Advances in Particle Astrophysics

Session IV: IceCube’s neutrinos

Kfir Blum
Weizmann Institute

CERN academic training 11-15/04/2016



Gton of instrumented ice at the South Pole.
We will focus on theory implications from discoveries made w/ this Gton of ice.

Some basics you have to know:



Gton of instrumented ice at the South Pole.
We will focus on theory implications from discoveries made w/ this Gton of ice.

Some basics you have to know:

1014 x

5000 x




Gton of instrumented ice at the South Pole.

We will focus on theory implications from discoveries made w/ this Gton of ice.

Some basics you have to know:

Jan Auffenberg, Moriond 2016



Outline:

...iIn 2013, IC announced a discovery of high-energy astrophysical neutrinos.

What's making it?

What will it teach us? R




Qutline:

...iIn 2013, IC announced a discovery of high-energy astrophysical neutrinos.
What's making it?

We will put it in context: (U)HECRs, gamma rays

WB going backwards
Some predictions.

What will it teach us?




Outline:

...iIn 2013, IC announced a discovery of high-energy astrophysical neutrinos.

What's making it?
We will put it in context: (U)HECRs, gamma rays :
WB going backwards R i

Some predictions. \ e

What will it teach us? I
Likely: sources of (U)HECRs
Possibly: neutrino surprises?

Time permits, we will toy with
exotic possibilities
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Consistent w/ power law, dn/dE ~ E*Y, with y~2
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IceCube Preliminary

Break around PeV: reasonable.

Suggests y

close to 2.
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Param. Unit Hyp. A  Hyp.B
+0.20 +0.20
Peony HKKMS 1.10_8_715 1'11_8'815
+0. +0.
¢ 1078GeV-s~lsrlem™2  7.0510  8.0713
+0.08 +0.14
Y — 2497008 23155
Ecut PeV — 2.7t 7
—2AInL +1.94 0

Table 2: Best-fit results for the energy spectrum. The quoted uncer-
tainties are at 1 o confidence level.
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ICECUBE PRELIMINARY_— "
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POS(ICRC2015)1081

4yr data >60TeV

Many events point away from MW disk/bulge.
Consistent w/ isotropy.
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ICECUBE PRELIMINARY_— "

MW d|Sk ....... 5_‘955_
s 4y, Pvalue:58% g3

POS(ICRC2015)1081

SgrA*

4yr data >60TeV

Equatorial

Many events point away from MW disk/bulge.
Consistent w/ isotropy.
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Angular distribution
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Equivalent c.m. energy Vs, (GeV)
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IceCube’s neutrinos and UHECRSs

Waxman & Bahcall, PRD59, 023 (1998)



IceCube’s neutrinos and UHECRSs

Param. Unit Hyp. A Hyp. B S— - _
Peonv HKKMS 1107999 1117020 |- Power law (v, +v, +v) |
+07 +08 | |3 Power law + cutoff (v, +v, +v,) |-
q)prompt ERS 0.0_OO O.O_OO li-lli-l Differential (ye —|—yﬂ -|-1/T) i
) 1078GevV- s~ Isrlem™2  7.01}9 8.0713 z 5
0.08 0.14 z z
Y - 2'491_0.08 2-311_0.15 —e— o e """"""""""""""""""""" _
Ecut PeV — 2.7177 ' -
—2AInL +1.94 0
L IceCube Prelifninary | ]
0 10° 10° 107

E, [GeV]
Waxman & Bahcall, PRD59, 023 (1998)

Advances in particle astrophysics:

use IceCube data, run WB argument backwards.

see recently, e.g. Yoshida & Takami, PRD90 (2014) no.12, 123012



UHECR and the Waxman-Bahcall bound
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UHECR and the Waxman-Bahcall bound

If each CR proton loses fraction n of its energy at the CR source to py collisions before
escaping:
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(result the same to factor of 2 if losses are hadronic, pp instead of py)
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UHECR and the Waxman-Bahcall bound

UHECR source power at z=0 constrained from observation of GZK cutoff.

Katz, Budnik, Waxman, JCAP 0903 (2009) 020
e2dn/de(z = 0) = (0.45 4+ 0.15)(a — 1) x 10** erg Mpc ™2 yr—!
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UHECR and the Waxman-Bahcall bound

Contours: required UHECR n x power @10"GeV normalized to observed

(0.45+0.15)(y-1)10% erg/Mpc3/yr
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UHECR and the Waxman-Bahcall bound

Contours: required UHECR n x power @10"GeV normalized to observed
(0.45+0.15)(y-1)10% erg/Mpc3/yr
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IceCube’s neutrinos and diffuse gamma rays



IceCube’s neutrinos and diffuse gamma rays

pp = pnitt
pp - pp7°

Scaled flux E*° J(E) (m?s'sriev'®)
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IceCube’s neutrinos and diffuse gamma rays
+ + + + ., T
PP = pnit "> U v, »>e" VeV, v,

pp - pp7v° ™ > yy

Murase, Ahlers, Lacki, PRD88 (2013) no.12, 121301
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