Suche nach hochenergetischen

Neutrinos
1m. R A7 A laonn 1114 1.m 1 1ANnNAl AT o
—u LLL L J A L. IJNCA L. J o A L1\ -4 LLL \Ar/ U/ L\ L

Stefan Schlenstedt
DESY, Zeuthen

lceCube

Astroteilchenphysik-Treffen Zeuthen, 5. Oktober




Themen

eFEigenschaften von Neutrino = Vortrag M Lindner
eHochenergetische Quellen von Neutrino = Vortrag G
Sigl

eNeutrino Teleskope - Prinzipilen

eDie Detektoren Baikal, AMANDA und IceCube

*Eine Auswahl von Ergebnissen:
*Messung der atmospharischen Muon- und Neutrino-
Flusse
Suchen nach einem “diffusen” Uberschuss von
Neutrinos
e Suche nach Punktquellen von Neutrinos
eSuche nach Neutrinos von GRBs und AGNs

e Zusammenfassung
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Neutrino astro-particle physics

® Cosmic rays with energies TeV (and above)

Observed

® Photon sources with TeV energies

= Are there neutrino sources:

Ray Bursts, supernovae
futrlnos
are elementary partic
— light
— neutral

— 1nteract only by weak
force

=» good astrophysical probes:
— not deflected

— ‘not’ absorbed over
cosmological distances and
dense environment

blazars, quasars, Gamma

1s there a diffuse flux?

can help to understand

® the origin of cosmic rays
® cosmic cataclysms

® Oown basic properties
(xsec, mv, V)

® dark matter (neutralino
annihilation)e® new kinds of
objects

o tests of relativitiy,
search for big

bang relics, eiifects ot

ED etc

conrnect astrophnysics and particie

ohyvsics
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Observation of Neutrinos

TrteractIomr Ccross SectIonr IS Satt
o (v N) = 6.7 107°¢° E [TeV] /cm?/
nucleon

— interaction probability [H,0, d=lkm]:
= N,odp =~ 4 1077 E [TeV]

and sources are million to billion LYs
AVY AW

__I"Requirement of a large neutrino interaction

target =
Markov and Zheleznykh proposed the use of natural
targets

Deep sea water and polar ice:

e huge (and i1inexpensive) targets for neutrino
interaction

e good optical characteristics as Cherenkov

radliators
e shielding from cosmic background
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Expected astrophysical v Rates

Diffuse sources

Polnt sources

Guaranteed (GZK) :

year 7
Diffuse GRB:
Diffuse AGN

year

(%)

>100 / year

few /
GRB: 1+10 / burst
AGN : few / Y Waxman
20 / year .
| Waxman Galactic SNR (Crab): few / Deawmer
(thin) : few /
? Prothero
Mannhe1 '
L 1iM]eMn Galactic microquasars: 1 =+ ﬁ@ e
| W P 1 Gy s
y perL
krm?

Rate Of exXpected events
from diffuse fluxes or

polnt sources 1s small
and has hig uncertainties
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Principles of Neutrino Telescopes

— Farth screens detectors

against particles except
neutrinos

- rare v interactions = Dbig

natural volume
— atmosphere: cupios
production of muons =2 go

under’ ground’

energy S
thresholds R/
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b1 Range 1n
_water.

Event Types

. -346- Ej
20 TeV )
~ 5]
. T e
TAGGING =
20 Tev B
o
} 0)
b | AFTERGLOW
A 1m ———} HADRONIC SHOWER 2 sec later
10 Tev 10® photons
5x10° photons
gom Ve
\
——
1560 |5-6 R
) mrad “mrad 4
VAN
STOPPING 4
=20 GeV [
2x10° photons
EM PAIR SHOWER
50 GeV
L~~~ 3x107 photons
AN S
RS SECONDARY u
10 TeV
vl | oo ol 11 | RO I} | A 106ph0t0n5/
VR T S R TV AT O T O T N TV R0 (R T1 ' % O™
p » i
1 TeV 1 PeV :
Dominant bacsryroun&Loc. Dumand Summer Workshop 1976
- mis-1dentified atmospheric muons
(down/up ~ million)

1P21sSU=27TUOSg g

— after clean-up:
(flux uncertainty)

atmospheric neutrinos
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Cherenkov Track Reconstruction

The challenge:

reconstruct energy and

direction of particle tracks using
— light intensity

— arrival time i+ 1

Cherenkov photons emitted
by the muon track are
correlated by the space-
time causality relation: J —

Ci
are nee

of the PMT signals (hits)
i-1Q—

4 Light arrival
time
(b)

.1.'.'
iva

nepak decompressoy;

) ._.r‘.
Qmﬁ! m

\/ De Jong

-
Radius

Proc. Dumand Summer Workshop
1976
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Optical Module

HV supply

flasher bo
photomultipler housing:

precursor for Pt
EUEIRCEL, ciredt board
Antares... Bmﬂmsqmmﬁ
without Benthos Hemamatsy FMT
spheres, slizen gl
similar for IMB,
Kamioka

and Super-K

IceCube DOM

Proc. Dumand Summer Workshop
1 O 77 &
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From DUMAND to the Future

AMANDA
IceCube




3¢

The Case for more than one Telescope

QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.
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The Raikal Detector

NT-200: 192 PMTs on 8 strings, commisioned ’
in 1998 5

AU T

QQa
4km shore

cables

&
=
0

\ -
L .-#/" (7;
— ' 1 | 1 ‘--L—;-‘d:.!”ﬂ g
ritrst ulliderfwaltel arfftady. U 0
reconstruction, first v :
o
events, verify BG-suppression, | @
checlk MC /Watar/ 12

4L L o4 N o



Upgrade to NT200+ 1in 2005

NT200:
50 ! . - ; . . 1 NN .l
o shomd g | 5 TN ;f Iz oOpCIcadl
N | - modules
~50 ,///’///_ s
! colncidence
100 | — 96 space points
—150 | Height = "70m <9 =
—mm:= i H0m NT200+
| O '
| | O "WML 1 adding three new
~250 [ s N - -
O | strings with 36
O . . .
=300 CO . PMTs — improve
[ LX) ' 0 ' .
| -0 71110 100 1000 PeV sensitivity by
i T factor 4 to
—400 | o '
0 50 100 150 200 250 300 35000 cascades with
r, M e
sparse
additional
instrumentation
NTZ00+ might be a
step (“prototype”)

towards a Baikal-km?

OMs

91 strings with 1308

souTIaln
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First Signs of Life in NT200+

New laser: imitation of 10...500 PeV cascades, >101!°
photons/pulse

40 e gl
EOCANSIVISHE.

, T &
ifjfferences NT200 to outer string measured: jJitter has rﬁ&;%&3ns

time synchronization (3 lasers, atmospheric y, ﬁb‘

Ve

N

(DT

ion
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The Pole Detectors
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Cape Adare

Amundsen-Scott South Pole station




» nm.__JFmDmﬁmQﬁ NIERWENFESINO ORI \O
—

.chﬁwwbom

e pd
e

r .. Nﬁ. : p = .MHHEJ ..................
O i T "y
s
®) A
& .
) s
e O —
A ) Q ©
— B O
) O -
Q 0 8 o,
Cl i : %
© .
by
EH g -
m H
- <
L ‘. . o W =
L] . ® § F = m
..._._ * 5 a m i
- .

— 1500 m
— 2000 m
— 2500 m




Understanding

«South Pole 1ce at AMANDA depths :
*Very transparent with a depth and
wavelength dependence - average
values

‘@Psorption Tem¥h ~ 110 m at 400

nm
e Scattering length ~ 20 m at

400 nm
ey : :
°Measur%%¢;—g; n-situ—-light sources
and witti&fmospheric muons

effective scattering coefficient [m'l]

traces dust

concentration
power law

for dust

the Medium
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_ Full NSE GELHRE sundeipCons beiLEd0ns us

groups

j=n

lceCu

€

— Belgium (4 groups), Sweden (2), Japan (1),
NewzZealand (1),
Netherlands (1), German unver g

PEPEployment of 4200+ Digital E
Optical Modules on 70+
strings and 140+ DOMs in 70+
IceTop stations until 2010

e Installed 1n January 2005:
one string with the full
chain from DOM to surface
electronics, event buillder,
trigger, data handling, data
verification,
reconstruction, analysis

e This season —-2006: ~10
strings

e AMANDA will be integrated
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QuickTime™ and a
GIF decompressor
are needed to see this picture.

The first Events

lceCu

® = @O0 % - *
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Cosmic Ray Composition

What 1s coming from the cosmos?

30m grid

of 30 SPASE-2/ SPASI
stations VULCAN (up to 19
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Cosmic Ray Composition

o

resolution ~7% 1n
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Measurement OL atmospneric
Muons

i

Unfold a clean data set of ten hours of 2000 éé
data: 86=2.4°...1.5° 55
=
P angular B vertical o 2
_ distribution . ] intensity
Ty N (®), m-2 sec-1 ster-1 _";_' N v AMANDA-II (this work)
ooz e i 4 Monte Carlo (CORSIKA)
¢ R 'Q i - Vavilov (1970)
e 7 . FByodorov (1985) X
£ 'g10 L » DUMAND (1990) ®
&l AN o BAIKALNT-36(1995) 1~ [
- ® Baikal data —_ » AMANDA-B4 (1999) E
~ Bugaev et -8_ Bugaev etal. (E,220Gev) S
10" al. 10 |
107k
-9
10 -
10 °
L (errors s
_ o lostatistical) oo i
107k 'olzl I Iolal I 'o|4' ' '0|5| ' 'olal I Io|7l ' Iolal B ' 1 2 3 4 > 6 7 8 g
' | | ' ' ' "~ cos ( \) depth (kmwe) o
S
0
Data exceed theoretical calculation by 30...50% G
c g g g O
(theory and true simulated distributions agree) =

2

N



Atmospheric Neutrinos

Test beam of neutrinos (and I
e
background) i
St
© @
~ch for extra-terrestrial comp®esrth for neutrino oscillation “ &
r:IE in A | Volkova vert/hexr @ AMANDA—II, unfolded
e m ® Frejus  ooc1imiha Full simulation of atmospheric
o mfggliﬁm_ ry neutrino flux (Lipari), muon
j propagation through earth and
3 ice including oscillation
=l
ol =
= 2 I
O
B10% T —— | ——
- e
2 TRt
e N >
&) : 3
= exp. data with stat. error ~ | -
0 . eﬂﬂ exp. data with stat. + syst. error §
() 1 2 4 3 f3 i o
log(E, /GeV) . | 5
20 30 40 S50 60 70 80 90 E
First spectrum above 3 TeV zenith angle [} :
matches lower-energy Frejus §

data 5
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Search for diffuse Neutrino Source

i

2 5
rﬂg %:‘h‘ -------- Atmeospheric (@D 5t3a % MPR-max R 3
3 k- e =II, unfolds MPR-bound . o
~ 10 L #F * Freha Use the unfolded atmospheric @ &
o 4l neutrino spectrum
20
> :
L C
I
o 10 3
E 0L ; How much E™ "2 cosmic v
i signal allowed within
10 SR uncertainty?
° el
= 10
. gL
v Lo L
£ -
o f ,
{1 S S W 47 S R P LS ¥ >
I 2 3 4 5/6 8 9 o Set limit on !
M v from py interactilns in log(E  /GeV) diffuse E-2 v :
AGN cores 8! 2
@, @ v from py interactions flux (100-300 E
from blazars T )— %
EZcDVU(E) < 2610 ' Gevem<Zsigrl 3

2
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Search for Neutrinos of all Flavou:

Electromagnetic and hadronic
cascades

T neutrino regeneration (double
structure) will be visible in
IceCube

Sensitivity to all three

f1awrniira

C\! ||||||||||||||||||||||||||| |
2
S 107 @® cxperiment =
N C ‘ [ atm. uMC a
Sk - ¢ ——  E?Zsignal MC (v,)-
»w 10 F I E
c = | .
®
2 - |l ‘ i
@) [ ]
| : .I ‘LL-L_1__1——1__T__L_i
-1 i i
10 — | | I | | | | | | | | | I I | | I I | | +—]
4 4.5 5 5.5 6 6.5
. l0g.,(E,.../GeV)
NObS = event
Nbg = 0.96+0.7-0.3
even;s -
E° 9,11 v (E) < 0.87910 Gev
cm S sr
(equal mix of all flavors)

SOUTIINSY,

2

o
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Search for high Energy Cascades

Look for 11pward mmving 113

;7 fronts 0
¥ Signal: isolated cascades from 5%
e neutrino interactions ' &
i Background : brems-showers on
e down-ward muons —
L final bg rejection by energy
e cut (N, ..)
S V_ cascades
~200 » ©
—250 Lol bbb
0 25 50 75 100125150 Radius, m ;7
¥ ﬁec\:\\le yowe No events observed
e
\arge A
The 90% C.L. “all flavour” limit =
(780 days) §
- ~ T2 .
NT-200 is used to for a =2 spectrum & E (10 < E %
watch the volume below < 10* TeV), ratio and assuming v o
for cascades ratio of 1:1:1 at Earth §
. (Ayo=30-50 m) [E% Oy < 8.1 -1077 GeV cm? s7! sris

N
(@)



Ssummary of diffuse all Flavour Limits

log [E.?- flux(E,) / GeV cm2 1 sr]

oscillation
assumed

5 PéV' 7
log (E, /GeV)

Eev

10

11

AMANDA

1: B10, 1997, 1n

2: A-II, 2000,
unfolding

3: A-II, 2000, cascade
4. B10, 1997, UHE

6: A-II, 2000, UHE
sensitivity

7: A-II, 2000-03, 1tn
sensitivity

5: NT200, 98-03,
cascade

9: NT200+, 3year

8: IceCube, 3 years

Several models of AGN neutrino
lemission are ruled out by current

measurements
> precise flux measurement

needs km’-scale detector

SOUTI3INdU HH
APr21sU=7TUOSg g
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Search

Select up-going events: maximize 1V and minimize |’
Optimize cuts in each declination band for E

for Neutrino Polnt Sources

2...-3

spectrum

Sensitivity ~indepnendent of direction

Published analyses on:
— 1997 data

Astrophys.J. 583(2003)1040

— 2000 data

PRL 92(2004) 071102

Newer results

s 3329 v events 1n 2000-03 data
with different strategies:
_ 2000-01 and 2002 data (807 days)

(sensitivity ~3 higher as 2000)

i.e.

the measurement looks compatible with
atmospheric v’s

— 7 Lo lCLCUdL (@8

ot o
S Cac

signal

SOUTI}INSY
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sinaomgarch for Neutrino Point Sources

* Analysis

5 5
S (5
t O
s 3
H-0
o)
o
0 QO
2 ct
2h b 2h 1sh 1eh 14h 1h 1ok gh  ¢h 4 20 oh
o L LLoucCcaLv
. | Maximum excess on random skymaps |
fluctuations from
i maxsigdist
; 2501 Entri 1
expectation E Mean 3802
of atmospheric 200k ANS 03381
neutrinos -
\ , , 150 |— >
— un-bilnned statistical 5 g
0 - ©
analysis ~\‘-425 e
= )]
— maximum of 3.4 o - ;\\‘- 3
50(- > S
compatible - _LT_] .
. it 05O O 15 W O O O -6 | O il ST
Wlth baCkground 28 3 5 ! 4 maximu?ﬂ exnesssfsc 8
. B3
fluctuation
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Search for Neutrino Flares

Scarchn for eXCessegs 1 Cime=

QT'iHi]ﬁg'xuierrqu:

= 2.25°-3.75°

[—==-

sliding window

- e

souTtIlnay
NOEASVE TTA

<E> = 40/20 days for extra—galacticf-::— time>
galactic objects
Source Nr. of Expected Period NE | o Erabab il ity
events backgr. duration doublets ftor highest
(4 years) (4 years) T e ol e
Markarnian 421 6 Sl 40 days 0 @ lose ko 1
IS Sk S G50 5 8 i 40 days 1 OF o
BEG JIL220+ 4800 6 a8y 40 days i 0.43
00| U255 Loa 6 S04 40 days 0 B 52
@G amitls e e 6 9. 04 20 @lenvis 0 @llosc o |
RS | 191 E LS 6 4.6 20 daws I B} 52
CGRO J0422 437 & S 2 20 dayis 0 Glose wo I

out of 12 sources: No statistical significant

effect observed

WERWANE 7 ClOUISNMIOM 157
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Neutrinos from 1ES1959+650 7

“A posteriori” knowledge: 3 (of 5)

within a period of a major outburst, measured in 2002

vV events 1n 66 days

in a multi-wavelength campaign

3 : - a
,.g ! ! WHIFF"LE-1E515!59+qI§-u q'E !
e [ . y-ray 1 ﬂl
3 : : ﬁ,ﬁ
= % f ! =1
i ! =
; I : §
1l i !
. +4 : I T
I : I 3"
:+ ; ! 2
'n] d
) 19
T "
%ﬁ ¢h +%¢#¢ ?wt
' I -
1 1
= % 7 |
1 1
N ] ) - P I W PR | P 1 I |
52410 .'ﬂ-l-l"l:" o 51430 Saas 32450 325
’_/ MU

-

One” (of the 5) event is within Not a statistically significant

a few hours of the orphan
flare: y-ray flare from a
blazar without accompanying X-
ray counterpart 2 some
interpret this as hadronic
acivity in the blazar jet

4 : | i i HEGRA - 1ES1959+650
z}r i i y-ray
LI
j: {1cr-h;' \ll _______________________________
od o Bl M
:: ﬁ-Lﬁm# E |{:L f}kﬂ%}' _ H+
' b E '

220 soe0 62460 s2480 52500 ‘52520

May 2002 | June 2002

modified Jullan date (MJD)

| July 2002 ] August 2002 | Sept. 2002

10 h L Hh
Bda

u

close

collabor

Vian Vish Van

G a 162a 230

=7 ot 1 T

observation = will lead to a
modified search strategy and a

ration with the v-ray

souTIaInsy
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Association of Neutrinos with GRBs

Background determined on-
source/off-time

Low background
analysis due to

i

Time of GRB

Background determined on-
source/off-time

e m— i
| 1 hourl I+1 hourI
L] B & L [ ] [ ]
] I »
L 2 *| g L -

blind analysis

v}
space and time o
coincidence! =
: -
BATSE (non) triggered, muon 97-00 312 0/ 1.3 5
IPN3 & GUSBAD GRB
catalogs
muon 01-03 51 0/ 0.2
bad
. . cascade 00 73 0/ O pointin
No colncident g
events but 4n
F1ux OREEYERarth: 97-00 E‘0_ < 4-107% Gev em™ 57t sr7t , 411 4
3-10_8, cascade 9.5 -107°

for bursts assuming WB broken power-law spectrum (Eppegkx= 100 TeV,

Ipuix= 300)

SOUTI}INSY
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WEWANS 7 CloOUISNION 157

w
w



Neutrinos from GRBs cont’d

cascades 1n concidence with BATSHE GRBS

tearse —100 s < t < tearse +100 s 122
evis Apr 98 — Febh 00

. Triggered GRB All GRB
obs / bg obs / bg
15 91/ 94 172/ 167
25 1/ 2.8 5/ 5.2
35 0/ 0.3 1/ 0.5

Data consistent with

expected pn at BG 90%
— differential
£ ] i

CISERS

AMANDA 1997-2000

TOEASUE T N
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Neutrl1nos Irrom AcCctlive Galactic

AGNs grouped in classegh%gﬂkg%%ntial high energy neutri

sources
assumption: v flux 1s linearly correlated with v
luminc
Optimized a search sample fiim
SFrategy for classes 1n IR blagars 50
different energy bands
~ using 2000 data keV blazars (ROSAT) 1.6
— uslng a source stackilng keV blazars (HEAO-A) 2.8
method with optlmlzed CeV blazars 10
#sources (optimum 8-12) |
and bin sizes (typical unid. GeV sources 5.6
2.8°%) TEV blazars 2.8
GPS and CSS 4.3
— no excess events over +
background found FR-1 galaxies 1.3
= et TImits FR-I without MR&7 2.7
fiim = 1ntegral FR-II galaxies 2.7
flux for E™? above radio-weak quasars 1.3

10 GeV 1in units
1078 cm %2 s 71

souTI3INaUY
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EeV neutrinos,

Go beyond km*

particularly GZK v,
source for astro- and astro-particle physics

D

At best a few ten neutrino per year and km?

detect ~one GZK neutrino per year
10-100 GZK events would give a quantitative measurement
will allow tests of cosmic ray production models and new

physics

Different projects
acoustics...)
TceCube joined the effort:
Acoustic Test Setup to a hybrid detector

Acoustic + Radio)

(e.g. RiceZ2,

ANITA,

EeV Neutrino Array

prd

SalSA, Glue,
were and are actively seeking this goal

wlill be a wvaluable

IceCube can

proceed from a South Pole
(IceCube +

(1f acoustic ice

dicted)

pertieslare megsur§%ﬁngpe as'goc%c%%s =

properties of 1ice 1 radio -
absorption [km] 0.1 1 ~10 72
energy threshold ~ 109 | ~ 1015 . 1018

[eV]

Vort§§g
Anton

Lofar,

SOuUTIANSOU HH
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Diffuse Searches now and i1n the Future
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Nichtbehandelte Ergebnisse

Suchen nach:
1tralino Annihilation = Vortrag D Elsasser
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Siehe auch http://amanda.uci.edu,
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Zusammentfassung
AMANDA/ IceCube und Baikal sind komplementar

(N6rdlicher/ Siidlicher Himmel, Eis/ Wasser, verschiedene Analyse
Techniken)

und haben eln reiches physikalisches
Programm:

Zusammensetzung der kosmischen Strahlung
Verstandnis der atmospharischen u’s als
Kalibrations-“"Strahl”

Messung des atmospharischen Neutrino-Spektrums
Grenzen auf diffuse Flusse von extraterrestrisch
TeV-EeV v’'s

Punktquellen Suche 1n den Daten von 1997 bis
2003

Suche nach Neutrinos 1n Koilinzidenz mit Gamma Ray

KRS e iy akeivea sgakakEheehen K9epeal bis
j%ﬁg%% %%ﬁgbg%%&%gengenen Neutralinos
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From Limits to Discoveries
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sonnenaufgang am Sudpol
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