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TeV-PeV neutrinos at IceCube

E2d~1e-8 GeV/cm2s sr @100TeV
starting evts (southern) consistent w/ upgoing track evts (northern)

pm Conv. atmospheric v, + 17, (best-fit)
B Prompt atmospheric v, + v, (flux limit)
Astrophysical v, + 7, (best-fit)

+++ HESE unfolding: PoS(ICRC2015)1081

Hard spectrum at >200 TeV: s~-2
Cutoff at few PeV

-

Two spectral components at
>50TeV?



Neutrino arrival directions

ICECUBE PRELIMINARY ___——

Galactic
| s [IC, ICRC2015]
0 TS=2log(L/LO) 13.1
Starting events, 4yr no significant spot, no clustering in fime

ho correlation with GRBs



Bright sources?

« Stacking limit of blazars/GRBs
&

« Knowledge of blazar/GRB population

« =» blazars/GRBs cannot account for
diffuse neutrino flux



Blazars

« 33 bright FSRQs, selected based on gamma flux
 FSRQs can only account for <10% IC neutrinos

IC upper limits to

individuals \

v flux (stacked) LV flux (all — sky)
y flux (stacked) y flux (all — sky)

/ \ [Wang & ZL, 2016]

IC detection

x 10%

Fermi-LAT detections Derived from Fermi-LAT measured
of individuals LF and their z-distribution:
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lceCube neutrino sources?

®@diffuse Galactic emission, <1%
®GRBSs, <10%
®AGN jets, <10%

©starburst galaxies [Wang, Zhao, ZL 2014 JCAP;
Wang, ZL 2016 SCPMA;
— SNR CRs w/ 100PeV? Zhang, ZL 2017 JCAP]
86}9/2_2-?11_?
), <5522 =l pey
Pt M [ZL 2017]

Wind breakout of type Il SNe



Source density and
luminosity are

related to produce
the observed flux.

Absence of
clustering sets a
minimum on
source density.

—> Certain classes
of sources
disfavored.

Implication from point source limits and

60

presence of (strong) diffuse flux

Kowalski Plot
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Slide adapted from Gaisser



pre-explosion explosion

Type Il SNe Bl

* Progenitors are
red/blue super giants

« Triggered by core
collapse

* A shock wave disrupts
the star




Shock breakout flash

January 7, 2008 January 9, 2008 8 — - T - . - .

| [Soderberg+08]
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Dense wind

 IPTF13dqy/SN2013fs
— Aregular SN IIP

« flash spectroscopy: OIV, OV,
oVl

¢  2>3X103Mg,,/yr (W/100km/s)
e @ <10%cm

Days since explosion
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pp In wind breakout of SN2013fs

SN shock become

collisionless after radiation

escape
— Diffusive shock acceleration

Dense wind

— may enhances particle
acceleration

— and pp energy loss

B =

o 2 . 3
tacc — fB Epc/l”s el SWGB/H”@

rllrs - '14‘4*54623.—2 - A0 YTy —4
RQC((Ep) =T7.7x10 —_1(EPIJH)UII'\) CI11.

A2/7 3/79 E, 8/7
R,,(E,) = 6.3 x 1014 M84/7( ») cm




Neutrinos from SN2013fs

Total ejecta energy Ek~1E51erg

A fraction converted to SN shock at R,

— n=Eej(>V(R))/Ek~0.6%
. AL Tgo/T
n=06.4x10"" SN Eei(>v) = Ex(v/v)™% (v>w)

A fraction goes to cosmic rays

— £~0.1

A fraction 2/3 goes to charged pions at R<Rpp
A fraction % goes to neutrinos



Nu’s from individual SN2013fs-like SNe Il

« Assumptions

— flat CR spectrum at SN
shock, p=2

— Fast particle acceleration at

Bohm limit, fg~1

e Spectrum:
— Flat spectrum
— Nu break at ~PeV

2 dy”
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Diffuse neutrinos: If

dense wind IS common

Diffuse neutrinos from
Integration of all SNe Il

2 dN,,
C/nt E:/ dE

EJE(:).U _
= 0.7 x 107 Mpc?yr~!

SN II-P, with SN2013fs-like
wind, produce a PeV flux
comparable to IceCube

— Within a factor 3 below

 Maybe SN II-P+SN lIn
combined account for the
total
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[Fermi-LAT, Ackermann+12]

Consistent with >60TeV data
[Wang, Zhao, ZL 14]

But a cutoff expected due to max p energy
by SNR shock acc

E

P ~

<5

Ee

/2 1/6
/2 1/

B,—2"—1
N2 PeV




Gamma absorption: no hope for
LHAASO/CTA?

 For >10TeV photons,

- T~ ynlo0/5)R(Ey [34T)
— gamma-gamma absorption "

with SN thermal radiation is ~ L6R}; (E, /10TeV)™
not important

— Mean free path in %%  mean free path
e_xtrat_galactic background 4 \\
light is <20Mpc 3 R~ J‘

 10-100TeV photons from 2 \ oo

nearby SN I, <20Mpc, are o \\\ —

expected for CTA and : \

LHAASO : \ |

100 1 10 100 1 10 100
GeV TeV TeV TeV PeV PeV PeV

(wiki)
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Photon — neutrino connection

-
N+ 7"
N S _ e
T —>e +Vet+V +V  ——— @.a‘“’“:%i
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Connections:
|.  neutrino — secondary electron/gamma-ray
Il. neutrino — primary electron/proton



Diffuse Galactic emission

Connection |
i 2% =1:1:1
E,=1E,
2 2
E"J,(E)=3E",(E)

Extrapolation, 100GeV to PeV
— Neutrinos follow CR spectrum

DGE accounts for <1% IC flux

E*) [GeVem “s™]

107"
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e
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[Wang, Zhao, ZL 14]



Blazar model

o Jet model
— CR accelerated at Jet %?V
— Target photon: [ < “S}thrus
jet+disk+BLR+torus Accretion disk rg’ (%)
, ..

— Relativistic beaming;
bright

Broad line region
optical, UV)

Murase+14




Blazar: specific model

Total flux:  J,~ ff L, (L,)p(L,, z)dL,dz
Per source

1
E;/LE fp*‘ P Ep _f’p*“r’id

Stacking search constrams CR loading

Ll ad (LA, 1 )

ZEQQ,,, < B20)"%, 0.062f % ¢

Blazars account for <10% IC neutrinos
[Zhang, ZL 2017]

E5d,,; = pr (L~ .i)
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