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isotropic diffuse:
IceCube has observed astrophysical neutrinos: 107°} = ()
— cascades (6yr)
> Isotropic diffuse flux — tracks (9.5yr)
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> Galactic diffuse flux o
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Galactic plane neutrino emission: > 10 ]
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> Consistent with CR diffusion models %
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See also talks by Mirco Hiinnefeld and Lisa Schumacher

IceCube Collaboration 23
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> From a choice of luminosity, Licotev = [E* Qu] 5 100 ey
we can convert the Discovery Potential to a maximal

distance
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DP’s from: IC Tracks [1] IceCube Collab ‘20, IC Cascades [2] IceCube Collab. ‘23,
KM3NeT Collab. ‘19 [3] and IceCube-Gen2 Collab. 23 [4]
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> Extragalactic version:

> Galactic version:
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See e.g. Murase & Waxman ‘16, Ahlers & Halzen “18,
IceCube Collab. ‘19, Capel et al. ‘20, Fiorillo et al. '22

11 Sep 2023

< How bright they are —

Kathrine Morch Groth — TeVPA 2023

neutrino luminosity Ly ey [ergs ']



VILLUM FONDEN

or LSNERMAGy Simulation of Galactic sources

<0}
- [0
20
.-
——
©
p—

longitude

11 Sep 2023 Kathrine Morch Groth —



UNIVERSITY OF
COPENHAGEN

Extended sources

IcECUBE

VILLUM FONDEN
x

DP’s from: IC Tracks IceCube Collab “20, IC Cascades IceCube Collab. ‘23, KM3NeT Collab. ‘19
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: UI%SF + Js2rc
Scaling:  ®op(Ey, 0, 0uc) = || == 5—=< pp(Ey, 0)
PSF

Exclusion limits degrade for increasing source

extensions — strong contributions permitted

For 10 pc source extension:

Rare but powerful Galactic sources within future
reach if they dominate (> 50%) the diffuse
emission at 100 TeV

local source surface density ., [kpc 2]

AA+KMG+EP+MA arXiv:2306.17285

102 : :
; . '
/00} ': :' extended source
™ i i discovery .
10k, “I :l potentials 110
R L | Ree=10p9)
% . 1 1
.. PWN: L
1t LN 103
= SNR . !
. L \
A
Ve 2
01r X 10
\\M
— IC Tracks . YMSG\
1072F — IC Cascades i 10
--- 5 x IC Tracks
--- KM3NeT (6yr)
102 : - e |
1030 1031 1032 1033 1034 1035

neutrino luminosity LigyTev [erg s™1]

Kathrine Morch Groth — TeVPA 2023

S9DINOS JO IdqUINU )0}


https://doi.org/10.1103/PhysRevLett.124.051103
http://dx.doi.org/10.1126/science.adc9818
http://dx.doi.org/10.1016/j.astropartphys.2019.04.002

VILLUM FONDEN

NIRRT OF Extended sources ¢

IcECUBE

AA+KMG+EP+MA arXiv:2306.17285

. 03apm + 02 E 102 -
Scaling:  ®op(E,,0,0uc) = || 25— Opp(E,, ) | L
OPsF ! % %, extended source
E < % discovery i
Exclusion limits degrade for increasing source é 10F. Ny potentials 10
extensions — strong contributions permitted e 0o Pie g
! [ PWN%//L, =
: T 1 T SNR- 2
For 10 pc source extension: ! g : =
| o Zo &
Rare but powerful Galactic sources within future g =
1 = i
reach if they dominate (> 50%) the diffuse ! 5 01p ‘é
emission at 100 TeV qé §
| 5 19
| 2 — IC Tracks ™.
i = 1072} — IC Cascades
For 50 pc: ! 3 -~ 5 x IC Tracks
Even future detectors lose sensitivity : e KN Thoym) 3
i 1073 1 L e A K 1
i 1030 1031 1032 1033 1034 1035

neutrino luminosity Ligytev [ergs ]

DP’s from: IC Tracks IceCube Collab “20, IC Cascades IceCube Collab. ‘23, KM3NeT Collab. ‘19

11 Sep 2023 Kathrine Morch Groth — TeVPA 2023 8


https://doi.org/10.1103/PhysRevLett.124.051103
http://dx.doi.org/10.1126/science.adc9818
http://dx.doi.org/10.1016/j.astropartphys.2019.04.002

VILLUM FONDEN

UNIVERSITY OF - - M
PP Simulation of Galactic sources >
. . . . . 10?
Simple MC simulation to Poisson sample Galactic
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Work in progress!
See also: Desaietal. 723 o Progress IC Tracks DP IceCube Collab ‘20
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The flux of unresolved Galactic neutrino sources can contribute
significantly to the observed Galactic diffuse emission at 100 TeV, consistent
with current non-observations of individual Galactic neutrino sources

Extended sources are especially permitted by the limited discovery
horizons

The upcoming detectors (KM3NeT ARCA & IceCube-Gen2) will be able to
probe rare but powerful Galactic sources if they dominate the diffuse
emission at 100 TeV

Fluctuations could bring us observations of the 1st Galactic neutrino source
sooner
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SuperNova Remnants: 102 %
CR acceleration (via DSA), active until ~ radiative phase: k. )
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Zo =0.04 kpC_z, LIOO TeV =25 1033 erg S_1 See more details in AA+KMG+EP+MA arXiv:2306.17285 and refs therein
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> Robust against variations of distribution. Using a source distribution following the Galactic arm structure:

> Galactic form factor:
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Model of Galactic arm structure based on T. Y. Steiman-Cameron et al. Astrophys. J. 722 (2010) 1460-1473 .
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. . Discovery horizon for Ligyrey = 1034 erg/s (® o< E3)
> Changing from a spectral index of y=2toy =3

gives broadened discovery horizons

> For IC track analysis, drastically reduced for
declinations above ~5°
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DP’s from: IC Cascades [1] and IC Tracks [2]
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>  Avenues for improvements for neutrino constraints: > Results for k = 10, for two cases of redshift evolution of

Including more than the brightest source sources, show ~10-20% effect

> Comparing original case of only the brightest source e ————

|
1
1
|
|
. . . . : 1047
(k =1) with combination of 10 brightest ! @) x (142 k=1
1
. e B p(z) = p(0 1), k=10
neutrino sources: B
| 1046 o B, p(z) x (1+2)°, k=10
$1 (5o ksources 1.000 1 ~ 0@ =p0) | | _
Ailen) = ¢1(5o)tsemree [ 1 0,975 DGR “‘)& 104
| )
0.950 - ! @
1 b0 44
lowest 8, S 0.925) ! E. 10
no evol. 0.90 \%" i S
m=0 <. 0.900 ! 31043
strong evol. 0.83 0.875 1 i
m=5 :
0.850 1 i 1042 |
0.825 1 i —— strong evol.
10510610 %102 10° 102 10* 10° | o] ke
0o [Gpe 3] 00T 102 108 1% 105 10% 107 10% 109 107
More to come! : Ly [erg/s]

11 Sep 2023 Kathrine Morch Groth — TeVPA 2023 18



