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Part 1: Introduction
The neutrino detection principles with AMANDA / IceCube
Status of the AMANDA and the IceCube experiments

Results of the search for point sources of neutrinos with
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Part 2: Towards Target of Opportunity measurements based
on lceCube observations

The multi-messenger approach including=netitinos, "
A scheme for a neutrino-based alert-trigger
The AMANDA on-line event reconstruction and selection

Guidelines for a feasibility study of Target of Opportunity
programs including AMANDA / IceCube
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The neutrino detection principles with AMANDA

Depth

Muons:
Reconstructed from
the arrival time of the
Cherenkov photons
emitted in ice
Optimized energy
range: TeV to PeV

Angular resolution:

2° to 2.5°
Energy resolutio
0.4 in the log

events/

extraterrestrial
neutrinos /

Neutrino candidates:

are selected up-going muon
tracks, with good angular
resolution and
reconstructed track quality

" punch-through
\ muons

_._109

year Up |\Down
~103

¥ events/

year

atmospheric
¥ neutrinos

/
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The IceCube experiment

IceTop
IceTop

80 stations air shower array I i SR 3 A AT e
2 tanks per station (2 DOMs each) T T L LR
Eihreshoig — 300 TeV for > 4 stations et L S R
In coincidence

Cosmic rays composition

Cross-calibration, veto

IceCube
IceCube 1k

144 o

80 strings / 60 DOM’s each wom M)
17 m spacing |

= 125 m strings spacing i

= hexagonal pattern over 1 km2x1 km il i'

= Digital readout technology (DOMSs) )if |

= Construction started in January '
2005 with the first string deployed

i

2

£
The design: % i
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Status of the IceCube experiment
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o | oo -z% j IceCube:
- Time calibeation resolution
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NDA results in the search for point
es of neutrlnos INn the data collected
between 2000 and 2003



Background estimation:
From the event densities as
a function of declmatlorr

At the South Polee’éch

Searches in the Northern Sky:
Angular cuts are applied to the reconstructed events to
reject atmospheric (i.e. down-ward going) muons




Search for point sources with AMANDA-II

3329 up-going selected neutrinos detected between 2000 and 2003
The sample is optimized for the best sensitivity to point sources with energy
spectum proportional to both dN/dE ~ E-2 and E-3

Amanda sensitivity 2000-2003

% 0.25

E — 2000-2003
7, — 2000
4 — 2001
2 02 — 2002
= \ — 2003
w \":-

o

=

o

™

Declination averaged
sensitivity, integrated .1
in energy (E>10 GeV),
dN/dE ~ E2:

® 'm~ 0.6-108 cm?s?t

o
-l
L
[T T TTrT[rrrrrrrr [ rrTrT

= -

0.05

1 0-2 1 1 1 0-4 1 1 1 o- E 1 1 1 o- a 1 1 1 1
sin(5)
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Selected events between 2000 and 2003

Contamination from fake-events
(mis-reconstructed) < 5%
close to horizon

Point Sources search:
1. Search for excesses of events integrated in 4 years, coincident
with:

2. Search for time variable signals
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TeV Blazars

‘ SNRs MicroQuasars

Statistical test of 33 pre-selected objects

Source

Markarian 421
Markarian 501
1ES 1426+428
1ES 2344+514
1ES 1959+650

SS433

GRS 1915+105
GRO J0422+32
Cygnus X-1
Cygnus X-3
XTE J1118+480
Cl Cam

LSI +61 303

Crab Nebula

10/11/2005
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Expected
background

5.6
5.0
4.3
4.9
3.7

4.5
4.8
5.1
5.2
5.0
5.4
5.1
3.7

5.4

Dy, (E,>10 GeV)

[10-8cm-2s1]

0.7
0.6
0.5
0.4
1.0

0.2
0.7
0.6
0.4
0.8
0.2
0.7
0.6

7& = 2.25°-3.75°

= 807 days

The statistical
significance is
evaluated with
MC experiments
on events with
randomized right
ascension

4

The chance
probability of
such an excess
(or higher) in any
of the 33 objects
IS 64%0
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Search for clusters in the Northern Sky

The Significance map:
From the search for clusters in direction, using a system of highly overlapping
bins

Highest deviation 3.4 ¢
The probability of this excess (or higher) in any of the sky bins,
due to a background fluctuation is 92%0



Search for time variable signals — Part 1: active periods

Search for coincidences with known periods of enhanced
electromagnetic emission:
and selected based on the existing multi-
wavelength information and the current theoretical understanding
Wavelengths: indicators for possible correlated v’s
X-ray for two Blazars and radio for one Microquasar

NMarlkarian A21 ¥Y_rav/ data
Source EM light curve Livetime in Nr. of v Expected
source periods of events in backgr. in
high activity  high state high state

Markarian 421 ASM/RXTE 141 days 1.63
1ES1959+650 ASM/RXTE 283 days 1.59

Cygnus X-3 Ryle Telesc. 114 days 1.37

T

Loqe-
M uJ waveleﬁuT{lnforma |onland theoreti nowledge ithe
tie-cot8Btion i thEMBssiEeReutTFBiemiseth areMbags oo

\FEF
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Search for time variable signals — Part 2: v flares

Search for v flares using time-sliding windows:

@ = 40/-C days for Extragalactic/

7& = 2.25°-3.75°

Objects '

sliding window

—
time
Source Period Nr. of Probability for
duration doublets highest
multiplicity
Markarian 421 40 days 0 Close to 1
1ES1959+650 40 days 1 0.34
3EG J1227+4302 40 days 1 0.43
3EG J0450+1105 40 days 1 0.47
QSO 0235+164 40 days 1 0.52
QSO 0528+134 40 days 0 Close to 1
Cygnus X-3 20 days 0 Close to 1
Cygnus X-1 20 days 0 Close to 1
GRS 1915+105 20 days 1 0.32
GRO J0422+32 20 days 0 Close to 1
3EG J1828+1928 20 days 0 Close to 1
3EG J1928+1733 20 days 1 0.35
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# Events

Observations from the direction of 1ES 1959+650

An interesting coincidence with a gamma-ray flare:

5 events observed compared to 3.7 background expected from
atmospheric neutrinos, between 2000 and 2003.

3 events are within 66 days in 2002, partly overlapping a period of major
activity of the source

140 _r |
12 :_ L gzz:;sgfﬂ davs \ E 62_ | —— Int. flux (E>600 GeV)

1 :_ & Aldd & 'l.'-é f%: l

— 5 ¢
0.8 — = 3 H _{

= “Orphan flare” 1
0.6 : % i
04l (MID 524259) Q ﬁ%{a{ﬂézih i%
Oii%ﬁ - +H}+H}++ + {ﬁ} + "H’%HP "2°55410 52420 52430 52440 52450 '5'245'2'" JD

51600 51800 52000 52200 52400 52600 52800 53000 Whlpple light curve [Holder et al 2003]
MJD

AMANDA events within 2.25° from the direction
of 1ES 1959+650
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Results from the search for neutrino Point Sources

No statistically significant excess integrated in 4 years

No statistically significant excess in the search for time
variable signals

All observed events are consistent with atmospheric
neutrinos

Assessment of the systematic uncertainty (in the flux upper
limit) and publication®in progress

Analysis of datafrem 2004 and 2005 with new
developments







The IceCube multi-messenger approach

Use constraints from existing data on the electromagnetic
emission of candidate sources to focus searches and limit the trial

factors

Proof of principle from the analysis of AMANDA data from 2000 to
2003, develop for analysis of 2004 and 2005 data

Search for v's in
coincidence with
observed (known)
active states

Search for v's flares

Data Analysis

Based on data on the
electromagnetic emission
sources candidates and
periods of interest are
selected

Based on data on the
electromagnetic emission
sources candidates are
selected

Search for clusters in time

of v‘'s

Data input

Combined light curves
at different wavelengths

Sample of v’s optimized
for the duration of the
periods of interest

Combined light curves
at different wavelengths
(define the time-scale)

Sample of v’s optimized
for the expected time-
scale(s)

10/11/2005
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A Neutrino-based alarm as Target Of Opportunity?

Towards neutrino-based Target of Opportunity measurements:
Promising with the advent of IceCube
Can be explored with AMANDA to collect information on the
possible phenomenology of the objects accessible

Based on the current AMANDA on-line neutrino event reconstruction, an
alarm could be issued to an IceCube referent and to one (or more)
coordinators of partner experiments
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Constraints for the neutrino-based alarm

Perform case studies to:

promising neutrino roaram of
candidate sources P _g
different

observatories and
lceCube

Select the most 1 | 2 Identify the overlap
Q Y In the scientific
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Feasibility of a v-based Target of Opportunity?

The majority of on-line filtered events will stem from atmospheric
neutrinos
A “potential” hadron trigger

Define priorities

If the selected sources belong to the independent
measurements program the v-based ToO would require no
extra observation time

Events cuts and / or periods selection for off-line cross correlation
searches should not be adapted based on the results of the

target of opportunity alert
No issue for correlation with flares that would have not been

detected otherwise
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Possible sources of interest

First “trial™:
TeV Blazars Markarian 421, Markarian 501, 1ES 1959+650

Neutrino event rates (800 days of effective exposure):

Source o(°) Nops Ny e
Markarian 421 38.2 6 5.6
Markarian 501 39.8 5 5.0
1ES 1959+650 65.1 5 3.7

Expected alarm rate:
~10 /year, to be matched with the operation time of the gamma-ray

telescopes
GeV Blazars and
currently non in the list of (33) selected neutrino candidate sources
Variable Micro-quasars + ?
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Neutrino events (alarm) rates

The current cut strength

based on 4 yr of data Soo- [ EZ ///
corresponds to a fraction of the gosg-E° .
between 307 = . -
approx. and 3 ::—
To o4 I N
, a possible (stable) choice ,,& o O
IS to increase the 01E A L B
% B R S S S A
AV []
The rate of selected neutrino The AMANDA-II Point Spread Function
candidates can be “tuned”, (higlhlig_h)ted the range of bin sizes used for
analysIs

based on a fixed class of events
(quality of the reconstructed
track)
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A scheme for the neutrino-based alert

Raw data files

ON-LINE DATA FILTERING MONITORING
AND RECONSTRUCTION

Events at final level (point source selection)

IceCube alert trigger
reference

60 to 80
minutes

DETECTOR STABILITY TESTS
(Correlated noise rate, OMs stability ...)
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On-line filter event rates, a very first look

By applying the event selection developed for the analysis of 4 yr of
AMANDA data (same cuts), the event rates from the on-line analysis

look stable:
520000 —— Intermediat| Event / day vs Gpsday |
1] : . .
518000 — level: rejecti B
5.1 6000" in 180 . .
gmoou:— ward goin m mmm NoO obvious anomalies
- 16 :
14000— 65 —= Large pathologies found
12000 14 ' by the monitoring crew in
10000 12 charge
800" 100 mmm More than 8000 events/day
= - at previous level
6000 . 8-
4000; “ ﬂ:‘u-mw 6—
2000 4
:I 11 1 | | I‘I | | 11 1 1 | 11 11 2
9050 9100 9150 9200 92
0

140 160 180 200 220 240 260

10/11/2005 E. Bernardini -- Multi-messenger Workshop -- DESY 25



Final level distributions (all runs)

0.25— —e— 4yr processing 0.16| —*— 4yr processing
L 2005 online 2005 online
C 0.14—
0.2 n
- : _ _ 0.12[
- Discrepancies ascribed y:
Mo to different treatment T
- of noisy (X-talk) hits  *®F
01 0.06[ -
- 0.04
0.05— n
?“ 0.02]
a0 B 6070 80 90 100 %05
Lih_Bayes-LIh_Pandel
—e— 4yr processing
0.16 2005 online H
0.14F-
- e
012
0.1 =
In the plot: more than 0.081- J
3300 events in 4yr, about o.0s
500 events from 2005  o.osF -~
- - — - —= =
(no run selection applied!) o.02
L R S B B X

———

o v v b
0.3 04 05

Smoothness

PRI R ==
3.5 4

Resolution



v to y-ray correlation: the statistical test

Prior to the trigger implementation it is necessary to define:

1. Time window for the coincidence
Min. Depends on the delay in delivering the alert and on the first time slot
available for gamma-ray measurements
Max. Depends on the time evolution of the flares and on the time scale
of the expected correlation between gamma-rays and neutrinos

E.g. Define the minimal gamma-ray flux that might be accompanied by a
detectable v signal

3. Probability of random coincidences
Based on the measured v rates and expected gamma-ray flares rates
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Feasibility study for a Target of Opportunity program

Assessment of the performance of the AMANDA on-line event filtering
procedures and automatic data-quality tagging (in progress)

Create multi-messenger working groups
Compile a proposal clarifying:
Case studies (physics potential)
Selected targeted sources
Partner experiments
Constraints on neutrino event rates and fake-alert probability
Performance of the on-line AMANDA filtering
Definition of the statistical tests andidefinition of coincidences
Tests






ON-LINE filtering (point source stream)

_ Reconstruction / filtering step

Re-triggering (multiplicity 24)

Fits Direct Walk (“first guess (*)”)
JAMS (“first guess”™)
32-fold likelihood reconstruction (**)

- |smooth<0.4
16-fold bayesian reconstruction (**)

Track resolution (shape of the likelihood valley)

(*) ~ 103 s/events for 2.5 GHz (**) ~ 1 s/events

10/11/2005 E. Bernardini -- Multi-messenger Workshop -- DESY
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First v, signature: LI T _
up-going p track | o ‘Cascades v, . NC and v, . CC int.

Channel Pointing c[log,,(E/TeV)] Coverage
Resolution

T pu-tracks  1.5° - 2.5° ~ 0.4 (>1TeV) 2T
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