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s NEUTRINO ASTRONOMY

ICECUBE

»Protons are deviated by magnetic fields (E, < 10'?) and very

energetic protons travel distances of a few Mpc.
»Neutrons reach distances of ~kpc at very high energy.
»Photons interact with the EBL (~100 Mpc) and CMB (~ 10 kpc).

»Neutrinos are neutral stable weakly interacting particles.
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22 DETECTION PRINCIPLE
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32 THE ICECUBE OBSERVATORY

ICECUBE

-

South Pole S «-LL)LﬂJ

——

w" = ,_'
é’ J‘,

- .
s L D,

e

Geograp s Seu
Pole: T

Skiway.

Introduction | [C40+IC59 Results | +1C/9 Analysis | Conclusions

jueves 21 de junio de 12



00000
CECUBE
00000
00000
ICECLIBE
lceCube
IceCube Lab ] . . .
St 5 iceTop Completion with 86 strings In
. o i) T __— 80 Stations, each with
e 5 oot sonsors por o+ IEIBI € CE ISR TRIEH
320 optical sensors
B e e | (CESLIDERERZUNE
Pointsource analysis of this
IceCube Arra : : :
|| 01— 06 ssings incuding 6 Deegcare rings | claitaset IS starting NOW.
(IR 5160 optical sensors
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33222 | CECUBRE CONFIGURATIONS

ICECUBE
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33222 | CECUBRE CONFIGURATIONS
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33222 | CECUBRE CONFIGURATIONS
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33222 | CECUBRE CONFIGURATIONS

ICECUBE
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33222 | CECUBRE CONFIGURATIONS

ICECUBE

1IC-40
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33222 | CECUBRE CONFIGURATIONS

ICECUBE

IC-59
09-10 Season
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33222 | CECUBRE CONFIGURATIONS

ICECUBE

IC-79
10-11 Season
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33222 | CECUBRE CONFIGURATIONS

ICECUBE

IC-86 2011...

Construction finished on December 2010
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ICECUBE

|CECUBE MUON SAMPLE

Detector rates:

| ow noise rates: = SUUNSIZASIEEEES
High duty cycle: > 96% (analysis level)

Strings Year Livetime SMT rate (Hz) > ﬁlz:lil;)rate atm. V final rate
9 2006 137 d 80 6 1,7
22 2007 276 d 450 20 18/d
40 2008 375.5d 1100 23 40/d
59 2009 348 d 1900 24 120/d
/9 2010 347 d 2300 40 207/d
IC-40: IC-59: IC-79:

» |4 [2] northern events
» 27 //9 southern events

» 36 900 total events

Introduction

|IC40+1C59 Results

» 43 339 northern events » ~60 000 northern events
» 64 230 southern events » t.b.d. southern events
» |0/ 569 total events » 1.b.d. total events

+1C/9 Analysis | Conclusions
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sssss | IKELIHOOD AND D

000060
ICECUBE

Signal pdf:
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Fraction

CNSITY FUNCTIONS

Likelihood Space around track solution fit to paraboloid: width = O

0.5<c<0.7°
— Y R
20<o0<2.2°

AW 7]
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sssss | IKELIHOOD AND DENSITY FUNCTIONS

00000
ICECUBE

log(MuE) PDFs: Dependence on Spectrum

Signal pdf:

1 . .
5= e—Tz2/2022 , P(Ez"}’)

- 2702
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$2222 | IKELIHOOD AND DENSITY FUNCTIONS
Signal pdf: Background pdf:
S; = 1 26—7"1;2/202-2 - P(E;|v) B, = ( )

2T0;

Scrambled real data.
(zenith dependence)
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$8322 | IKELIHOOD AND DENSITY FUNCTIONS
Signal pdf: Background pdf:
|
Si = 271_07;26 /2 'P(E’ih’) Bz — B(@,) ' Patm(Ei)
Likelihood: Maximize wrt:
N » 7, the neutrino spectral index

Lins,) =[] (ﬁssim g NS)B"') » Ns, NUMber of signal events

1=1
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00000 i 1
$8322 | IKELIHOOD AND DENSITY FUNCTIONS
ICECUBE
Signal pdf: Background pdf:
1 i
Si = 271'0@'26 Fa - P(Es|v) B/ — B(ez) ' Rz,t'm,(Ei)
Likelihood: Maximize wrt:
L. % » T, the neutrino spectral index

L(ns,7) =1 (NSz-(v) = N)Bi)

1=1

» Ns, NuMber of signal events

Maximization of the likelihood ratio:

A The final significance Is
L(v.n Xk | 5
logA = log( T (f/ly _ng\ ' Estlmat.es ttf;]at determined by
s b loa iy scrambling the data In

Likelihood ra. and repeating the
analysis.
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222 COMBINING DATASETS

ICECUBE

1%

e e
el

Atm. neutrinos,

Atm. muons

> Ll Ll l Ll Ll
2 3 4 5 6 7 MC8 9
log, [E ™ (GeV)]

» [otal events (IC40+IC59): 57460 (upgoing) + 8/009 (downgoing)
»Livetime: 348 days (IC59) + 3/5 days (I1C40)
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ICECUBE

COMBINING DATASETS
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ICECUBE
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ra: 75.45
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-logo(p-value) = 4.65
nSrcbest = [8.3
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28 COMBINING DATASETS

ICECUBE
. < 6.0 0.10
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Source RA (deg) |Dec (deg) | Type Distance | P-value
‘ C4O _|_ ‘ C 5 9 Cyg OB2 308,08 41,51 UNID
MGRO J2019+37 | 305,22 36,83 PWN
MGRO |1908+06 | 286,98 6,27 SNR 0,38
S O U RC |: ‘ ‘ ST CasA 350,85 58,81 SNR 3.4 kpc
IC443 94,18 22,53 SNR 1.5 kpc
Geminga 98,48 17,77 Pulsar 100 pc
»VVe can reduce the SR T
number Of -tria|s by |OO|<iﬂg IES 1959+650 300,00 65,15 HBL z = 0.048
. . . |ES 2344+5 14 356,77 51,70 HBL z = 0.044
at p re_d eﬂ ne d Irections In 3C66A 35,67 43,04 Blazar z = 0.44 0,42
‘th e S |<>/ H 1426+428 217,14 42,67 HBL 2=0.129
BL Lac 330,68 42,28 HBL z = 0.069 0,4
: Mrk 501 253,47 39,76 HBL z = 0.034 0,19
) A Set of candidate source  [wem PATIE PPYY o | 2-oon
iS Se|eCT_ed C]—;DI//'OI/I'.The W Comae 185,38 28,23 HBL 2=0.1020
ikelihood method is T [ TI '™ e vy v
e\/aluated in positign. POSJ[- S5 0716+71 110,47 71,34 LBL 2> 0.3 0,49
tri al -\/al e iS Cal U | ated M82 148,97 69,68 Starbust | 3.86 Mpc
| p 3C 123.0 69,27 29,67 FRII 1038 Mpc
USIﬂg Scrambled trialS, 3C 454.3 343,49 16,15 FSRQ z = 0.859 0,48
4C 384 248,81 38,13 FSRQ z= 1814 0,3
Introduction | IC40+1C59 Results | +IC/9 Analysis | Conclusions
0 Juan Antonio Aguilar - TeVPA 201 |

jueves 21 de junio de 12




The most significant

source Is PKS 1454-354:
'P'Valueobs - 0 I36

1431 trials out of 1496

D-value = p-valu€ops
-p-value(post) = 95.7%

° | Juobserved value

Trials

€0

40

. -II A |||[II;1'I..1}..1;;; -
2.5

0s 1.0 1.5 2.0 3.0 3.5 4.0 a.5
-log,(p-value)

PKS 0235+164 39,66 16,62 LBL z=0.94 0,18
PKS 0528+134 82,73 13,53 FSRQ z = 2.060 0,49
PKS 1502+106 226,10 10,49 FSRQ z = 0.56/1.839 --
3C 273 187,28 2,05 FSRQ z=0.158 --
NGC 1275 49,95 41,51 Seyfert Galaxy z=0.017559 --
CygA 299,87 40,73 Radio-loud Galaxy z = 0.056146 0,44
Sgr A* 266,42 -29,01 Galactic Center 8.5 kpc 0,49
PKS 0537-441 84,71 -44,09 LBL z=0.896 0,44
Cen A 201,37 -43,02 FRI 3.8 Mpc 0,14
PKS 1454-354 | 224,36 -35,65 FSRQ z=1.42 0,14
PKS 2155-304 329,72 -30,23 HBL z=0.116 --
PKS 1622-297 246,53 -29,86 FSRQ z=0.8I15 0,27
QSO 1730-130 263,26 -13,08 FSRQ z = 0.902 --
PKS 1406-076 212,24 -7,87 FSRQ z=1.49%4 0,36
QSO 2022-077 306,42 -7,64 FSRQ z=1.39 --
3C279 194,05 -5,79 FSRQ z=0.536 0,45
TYCHO 6,36 64,18 SNR 2.4 kpc --
Cyg X-1 299,59 35,20 MQSO 2.5 kpc --
Cyg X-3 308,11 40,96 MQSO 9 kpc --
LSI 303 40,13 61,23 MQSO 2 kpc --
SS433 287,96 4,98 MQSO 1.5 kpc 0,48
Introduction | IC40+1C59 Results | +IC/9 Analysis | Conclusions
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Eee [C40+1C5Y% SOURCE BN

00000
ICECUBE

»Source list upper limits
based on the classical

: o 2 Upperlimfts (90% CL)
(frequentist) PRELIMINARY — Sensitivity (90% CL)
construction of upper N .~ - - Discovery Potential (50)

imrts (Neyman [1937).

» Upper limit 1s minimum
flux that produces higher
log-likelihood In 90% of
simulated trials than the
log-likelihood observed
for the data.

EZ dN/dE [TeVcm ?s 1]

» Systematics errors not
included in these limits.
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222 [ IME DEPENDENT ANALYSIS

ICECUBE

»Goal: Look for accumulation of events not only In space but also in time.

»Method: The analysis method uses
the same unbinned maximum
ikelihood by adding two addrtional
search parameters: the mean and a
width of a Gaussian function In

time. L3 5. . 6)
YN, Uy O
log A =1
e Og( L(n, = 0) )

At low time scales (< | day) the
background depends not only on
zenith but on the local coordinates
of the arrival track directions.

Introduction | 1C40+IC59 Results | +IC79 Analysis | Conclusions
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222 FLARE ANALYSIS RESULTS

ICECUBE

»Only [C59 data was used for the flare analysis. Data from 1C40 was
analyzed and no significant excess was found.

-log,, P

Introduction | IC40+1C59 Results | +IC/9 Analysis Conclusions]
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222 FLARE ANALYSIS RESULTS

ICECUBE

»Only IC59 data was used for the flare analysis. Data from 1C40 was
analyzed previously and no significant excess was found.

| Hottest spot:
ra: 21.25
. dec:-0.25
. -logio(p-value) = 6.69
“~ 5| nSrchest = 14.5
| Obest= 3.5 days

»No correspondence with any known source (SIMBAD catalog)
»Fermi light curve for that period doesn't show any activity.

Introduction‘ |C40+IC59 Results ‘ +1C/9 Analysis I Conclusions
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ICECUBE

Only

FLARE ANALYSIS RESULTS

C59 data was used for the flare analysis. Data from [C40 was

analyz

Introduction I
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st FLARE EVENTS

ICECUBE

» By considering only the spatial and energy S/B ratio, the
accumulation of events is only visible In time.

Calendar Date i i 200000
2009.07.02 2009.10.01 2010.01.01 2010.04.02 X__Flare location
y T T T T al .
| ; . 180000
;: 10° Background Events Ang. Resol. E
€ Best-Fit Gaussian | | - _Ang. Resol. €~ o
= : 2 £
> 140000 £
w10 o o z
— o e > 1120000 £
: § 0 .’ : \ 5
g o % ‘o 100000 £
10° z s . S 2
| . ,96 80000 &
| 5 0 - ® &
: 60000 ¢
10? 3 ° =
| ‘ 40000
| ‘ | L | \ | Il 20000
A A A | A 1 A A
55000 55050 55100 55150 55200 55250 55300 ‘ a
Event Time (MJD) 1 2 RA (degrezgs) ? 26

» Events that form part of the flare all have fairly low energy
and are ~| degree away, and only stand out In terms of
their timing properties.

Introduction | IC40+IC59 Results | +IC79 Analysis | Conclusions
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+1C/79 ANALYSIS




ICECUBE

» [ his year analysis starts to get into a discovery (?) region.

+1C/79 ANALYSIS

Introduction

E? dN/dE [TeVcm s !]

107
- = 1C59+IC40 Discovery potential (5¢0)
- = |C79 Discovery potential (50)
- = |C79+IC59+IC40 Discovery potential (50)
—— |C59+1C40 Sensitivity (90% C.L.)
Y ~—. — IC79 Sensitivity (90% C.L.)

IC79+1C59+1C40 Sensitivity(90% C.L.)

-1.0

-0.5 0.0 0.5 10
sin(d)
|C40+1C59 Results | +1C79 Analysis | Conclusions
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CONCLUSIONS




ICECUBE

CONCLUSIONS

»What can we already say on AGN models, for instance:

Example: Mrk 421

10'6
IC40 Ec,,,—-ﬁ «10° TeV, a, = 1.5
107 E..=10" TeV,a,= 1.5 :
E,.=10" TeV,a,= 1.5

— 10%F ;
= Sensitivity E_,=2.6 x10° TeV, a, = 1.5
= - )
% 10° | Sensitivity E_,=10" TeV, a, = 1.5
-
Q2 Sensitivity E_,=10" TeV, a, = 1.5
= 100}

E*dN,,,

10-13

10-11

Introduction

|C40+1C59 Results

log,, (E [GeV])

Andrii Neronov, Celine Tchernin, ISDC

+1C/9 Analysis
53

Conclusions

»Use a proton spectrum
with free normalization, Ecut

and Xp:

dN, o o
T AFE CX] ( E.-'m-‘ )

‘H

»In pp Interactions for
cascade dominated Y-ray
total electromagnetic
power Is needed to
estimate the total neutrino
flux.

Kelner et al, PHYSICAL REVIEW D 74, 034018 (2006)
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22 CONCLUSIONS

ICECUBE

» [ he whole year of |C59 was analyzed for point-source and no
evidence of a neutrino point source has been found.

»We performed the combination of the IC59 and the previous |C40
data to enhance the discovery potential and sensitivities.

» [ his year combination of |C/9 data with previous years will allow us to
reach new levels of sensitivity and we expect to get interesting years

ahead.

»|C86 data Is being processed and analyzed.

Introduction | [C40+IC59 Results | +IC/9 Analysis Conclusions]
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The level3 is common for the muon group.
Still muon dominated: ~ 3 - 4 Hz

The detector up-time at this analysis level i1s 95 %
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