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Neutrinos astronomy & C.R./y connection
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IceCube Lab

\\-_ < IceTop

81 Stations, each with
2 IceTop Cherenkov detector tanks
2 optical sensors per tank

324 optical sensors

| IceCube Array

?I ‘ 86 strings including 6 DeepCore strings
‘ / 60 optical sensors on each string

5160 optical sensors

1450m|

DeepCore
/ 6 strings-spacing optimized for lower energies
360 optical sensors

Eiffel Tower
2 324 m

-

2450 m
2820 m

IC-40: Apr ‘08 — May ‘09

IC-59: May '09 — May ‘10
IC-79: May ‘10 — May ‘11
IC-86: May '11 — present




Detection Methods

up-going muon: v,

cascade — all flavors

light collection by DOMs

§: g

4

Down-going w
background
& EHE v

o

DOM Low Noise rate (500 Hz)
(300 Hz with deadtime)

-> Galactic MeV v SN search
99% DOMs are operational
Uptime: 99.1% (May 2012)

>2 kHz of muons
>220 atm. v, per day
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Cosmogenic (GZK) neutrino search
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Cosmogenic (GZK) neutrino search Energy 1-10 PeV

Two cascade-like events pass selection criteria (672.7 days)
Bckg expectation: 0.14 evt (down-going muons + atm nus)
Preliminary p-value 0.0092 (2.36 sigma)

Origin: diffise (E-2), prompt atm v, GZK v, conv. Atm v,
dowing-going u
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Time Integrated Point Source Search
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IceCube Selected Sources

No significant detections at this point: 95.7 % post-trials p-value

13 Galactic (SNR, etc)
30 Extragalactic (AGN, etc)

Cyg OB2 30808 41.51 UNID = = PKS0528+134 |82.73 13.53 FSRQ z =2.060 0.49
MGRO J2019+37 30522 36.83 PYWN - - PKS 15024106 | 226.10 10.49 FSRQ z =0.56/1.839 -
MGROJ1908+06 |286.98 6.27 SNR = 0.38 3C 273 187.28 205 FSRQ 7=0.158 =
CasA 350.85 58.81 SNR 34 kpc NGC 1275 49.95 41.51 Seyfert Galaxy z =0.017559
IC443 94.18 22.53 SNR 1.5 kpc - CygA 299.67 40.73 Radio-oud Galaxy z =0056146 0.44
Geminga 98.48 17.77 Pulsar 100 pc -
o Nl 063 2201 SNR 2 kpe . Sgr A 266.42 -29.01 Galactic Center 8.5 kpe 0.49
ki 0000 " s e - PKS 0537-441 B4.71 -44.09 LBL 2 =08% 0.44
IES 2344+514 35677 51.70 HBL z=0.044 -

CenA 201.37 | -43.02 FRI 3.8 Mpc 0.14
3C66A 35.67 43.04 Blazar =044 042

PKS 1454-354 |224.36 |.35.65 FSRQ z=1.42 0.14
H 1426+428 217.14 4).67 HBL z=0.129 -

PKS 2155-304 329.72 3023 HBL £=0116 -
BL Lac 330.68 4228 HBL 2= 0.069 0.4

PKS 1622-297 246.53 -29.86 FSRQ z=08I5 0.27
Mrk 501 25347 39.76 HBL z2=0.034 0.19

QSO 1730-130 | 263.26 -13.08 FSRQ z=0902 -
Mrk 421 166.11 38.21 HBL z=0.031 -

PKS 1406-076 212.24 -7.87 FSRQ z= 1494 0.36
W Comae 185.38 28.23 HBL z=0.1020
IES 0229+200 38.20 20.29 HBL z=0.139 0.39 QSO 2012077 | 30642 ot FSRQ £=1 -
e T i i R o 3C279 194.05 579 FSRQ 7=0536 0.45
§5 0716471 11047 71.34 LBL 2> 0.3 049 TYCHO 6.36 64.18 SNR 24 kpe
M&2 14897 69.68 Starbust | 3.86 Mpc _ Cyg X-1 299.59 35.20 MQSO 2.5 kpc -
3C 1230 69.27 29.67 FRII 1038 Mpc - Cyg X-3 308.11 40.96 MQsO 9 kpc =
3C 4543 34349 16.15 FSRQ z=0.859 048 LSl 303 40.13 61.23 MQSO 2 kpc
4C 38.41 2488 38.13 FSRQ z= 1814 0.3 $5433 287.96 4.98 MQSO 1.5 kpc 0.48
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Gamma Ray Bursts
\L T,. From a satellite GCN

> <€ > €
Off-time On-time Off-time

I Precursor (~100 s)

B Prompt (T,,)

I Model Independent (+24 h)
[ ] Off-time (full year)

Very low background
One event can be significant

E' ®,(E) [GeVem™]

98 northern GRBs

== Total Individual Spectra
== Waxman & Bahcall
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IC40 + IC59 GRB Results — Prompt Neutrinos
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Outlook

v'IceCube is now complete. Pay attention to
galactic sources over the next 2-3 years. GRB
models being challenged.

v’ DeepCore already producing results and ready
for astrophysical studies (southern
hemisphere at >10 GeV, oscillations, dark
matter, choked GRBs, etc)

v'South Pole is being transformed into a
neutrino facility: Dark Matter search (a la
DAMA), >GeV neutrinos (DeepCore
Extensions) and GZK neutrinos (ARA)
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The IceCube Collaboration
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Backup
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IC40 + IC59 GRB Results — Precursor & Afterglow
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-------- Afterglow Model

- Precursor Model
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Precursor (100 s). Jet borrowing through progenitor
Hydrogen Envelope Model Rejection factor: 1.51

Unlikely anyway as (long) GRB progenitors are type Ic SNe.

Afterglow (1000 s). p-y neutrinos, from early X-ray afterglow
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Energy — Charge correlation — GZK search
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Event Charge Distribution
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Neutrino Energy Distribution — GZK search
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Likelihood and Density Functions — Point Source

Signal pdf: Background pdf:
1 2202
Si = 27r07;2e o/ - P(Eilv) B; = B(Qi) ' Rl-f’r‘rz-(E'O
Likelihood: Maximize wrt:
N, n, » 7, the neutrino spectral index
L(ns,y) = 1;[1 (ﬁ&-(v) +(1- N)Bi) 'Ns, number of signal events

Maximization of the likelihood ratio:

log)" = lOg( L(?,ﬁS)j\N‘EsﬁmateS that The final Slgnlﬁcance is

L(n,=0))| maximize the determlr\ed by ,
- scrambling the data in
Likelihood .
r.a. and repeating the
analysis.
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Combining datasets — Point Source Search

107

10

Atm. negtrinos

S

Ll Ll | Ll Ll | L Ll | I Ll ll
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Iogm[E‘“,"C (GeV)]

Atm. mu

» Total events (IC40+IC59): 57460 (upgoing) + 87009 (downgoing)
»Livetime: 348 days (IC59) + 375 days (1C40)
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Combining datasets — Point Source Search
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IC79 Analysis Outlook — Point Source Search

107 : :
- = |C59+IC40 Discovery potential (50)
- = IC79 Discovery potential (50)
- = IC79+IC59+IC40 Discovery potential (50)
— IC59+IC40 Sensitivity (90% C.L.)
S R E T S — IC79 Sensitivity (90% C.L.)

E? dN/dE [TeVecm2s71]

— IC79+IC59+IC40 Sensitivity(90% C.L.)
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IceCube: First Step in Neutrino Oscillation Physics

Simple cuts and reconstruction in DeepCore. Extend sample to Low energy.
Search for consistency with standard neutrino oscillations.

Not optimized. Ongoing Work: more sophisticated analysis for measurement of oscillation

_ Data (317 9 days) MC, Std ocillation | MC, no oscillation
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318 days)

S
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data/MC

IceCube v, disapperance. Zenith Angle Distribution

%2 =52.7 (no oscillation) %2 = 19.4 (std. oscillation) dof =20
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Cross Check: The energy-proxy “Nchannel” distribution of the LE sample

& b d L .
S 100[~ Mata . Distribution of the number of hit
b B ol —— Mc, no oscillations .
s F — MC, std oscillations DOMs for vertical events
e b —— (cos(theta)<-0.55) of the low-energy
[ - event selection. Errors are statistical
8 O — | Preliminary
E [ only.
=z -

40_— I__——

20:— —

- [ N R B EFEliﬁ—‘ .
10 15 20 25 30

NCh

* |ceCube DeepCore has now explored the energy region where standard neutrino oscillation are
expected with IC79

* the non-oscillation hypothesis is rejected with high statistical significance.

* Data are in good agreement with standard oscillation expected from global best fit mixing
parameters available from the literature.

» Systematic effects have been investigated and factorized in normalization, correlated and
uncorrelated terms.

lgnacio Taboada | Georgia Tech Gamma 2012 24 24



Moon Shadow

v'Unbinned method
vIC-40 1050

(15 moon cycles) £ 2 T
T, 0]
vIC-59 1440 = 0 ¢
(14 moon cycles) o5 2 £
D
v'Full IceCube: 4
>5 0 each moon cycle ©
-8
v'Test PSF
-10
12
-14
3 2 1 0 1 2 3
(o, - oy,) cos(d,) [deg]
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Atmospheric Neutrinos
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Diffuse v, flux limits
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DeepCore Filter

T

v’ Superb muon veto
v' 10 - 300 GeV over 4 7t sr

v' Search for DM
v" Neutrino Oscillations
v' Choked GRBs

vertex time

charge $ gl n o0l afaln HDUD la .

t

(TN TR T

particle speed
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Model Independent IC40 / IC59

IC40+IC59 Model Independent Results

25

90% Upper Limit ——
- 90% Sensitivity ——— 1.6
Model Prediction

Muon Neutrino Events

10 100 1000 10000
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Fraction of Model Flux
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