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Neutrino and gamma production
IN cosmic ray accelerators?

The TeV gammas?
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astrophysical

iC yay

102 Hz cos™m

“Atmospheric
muons” from cosmic
ray showers,
penetrating to the
detector from above

“Atmospheric
neutrinos” from the
same air showers,
forming a diffuse
background and
calibration beam

Astrophysical
neutrinos: interesting
signal
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pions, kaons and charm......  cosmic Ray

“conventional”  “prompt”




The diffuse HE neutrino sky
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Diffuse searches are hard

 Background must be well predicted from
simulation (no “off-source” / “side-band”
region for direct measurement as in a
point source search!)

e Backgrounds

— atmospheric muons (angle)

— atmospheric neutrinos (angle, energy)
* pi, k decays (“conventional”)
« charm decays (“prompt”)

Also search for prompt flux as a signal

Gary C. Hill, TeV-lll, Venice, August 29, 2007



IceCube Deployment B i,

2006-2007:
13 strings deployed

M

lceTop —

Air shower detector
Threshold ~ 300 TeV

22 strings
1320 digital modules
\ 52 surface detectors

Y 2005-2006: 8 strings

14""""&-
' 2004-2005 : 1 string
Inlce First data in 2005
\ , | first upgoing muon:
planned 80 strings of 60 | \\x July 18, 2005
optical modules each H“‘x\\
AMANDA
17 m between modules 19 strings
125 m string separation ., A e O77 modules
Eiffeftornet

Completion by 2011



Depth

— 2500 m

top view

200 m

ANDA-II

P \ punch-through
— muons

., atmospheric
) 3 neutrinos
extraterrestrial

neutrinos

Construction: 1995-2000
19 strings, 677 Optical
Modules (OMs)
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2000-03 diffuse through-going
2500 muon analysis - Jessica Hodges
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Real data, trigger level, after first
directional reconstruction
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Remove wrongly reconstructed
atmospheric muons by tightening
event selection criteria...
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Events

10*

102

10°

|||||rl1 ||||||rl] ||||lIlT| ||||||rl] UL |

—a«— Data2000-2003

Uncertainty in atmospheric v flux
Bartol atms. v model

Honda atms. v model

Bartol & Honda av. atms. v model
dCorsika atms. u

Siﬁnal v

¥ T 1 1 1
-0.6 -0.4 02 0
Cosine of Reconstructed Zenith Angle

Gary C. Hill, TeV-lll, Venice, August 29, 2007



—a—— Data2000-2003

10*

Events

10

—————— Honda atms. v model
—— Bartol & Honda av. atms. v madel

——— Signal v o

Uncertainty in atmospheric v flux
Bartol atms. v model

dCorsika atms. u .

-0.6 -0.4 02 0
Cosine of Reconstructed Zenith Angle

Gary C. Hill, TeV-lll, Venice, August 29, 2007



Clean upgoing neutrino sample
mostly atmospheric neutrinos
— diffuse analysis level
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Events
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The simulation is scaled so that
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............... E%

signal
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66.7 events

signal

bg =7.0 (6.1-8.3) events
median limit = 6.36

MRF = 6.36/66.7 = 0.095
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Events

The high energy data set is unblinded.

The number of high energy (N, >100] data
events is counted and compared to the
hackground simulation.
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Background prediction
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contribution =4.95
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® ~ E2 Flux Models and Upper Limits
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Other astrophysical models and upper limits
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Normalized Counts

Signal
concentrated
at the horizon
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| True Energy of Events in the Final Sample
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« Searched three years of data from 2000 - 2002
— 456.8 days of livetime

e Found no significant excess

E2d <2.4x 107 GeV/(cm?ssr)
(PRELIMINARY)
valid over the energy range of
2 x10° GeV - 107 GeV

(including uncertainties)

AII-fIavome by 3to
compare to muon limits
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Baikal 1998 - 2002 ( all-flavor / 3 )*

RICE 1999-2005 ( all-flavor / 3 )*
AMANDA-II 2000 unfolding (prelim.)
AMANDA-II 2000-3 v limit

W&B limit/2 (transparent sources)

Full lceCube 1 yr

*assumes a 1:1:1 flavor ratio at Earth
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*assumes a 1:1:1 flavor ratio at Earth
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What next for diffuse analyses?

lceCube 9 and 22 string analysis...

“Cut and count” Poisson analysis constrains the
sum of contributions in excess of the
background

Can constrain extra-terrestrial flux if you assume
something about charm flux and vice-versa

Wil use information in the shape of the sensitive
observables (likelihood analysis in e.g. Nch,
zenith) to simultaneously detect/constrain the
conventional, prompt and extra-terrestrial
components

 multivariate methods, likelihood analysis

Gary C. Hill, TeV-lll, Venice, August 29, 2007
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IceCube Deployment B i,

2006-2007:
13 strings deployed

M

lceTop —

Air shower detector
Threshold ~ 300 TeV

22 strings
1320 digital modules
\ 52 surface detectors

Y 2005-2006: 8 strings

14""""&-
' 2004-2005 : 1 string
Inlce First data in 2005
\ , | first upgoing muon:
planned 80 strings of 60 | \\x July 18, 2005
optical modules each H“‘x\\
AMANDA
17 m between modules 19 strings
125 m string separation ., A e O77 modules
Eiffeftornet

Completion by 2011



Event Signatures in lceCube

10%3 eV (10 TeV) 6x10™ eV (6 PeV) Multi-PeV
~90 hits ~1000 hits
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v, Signature v signature

Expect about 100,000 events/yr
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‘PTah; deploy 14 stnngslseason
Completion: 2011 & .,




IceCube EHWD significant
operation — entire drill camp setup,
including generators, heater plants,
fuel systems, and support
workshops. This camp doesn’t
move during the season.

2 drill towers connect to central
plants and leapfrog over holes.
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99% of 604 DOM s survive deployment and freeze-in
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Table 3

fluxes in unitg of em—

Full IceCube detector

Sensitivity to diffuse neutrino Huxes. Expected limits and minimal detectable

2

s lsr1GeV for a generic E~2 source spectrum. Event

numbers correspond to a hypothetical source strength of EZ x dNy/dE, = 1 x
107" cm2s ler—1GeV.

years Ng Cut {(ng) (np) [iwo E?&E(90%c.l) E?4X(50)
1 227 6.4 80 6.1 8.1 107° 2.6 1078
3 244 204.8 184 8.7 4.2 107 1.2.1078

5

276 272.5

18.0

8.6 3.2-107° 9.9
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