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energy density flux = velocity x density
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Neutrino - Pierre-Auger UHECR

Pierre Auger Observatory Science, Nov 2007

Doublet from Centaurus A
(nearest AGN at ~4 Mpc)
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UHE neutrino constraints from lceCube have
impact on the cosmogenic neutrino fluxes from
a population of AGNs with strong source
evolution «(1+2)° and consequently on the

proton fraction in UHECRs (Ahlers et al, 2009).
Green curves: cosmogenic neutrinos with
Emax between 108-10'2 GeV. Solid red curves:
protons producing the neutrinos. Red dashed
curve = proton envelope
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UHE-NEUTRINO-GAMMA CONNECTION

UHECR interactions on CMB produce neutrinos and gammas. Gammas produce
cascades unlike neutrinos. Fermi-LAT extra-galactic diffuse bound ( arXiv:1002:3603)

limits the energy density in cascades which in turn limits the expected UHE neutrino

flux (Berezinski et al., arXiv:1003.4959).

Atmospheric v v, max Rice 854 d
Atmospheric v +v_min g HIRES V +V
IC22 200 d prefim ° Baikal 1038 d

- 1 0'2 w——g== |ceCube 22 strings EHE 242d —— ANITA-2008 35d
= F . Berezinsky et al. limit Waxman and Bahcall 1998 x 3/2
v B Allard et al, 2006, protons Razzaque et al GRB Progenitor x3/2
< 1 0-3 ----------- Allard et al, 2006, mixed Razzaque et al Prompt GRB x3/2
w 'Y E 0 ESSv, +v,2 01 Blazars Stecker 2005 x 3
o - HBL Mucke et all, 2003 x 3 IceCube-22 EHE
£ -4
o 10 paper 1n preparation
> 5
o 10
o
-6
= 10
Wi
-7
10
107 " from Fermi-LA
{ { 4 diffuse limit
-9
10 V-
-10
10

14
loa E _[GeVl




ARE THERE NEUTRINOS IN
UHECR DIRECTIONS?

56 1) 22 P.Auger + 13 HiReS events in IceCube-22 string FoV; similar
search in ANTARES

¢ 2) UHECR deflections with respect to neutrino sources unknown:

R. Lauer PhD Thesis
Vulcano 2010
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accelerator

magnetic
fields

Alvarez-Muniz and Halzen ApJ 576 (2002) p + A —— ]_L,O + j'[+ + 7T

| proton

CR-Gamma-neutrino connection

At higher energies:

| |
vy e

e+2v, +v,

Dp+y = A — pa’
Dp+y = A —=nx”

v/y after oscillations ~ 0.5 for E-2

Neutrino-gamma fluxes can be estimated
using measured gamma fluxes.

Alvarez-Muniz & Halzen 2002 >50GeV
I Alvarez-Muniz & Halzen 2002 >1 TeV
Vissani & Constantini 2005 > 50 GeV

Vissani 2006 exp cut-off
Vissani 2006 broken PL
Vissani & Villante 2008 >50GeV
Vissani & Villante 2008 > 1 TeV
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M. Markov =5

Concept of Neutrino Telescope

B~1 and 6.~41°

nhuclear

. reaction
3D lattice of PMTs

| Between 300-600 nm about 3.5 x 104 Cherenkov photons/m of a muon track '

-




IceCube Neutrino Observatory
South Pole Drilling Seasons

1996/2000 Seasons - /AMIAINID/A 2008/2009 Season -

2005/2006 Season - 2009/2010 Season - 16 to 19 Strings
2006/2007 Season - 2010/2011 Season - 18 to 20 Strinas
2007/2008 Season - 2011/2012 Season - 20 strings”

since about a month -2

79 out of 86 strings are takmgﬁi -5

-

-t

e b“ﬂ '_.{‘ ‘\3 r"

.

IC79 /\——\— INOA © e Avg. time to deep drill hole 41hrs

e Avg. hole depth 2452 m
e Avg. drilling rate 1.7 m/min
e Avg. fuel per hole 5,520 gal
e Drill thermal power output 4.7 MW
./ 1C59 e Avg. string deployment time 8 hrs

National Science Foundation Office of Polar Programs United States Antarctic Program




Technological challenges

ANTARES
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Telescope standard candle: the moon shadow
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Moon shadow in the muons
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Point spread function and Energy proxy

1IC86: 0.3° for 1-10 PeV and 0.5° for
10-100 TeV.
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Point-source methods using Maximum Likelihood ratio test

LLH ratio methods exploit the power of several variables characterizing signal against background.

Neutrino telescope data are background dominated (atmospheric muons/neutrinos)
Background pdf from time-scrambled data samples = the significance is solid

Signal pdf: direction x time x energy for flares (GRBs, AGNs) =s
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lceCube Sky Maps (22 strings

Neutrino Flux needed
for this significance
RA= 153.4°, dec = 11.4° (TeV-1 cm=2 s1)

nsrc = 7.7 gamma = -1.65

post-trial = 1.34% (2.2 sigma) E2 22x10M
most of the significance comes E-1.65 3.6 x 1012
from = 300 TeV events

Not time dependent 5114 events/276 days

In 1.5°: Regulus binary star

24h

rop. J. L 701 (2009) L47-L51

Phys. Rev. Lett. 103, 221102 (2009)




Northern and Southern astronomy...

Fraction of simulated E-2
neutrinos at analysis level

- : : — — Atmospheric (up-going)

—— E? (up-going)
- E? (down-going)
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Northern sky = TeV- ; : '
FEh ESInemy ~ Southern sky = PeV-EeV
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40-5tring all Skymap

J. Dumm ICRC2009 L
J. Aguilar Vulcano 2010, —= _— ~FJa s S __ s
rthern sky (v bkg)
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Ra=113.75, Dec=15.15

Livetime = 375.5 days Pre-trial -logio(p-value) = 5.28

Apr 5, 2008- May 20,2009 Best-fit # of source events = 11.0
# Events = 36900 Best-fit spectral index = 2.05

(14121 up-going, All-sky search: post-trial p-value = 18.1%
22779 down-going) Source list: post-trial p-value = 62%



Sensitivity (90% cl) and Discovery Potential
(5sigma) to E fluxes

22 strings 275.7 d
. IETTTTTTTY 40 strings disc. pot. 375.5d

E2 dN/dE [TeV cm™? s

- 40 strings sens. 375.5d lceCube-40 discovery
10°F m 40 strings list 90% UL 'ﬂ :

. = 86 strings prel. sens. ux (5 0) is almost ruled

IR [ ANTARES prel. 365 d out by lceCube-22

B . . sensitivity flux (90%cl.)
1070 M T N

i *wceCube-40 discovery flux
101 (5 0)/lceCube-40 sensitivity

: (90%cl) ~3

i lceCube-86 sensitivity
IR S B EE R S . I P (90%cl) ~2 lceCube-40

-1 -08 -06 04 -02 0 02 04 06 038

sin(5) ensitivity

A discovery in 1-yr of IceCube-86 is possible if highest significances in
IceCube-40 continue to grow.




Search for flares using MWL information

15 in coincidence with 40 string: best p-value for PKS 1502+106, with a time window of -8

days, p-value after trials 29% so compatible with backgr.
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We scanned all time

scales from ms to yr =>
the hottest spot is for 2

events in 22 sec (prob.
58% after trials).
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Swift X-ray Data for QSOB1502p1041 (15-50 keV)
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Binary systems and Micro-quasars
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to scale conjuction
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Intermediate scale anisotropies (~20°)

15
T 0w
70 - 3 1 1 3 5 7 9 11 131
Li-Ma Significance Milagro: Medium scale 71"
anisotropy

ARGO

ICRC2009
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PRL 101, 221101, 2008
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Plot by S. Toscano Li-Ma Significance
TM Vulcano 2010




Science 314, 2006
60

40

http://arxiv.org/abs/1005.2960
P. Desiati, Beyond 2010
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Tibet, Milagro also showed unexpected anisgt?ropies when lo
anisotropies. Map dominated by charged cosmic rays.

HAWC construction Is starting!

X195 better sensitivity than Nilagro.
20,000 m< 300 water tanks with 3 PMTs
at 4100m a.s.l. In Viexico

Large Scale Anisotropies: IceCube-22 strings versus Milagro
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WIMP searches

0.05 < Q,h* < 0.20
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&onclusions - 7 A LT
IceCube and ANTARES are beginning to explore the-
region < WB limit,

Some outcomes of analyses areat the level of 1% but in.
dastronomy such significanceisto be considered a fluctuation of
background.

Cosmic ray anisotropies arc an. intriguing puzzle
vossibly binting to local CR sources.

| IceCube and HAWC ~will substantially contribute to
solve it.

) DeepCore will improve IceCube performance for

1< 100 GeV physics (DM, oscillations, galactic
sources)
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