Neutrino Astrophysics

C. Spiering, CERN School Zeuthen, Sept.2003




- Neutrinos

Gontent
- Cosmic Neutrinos v J -'JJ =
- solar neutrinos (keV — MeV)
- neutrinos from a Supernova (MeV)
- atmospheric Neutrinos (GeV)
- extraterrestrial neutrinos (GeV-TeV-PeV)

- Low energy neutrinos: SN1987A and Sun

-> High energy neutrino astrophysics
- The mystery of high energy cosmics rays
- TeV gamma observations
- Neutrino telescopes
- Amanda
- Neutrino detection at ultra high energies
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Postulate of Neutrinos: Pauli 1930

energy spectrum of
electrons from
B - decay "

Energia (Mev)

expected for 2-particle final state




w  How large is the
neutring mass ?

NCE)/(REFCEISIEN™? (a0, ]
«—

L D.EE m(Ve) =20 eV \

-0.0 -
18,48 18,52 18,54 18. 40

Elektron Energy (keV)




Status 2003:
m(v,) <2.2eV

Moscow, Mainz

Karlsruhe m(Ve) ~02eV
Cosn ology

... from WMAP follows: sum of all 3 neutrinos masses < 0.65 eV !!




Double 3-Decay
e.g.. '°Ge
Present Limit ~ 0.3 eV

Future: m,, down to 0.01 eV
(works only for Majorana neutrinos)







Observed for

- solar neutrinos and reactor neutrinos

Am? ~ (10 meV)?

- atmospheric neutrinos and accelerator neutrinos

Am? ~ (50 meV)?




Cross section increases
with energy

Solar Neutrinos:
One reaction per 100 billions of v

1 TeV:
Every hundredth neutrino interacts.

1000 TeV: = " AMANDA
The Earth is opague even for neutrinos.




Neutrino Astrophysics
at keV and MeV:

Supernova and Sun




Supernova 1987A
in the Large Magellanic Cloud




Magellanic
Clouds
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-> Temperature in young
neutron star ~ 40 Mia K
- Neutrino mass < 23 eV




‘.
Temperature in core
~ 15 Mio K
Photon propagation through
0.6 Mio km radiation layer:

some million years

Neutrinos: 2 seconds




Proton-Proton-Cycle




The nuclear reactons in the 3un generate a nummerons smonnt of electron nevtinos. While the total nomber of nentrines can be caloulated very accurately, their % v !

erergy spectnn contains more wncertaintes. The following picture shows the prncipal energy producing reacton chains:
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The Homestake Experiment

»inverse” Beta-Decay
(,,Neutrino-Capture™)

2. .
\&‘ ¥ Bl 600 Tons Perchlor-Ethylene
' ' (1967-1994



Result of Homestake

]

In 30 years 2000 neutrinos ....



Kamiokande: The sun ,.in neutrinos*




Deficit confirmed by other experiments

electron neutrino flux
from Sun

I Gallexlead

EEm Super-Kamiokande

B Homestake

Slide from W.Hofmann




Neutrino Oscillations ?

SNO:

Sudbury
Neutrino _ S
Observatory

Slidr-(-)r'r'r\';\;.Hc.)fm'ann




Deuterium Atoms
+~~  inSNO Tank -

Neutrino Flux
From the Sun

| R —

“Charged Current” Neutral Current
only v, 80% all v

100% o

60%

40%
20% Neutrinos change

Their identity on the
0% Way from Sun to 4

Slide from W.Hofmann Earth |




solar and reactor neutrinos

Am? ~ (10 meV)?

atmospheric neutrinos and accelerator neutrinos

Am? ~ (50 meV)?

Hierarchy or Degeneration ?

0.00001 0.00001

Slide from W.Hofmann




Nohel prices 2002:
2\ for Neutrino Astronomy

Raymond Davis jr. Masatoshi Koshiba



Neutrino Astrophysics

at high Energles




The mystery of Cosmic Rays
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Fluxes of Cosmic Rays
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Supernovae:
Shock Waves into
Interstellar medium

up to 1016 eV

Crab Nebula




Active Galaxies:
Accretion Disks and Jets

up to 10%° eV

VLA image of Cygnus A




Origin of
Cosmic Rays




Extended Air Showers

primary
particle

‘i : | Schmidt telescope



Gamma- Gamma Rays from
e 100 GeV — 10 TeV

Particle 4 ~ 10 km
Shower ‘




Supernova Remnant: Crab Nebula AGN: Markarian 501
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All observations consistent with
-> Synchrotron radiation at low energies
- Inverse Compton scattering at high energies



Neutrino Telescopes in Water and Ice

Ot ge <00
A « o Baikal| <%

Amand

Km3: IceCube










ke Jaikal B

First Underwater Telescope
First Neutrinos underwater




AMANDA
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N Amundsen-Scott

Concordia
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Depth

depth

—— 810m

—— 100 m

—— L50m

—— 2350m

™

snow layer
60 m
T [smanDA-A
AMANDA -B10

¥ DUMAND

AMANDA-II

AMANDA

Amanda-llI:
677 PMTs
at 19 strings

(1996-2000)




cascade

myon
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= CC electron and tau
neutrino interaction:
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Unique:

SPASE air shower arrays

e calibration of AMANDA

I angular resolution and pointing !
1 km p=
— resolution Amanda-B10 ~ 3.5°
@ /
results in ~ 3° for upward moving muons
S (Amanda-Il: < 2°)










Point source search




Skyplot Amanda-ll, 2000

679 events
below horizpn

above horizon:

mostly fake events

-

£555 svonl=s






sh o b e e e,
e et b e

no indication of
clustering at
higher energies
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No external geometry file is opened.
Detector: amanda-b-10, 19 strings, 680 modules
Data file: final_deff nch-gi-115.2.02k
File contains 6 events.
Displaying data event 4028316 from run 349
Recorded yridy: 2000/184
8107.1548870 scconds past midnight
Before cuts: 497 hits, 232 OMs
After cuts : 497 hits, 232 OMs
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Crab - Nebula

30 kpc = 90 000 ly
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Search for a Diffuse
Extraterrestnial Flux
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terrestrial high energy neutrinos
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All-flavor limits

Assuming g
VeV, v, =1:2:0 at source ~,_
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Differential all-flavor limits
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Neutrmos from Gamma Ray Bursts ?

BATSE: 1991-2003



- Low background (due narrow time and space coincidence)

- Large effective areas

intensity log,,[E‘®(E)/(GeV cm s 'sr )]
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ap@i 1. Neutrinos from
PGl O the Center of Earth

Assumptions:

- Dark matter In
Galaxy due to
neutralinos

- Density ~
0.3 GeV/cm?3

y+7—>b+b
\c+,u+vu



Upper limits on muon flux from neutralino
annihilations in center of Earth

Green dots:
Excluded by present
direct searches

Blue crosses:
can be excluded
by 10 times more
sensitive

direct searches
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)
Neutrinos from
the Sun

\Y

At South Pole the Sun sinks maximally 23° below horizon. Therefore
only Amanda-Il with its dramatically improved reconstruction capabilities
for horizontial tracks (compared to Amanda-B10) can be used for

solar WIMP search.




Upper limits on muon flux from
neutralino annihilations in center of Sun

AMANDA-II results:

* based on 193 days
of live time

» Exclusion sensitivity
from analyzing the
off-source bins
—=2>Will un-blind data soon

and look to the Sun.

ANTARES and
|ICECUBE:
MC-calculated
sensitivities

Muon flux from the Sun {km’z yr'l)
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Schedule and Cost

03-04  drill equipment to Pole

04-05  first strings
(proof that 16/season are feasible,
prepare 10 full strings)

05-06 16 strings

06-07 16 strings

07-08 16 strings

08-09 16 strings

09-10 remaining strings

Overall cost with personnel, contingency, overhead: ~ 250 M$
Detector: ~ 55 M$ Logistics, including drilling: ~ 40 M$




IceCube

80 Strings
4800 PMTs
Instrumented
Volume: 1 km?3
Installation:
2004-2010
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Expected sensitivities
for static point sources




upper limit (cm-2 st srl)
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Supernova-Monitor

B10:
60% of Galaxy

A-ll:
95% of Galaxy

1300

Count rates

1260

1220

s e
1200[8:
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0 5 10
lceCube:

Up to LMC

Amanda-l|

lceCube
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Fraction of time sky below horizon
00 01 02 03 04 05 06 07 08 09 10

Point sources:

south detector +
north detector

South Pole




Above 10-100 PeV: |
Detection by Acoustic and Radio Waves
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ANITA

ANtarctic

Impulsive

Transient

balloon at ~37km altitude

cascade produces

UHF-microwave EMP ar'ltenna arra},r
?..f”’ on payload
.- ‘\:I t‘ﬁ "
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" F
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GLU E Goldstone Lunar Ultra-high Energy Neutrino Experiment

Lunar Radio Emission from Neutrino
Reactions at > 101° eV

Gorham et al. (1999), 30 hr NASA Goldstone
70 m antenna + DSS 34 m antenna

Effective target volume
~ antenna aperture (0.3°)
x 10 m stone layer

— E2.dN/dE < 104 GeV-cm=2:sl.srl

5 3
at 1020 eV —a 10 km




Neutrmos mn AUGER !?

horizontal air showers

2001: AGASA (Japan)
<10° GeV-cm?.silgri
for E > 10 EeV

el.-magn.
cascade

/ hard

muons
N

from CR




Measurement of horizontal air showers from Satellites

E > 101° GeV

Masse
Up to 10
Tera-Tons

Area up to
10 km?
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Success not guarantied, but “history is on our side”




