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IceCube Observations

- o T ! — (Dastro [Gev_l Cm_2 S_l Sr_l] }/astro Eth [TCV]
V=@ x 1018 < E, HESE 7.5y 2.15 2.89 60
v astro 100 TeV Cascades 6y 1.66 2.53 16
o S ’ Through-going 9.5y 1.44 2.28 40

Zx Gamma rays (Fermi 2017) il

—6
v'—l*_' o K1 Neutrinos (HESE 7.5y, this work) &
= " Cosmic rays (Auger 2017)
‘_‘U) 10_7 = E
2 - -
= m\
O : -
= 10—8 — % F_i' &
D A
] T 5 v
S v
- e v -
i ¥
1019 | | l | | I?
0 100 e e - (0L - 1) 1)
[IceCube Collaboration (2021)] Energy [GeV]
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IceCube Observations
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COE) = @0 x 1075 & — =15 289 | (60
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I — - Through-going 9.5y 1.44 2.28 40
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b "W Cosmic rays (Augir 2017)
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Antonio Capanema 9 September 11 2023 %




IceCube Observations

~ - o W . (Dastro [Gev_l Cm_2 S_l Sr_l] }/astro Et ]
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106 ¢  Gamma rays (Ferli 2017) —
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S " Cosmic rays (Augir 2017)
A

Spectral break should

= 1077 - , 1077
A E i\ : exist below E
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[lceCube Collaboration (2021)] Energy‘ [GeV] dgy l gy ’ gy > 8b1~
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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
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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
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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

® No leptonic contribution
® No absorption inside source
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The Extragalactic Gamma-ray Background

(EGB)
The EGB measured by Fermi-LAT tackermann et al. (2015)
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. - g ——  Radio Galaxies g
+ Blazars tau zeng, Yan 2019) —_ o e e :
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. . 10 e E
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[Ajello et al. (2020)] = B |
5 _
> B d
O
O, B _
& 108k - EGB, f d model A =
' 10 : , foreground mode E
5 >—%— EGB, foreground model B :
B >—%\—< EGB, foreground model C
10—9 | R | R N | L1111 ! L L1 I | !
0.1 1 10 102 10°

E [Ge V] [AC, Esmaili, Serpico (2021)]
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The Extragalactic Gamma-ray Background

(EGB)
The EGB measured by Fermi-LAT iackermann et al. (2015)
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The Extragalactic Gamma-ray Background

(EGB)
The EGB measured by Fermi-LAT iackermann et al. (2015)
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An Example

@ Source:

dN, const, g, <&, , dN, 2 . dN,

= ~ — 2__ Y
Aeg, €,> &, > & de, (8) 3K, " e (&)

1%

&,=¢,/2
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An Example

@ Source: : @ Earth: N
f ' 1 (® 47 oo, (&)
dN, const, €,<ég,  ,dN, 2 ,dN, v 2 OE)=—| dz—S de, " e=(t2E,
= —y - £ (8 ) ~ —— &, —(5 ) Y g 4 dz 4 1d?
\Agv , &> &y “r de 3K, = dg, ! 0 L
l/=8 i
! [ E}% (I)(Ey) w-v—-} —» Simulations
! y-Cascade # Redshift distribution

[Blanco (2019)]
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An Example

|
@ Source: : @ Earth: N
. “(&,)]
00 E
a I U
dN, const, &, <&, dN 2, dN, L E2O(E ) = 1 d7 de, e,=(1+2)E,
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Ae? e >¢ —p y (8 ) €y (5 ) I 4r J, dz Ard?
\ v U br d8 3Kﬂ d8y 0
&,=¢€,/2 1 5 _
: E}, (I)(E},) ey Simulations &
T T TTTTT] T T TTTTT] T T TTTIT] T T TTTTT] T T TTTTT] T T TTTTT] T T TTTIT] T T TTTTT] 1 y_Cascade Redshrﬁ: distribu‘tion
EGB dat
10°° jT Cl. ) Red color  ——>  BL Lac cosmic evolution = [Blanco (2019)]
- NHN F6 modeling A :
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‘Tr— B \ %. _ 1
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‘Tm 1077 5 contributions e \ g E‘ 0.1
) : A . .
g - ‘ ’ 11 m E\ 10—2 '
> | llll - [
Q 1 -
S i’: : 107
e‘ 8 II II i
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[AC, Esmaili, Serpico (2021)] E [GeV]
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An Example

l
@ Source: : @ Earth: N
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Multimessenger Constraints
-

o (FFOP— Fee = 3 o) :

% = min Z — +Z 7
i L5

J I l

40 T v T v v v T v v v T v v v T v v v T v v v T
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3.5} ]
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. 3L Through-going —=== ..-.... 1
® """t  muons (9.5 yr)
l o
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| D -
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[AC, Esmaili, Serpico (2021)]
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Multimessenger Constraints

5 FEGB _ Jreasc _ | F] 2 v 1)2 2 " —
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[AC, Esmaili, Serpico (2021)]
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Multimessenger Constraints

- EGB "\ 2 - i _ 2 : -
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Multimessenger Constraints

_ N o —
: (FFOB — Ff™ = ¥ ayF) (a— 1) Ay? values from fit to EGB model A
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Neutrino Production in UHE Cascades @ High-z

[Esmaeili, AC, Esmaili, Serpico (2022)]

Muon Pair Production 30f I
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Threshold condition: E}, > — ~ 10 EeV
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Neutrino Production in UHE Cascades @ High-z

[Esmaeili, AC, Esmaili, Serpico (2022)]
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Muon Pair Production: yy — utu~

Threshold condition:

mﬁ I meV
E > ~ 10 EeV
€bkg €bkg
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Muon Pair Production: yy — utu~

7z=10 Threshold condition:
10 2
10 m, I meV

5 | E > ~ 10 EeV
S 10 bkg “bkg
e i
S 10%f Mean free path:
El) I 1 2m?
o - ke 1 —u
a 10; A1~ Y(E) =J den(e)J du 5 o
& 0 ~1
©
<
O

0.01 i — App.cMB
10—5: — AMPP.CMB _
10115 | 10117 | 10119 | 10121

E,[eV]
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Muon Pair Production: yy — utu~

7z=10 Threshold condition:
10 2

10 m, I meV
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S 107 t ! € €
= _ bkg bkg
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S 10*r Mean free path:
3 )0
'_,L:,D . o0 1— Te 1 L //t
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5 : | _ Energy-loss length:

1073 | — AMPP,CMB _ . o

| ! | I l ! l _1 ke 1 - //t
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Muon Pair Production: yy — utu~

Threshold condition:

’"ﬁ I meV

~ 10 EeV
€bkg €bkg

L, >

Mean free path:
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Muon Pair Production: yy — utu~

Threshold condition:

mﬁ I meV

~ 10 EeV
€bkg €bkg

L, >

Mean free path:
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Muon Pair Production: yy — utu~

High-z Threshold condition:
2
10° m,u I meV
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[Esmaeili, AC, Esmaili, Serpico (2022)]
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UHE Neutrinos from Cascades at High-Redshifts
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Fluxes @ Earth from Monochromatic Sources

1020 .
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[Esmaeili, AC, Esmaili, Serpico (2022)]
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Fluxes @ Earth from Monochromatic Sources
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[Esmaeili, AC, Esmaili, Serpico (2022)]
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Fluxes @ Earth from Monochromatic Sources
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Flavors

[Bustamante, Ahlers (2019)]
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Multimessenger Constraints
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Multimessenger Constraints
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[AC, Esmaili, Serpico (2021)]

High-z Sources
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High-z sources: challenging energy budgets
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Low-Z sources

Antonio Capanema
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