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COSMIC rays
specirum

» cosmic rays produced in the Galaxy
below 108-10° GeV

» spectral features from acceleration
mechanisms & propagation effects

» source distribution in Galaxy and
our neighborhood

» magnetic field configurations in
local interstellar medium

» anisotropy

Gaisser, Stanev, Tilav, 2013 - arXiv:1303.3565
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COSMIC rays mass
direct ooservations

» COSMIC rays mass composition
not very different from our solar
neighborhood

» differences from nuclear
fragmentation in collisions with
interstellar medium

o’

» isotopic composition provides
hints on origin and propagation of
COSMIC rays
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Relative Abundance (Si=100)
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» at high energy changes in mass
composition from rigidity-escape
escape from the Galaxy
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» at high energy flux too small for
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» ground-based, under-ground /
water / ice detection
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AL Alr shower evolves (particles are created
/. <~ and most of them later stop or decay)
/. / P
» atmosphere & interaction properties
Measurement of
s -~ - fluorescence light
Measurement of Cherenkov - Domeo the particles (Fly’s Eye) '
lght with telescopes reach the ground | » energy & mass observations tangled
g l\;urement with scintillation counters _)J } Iower maSS resolutlon
= = = )
T\' / ~z. Measurement of low-energy muons
with scintillation or tracking detectors
Measurement of particles
with tracking detectors 5
(with drift chambers or Measurement of high-energy
streamer or Geiger tubes) T e deep underground
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DOSSIble ongin of
cosmic ray particles

» cosmic rays of similar composition of ORIGRl AL
local interstellar medium DR bt

» confined in the Milky way for ~10 Myr
('°Be/°Be observation at low energy)

» isotopic composition (°?Ne/°°Neg) to
provide a hint on the origin of a
substantial fraction of low energy

COSMIC rays » OB associations within superbubbles

6
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DOSSIble ongin of
COSMIC ray energy

» energy needed to maintain galactic
cosmic ray population

2

Ecor ~ 10 ergs ™t =102 W

» energy released by supernovae that
goes into particle acceleration

10% J
Eon ~ x 10% ~ 10%* W
30 yr

released mechanical energy

galactic supernova rate

energy into acceleration
7

-opfical % :. 17

» Emax associated to the knee of
cosmic rays at ~ 3 PeV

Monday, November 11, 2013



cosmic ray acceleration

N supernova

remnNants

Remarks on Super-Novae and Cosmic Rays

We have recently called attention to a remarkable type
of giant novae.! As the subject of super-novae is probably
very unfamiliar we give here a few more details which
are not contained in our original articles.

1. Distribution of super-novae

In our calculations we made use of the assumption that
on the average one super-nova appears in each galaxy
every thousand years. This estimate is based on the
occurrence of super-novae in the following galaxies,

Our own galaxy in 1572
Andromeda 1885
Messier 101 1907

These three systems are located within a sphere of radius
RV T TR L

———

We wish to emphasize that all of these finds are chance‘,

finds since a systematic search for super-novae has been
organized only recently.

From the estimate of one super-nova per galaxy per
thousand years it follows that 107 super-novae appear per
year in the 10 nebulae which are contained in a sphere of
2 X107 years radius (critical distance derived from the red
shift of nebulae). If cosmic rays come from super-novae
their intensity in points far away from any individual
super-nova will be essentially independent of time.

2. Comparison with the lifetime of stars

The lifetime of stars is supposed to be of the order of at
least 10'? years. A nebula contains about 10° stars. These
estimates, combined with the frequency of occurrence of

one super-nova per galaxv —- 7" - -2 anggest that the

Baade & Zwicky 1934

PHYSICAL REVIEW

VOLUME 75, NUMBER 8§

APRIL 15, 1949

On the Origin of the Cosmic Radiation

Enrico FErMI
Institute for Nuclear Studies, University of Chicago, Chicago, Illinois
(Received January 3, 1949)

A theory of the origin of cosmic radiation is proposed according to which cosmic rays are originated
and accelerated primarily in the interstellar space of the galaxy by collisions against moving mag-
metic fields. One of the features of the theory is that it yields naturally an inverse power law for the
spectral distribution of the cosmic rays. The chief difficulty is that it fails to explain in a straight-
forward way the heavy nuclei observed in the primary radiation

I. INTRODUCTION

N recent discussions on the origin of the cosmic
radiation E. Teller' has advocated the view
that cosmic rays are of solar origin and are kept

——

where H is the intensity of the magnetic field and
p is the density of the interstellar matter.

One finds according to the present theory that a
particle that is projected into the interstellar

Fermi 1949
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. X-ray-(Chiahdra)
opfical: . -1 %

<

» diffusive shock acceleration in galactic
supernova remnants
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COSMIC rays
reconstruct their nistory
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CcOSMIC rays
reconstruct their nistory:

Fermi - LAT 200 MeV - 100 GeV diffuse gamma ray sky

galactic coordinates

10

Monday, November 11, 2013



CcOSMIC rays
reconstruct thelr nistory.

H.E.S.S. TeV gamma ray galactic plane
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COSMIC rays
reconstruct their nistory: neutrino

lceCube-59+40 probability of >100 GeV neutrino
point-like excess from random fluctuations

equatorial coordinates
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COSMIC rays
Multl-messenger obsernvations

» neutrinos incontrovertibly linked to proton
acceleration

» neutrinos propagate undisturbed from
dense region bringing information from the
INnner sources

» smoking gun for identification of cosmic ray
SOurces

Paolo Desiati
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The IceCube Collaboration
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lceCube Observatory

Digital Optical Module - DOM

with 10” PMT &
local DAQ electronics
Penetrator HV Divider
\ LED
Flasher
) Board
DOM : N\
Mainboard P o
Delay 3 o — : /
Board
.
PMf RTV
T gel

Glass Pressure Housing

Mu-metal
grid

IceCube Lab

50m

1450 m

2450 m
2820 m

IceTo

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

324 optical sensors

IceCube Array

86 strings including 8 DeepCore strings
60 optical sensors on each string
5160 optical sensors

December, 2010: Project completed, 86 strings

DeepCore

Y
/iB strings-spacing optimized for lower energies

480 optical sensors

Eiffel Tower
2 324 m
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growing lceCube
& event collection

Strings Year U rate
IC22 2007 500 Hz
IC40 2008 1100 Hz
IC59 2009 1700 Hz
IC79 2010 2000 Hz
IC86 2011+ 2200 Hz

Observed InlceSMT Rate (Run Duration > 1 hour)
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detecting neutrinos
upside-down telescope
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ICECUBE:

THE DOWNWARD=LOORING TELESCOPE

Cherenkov Light
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detection principle - cascade  vev: CC-int & vi NC-int
NERERI R el | | ] vs. direct light

“on time” > delayed

Cherenkov light from
a cascade

Claudio Kopper - WIPAC

Paolo Desiati
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detection principle - track vy CC-int

time delay
vs. direct light

RN }";‘onf time” > delayed

Cherenkov light from
a muon track

Claudio Kopper - WIPAC
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event identification

Ve DeepCore - Aartsen+, 2013
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all-sky steady point source searches
ceCupe-40+59+ 79

» 108,317 up-going events / 146,018 down-going events

» in 316 d (|C79), 348 d (|C59), 375 d (|C40) lceCube Collaboration 2013

91\:1PE

PRELIMINARY

2 3 4 5 6 7 8 9
Iogw[E:"C (GeV)]

0.0 0.6 1.2 1.8 2.4 3.0 3.6 4.2 4.8 5.4 6.0
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diffuse source searches
NIgN energy CosMic rays

upgoing through going muons from vy
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diffuse source searches

Ultra-nign energy frontier

» ultra high energy neutrinos GZK cut-off

» 616 d (IC79 + IC86 excluding burn sample)

IceCube Collaboration PRL 111, 021103,2013
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diffuse source searches
Ultra-nign energy frontier

» IF extraterrestrial associated to extreme
events (no y counterpart ?)

lceCube Collaboration PRL 111, 021103,2013

~500 m ~1600 ft

103 —@— data sum of atmospheric background
2 EX=3.6x10" GeV sr' cm2 g1 seresess atmospheric L .
10 cosmogenicv Yoshida o atmospheric v conventional o
10 cosmogenic v Ahlers - atmospheric v prompt ;;
R el
ElOl F /
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104 E / —_— e e % energy (PeV) 1.04 +£0.16 1.14 +£0.17
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diffuse source searches
Ultra-nign energy frontier

v

a PeV downgoing event / year

2.8 O » not cosmogenic neutrino
over background

for GZK searches

» not consistent with atmospheric flux

lceCube Collaboration PRL 111, 021103,2013 » 8-9 more events > 1 TeV if unbroken E-2
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high energy “starting” EEYEE

» extension to lower energy

» 662 d (IC79 + ICS6)

» containment at HE (Qtt > 6000 p.e.)

» 400 Mton effective fiducial mass
» reject cosmic ray muons

» sensitive to all flavors > 60 TeV

» 3 times as sensitive at 1 PeV ]

26
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high energy “starting” events
Dackground estimation

» atmospheric muons 107
Schonert et al,
$ 10 “Toosoee. VM
&)
» estimated from data (tag events p 3 10
on outer layer) g
_8 10
§ 10°

(6 + 3.4 p’s)

[
(=]
~

0.0 0.2 0.4 0.6 0.8
Cos(Zenith Angle)

: : 3
» atmospheric neutrinos S
o 10°
' ' . i \ ué 10°
» reject events with accompanied Y Y =
muons (self-veto) 2 0
109,0 B2 bl 08 .
os(Zenl ngie
(4 = 6 +3.7-1 2 V,S) Plots courtesy of K. Jero (UW-Madison)
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high energy “starting” events
some examples

declination: -13.2° declination: -0.4° declination: 40.3°
deposited energy: 82TeV deposited energy: 71TeV deposited energy: 253TeV
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IceCube Preliminary
IceCube Preliminary
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high energy “starting” events

NigN energy all-flavor neutrino events

» 26 + 2 = 28 events found

» good fit with tagged muon background

(for Qiot < 6000 p.e.)

» hatched region includes uncertainties from

conventional and prompt (Enberg et
atmospheric neutrino flux

» total background (including models uncert’s)

» 12.1 = 3.4 for reference flux

al.)

Events per 662 Days

» significance w.r.t. reference background

» 3.3 0 (26 events) - 4.1 o (28 events)

Charge Threshold

EE Background Atmospheric Neutrino Flux
Background Uncertainties (Atm. Neutrinos)

I Background Atmospheric Muon Flux (Tagged Data)l]
— Signal+Bkg. Astrophysical E~* Spectrum

— All Events (Trigger Level)

eoe Data

10*
Total Collected PMT Charge (Photoelectrons)

7.

IceCube Preliminary

10°
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high energy “starting” events
NigN energy all-flavor neutrino events

Declination (degrees)

80
60
40
20

20 h
-40

-60
-80

30

HceCube Preliminary s

1 1 1 1 1 I
howers —e
Tracks +---x---

r

7 tracks

21 cascades
\_ J

Deposited EM-Equivalent Energy in

Paolo Desiati
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high energy “starting” events
NigN energy all-flavor neutrino events

» flatter spectrum than expected

> SmOOthly merges Into baCkground ! | | - I == BaékgrouﬁdAtlmoslph(I-:-riclI\ietlJt:’inoFqu
expeCtatlon at lOW energy (> 30 Te\/) EE Background Atmospheric Muon Flux

g Background Stat. and Syst. Uncertainties
. | = Signal+Bkg. Astrophysical £~ Spectrum

- |eoe Data
] 1 :
» potential cutoff at 2-5 PeV O
2
a
» 1.6 1504 PeV (hard cutoff) S
g 10°} :
» best fit z
B 22 _
» 1.2+ 04 x108E2GeVcem?2stsrt 1
yi
)
10° 10°
Deposited EM-Equivalent Energy in Detector (TeV)
31
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high energy “starting” events
NigN energy all-flavor neutrino events
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10—3 L .| — ESSvu+vre, 2001 = [C79+86 Starting Events (“HESE”) i
- — Ahlers et al. Best Fit AMANDA-IT atmos v, forward fold. |
[ : —— Decerprit et al. Proton B IC40 atmos v, forward folding 1
—4 _ _____ === [C22 Cascade Limit B B IC40 atmos v, unfolding |
10 i === AMANDA-II Diftfuse v,, Limit x 3
107°F

(E,/GeV)?dN, /dE, [GeV ™ lem 25 tsr ]

—

S
—_
-
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high energy “starting” events
NigN energy all-flavor neutrino events

through-going muon tracks

Chris Weaver TAUP 2013
‘!._—l 10-2§ 1 IIIIIIII | IlIlIII | IIIIIII | IIIIIIII | IIIIIII | IIIIIll 1 IIIIIII 1 Illlg
- — ———— 1) Honda + Sarcevic Atmos.v —— 2) Waxman Bahcall 1998x 3/2 -
7)) al — 3)ESSv,+v_, 2001 4) Ahlers et al. Best Fit -
A\ 1 O §_ ——— §) Decerprit et al. Proton s = 6) 1IC22 Cascade Limit _g
/) wes 7) AMANDA-II Diffuse v, Limitx 3 L 8) IC40 Atmos.v , Unfolding E
N - s 9) IC59 Diffuse v, Limitx 3 10) IceCube 2012 All Flavor Limit (Prelim.) —
1 0'4 — —  11) IceCube 2 Year Starting —
g = S
S - IceCube-79 sensitivity
o 10°g (10) Preliminary —=
S, - -
uf  10°F
O -
= 7
2> 107 g () =
— 9 =
© — Previous Analyglz """"""" =
N -8 | —
LLT 10 = This analysis ====t~R=======%=== =
9 B
- , (3) "
10-10 | | lllllll | | lllllll | .| lllJ/llI | | lllllll 1IN llllll /l | lllllll | .| lllllll L 1 1111l

10° 10* 10° 10° 107 10° 10° 10"

E, [GeV]
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high energy “starting” events
angular distrioution

Southern Sky (downgoing) Northern Sky (upgoing)
| Background Atmospheric Neutrino Flux [ Background Atmospheric Muon Flux
I Background Atmospheric Muon Flux LOF e 1 ..|Emm Bkg. Atmospheric Neutrinos (x/K) i
Background Stat. and Syst. Uncertainties | | /77) Background Stat. and Syst. Uncertainties
— Signal+Bkg. Astrophysical E-2 Spectrum |] — Atmospheric Neutrinos (Benchmark Charm Flux)
. eee Data — Atmospheric Neutrinos (90% CL Charm Limit)
107 gl — Signal+Bkg. Best-Fit Astrophysical E~> Spectrum |
‘g e®e Data
. : : ®
2 1 8 IceCube Preliminary
o N § §
o~
3 g T :
; |-
50 | Bt B — ] A PO O I
2 1Ty <o
= é |8 |
[ § C At i
e | g |
- ——
107 nfr : 2\ 77 | oar—— | | ]
| o
U
/? A7 /L '///
D 0.
10? e —1.0 -0.5 0.0 0.5 1.0
Deposited EM-Equivalent Energy in Detector (TeV) sin(Declination)
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high energy “starting” events

angular distrioution

> 00 TeV

Southern Sky (down

going)] [Northern Sky (upgoing)

ZZ4

1.0

- [EEE Background Atmospheric Neutrino Flux IG—J § EEE Background Atmospheric Muon Flux
EEE Background Atmospheric Muon Flux O 10 .....|EER Bkg. Atmospheric Neutrinos (7/K)
Background Stat. and Syst. Uncertainties || O § ¥/7Z] Background Stat. and Syst. Uncertainties
— Signal+Bkg. Astrophysical E~2 Spectrum |] A — Atmospheric Neutrinos (Benchmark Charm Flux)
1 eee Data L — Atmospheric Neutrinos (90% CL Charm Limit)
10 8 ] EER S S — Signal+Bkg. Best-Fit Astrophysical £~ Spectrum |
+J eoe Data
wn : : o o
2 8 IceCube Preliminary
© . .
a O | |
o~ O T
8 < 6
5 100 E |
o : :
v © 4- .................... PN USSR I R S -
i z o §
f N :
: O :
; O :
E — | I
]_0'1 5 ---------------- . 8_ 2 ! A e I—o—l ------------ —— .
“ e
| = - ) :
? v 7524 727777 ]
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high energy “starting” events

angular distrioution

> 00 TeV

36

Southern Sky (downgoing)] [Northern Sky (upgoing)
> 102 . . .
\ , , . |q_) EEE Background Atmospheric Muon Flux
» compatible with isotropic flux o B Bkg. Atmospheric Neutrinos (r/K)
O Background Stat. and Syst. Uncertainties
A — Atmospheric Neutrinos (Benchmark Charm Flux) |]
L — Atmospheric Neutrinos (90% CL Charm Limit)
» Earth absorption from Northern S ot L., oonarrika. Bestrit Astrophysical £ Spectrum ||
Hemisphere S IceCube Preliminary;|
% ———i - - ]
2 ==l
» MiNor excess Iin south but not = I -
- . LU a7 | —
statistically significant o 7 1 |
s
- / /7.
g %
10t 7
-
)
>
L
—-1.0 —-0.5 0.0 0.5
sin(Declination)
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high energy “starting” events
arrval distrioution

shower events 1_!;'
p-value 8% |

* | allevents |
34— |p-value = 80%)| 10

0 TS= 2log(L/LO) 12.4
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origin of high energy neutrinos ?

» Glashow resonance ?
» galactic or extragalactic 7
» iISOtropic or point sources “?

» COSMIC ray composition 7

/

—

» PP Or py origin ?

» 1 PeV neutrinos ~ 20 TeV CR nucleon ~ 2 PeV y-rays

38
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origin of high energy neutrinos ?

o extragalactic sources:

e relation to the sources of UHE CRs [Kistler, Stanev & Yuksel 1301.1703]
o GZK from low E..x blazars [Kalashev, Kusenko & Essey 1303.0300]
o cores of active galactic nuclei (AGN) [Stecker et al.'91;Stecker 1305.7404]
o low-power ~-ray bursts (GRB) [Murase & loka 1306.2274]
e starburst galaxies  [Loeb&Waxman’'06; He et al. 1303.1253; Murase, MA & Lacki 1306.3417]
e hypernova in star-forming galaxies [Liu et al. 1310.1263]
o galaxy clusters/groups [Berezinksy, Blasi & Ptuskin’97; Murase, MA & Lacki 1306.3417]

e Galactic sources:

e heavy dark matter decay [Feldstein et al. 1303.7320; Esmaili & Serpico 1308.1105]
e peculiar hypernovae [Fox, Kashiyama & Meszaros 1305.6606; MA & Murase 1309.4077]
o diffuse Galactic y-ray emission  [e.g. Ingelman & Thunman'96; MA & Murase 1309.4077]

* ~-ray association:

o unidentified Galactic TeV ~-ray sources [Fox, Kashiyama & Meszaros 1306.6606]
o sub-TeV diffuse Galactic y-ray emission [Neronov, Semikoz & Tchernin 1307.2158]
39
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origin of high energy neutrinos ?

» strong constraints of galactic isotropic emission
of y-rays

------- LHAASO (lyr, [b] < 2%) UMC ([b] < 10°, 30° < [ < 220°)
''''''' HAWC (3yrs, |b] < 2°) IC-40 () (—10° < b < 5, 280° < | < 330°)
- . . “t T CTA (100h, |b) < 2°) HEGRA (|b| < 5%, (0r < | < 255%)
» disfavor contribution from SNR & HyperNovae Mg <SAP<I<ION @  HBGRAGH< 2P <I<60)
X Milagro (|b] < 27, 30° < | < 85%) B EAS-TOP(|b| <5°)
+ Milagro (|b| < 27, 85° < [ < 210°) Tibet (|b) < 27, 20° < | < 557)
® GRAPES-3 ® HEGRA IC-40 (7) GAMMA ®  GRAPES-3(b| < 2°,20° < [ < 557) *  Tibet(|b] < 2°, 140° < [ < 2257)
UMC B EAS-TOP %  KASCADE ¢ CASA-MIA ®  GRAPES-3(b| <27, 140° < | < 225%) @  CASA-MIA (b < 5°,40° < | < 200%)
: Ahlers & Murase arXiv:1309.4077 I
10—4 i : J
— 1075} ‘ II
|
b . . .
e diffuse TeV-PeV y-ray limits
| 10—6 . i
wa
)
5§ 7
> 10 3
[5)
)
> —8 b
1078
=
10—9 i
diffuse y-ray limits in GP
10—10 i
10! 10° 10! 102 103
Ey [TeV]
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origin of high energy neutrinos ?

90°

Markus Ahlers

-180°

Ahlers & Murase arXiv:1309.4077
10—6 : . : T — . : . l

1077}

. LHAASO (lyr, FB)
- HAWC (3yrs, FB)
. CTA (100h, FB)
1078} ANTARES (FB, prel.)
_ . e GRAPES-3 (FB)

» Fermi Bubble to explain southern excess ? ¢ CASA-MIA (FB)

HH Fermi Bubble
H+ IceCube (FB, prel.)

» 15 high energy neutrino in blind region

E%J,[GeVem 2s sr!]

10~° : ‘ : ' ‘
103 1072 107! 100 10!

E, [TeV]
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atmospheric neutrinos
charm and astropnysical neutrinos

» how easy IS to measure an

astrophysical
depends on its spectrum

signal

|t

» can neutrino telescopes observe
neutrinos from charm ? And
constrain models ? And break
degeneracy between charm &

astrophysics ?

42
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vy (Enberg et al.)

-.~. promptatms.v, (Bugaevetal. - RQPM) |
—— —— prompt atms. v, (Martin et al. - GBW)
- - prompt atms. v, (Martin et al. - KMS)
-~ prompt atms. v, (Martin et al. - MRST)

IceCube Preliminary
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nadronic interactions
forward pnysics

» CR showers dominated by soft component

with small pt (hon-perturbative QCD)

» hard component (heavy quarks) with high pr

(PQCD)

» phenomenological descriptions of hadronic
Interactions with minijet production for hard

component

» models to describe soft/hard interactions in
forward region & extrapolated to high energy

43
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atmospheric neutrinos
experimental observations

10

—
o
N

@, (E/GeV)>° (cm? s sr GeV)™

'
w

10

44

observed through-going v, + 7,
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I uncertainties 7
- —— QGSJET-Il + cHGp -
[ —— QGSJET-Il + GH :
R SIBYLL 2.1 + cHGp i
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fury
o
~

E769 o(pp —cc) @250GeV/c, x5 >0
LEBC-EHS o(pp —cc) @400GeV/c
LEBC-MPS o(pp —cc) @800GeV/c
HERA-B o(pp —cc) @920GeV/c
ALICE o(pp —ce), full y

atmospheric neutrinos
charm production
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atmospheric neutrinos
charm and astropnysical neutrinos

» lower energy threshold to search for all flavor starting events
» <10 TeV constrains conventional atmospheric contribution

» 10-50 TeV constrains onset of charm component

» north/south weakens degeneracy between hard atmospheric and additional components

J. van Santen - TAUP 13

Monte Carlo realization +++ Data WM 12x10° E° BN 1.0xHondawy, W 38xEnberg HEE 1.0xHonda v, -+ Total MC
- iC79'r\llort'h¢'3rn h'émi'sp'here' ;Zas'ce;des" IC79 gouthel"r'w't;;misph'elle"&ascade's" : ' [IC'IIQ No'rt'r;'e'r'rlx herr'\i's;;v'r'mgre Tra'c'k's'.r Ié;g S'Ot'Jtt;e'rr; he'rr']i's;nt'\elre Tracks j
{1 10° k 10° { 10° | !
T Vel r_?rt_- self-veto | | Ve : T vyl self-veto | | v, |
10" E : 10}
0 —\_'1
= B
Q s |
> :
— 3
4

10 10!
10-2 1 P | aaaaaasal " Al A anas 10-2 : 10-2 10-2
10° 10° 10° 10° 10" 10’ 10* 10° 10° 100 10’ 10° 10° 10° 10" 10’ 10° 10° 10° 10’
Reconstructed energy [GeV] Reconstructed energy [GeV] Reconstructed energy [GeV] Reconstructed energy [GeV]
46

Paolo Desiati

Monday, November 11, 2013



Observational zones

atmospheric neutrinos
charm & Vv seasonal varations 19068

effective temperature

[dE, [ dX A.¢4(E,,0)P(E,,0,X)T(0, X)

LersO) = =7 4B, TdX A, (B, 0)P(E,,0,X)
- o ICECUBE PRELIMINARY
; Ry Tilav et al., ICRC 2009

PD et al., ICRC 2011
PD et al., ICRC 2013
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==
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temperature coefficient PD & Gaisser, 2010
5 ARy . _exp ATt i
th(e) _ T- a_deEv ¢v(Ev,0)Aest(Ev,0) <R > — YT <T > ]
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1072 — . | |
» U produced by same processes as v g unﬂavtor:; -
ot _

1073 | q

_,———"'—__————__ﬂ____—_7 e ——

» BUT not contaminated by HE signal

» hadronic model uncertainties (effect of
unflavoured mesons)
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narm production in the atmosphere

eaking the degeneracy with astropnysical signal
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charm production in the atmosphere
oreaking the degeneracy with astropnysical signa

» separate p bundles (smooth) from high energy p (stochastic energy losses)

» measure energy spectrum up to PeV scale

OOO

Size: PMT Signal ‘ |
000 ‘ !
Color: Time i ‘ H

ratio~1:10

for bright events - i

49 HE muon High multiplicity bundle
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summary

» are we at the beginning of neutrino astrophysics
» more data will help understand the nature of PeV neutrinos
» a better understanding of charm production in the atmosphere

» break degeneracy between prompt and an additional high energy
component

» IceCube is working in probing charm production in the atmosphere

» need forward physics observations at high energy

50
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direct indirect

primary COsmiC rayS measurements measurements
spectrum & composition

T’G + .LEAP - s'atellite '
8 X Proton - satellite
> x Yakustk - ground array
8 dh Haverah Park - ground array . .
‘T, O Akeno - ground array . Ga|SSer, AS’[rOpart. PhyS 35 (201 2) 801
N A AGASA - ground array 4
g‘ O Fly's Eye - air fluorescence 1 0 E J J ' ' ' J ' A
3 #* HiRes1 mono - air fluorescence - C Gaisser-Hillas Model
L ¢ HiRes2 mono - air fluorescence i i

e e
/ “ A

HiRes Stereo - air fluorescence
Auger - hybrid

&7 10 b 3
38 CNOC
ML MgS:i
Na
E 10°F Grigorov 2
=~ - Akeno
MSU
w KASCADE
g HEGRA
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primary cosmic rays
spectrum & composition

4
m 10°. - LEAP - satellite
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[+ }]
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direct

measurements

indirect
measurements

Gaisser, Stanev & Tilav, 2013 - arX|v 1303.3565
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cosmic ray acceleration In supernova remnants

Hillas-plot
(candidate sites for E=100 EeV and E=1 ZeV)
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event identification

10°
10°E
, B ~ Downgoing Muons
10 =5 Strings Year M rate final vy rate
- e IC22 2007 500 Hz 18 / day
10°E IC40 2008 1100 Hz 40 / day
Ry ' Filtoret D ) x106 IC59 2009 1700 Hz 130/ day
10° - C79 2010 2000 Hz 170/ day
72 =
- - IC86 2011 2100 Hz ~200 / day
- 3 =
q>) B x 1 O g
e (=
;| | Atmospheric Neutrinos
10°E; IR T L Ll T v
E\.. 00 RPN g AT e B .}: LD , )
;on-o ‘-ta.o.b-_. —— : ": )
£ Ty . L | . E
2 . 2ags, 1 ~20-50%
10°g S g : neutrino efficiency
¥ » atmospheric neutrinos
10

» extra-terrestrial neutrinos
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all-sky
steady point sources

energy distribution for E-2 v, spectrum

angular resolution / degrees
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9 "
o
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Q9
% up-ward : :
< 140 v-dominated 0.0; 3 7] 5 6 7
'§ log10 (neutrino energy / GeV)
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80|
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40+ down-ward
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=

—
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E dN/dE [Te
=

A

<
-
N

-1

northern hemisphere

1 lllllll

1l Flll.

- lceTop Veto effect

southern hemisphere

ST

-08 06 04 -02 0 02 04 06 0.8

sin(d) [degrees]

90% CL sensitivity for
steady point sources

—-2

A

SuperK

Antares (304 days)
AMANDA-II (1387 days)
IceCube-40 (375 days)
lceCube-59 (348 days)
IceCube-40+59 (723 days)
IceCube-80 (predicted)
KM3Net (predicted)

discovery potential (50, 50% of
trials) is about x3
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Ot h er pO i nt SO u rce SearC h eS number of events needed for 50 (50%) all-sky

discovery potential at different flare scales

. : — = = Untriggered Flare Discovery Potential 1C22+1C40
[ 't|me Vary|ng SOuUrces S oococoocc Time-Integrated Discovery Potential
- Untriggered Flare Median Sensitivity [
A Time-Integrated Median Sensitivity 5 :
» untriggered all-sky time scan > ~ - ‘ - - -

» time scan for candidate variable
sources from Fermi-LAT Bright

Source List It mt TS UUUOE FOUVVE RO
| 1 10 107 10°

Mean Number of Events

ofT of Flage (Min)g
. . 1 :__.1. ,,,,, S P ;..3”..,,.ﬁﬁﬁﬁﬁiiﬁﬁﬁﬁiﬁﬁﬁﬁiﬁﬂﬁﬁ:ﬁﬁﬁﬁﬁiﬁﬁﬁﬁiﬁﬁﬁﬁﬁ;ﬁﬁﬁﬁﬁﬁIﬁlﬁﬁﬁﬁlﬁ;iﬁﬁﬁﬁiﬁﬁfﬁﬁﬁf
» triggered search based on flaring 0 Vodbmele

. ol vl v vd vl vvd e vl s il
sources observed by Fermi (alerts 10° 10° 10¢ 10° 102 100 1 10 102 10°

from Public Release), H.E.S.S., o of Flare (Day)
MAGIC and VERITAS ApdJ 744, 1, 2012 - arXiv:1104.0075

» periodic sources from catalogue of

GeV-TeV binary systems Apd 748, 118, 2012 arXiv:1108.3023
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neutrinos from
Gamma

Ray Bursts

e search for stacked neutrinos in coincidence with

observed y ray from GRB in the northern hemisphere

e per-burst neutrino spectra calculated from y ray
spectra based on prescription by Guetta et al.
Astrop. Phys. 20, 429 (2004)

1072 ,
[ NeuCosmA 2011
- shape revised
based on Guetta et al. /
\
\ \ I,
T 107 — /.
b [
]
>
[P
<
S
K
IR 10—4 NIV AN
\
: \ |\
- 4 revised FireBall | \
+ /_REC calculations
1075 bt - - - .
10* 10° 10° 107 10% 10°
E, [GeV]
61

Himmer et al. arXiv:1112.1076

assuming GRB as sources of UHE cosmic rays

e.g. Ahlers et al., Astrop. Phys. 35-2, 87 (2011)

10°

10t
102}

107}

d

E*®,(E) [GeVem

=== Total Individual Spectra
== Waxman & Bahcall

10° 10* 10° 10° 107 108
E, [GeV]

Nature, 484, 351 (2012)

-8
10 ' ' '
Waxman & Bahcall 90% CL upper limit 110
. IC40 limit
1 IC40 Guetta et al. S — -e..:._-;_:_:_:} \‘ mmmmm
n IC40+59 Combined + A .
n limit 'y '
n IC40+59 Guetta ,” W A
“.‘E etal. ’ W ‘
S \‘ \‘ 1
> ¢ LR} |
G) ' 4 s '
Q 107} PO
’e‘: 05’ ‘\ ‘\ “a 110
o A LI 1
W : . 8 evt expected ',
, .
, R O evtobserved "'
S [N . L s o
10 10° 10° 10’
Neutrino Energy (GeV)
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— 105_ T T T T T I T T T T I T T T I T T T T I T T 1]
S VE convéntional | =
't ' f > ~ atmospherlc Conventional atmospheric neutrinos (Honda 2006)
r r I )
neu ranS ro 8 104? neutrinos — . = Astrophysical neutrinos (1C40 limit) _§
' % 103: --------- Prompt atmospheric neutrinos (Enberg et al.) =
diffuse sources -
10 —=
10% T = . ?;
. S iy extra-terrestrial =
e search for neutrinos from unresolved e e E2 B
— == o H =
- - -4 : : neutrinos -
sources in the Universe (e.g. AGN) o gty B
=g n,
— =, .
oL q" -,
102 = l 5
10° —;
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f= — : — o 1C40 v 90%E)L limit s \Waxman-Bahcall upperbound 1998 = Schukraft, Grullon, Wallraff, et al. ICRC 2011
g . : o : - Mannheim 1995 =
% N — |C59 diffuse sensitivity (prelim.) — Prompt GRB Razzaque et al. 2008 .
O, . —e— [1C40 atmospherlc unfoldlng = = = = GZK Engel et al. 2001
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cosmogenic
Nneutrinos

® cosmogenic neutrinos from photo-hadronic
interactions of UHECR protons with the CMB

e constrain through the e, et and y-rays cascading
on the CMB and intergalactic magnetic fields to
lower energies and generating a y-ray
background in the GeV-TeV region

)
<
=

N

Wissing, Ishihara, et al. ICRC 2011

I I .I I A

=107
S|
o 10°°
E -
; 107 _WBbound
CON!
= oo O leaouig,
m ."' 0/ N O
= 0 Ic59 Y1/ ESS
& 10°f
. PRELIMINARY
-10 1 1 1 | I Aﬁ'f | |
1074 6 8 10
logw(Energy/GeV)
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Ishihara, et al. ICRC 2011
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10

Discovery potential for 4 years
of lceCube

10—10 l .
: ~  1CB6+79459+40 Sensitivity ] w*
— esogkomymen || v Given E2 flux, find
— C86+79+459+40 Discovery Potential || :Z normalization for 5o result
' 10
- S - - 10V
> SRR PRELIMINARY [ =2,
.‘l' lo.m
£ 10t 107
'[x: 104
4 10!
:i' ! ’ }0910(.‘-' (TeVI-f ’ !
'.‘fu 4
“ __-", | Discovery potential improves
PR /
: v S because of:
f \ - T - -
o2 ; N *, LT - More livetime
: \ \ - : j -
; \ " ; - Better angular resolution
; o ; - Bigger effective area
-1.0 -0.5 0.0 0.5 1.0 - detector size, event
sin(d) selection
Y& Normalization of MGRO J1908+06 model - Improved understanding of
from Halzen et. al. ‘08 (arxiv 0803.0314) systematics
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high energy “starting” events

v

extension to lower energy

» 662 d (IC79 + 1C86) veto region | e J0m
edge strings
» containment at HE (Qtt > 6000 p.e.) 1/ J J
» 400 Mton effective fiducial mass fiducial volume
. . =-160m
» reject cosmic ray muons ‘
» sensitive to all flavors > 60 TeV 2=-220m
fiducial volume
» 3 times as sensitive at 1 PeV
| —— I —10m

v

background estimation from data
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high energy “starting” events

» reject through going muons when
“early charge” in veto region is

detected veto region | 90m

/ edge strings

fiducial volume

z=-160m
z=-220m
fiducial volume
i ———1  ——10m
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high energy “starting” events
atMmospnernc muon tackground

Throughgoing muon Contained cascade
lotal detector
lotal detector Q/pe |

Q/pe
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high energy “starting” events
effective area

10° E4r /allsky | S R N ;

(-

o
N
I

(-
o
T

10° 3

Neutrino Effective Area [m? ]

_IceCube Preliminary

10" 10° 10° 10*
Neutrino Energy [TeV]
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high energy “starting” events
effective volume
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high energy “starting” events
NO background accumulated at the boundary

| | . . | |
200 HceCube Preliminary
: o
e . °
~ 200 — ®
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3 ot ° s
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detection of high energy cosmic ray

Development of cosmic-ray air showers

pion-nucleus
interaction .

71

Primary particle
(e.g. iron nucleus)

first interaction

pion decays

second interaction

(C) 1999 K. Bernlhr

atmospheric properties

O p-air

Measurement of Cherenkov
light with telescopes
or wide angle pmts

[\
Q |

| |  —
Measurement of particles with
tracking detectors or calorimeters

rock/water/ice properties

¥

«— First interaction (usually several 10 km high)

Air shower evolves (particles are created
and most of them later stop or decay)

Measurement of
Some of the particles fluorescence light
reach the ground
Measurement of
Measurement with  radio emission
scintillation counters \

VY, Y\

———

[
Measurement of low energy muons

with scintillation or tracking detectors

Measurement of high energy
muons deep underground
K.Bernléhr/A.Haungs

¢ indirect measurements > 104 eV

e model-dependent measurement
spectrum for individual mass

components

Monday, November 11, 2013




growing olbservatory

no. strings array
season . . .
no. stations configuration
1 string
2004-2005 .
4 stations
9 strings
2005-2006 16 stations
2006-2007 22 strings T26/IC22
20 stations
2007-2008 40 strings T40/C40
40 stations
2008-2009 o9 strings T59/IC59
59 stations
2009-2010 79 strings T73/1C79
/3 stations
2010-2011 36 strings T81/1C86
81 stations
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lceTop shower reconstruction

s
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cosmic ray anisotropy large scale

(3 pG)
energy dependency 0014
3-10° 0.3 3 30 300 3,000 pc
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