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The story so far



— CvB core-collapse SNe — avg. atmo. v, + 7 — avg. Galactic diffuse — cosmogenic (proton)
solar/ (47t) — SN 1987A/(4)/(3s) — avg.atmo. v, + 7 — IceCube v, + 7, (8yr) HH IceCube HESE (7yr)
106} . : |
non-anthropogenic neutrino fluxes
o 10} (v + 7 per flavour) |
|
-
7 2
- 107} 1
n
o 10 :
§ 102 = :
>
) —4
9] 10 1
T 107 :
=
& 10-8
oy 10 1
10710 :
1 10° 106 10
Ey [eV]

Figure courtesy of Markus Ahlers
Maoloud, De Wasseige, Ahlers, MB, Van Elewyck, PoS(ICRC2019), 1023




— CvB core-collapse SNe — avg. atmo. vy + 7y — avg. Galactic diffuse — cosmogenic (proton)

solar/ (4) — SN 1987A/(4m)/(3s) — avg.atmo. v, + 7, — IceCube vy, + 7, (8yr) "I" IceCube HESE (7yr)
100} : : l
non-anthropogenic neutrino fluxes

= 10%§ (v + 7 per flavour) |
|g7) _

i)

9]

X |
= = )
)]
>
b} |

9,
>
s |

=
<

o
2 |

1 10° 10° 10°
E, [eV]

Figure courtesy of Markus Ahlers
Maoloud, De Wasseige, Ahlers, MB, Van Elewyck, PoS(ICRC2019), 1023




— CvB core-collapse SNe — avg. atmo. vy + 7y — avg. Galactic diffuse — cosmogenic (proton)

solar/ (4r) — SN 1987A/(47)/(3s) — avg. atmo. ve + 7 — IceCube vy, + 7 (8yr) HH IceCube HESE (7yr)
100} : : l
non-anthropogenic neutrino fluxes
= 104} (v + 7 per flavour) Abundant .
— and
@ 10?| Abundant, detected l
N not yet
X 10°L detected l
& — )
)]
>
b} |
9,
BN
i 1
=
<
o
A 1
1 103 10° 10°
E, [eV]

Figure courtesy of Markus Ahlers
Maoloud, De Wasseige, Ahlers, MB, Van Elewyck, PoS(ICRC2019), 1023




— CvB core-collapse SNe — avg. atmo. vy + 7y — avg. Galactic diffuse — cosmogenic (proton)

solar/ (4r) — SN 1987A/(47)/(3s) — avg. atmo. ve + 7 — IceCube vy, + 7 (8yr) HH IceCube HESE (7yr)
100} . . l
non-anthropogenic neutrino fluxes
_l'T 10%E (v 4 7 per flavour) Abundant Today: Next decade:
$-| and TeV-PeV PeV-EeV
@ 10?| Abundant, detected l
N not yet
X 1091 detected ]
£ — )
|9
>
Q _
9,
BN
_|._ l
=
<
o
b |
1 103 100 10°
E, [eV]

Figure courtesy of Markus Ahlers
Maoloud, De Wasseige, Ahlers, MB, Van Elewyck, PoS(ICRC2019), 1023




— CvB core-collapse SNe — avg. atmo. v, + vy — avg. Galactic diffuse — cosmogenic (proton)
solar/ (4r) — SN 1987A/(47)/(3s) — avg. atmo. ve + 7 — IceCube vy, + 7 (8yr) HH IceCube HESE (7yr)
100 1
- 10* Today: Next decade: -
. TeV-PeV PeV-EeV
[ ]
|
w100 |
§ 102 |
>
—4
i 10 -
T 107° !
=N
& 10-8
10 |
10—10 |
103 1 10 106 10°
E, [eV]

Figure courtesy of Markus Ahlers
Maoloud, De Wasseige, Ahlers, MB, Van Elewyck, PoS(ICRC2019), 1023




What makes high-energy cosmic v exciting?
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What makes high-energy cosmic v exciting?
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What makes high-energy cosmic v exciting?
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They travel the
longest distances




The multi-messenger connection: a simple picture
(orp +p)
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The multi-messenger connection: a simple picture
(or p +p)
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Neutrino energy = Proton energy / 20
Gamma-ray energy = Proton energy / 10
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Note: v sources can be steady-state or transient
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Upgoing vs. downgoing neutrinos

Northern sky
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(Galactic Center is here)




Upgoing vs. downgoing neutrinos
Tl

v

Northern sky ,
Neutrinos from the Northern sky

Upgoing neutrinos

» Atmospheric muons stopped
» Dominated by atmospheric v
» High-energy v flux attenuated
» High statistics

» Good for finding sources with
through-going muon tracks
Horizon

Southern sky Detector

(Galactic Center is here)




Downgoing vs. upgoing neutrinos

Northern sky

Horizon

Southern sky  H

(Galactic Center is here)

Neutrinos from the Southern sky

Downgoing neutrinos

» Need to mitigate atmospheric
muons and v:

» Use higher-energy events

» Use starting a self-veto

» Dominated by astrophysical v
(after event selection)

» Low statistics

» Good for measuring the
diffuse flux of astrophysical v




TeV-PeV v
telescopes, 2021
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Track
(mainly from v,)

Shower
(mainly from v, and v,)
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Time [microseconds]
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Angular resolution
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Poor angular resolution



Main high-energy
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Standard expectation:
Power-law energy spectrum

Standard expectation:

Isotropy (for diffuse flux)
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Main high-energy
v observables

SN

Standard expectation:

v and y from transients arrive
simultaneously

Standard expectation:
Equal number of v, v, vz




Neutrino energy spectrum (7.5 yr)
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Neutrino energy spectrum (7.5 yr)
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Distribution of arrival directions (7.5 yr)

No significant excess in the neutrino skymap:

+75°

. Largest TS
Post-trial

p-value: 0.092

Galactic Cente

Milky Way sources? ' ' | | | | | | |

They only confribute, at 0.0 10.5 21.0
most, a few fimes 10 TS = —2A ln(ﬁ)
of the total diffuse flux IceCube, 2011.03545




Astrophysical sources Earth
| Up to a few Gpc |

| |
Eg,

Oscillations change the number
-------------------*
of v of each flavor, N., N,, N,
Different production mechanisms yield different flavor ratios:
(fe,S/ f 1,5y fr,S) = (N e,Sy N 1,5y N T,S)/ N tot

Flavor ratios at Earth (o = ¢, p, 1):

foz,EB — Z PVB—H/& fﬁ,S

B=e,u,T



Astrophysical sources Earth
| Up to a few Gpc |

E.g,
Oscillations change the number // T

of v of each flavor, N., N,, N,

Different production mechanisms yield different flavor ratios:
(ﬁz,S/ f 1,5y fr,S) = (N e,Sy N 1,5y N r,S)/ N tot

: - . N ,

Flavor ratios at EartM, 7): Stamdand osailistions.
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Quick aside: how to read a ternary plot

Assumes underlying unitarity —

sum of projections on each axis is 1

How to read it:
Follow the tilt of the tick marks

Always in this order: (f,, f,, f.)

00 01 02 03 04 05 06 07 08 09 10

Fraction of v,
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From sources to Earth: we learn what to expect when measuring f, g
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One likely TeV-PeV v production scenario:
p+y_)ﬂ:+el’l++vp fOHOWGdby “+—)e++ve+\7p

Full m decay chain
(1/3:2/3:0)s

Note: v and v are (so far) indistinguishable

in neutrino telescopes
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One likely TeV-PeV v production scenario:
p+y_)ﬂ:+el’l++vp fOHOWGdby “+—)e++ve+\7p

Full 11 decay chain

(1/3:2/3:0)s
Muon damped
(0:1:0)s
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03 04 05 06 O ] . : Note: v and v are (so far) indistinguishable
Fraction of v, in neutrino telescopes




One likely TeV-PeV v production scenario:
p+y_)ﬂ:+el’l++vp fOHOWGdby “+—)e++ve+\7p

S @

rECseay Full 7t decay chain
u-damped
' A A ndecay (1/32/30)5

Muon damped
(0:1:0)s

Neutron decay

(1:0:0)s
00 01 02 03 04 05 06 07 08 09 10 Note: v and v are (so far) indistinguishable
Fraction of v, in neutrino telescopes




Measuring flavor composition: 2015-2040

Song, Li, Argtielles, MB, Vincent, JCAP 2021
IceCube, PRL 2015, Ap] 2015, PRD 2019, |. Phys. G 2021, 2011.03561
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Measuring flavor composition: 2015-2040
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Measuring flavor composition: 2015-2040
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(but errors are large!)

All regions at 68% C.L. or C.R.

/ 7 7 7 7 7 7 7 7 7 7
6o 01 02 03 04 05 06 07 08 09 10

Song, Li, Argtielles, MB, Vincent, JCAP 2021 FraCtlon Of Ug 4 f e,®
IceCube, PRL 2015, Ap] 2015, PRD 2019, |. Phys. G 2021, 2011.03561




Measuring flavor composition: 2015-2040
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Status today:
Measurements are
compatible with
standard expectations
(but errors are large!)

Projections:

Near future (~2020):

X 5 reduction using 8 yr
of IC contained + thru.
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Measuring flavor composition: 2015-2040
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Status today:
Measurements are
compatible with
standard expectations
(but errors are large!)

Projections:

Near future (~2020):

X 5 reduction using 8 yr
of IC contained + thru.
Coming up (~2040):

x 10 reduction using
Gen2 and all v telescopes




First identified high-energy astrophysical v,
Double bang:
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First observation of a Glashow resonance
Predicted in 1960:

IceCube, Nature 2021
Glashow, PR 1960




First observation of a Glashow resonance
Predicted in 1960:

IceCube, Nature 2021
Glashow, PR 1960




First observation of a Glashow resonance
Predicted in 1960:

hadrons
6.3 Pe\> (7t n,
67%

IceCube, Nature 2021
Glashow, PR 1960




First observation of a Glashow resonance
Predicted in 1960:

hadrons
IS L
67%

v, I

6.3 Pe\>_w___< Br = 33%
e I

IceCube, Nature 2021
Glashow, PR 1960




First observation of a Glashow resonance

Predicted in 1960:

hadrons
W
67%

V, [

6.3 Pe\>__v_\{_< Br = 33%
e I

IceCube, Nature 2021
Glashow, PR 1960

First reported by IceCube in 2021:




First observation of a Glashow resonance
Predicted in 1960: First reported by IceCube in 2021:

Pions decay

- )
promptly ot — +(VL

MM .
63 Pe‘> gt(n VL, .
B-I' = 67%

\Y [

6.3 Pe\>__v_\{_< Br = 33%
e I

IceCube, Nature 2021
Glashow, PR 1960




First observation of a Glashow resonance
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I1.

What have we learned
about astrophysics



Bright in gamma rays, bright in high-energy neutrinos (?)

Energy In neutrinos o« energy in gamma rays

Waxman & Bahcall, PRL 1997
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Bright in gamma rays, bright in high-energy neutrinos (?)

Energy In neutrinos « energy in gamma rays

I Waxman & Bahcall, PRL 1997

Fudge factors:
Source properties (e.g., baryonic loading)

Particle effects (e.g., v-producing channels)

But the correlation between v and y may be more nuanced:
Gao, Pohl, Winter, Ap] 2017

Sources that make neutrinos via py
may be opaque to 1-100 MeV gamma rays

Murase, Guetta, Ahlers, PRL 2016

Modeling of py interactions & nuclear cascading

in the sources is complex and uncertain

Morejon, Fedynitch, Boncioli, Winter, JCAP 2019
Boncioli, Fedynitch, Winter, Sci. Rep. 2017
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Gamma-ray bursts and blazars — not dominant

Gamma-ray bursts Blazars




Gamma-ray bursts and blazars — not dominant

Gamma-ray bursts Blazars
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... but we have seen one blazar neutrino flare!
Blazar TXS 0506+056: AR

1C40 1C59 1C79 1C86a 1C86b 1C86¢
L L L '] 1

"1 JceCube-170922A A F 40

Gaussian Analysis
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2014-2015: 13+5 v flare, no X-ray flare 2017: one 290-TeV v + X-ray flare
3.50 significance of correlation (post-trial) 1.40 significance of correlation

| - —
===

Combined (pre-trial): 4.10

Hard fluence: E*Jyo = 2.1707 (555 )_2'&0'2 TeV cm ™2

100 TeV

Joint modeling of the two periods is challenging!
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Blazar TXS 0506+056:
IceCube, Science 2018
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... but we have seen one blazar neutrino flare!
Blazar TXS 0506+056:

IceCube, Science 2018
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TeV cm 2 as TXS 0s06+056, The diffuse v flux

would be 20x higher than observed:

Hard fluence: E?Jyo = 2.17°07 (155w

Joint modeling of the two periods is challenging!




Tidal disruption events
Solar-mass star disrupted by SMBH (>10°M,) —

CA B, ~50% of the debris bound to the SMBH,
_ creates a flare (occasionally a jet)

NASA



An apparent TDE neutrino source
Radio-emitting TDE AT2019dsg coincident with neutrino event IC191001A:

AT2019dsg: Apr9,2019 / z =0.051 (230 Mpc) / My =3 X 10" M,

VF, [erg cm™2 s71]

=

9
=
N

Fx [erg cm™2 s71]

10—14 i

Stein et al., Nature Astron. 2021 - See also: Winter & Lunardini, Nature Astron. 2021; Murase, Kimura, Zhang, Oikonomou, Petropoulou, ApJ 2020
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Point-source upper limits

90% C.L. Sensitivity and Limits for y = 2.0
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Point-source upper limits

90% C.L. Sensitivity and Limits for y = 2.0
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Point-source upper limits

90% C.L. Sensitivity and Limits for y = 2.0
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Source discovery potential: today and in the future
Bl Accounts for the observed diffuse v flux (lower/upper edge: rapid/no redshift evolution)

Closest source with E2¢VM+,;M =107 GeVem 257!
10°
105 L
104 L
103 L
102 L

10 |

S
it

--- IceCube
—- 5xIceCube
------- 20 x IceCube

effective local density peg [Gpc_?’]

—_
i
N

—_
9
w
4

107 109 107 102 109 109 10% 10% 107 10
effective neutrino luminosity L, [erg/s]

Ackermann, MB et al., Astro2020 Survey (1903.04333) — See also: Silvestri & Barwick, PRD 2010; Murase & Waxman, PRD 2016




Using high-energy neutrinos as magnetometers
If sources have strong magnetic fields, charged particles cool via synchrotron:
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Using high-energy neutrinos as magnetometers
If sources have strong magnetic fields, charged particles cool via synchrotron:
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I11.

What have we learned
about particle physics



Note: Not an exhaustive list
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Superluminal v
Monopoles
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(Acts during propagation)

(Acts at production)

Monopoles

Note: Not an exhaustive list
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(Acts at detection)

Note: Not an exhaustive list



Standard expectation:

i Standard expectation:
Power-law energy spectrum g &g\km

Isotropy (for diffuse flux)
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Standard expectation:
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simultaneously
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Standard expectation:
Equal number of v, v, vz
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Standard expectation:
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The future



Next decade: a host of planned neutrino detectors
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UHE neutrinos: steady-state sources
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UHE neutrinos: transient sources

All-flavor fluence E2®, (E,) [GeV cm 2]

2
10 : T C T 1IN II| T V1T LTI T T TTTTTT T T T TTTTIT T T T TTTTT T T T Ill:_ Guép]n’ Kotera’ Barausse, Fang, Murase, A&A 20]8
C 1 Murase, PRD 2017
L J Zhang et al., Nature Commun. 2018
L 1 POEMMA, 2012.07945
L | RNO-G, JINST 2021
IceCube-Gen2, |. Phys. G 2021
1 GRAND, Sci. China Phys. Mech. Astron. 2020
10 E 4 ANTARES, IceCube, Auger, LIGO, Virgo, ApJ 2017
- T
100 L 7 ’ ~ _
= g  —, 3
: # N\ :
b i
L % o A J
L / . o I‘ “ i
*
—1 / o g . “
10 E e i E
7 F i \ " ]
. -
= 0‘ “ -
L ,’ “ |
- " . -
o ‘_
_2 0. .
1021 . S
E . ]
C . ]
= * -
L ® J
L 4 J
L Pt = = = Short burst: GRB afterglow (40 Mpc) i
o === Short burst: short GRB / neutron-star merger (40 Mpc)
10_3 1 1 IIL.IIII 1 L1l 1 Lol 1 Ll Il Ll Il Lo
10° 10° 107 10° 10° 10 10!

Neutrino energy E, [GeV]




UHE neutrinos: transient sources

102 p—r—rrrrm— e

Murase, PRD 2017

Zhang et al., Nature Commun. 2018

POEMMA, 2012.07945

RNO-G, JINST 2021

IceCube-Gen2, |. Phys. G 2021

GRAND, Sci. China Phys. Mech. Astron. 2020
ANTARES, IceCube, Auger, LIGO, Virgo, ApJ 2017

'f Guépin, Kotera, Barausse, Fang, Murase, A&A 2018

—
(a)
i

IIIIIII|
Lol

[
e}
[e)

T IIIIIII

1 IllllII

[E
9
—_

Lol

—_
3
N

= = Long burst: TDE, high state (150 Mpc)
Long burst: 10 x 6-month blazar flares (2 Gpc)
"3 4 = = = Short burst: GRB afterglow (40 Mpc)

. === Short burst: short GRB / neutron-star merger (40 Mpc)
3
10_3 Lol Lol Y TP 5 S W (1S, N OO WM Lol Lo

10° 10° 107 10° 107 100 101
Neutrino energy E, [GeV]

All-flavor fluence E2®, (E,) [GeV cm 2]

ol




UHE neutrinos: transient sources

2
10 : T L TTTY ||| T L [ ) III T T T TITY || T T T TTTTT T T T TTTIT T TTTIl Il:_ Guépln’ Kotera, Barausse, Fang, Murase’ A&A 20]8
= 4 Murase, PRD 2017
L m_———— ] Zhang et al., Nature Commun. 2018
L IceCube u.l r==—= 1 POEMMA, 2012.07945
| R [ | RNO-G, JINST 2021
Auger u.l.l IceCube-Gen2, |. Phys. G 2021
1 GRAND, Sci. China Phys. Mech. Astron. 2020
10 = | 3§ ANTARES, IceCube, Auger, LIGO, Virgo, ApJ 2017
- f=——l ]
10°

IIIIIIII
ol

[E
9
—_

ol

.
.
.
.
.
.
.
-

—_
3
N

= = Long burst: TDE, high state (150 Mpc)
Long burst: 10 x 6-month blazar flares (2 Gpc)
"3 4 = = = Short burst: GRB afterglow (40 Mpc)

. === Short burst: short GRB / neutron-star merger (40 Mpc)
3
10_3 Lol Lol Y T AT T (1S, N OO WM ool Lo

10° 10° 107 10° 107 10" 10"
Neutrino energy E, [GeV]

All-flavor fluence E2®, (E,) [GeV cm 2]

ol

L




UHE neutrinos: transient sources

102 T T T LR RN T T T T T T T LR | T T T TTIT
RNO-G

Murase, PRD 2017
Zhang et al., Nature Commun. 2018

l:' Guépin, Kotera, Barausse, Fang, Murase, A&A 2018
: POEMMA, 2012.07945

| N )

IceCube u.l. ——

| RNO-G, JINST 2021
Auger u.l.l IceCube-Gen2, |. Phys. G 2021
GRAND, Sci. China Phys. Mech. Astron. 2020
ANTARES, IceCube, Auger, LIGO, Virgo, ApJ 2017

—_
(@)
—
T T
I!IIIIII

—_
(@)
o

ol

101

.
.
-
-
.
-
.
-

= = Long burst: TDE, high state (150 Mpc)
Long burst: 10 x 6-month blazar flares (2 Gpc)
e s = = = Short burst: GRB afterglow (40 Mpc)

. === Short burst: short GRB / neutron-star merger (40 Mpc)
10_3 1 IIIL.IIII 1 Ll 1 Ll 1 Nl 1 L1l 1 L1yl

10° 10° 107 10° 10° 10" 10"
Neutrino energy E, [GeV]

All-flavor fluence E2®, (E,) [GeV cm 2]

ol




UHE neutrinos: transient sources

All-flavor fluence E2®, (E,) [GeV cm 2]

102

| N )

—_
(@)
—

—_
)
(==}

101

RNO-G

IceCube-Gen2 depiger u.l.:

IceCube u.l. ——

T T TT1T1T

ol 1 Lol

A 3
s ]
A ]
. ]
. ]
.
10 -2 . i
= = Long burst: TDE, high state (150 Mpc) ]
r » o Long burst: 10 x 6-month blazar flares (2 Gpc) ]
,/ Pad = = = Short burst: GRB afterglow (40 Mpc) i
o === Short burst: short GRB / neutron-star merger (40 Mpc)
10_3 1 1 IIL.IIII 1 Ll 1 Ll 1 Nl 1 L1l 1 L1yl
10° 10° 107 108 10° 10" 10"

Neutrino energy E, [GeV]

Guépin, Kotera, Barausse, Fang, Murase, A&A 2018
Murase, PRD 2017

Zhang et al., Nature Commun. 2018

POEMMA, 2012.07945

RNO-G, JINST 2021

IceCube-Gen2, |. Phys. G 2021

GRAND, Sci. China Phys. Mech. Astron. 2020
ANTARES, IceCube, Auger, LIGO, Virgo, ApJ 2017




UHE neutrinos: transient sources

All-flavor fluence E2®, (E,) [GeV cm 2]

102

— —

e} (a]

[==] —
T ) IIIIIII

101

T T T

RNO-G

IceCube u.l

IceCube-Gen2

Auger u.l.

A ]
ot ]
2 ]
. 4
. J
.

. -

.

-
9 -
10 L E
= = Long burst: TDE, high state (150 Mpc) ]
r » :’ = Long burst: 10 x 6-month blazar flares (2 Gpc) ]
K4 R «« = Short burst: GRB afterglow (40 Mpc) |

. === Short burst: short GRB / neutron-star merger (40 Mpc)
10—3 IIIL.IIII Ll Ll [ WA Ll L
10° 108 107 108 10° 1010

Neutrino energy E, [GeV]

Guépin, Kotera, Barausse, Fang, Murase, A&A 2018
Murase, PRD 2017

Zhang et al., Nature Commun. 2018

POEMMA, 2012.07945

RNO-G, JINST 2021

IceCube-Gen2, J. Phys. G 2021

GRAND, Sci. China Phys. Mech. Astron. 2020
ANTARES, IceCube, Auger, LIGO, Virgo, Ap] 2017

10t




UHE neutrinos: transient sources
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Take-home message

We might see an

UHE v burst before
we see a diffuse flux




1939303 IOA




Year

Song, Li, Argtielles, MB, Vincent, JCAP 2021

A — l

16__ IceCube |
&
= !
= 12 -
QJ L
&
E I
o - _
> 9
—
@)
-—
@) L
D -

| ! ! ! ! | I ! I ! | I I | ! I !
0 2015 2020 2025 2030 2035




Song, Li, Argtielles, MB, Vincent, JCAP 2021

16? - IceCube
Cfg - 1 IceCube-Gen2
4 12+
Q) L
&
2 i
@) L
SO
—
@)
-—
&} a
D -
0 ] 1 L ! l 1 1 | 1 !
2015 2020 2025
Year

2030

2035

2040




Song, Li, Argtielles, MB, Vincent, JCAP 2021

16? - IceCube
“g - 1 IceCube-Gen2
2 1L Baikal GVD
q) L
&
2 i
@) L
SO
—
@)
-—
&} I
D -
0 B | L 1 ! ! | ! 1 | !
2015 2020 2025
Year

2030

2035

2040




Song, Li, Argtielles, MB, Vincent, JCAP 2021

16? IceCube
&E - 1 IceCube-Gen2
2 1L Baikal GVD
U I KM3NeT
&
2 i
@) L
SO
—
@)
-—
&} I
D -
0_ | 1 1 ! ! | ! 1 | !
2015 2020 2025
Year

2030

2035

2040




T J I I |
16__ ~ IceCube

“E - 1 IceCube-Gen2

2 1oL Baikal GVD ;

QE) I KM3NeT

= . [ P-ONE

@) SL

> i

—

@)

-—

&} I

D -

I A ' 1 L | L N \ ' | L | L | |
0 2015 2020 2025 2030 2035 2040

Year

Song, Li, Argtielles, MB, Vincent, JCAP 2021




T T |

16__ - IceCube
“E - [ IceCube-Gen2
2 1oL Baikal GVD ;
GE) I KM3NeT
= . | P-ONE
S 8 LTAMBO
o
-—
QU I
£ 4
D =

I A ' 1 L | L N \ ' | L | L | |
0 2015 2020 2025 2030 2035 2040

Year

Song, Li, Argtielles, MB, Vincent, JCAP 2021




’ ’ . y ' y [ ' E : : [ ' ' ' ! I
16 | mTceCube ~16x% increase by 2030! —#
—_— o (in the TeV-PeV range)
mE - [ IceCube-Gen2
2 1oL Baikal GVD ;
GE) I KM3NeT
k= . P-ONE
S 8 ITAMBO
g i
-—
QU I
D =
I 1 | ! | L I L | | | 1 i |
0 2015 2020 2025 2030 2035 2040

Year

Song, Li, Argtielles, MB, Vincent, JCAP 2021




Sources

6 -------------------*

(012,023,613, 6cp)

(fe,s> fu,ss frs)

.

-

Oscillations

Earth \

f€,®7fu,®afT@
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Inferring the flavor composition at the sources
(Assuming f,s = 0)

0.0 27;—| 1T T TT T E % % Ihl {(E O I T TT | T TT | T TT | T L EQ | T TT

" I 1

© mdecay: (1:2:0)g : - 1

0.1 4L [ 2

@ p-damped: (0:1:0)g i | ]

IL I 4

And :(1:0:0 " | 3

AR LA 0 5ls _af i :

S| G ]

> ot | ]

o 18f ! ]

2 f ;

‘@ 15F :1 E

S b OB i

[} X 1 1

° :

> 12 i 1 =i

= £° | :

i |3 | | -

o [ B | S

S [ & ol

% ® T | 3

@) L < 1 =

. : ﬁ ]

~ 6f :

1 4

0.1 : | :

1.0 3F i E

/ 7 7 7 7 7 7 7 7 7—0.0 - : ]

0-0 0-1 0-2 0-3 0-4 0-5 0-6 0-7 0-8 0-9 1-0 -I 111 I (Y | I | 1 0 O | I IGI | . I | I | - I - | I -1 I | I 111 I_
0.0 0.1 0.2 0.3 04 0. 0.7 08 09 1.0

Fraction of v, fe

Song, Li, Argtielles, MB, Vincent, JCAP 2021
MB & Ahlers, PRL 2019




Inferring the flavor composition at the sources

0.0
2015: IC, cont.+thr.

1.0 @ 7 decay: (1:2:0)g

@ p-damped: (0:1:0)g
A ndecay: (1:0:0)g

0.1

All regions at 99.7% C.L. or C.R.

7 7 7 7 7
03 04 05 06 07 08 09

Fraction of v, fe

0.2

1.0

Song, Li, Argtielles, MB, Vincent, JCAP 2021
MB & Ahlers, PRL 2019

27

— — N N
Q1 Qo —_ H~

Probability density P(f,s)
o

(Assuming f,s = 0)

|-I T LI T X EEL I I A I Tir 11 T L B i ] I T ¢ R I T E I I riit I T3 11
I L
r 2015 (measured): 1
: IC (Ap] 1,98) ® NuFit 5.0
I 1
I 4
8 4
3 4
= -
- 1
i 1
i 1
I 1
r L
r 1
i ]
I— —
I 4
- 4
- 4
- 9
3 1
i~ —
'S :
5 >
[ £ o
L.c CU

Lo T 1
P =
8 4
— —]
- 1
I 1
3 1
I L
I L
i~ L
[ 1
:I | (5 | I | 5] EE (| I [ U | I 10111 =y f S I ¢ S S | I 5 e | I | B P I el l:
0 01 02 03 04 05 06 07 08 09 1.

Average v, fraction at sources, f,g




Inferring the flavor composition at the sources

2015: IC, cont.+thr.
(1 2020 (proj.): IC 8 yr 0.1

@ 7 decay: (1:2:0)g
@ p-damped: (0:1:0)g
A ndecay: (1:0:0)g

® o
©
0.6 ‘&
(@)
0.5 v
Pl
el
=
& ®
0.2

All regions at 99.7% C.L. or C.R.
/ 7 7 7 7 7 7 7 7 7 7-0.0
00 01 02 03 04 05 06 07 08 09 10

Fraction of ve, fe,e

Song, Li, Argtielles, MB, Vincent, JCAP 2021
MB & Ahlers, PRL 2019

Probability density P(f,s)

(Assuming f,s = 0)

27 L T L LI | [ [ A I T :l T T T TT L | T 1T I | SN R S I T 1T I 1T |-1I
|
: 2015 (measured): 1
24 : IC (ApJ 1,98) ® NuFit5.0
il 2020 (projected): ]
S "9 1C 8 yr ® NuFit 5.0 ]
21 g :
|
Al
" ]
©] | b
== | 1
18 3 .
c | ]
S ]
— | |
15 g E
| 4
13 1 r
- 3
b |
2 » 1
? < :
& < =1
9F~ g | o
o] T 1 O
- R ! =4
I 3
6 ! .
I E
| 1
' :
3 —
L

0.0 01 02 03 04 05 06 0.7 0.8 09 1.0
Average v, fraction at sources, f,g



Inferring the flavor composition at the sources

2015: IC, cont.+thr.
(1 2020 (proj.): IC 8 yr 0.1
M 2028:1C 15 yr

@ 7 decay: (1:2:0)g
@ pu-damped: (0:1:0)g
A ndecay: (1:0:0)g

1173 -

@ -
©
0.6 -
(o)
)
0.5 o)

o e
NS i
ol v

o 07 o
s 03 ®
0.8

0.2

: . : . : 0.1

All regions at 99.7% C.L. or C.R.

/ 7 7 7 7 7 7 7 7 7 7-0.0
00 01 02 03 04 05 06 07 08 09 10

Fraction of ve, fe,e

Song, Li, Argtielles, MB, Vincent, JCAP 2021
MB & Ahlers, PRL 2019

Probability density P(f,s)

—

p—

—_

27|||||||||||||||i|||||||||||||||||||||||l||l|||||-1I
: 2015 (measured): 1
i IC (ApJ 1, 98) ® NuFit 5.0 E
il 2020 (projected): 1
S " 1C 8 yr @ NuFit 5.0 ]
1 4
(/;l\ : 2028 (projected): 3
= B 1C 15yr © (NUFit 5.04JUNO)
: |
8 =21 -1|
c | ]
> ]
—_ 1 e
. . E
1 z
g1 3
0
2E+ » 1
5 < :
g 5 | 7
9F - ‘N :
"{Ij T 1 O
S B 3 =
i 3
i 3
! 4
! 9
i
3
]
3
1

(Assuming f,s = 0)

IIIIIIIIIIIIIIIIIIIIII:
0.0 01 02 03 04 05 06 0.7 0.8 09 1.0
Average v, fraction at sources, f, g
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Inferring the flavor composition at the sources
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More than one production mechanism?

Can we detect the contribution of
multiple v production mechanisms?
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By 2040, how well will we recover the real value?
[Adding spectrum information (not shown) will likely help]

Song, Li, Argtielles, MB, Vincent, 2012.12893
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Characterizing the diffuse power-law flux in PLEvM
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Discovering a Galactic v flux in PLEVM
56 discovery potential (GC only)
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\YA
What now?



What theorists give

Well-motivated target sensitivity to
aim for: flux, energy resolution,
angular resolution, flavor

What should detectors
optimize for: event rate,
source discovery, etc.

What experimentalists give

Realistic instrument sensitivity
(in useful form, e.g., effective
volume vs. shower energy)

Realistic projected event rates,
including backgrounds







#d First possible sources
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™. 2(020s (we are getting there):
More source candidates

Characterize the v flux precisely
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2030s (under planning): S ™ 20205 (we are getting there):
Discovering EeV neutrinos INesslilsasss More source candidates

Characterize the v flux precisely =&

§ TeV-PeV v discovered §

74 First possible sources

i 3 R o= e =z




_— 2030s (under planning): £ 2020s (we are getting there):
« ® __ Discovering EeV neutrinos Il More source candidates

Characterize the v flux precisely =&




End
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