract with the
microwave background

p+y - n+ and p+ 77

cosmic rays disappear, neutrinos appear

E, >22x%x10°TeV

~1 event per cubed kilometer per year
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GZK neutrinos: > 41,000 photons near the horizon

number of
channels
> 300

—

Energy of incoming particle e Energy-losses in detector «« number of photo electrons (NPE)

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

m

Experimental Data (10%)
“u.a?— oo

1!

" Background
0.144/livetime

unblinding: 2 events in the signal region










tracks and showers

muon track




Zenith Z.68676
Azimuth 1.66955




fenith Z.68BG7E6
Azimuth 1.6869855




Distance to source (vertical) [m]
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(-

Event rates / bin / livetime

o
~

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=21.5

E*0 = 1.4 x 10”® GeV em? sr! 71 (ICS9 limit)

Background (atm. p + conventional atm. v)
- Atmospheric prompt v mnperg sia.

' —l— IﬁeCuhe 2010 2012 {6T3d.1v5} Pl'elll]llllﬁlr}f

6.5 7

1.1 and 1.3 PeV
< 35% systematic
error

directions soon

flux at present
level of diffuse
limit

largest bkgd:
atmospheric
charm
< 0.2 evts
no air shower




collapse of massive
star produces a

gamma ray
burst

spinning black hole

neutrinos are
| produced in the
Interactions of
fireball protons
(cosmic rays)
with synchrotron
photons




decays to PeV neutrino

T

D+y - N+ 77

l

decays to cosmic ray

GRB: one neutrino per cosmic ray observed
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- Using satellite information (time and direction, GCN)

Off-time > On-time (blind) > Off-time
T BMprompt @background
[ @ | Eprecursor Emodel independent
(~100 s) (several hours)

very low background — 1 event can be significant !

» 98 bursts (northern sky) observed
with IceCube 59 strings §
* Individual modeling of neutrino fluxes =
(fireball model) |

- Total Individual Spectra |
|
== ‘Waxman & Bahcall
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GRB on probation
Model Predicted v | Fractional Upper Limit
Reference Fireball (CR-normalized) 2 84 0.04
Waxman 2003 (CR-normalized) 27 0.11
Guetta et al. (y-normalized) 14 0.21
| oxxxx1 1C40+59 Allowed (90% CL)
IC40+59 Allowed (95% CL)
107 b —e— Waxman-Bahcall 3
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—— Abhlers et al. — 10
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conclusions
e Hess 1912.... and still no conclusion

 the Instrumentation is in place ...

e ... SUpernova remnants, cosmogenic v
and GRB are In very close range !

e first 86-string unblinding: two >PeV events
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muon astronomy: nearby Galactic source(s)?
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