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IceCube Observations

_ - ) —_ D ..\ [GeV~lem™2s lsr] Y astro EthTy]
N astro 100 TeV | Cascades 6y 1.66 2.53 16 |
o — / TG 9.5y 1.44 2.28 40 ¢

= 10-5g ———r—

10—6 Zx Gamma rays (Ferli 2017) - L E
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e T R T | (e)=1A¢ ", g&,<¢g, <10 PeV Here,
[lceCube Collaboration (2021)] E GeV € U
B b L [ - ] g lO . 10 PeV < Ey Everywhere
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Astrophysical Neutrino Production

...and why it should necessarily be accompanied a comparable gamma-ray yield

2 main scenarios: pp or py

y Undergoes EM cascade

» Everywhere

Antonio Capanema / July 20 2023



The Extragalactic Gamma-ray Background

The EGB measured by Fermi-LAT

® ® | II I I | | 1T T | |
Contributions N .
107" ET ST - ——  Radio Galaxies E
* BlaZarS :\ — Star—Forming Galaxies
4+ Radio Galaxies . .
4+ Star-Forming Galaxies g
>
S
+ * o
NLIJ 107° + EGB, foreground model A g
hE%)— EGB, foreground model B
+ Gamma-rays from the T
. , foreground mode
IceCube neutrino sources
10—9 | R M Hhid (e o O ! ] (AN e N Nl ! G A I ol e 80 i | i L1 |
0.1 1 10 102 10°

E [Ge V] [AC, Esmaili, Serpico (2021)]
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dNy Agbr S < Epr : dN , dNU © 0.1
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10 E T‘H’TT F& modeling A ed color ac cosmic evolution E 1074 . ‘11 . :
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O - ﬁ\- > s ! = ﬂ o O Z ﬂ: L
> B ,l ll =
Q ;1
;3 g e 0 _ E},2 (I)(Ey) wefp Simulations
& g8 - cascaded y—ray flux I:l :'I . }/-Cascade Redshift distribution
B s : [Blanco 2019]
- [AC et al. (2021)] g
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[AC, Esmaili, Serpico (2021)] E [GeV]
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Multimessenger Constraints

" (FEOB_ fprae _ 3 g F))°
Chi-square fit to the EGB data: x*=min{ | ) d

o o2 +

J { l ]

= N N W W ey
&) o &) o &) o
T | T L T Y | L T Y T T T Y T Y | 4 T Y T T T T T T

—
o
1 l’ 1 T 1

Dactro/ 1078 [GeV ' em™2 571 sr7)

(a; — 1)
(2

T v v v T v v v T v v v T v v v T v v v T v v v T v 40 v v y T v v v T v v v T v v v T
modelB ==—-=— modelC===== - - 10 CL. 20C.L. model A

- i
.

. s

4

10 C.L. 20C.L. model A

Cascades (4 yr) = ===

Through-going = = ==
muons (9.5 yr)

EGB: 100 MeV - 820 GeV

SFR cosmic evolution

N .
a n
s

-
L ——
" -~ -

] L 1 L) l 1 L L l

modelB +=—-=— mode|C=====

E, =10 TeV

0.5:- ~~~~~~~~~~~ . \\%l: 10 Tev _ 05F
2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 2.0 2.2 2.4 2.6 2.8
[AC, Esmaili, Serpico (2021)] Sh Sh
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Muon Pair Production: yy — u "y~ @e=m)
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Muon Pair Production: yy — u "y~ @e=m)
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Muon Pair Production: yy — u "y~ @e=m)
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Muon Pair Production: yy — u "y~ @e=m)
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Muon Pair Production: yy — u "y~ @e=m)
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UHE Neutrinos from Cascades at High-Redshifts
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Fluxes @ Earth
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Astrophysical Neutrinos:

Current Status

4 Diffuse flux from ~10 TeV to ~few PeV
4+ Quasi-equal flavors = pp or py

4+ Quasi-isotropic = extragalactic
4 Point-source searches cannot account for
bulk of events

absorption

Galactic Pla :
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Multimessenger Constraints

Chi-square fit to the EGB data: x
40 [ T T v T v v T v v v T T v T T T T T v T
i 10 C.L. 20CL. model A modelB -=—-— model C=====-
3.5} ——= e :
: Cascades (4 yr) == == cccceee

N Through-going == == «ceeen. -
an 3.0 - muons (9.5 yr)

& o0& . EGB: 10 GeV - 820 GeV j
S L BL Lac cosmic evolution ]
%) 20~ A f-:%\ ..\ ]
O | | :

< 15} :

o : _
s I

210F =|ESssa__ L.t SSSsetT _
\> [ *teeenesct
o5t Eqr =10 TeV ]
2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4
[AC, Esmaili, Serpico (2021)] Sh
Antonio Capanema

(FFOF = Zj“szj)z

(0, = 1)

9) .
— INin 5 -+ >
o O: £
J I l ] Z:] _
40 [ v v v T v v v T v v v T v v v T T v v v T v v v T
: 10 CL. 20C.L. model A modelB ==—-— model C====- ‘
35] -po |
- Cascades (4yr) == == ccceen. |
I | Through-going = === «zeeu-- -
n 3'O: muons (9.5 yr)
| .
o o 5[ EGB:10GeV - 820 GeV | _
£ T
O TR N ntttte,, e
S 2.0f : ;
0 =
O | :
< 15} i
o : :
- . j
3 ! - )
e“’m: ......... E,=10TeV -
0.5}
: SFR cosmic evolution
2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4
Sh
23 July 20 2023



Multimessenger Constraints

[AC, Esmaili, Serpico (2021)]

L | | [

107 ;rf'fﬁff++ 1 ¢ nadlng o = 158 High-z sources: challenging energy budgets
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L.ow-Z sources
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