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The guaranteed cosmogenic neutrinos
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in terms of neutrino detection:
in “reasonable” param. range, EeV region is safe

in terms of getting info on sources:

once EeV region has been observed, PeV region
can help discriminate composition

and Galactic/extraGal. transition models

sad cases for neutrino detection:
iron and/or no source evolution
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Neutrinos produced at the source (diffuse flux)
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Simplified example: neutrino flux from GRBs Waxman & Bahcall 99
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Constraints on GRBs with lceCube in the coming years Baerwald et al. (2014)

acceleration
efficiency
Bohm-like diffusion, n = 1.0 Bohm-like diffusion, n = 0.1
1000
800
direct p
escape
600 Lo
L‘ -
p—n
400 L4 n escape
200
1049 e 053 1049 1050 1051 1052 1053
Liso [erg 5]
good fit to Tight neutrino constraints expected on
UHECR spectrum UHECR production at GRB internal shocks




Constraints on GRBs with lceCube in the coming years Baerwald et al. (2014)

acceleration
efficiency
Bohm-like diffusion, n = 1.0 Bohm-like diffusion, n = 0.1
1000 e 1000
Mein/ dof | f
@ log,,(Lig 0, T = 145 /

800 800 ,
direct p
escape

600! |5 excluded by D0 ,_,—"

— cosmogenic V -
p—N
400 400 L4 1N escape
200 200/ <
109 1 1053 109 10 10°8 102 10%
Liso lerg s7')
good fit to Tight neutrino constraints expected on
UHECR spectrum UHECR production at GRB internal shocks




Constraints on GRBs with lceCube in the coming years Baerwald et al. (2014)

acceleration
efficiency
Bohm-like diffusion, n = 1.0 Bohm-like diffusion, n = 0.1
1000 S 1000
Mein/ dof | 2
@ log, (Ligc 0, =145 (

800 800 |
direct p
escape

600! |5 excluded by D0 ,_,—"

— cosmogenic V -
p—1
400 400 L4 11 escape
200 200 ¢
1 049 e o g 1 049 1 050 1 051 1 052 1 053
Liso [erg 5]
good fit to Tight neutrino constraints expected on
UHECR spectrum UHECR production at GRB internal shocks




Constraints on GRBs with lceCube in the coming years Baerwald et al. (2014)

acceleration
efficiency
Bohm-like diffusion, n = 1.0 Bohm-like diffusion, n = 0.1
1000 . SR 1000
800 800
direct p
excluded in |5 yrs escape
600 b>/ prompt V excluded by 0 '__—"
— cosmogenic V -
p—n
400 400 ] n escape
200 200
1 049 Ik ] C 1 049 1 050 1 051 1 052 1 053
Liso lerg s7')
good fit to Tight neutrino constraints expected on
UHECR spectrum UHECR production at GRB internal shocks




Neutrinos produced at the source (diffuse flux)

Diffuse flux (integrated over the whole population)
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Neutrinos produced at the source (diffuse flux)

Diffuse flux (integrated over the whole population)
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@ position of ultraluminous SN, blazars (flares), GRBs...

Ultimate goal: neutrino astronomy

10



What one could do with many very high energy neutrinos

2 constrain source populations by stacking analysis

@ position of ultraluminous SN, blazars (flares), GRBs...

B understand the origin of IceCube neutrinos

Ultimate goal: neutrino astronomy

2 observe neutrinos In coincidence with e-m signal
2 neutrinos astronomy of one object

2 time-variability of neutrino signal best with transient objects

- powerful
- not so rare for many types
(ultraluminous SN, blazar flares...)
- best candidate to produce UHECRsS



Total energy budget and number density of sources

lack of multiplets in the sky (many events from small angular spot)

> gpparent number density of sources:
Kashti & Waxman 08,
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for transient sources: real number density of UHE proton sources

Po ~ no / (CR time spread Tq)
Tqa depends on extragalactic + Galactic magnetic fields (not known)
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Total energy budget and number density of sources

steady sources

transient sources

lack of multiplets in the sky (many events from small angular spot)

> gpparent number density of sources:

10 Mpc? Kashti & Waxman 08,
‘ no= [0 MpC‘3 ' Takami & Sato 09,
Abreu et al. 2013
for transient sources: real number density of UHE proton sources
po ~ no/ (CR time spread Tq)
08 Mpc-3 T4 depends on extragalactic + Galactic magnetic fields (not known)
8 Mpc
5 3 lower lim.
o P upper lim. on ta from
g ﬁ - gUHECR = on IGMF Galactic field Murase & Takami 09
AGN flares A ]| : fo = 104 Mp?
& | - s = &, protons
Long GRB L. 54 ]
> |
. i
z 53 Long GRB .
S .
— | ;
L'g Oc | i
g |
- |
pulsars | T o |
[ < | pulsars,
magnetars = magnet.
o
; w S0 AGN flare
o2
= i
49 - : : :
-2 -1 0 1 3 4

log(pg [GIDC.3 yr ']) from K. Murase | |



Total energy budget and number density of sources

lack of multiplets in the sky (many events from small angular spot)

> gpparent number density of sources:

10 Mpc? Kashti & Waxman 08,
‘ no= |0 MPC'B ' Takami & Sato 09,
§ Abreu et al. 2013
Sy
é for transient sources: real number density of UHE proton sources
> Po ~ no / (CR time spread Tq)
S Tqa depends on extragalactic + Galactic magnetic fields (not known)
2 |08 Mpc?
s lower lim.
10~ Mpc upper lim. on tq from
- . ﬁ - gUHECR - on IGMF Galactic field = Murase & Takami 09
AGN flares . 1I : no = 104 Mpc™3
g’ , ; s = &, protons
Long GRB - 54 |
%) S I
2 2 33 Long GRB i
% — |
2 = | !
'(]_'J L_g 52 | 1
0
§ Ulsars 8; : 0 subclass
SeEe 5 51 | €
[ < | pulsars,
magnetars " magnet
o
: w50 AGN flare
2
= i
49 : - : -
-2 -1 0 1 3 -

log(pg [GIDC.3 yr ']) from K. Murase | |



Total energy budget and number density of sources
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The future: explore other possible transient sources

in the transient sky are found the most violent events of the Universe

transient sources can mimick a high density source population
distribution in the sky due to time delay
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The future: explore other possible transient sources
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Why now! Transient multi-messenger astroparticle physics is happening NOW

new transients being discovered
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IceCube Collaboration*

We report on results of an all-sky search for high-energy neutrino events interacting within the
IceCube neutrino detector conducted between May 2010 and May 2012. The search follows up
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