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Today Next decade
TeV-PeV v >100-PeV v

Astro: Find & understand sources Make predictions for
Particle: Turn predictions into tests a new energy regime
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IceCube — What is it?

» Km? in-ice Cherenkov detector in Antarctica
» > 5000 PMTs at 1.5-2.5 km of depth

» Sensitive to neutrino energies > 10 GeV
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Standard expectation:
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Standard expectation:
Isotropy (for diffuse flux)




Arrival directions (7.5 yr)

No significant excess in the neutrino sky map:
+75°

Largest TS
Post-trial

p-value: 0.092

Galactic Center

IceCube, PRD 2021




High-energy neutrinos from the Galactic Plane
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High-energy neutrinos from the Galactic Plane
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High-energy neutrinos from the Galactic Plane
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Standard expectation:
Equal number of v, v,, V.



Astrophysical sources Earth
| Up to a few Gpc |

| |
E.g.,

Oscillations change the number
-------------------*
of v of each flavor, N., N, N
Different production mechanisms yield different flavor ratios:
(ﬂ,S/ fp,S/ fT,S) = (Ne,S/ NH,S/ NT,S )/Ntot

Flavor ratios at Earth (a=e¢, y, 1):

foz,EB — Z PVB—H/& fﬁ,S

B=e,u,T



Astrophysical sources Earth
| Up to a few Gpc |

Oscillations change the number

L L L

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

Different production mechanisms yield different flavor ratios:
(ﬂ,S/ fp,S/ fT,S) = (Ne,S/ Np,S/ NT,S )/Ntot

Flavor ratios at Eartw, LS N N .

i Standard :

_ E ! oscillations '

fOé,EB — Pyﬁ—ﬂ/a fﬁ,S E or | E
B=e,u,T ! new physics !



Measuring flavor composition

Song, Li, Argiielles, MB, Vincent, JCAP 2021
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Standard expectation:
v and vy from transients arrive
simultaneously




What have we learned
about astrophysics?



Gamma-ray bursts and blazars — not dominant
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Gamma-ray bursts and blazars — not dominant

Gamma-ray bursts Blazars
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Blazar TXS 0506+056:

IceCube, Science 2018
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After ve—analysis (2101,09834),
- oreed 2014-2015: 1345 v flare, no X-ray flare 2017: one 290-TeV v + X-ray flare
from p-1x10- to p-gxio—s 3.50 significance of correlation (post-trial) 1.40 significance of correlation

=

Combined (pre-trial): 4.10

‘ DESY



NGC1068: The first steady-state source of high-energy v
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IceCube Collab., Science 378, 538 (2022) . i ;{:bbl: Spaci[ Tel}elscope,
A, ESA & A. van der Hoeven
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What have we learned
about particle physics?
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« DM-v interaction
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NSI Extra dimensions,

Superluminal v
Monopoles
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(Acts at production)
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(Acts at detection)
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Standard expectation:

| Standard expectation:
Power-law energy spectrum

Isotropy (for diffuse flux)

y : .
?) (Acts during propagation)
[

(Acts at production)

~Heavy relics
~ DM annihilation,

DM decay.

Monopoles

(Acts at detection)

Standard expectation:
v and v from transients arrive

simultaneously

Standard expectation:
Equal number of v, v,, V.

Note: Not an exhaustive list
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Standard expectation:
Power-law energy spectrum
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Observation of an ultra-high-energy cosmic
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KM3NeT Collab. Nature 638, 376 (2025)

One muon detected with 120 f61010 PeV

COSMIC
CAICHER

Deep-seatelescope detects
neutrino with highest
energy ever recorded
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KMB3NeT Collab. Nature 638, 376 (2025)
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Yes! Direction points underground,
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€he New Nork Times ELZMUNDO
‘Ultrahigh Energy’ Neutrino Found El potente telescopio KM3NeT,

With a Telescope Under the Sea sumergido en e! Mediterraneo,
'atrapa’ el neutrino de mayor

It's the most energetic particle of its kind ever discovered, and

scientists have no idea where it came from. energiajama"s Observado
| | Este hallazgo "abre un nuevo capitulo en la @gtronorr_lia de “
J:e J]‘[nn ﬂ e neutrinos y una nueva ventana de observacion al universo
'Ultra-high energy’ neutrino detected in
Mediterranean €N\l science

Scientists detect record-breaking ‘ghost particle’

LA NACION in the Mediterranean Sea

Sorpresa y enigma: un telescopio submarino detecto una
extraordinaria particula que desconcierta a los

. ) Reuters
cientificos

High-energy cosmic neutrino detected
under Mediterranean Sea



Was it a cosmogenic neutrino? KM3NeT vs. IceCube
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Was it a cosmogenic neutrino? KM3NeT vs. IceCube

UHE v flux inferred from KM3NeT event Flux is above upper limits! 2.56-3c tension

------- Upper limits

KM3NeT
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Was it a cosmogenic neutrino? KM3NeT vs. IceCube
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Was it a cosmogenic neutrino? KM3NeT vs. IceCube

UHE v flux inferred from KM3NeT event

Flux is above upper limits! 2.56-3c tension
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Was it a cosmogenic neutrino? KM3NeT vs. IceCube

Joint fit to IceCube and KM3NeT v data + Auger UHECR data

Muzio, Yuan, Lu, arXiv:2502.06944
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* Bow-tie design, 3 perpendicular arms

| % * Antenna optimized for horizontal showers
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Today Next decade

TeV-PeV v >100-PeV v
Turn predictions Make predictions for
into data-driven tests a new energy regime
Key developments: Key developments:
Bigger detectors — larger statistics Discovery
Better reconstruction New detection techniques
Smaller astrophysical uncertainties Better UHE v flux predictions

Similar to the evolution of cosmology to a
high-precision field in the 1990s

Made robust and meaningful by accounting
for all relevant particle and astrophysics uncertainties




How it

started

First predictions
of high-energy

cosmic v

VPLATE (vplate.ru)

How it's

& 10-20 years

going

Hints of sources
First tests of v
physics

from now

EeV v discovered
Precision tests with PeV v
First tests with EeV v
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IV PHD SUMMER SCHOOL ON IR /RSN

N E U T RI ‘ » Neutrino phenomenology:

HERE, THERE & Y WHERE Mariam Tortola (Valencia)

Lectures: Registration: L . R
Mariam Tértola (U. Valencia) * Neutrino phenomenology nbia.dk/neutrino2025 > Neutran aStrOphySICS'

Maria Petropoulou (U. Athens) ¢ Neutrino astrophysics Deadline:

Vivian Poulin (U. Montpellier) * Neutrino cosmology March 31, 2025 Maria Petropoulou (AthenS)

Neutrino cosmology:
NIELS BOHR INSTITUTE > &Y
Vivian Poulin (Montpellier)

COPENHAGEN - JULY 7-11, 2025

» Plus topical seminars & student talks

» Registration open (deadline: March 31)

For PhD and advanced MSc students * Organizers: Markus Ahlers & Mauricio Bustamante

TR —_— nbia.dk/neutrino2025
COPENHAGEN @ . A1IgME Incernational Academy S



https://nbia.nbi.ku.dk/neutrino2025

Thanks!
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Neutrino energy spectrum

IceCube data is fit well by a power
law in neutrino energy:

IceCube Preliminary
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IceCube, ICRC 2023



Neutrino energy spectrum

IceCube data is fit well by a power
law in neutrino energy:

IceCube Preliminary
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One likely TeV-PeV v production scenario:
p+y —>mnt— put+v, followedby utr—et+v.+v,

Full 7 decay chain

(1/3:2/3:0)s
Muon damped
(0:1:0)s
/ / _
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 —>mnt— put+v, followedby utr—et+v.+v,

rECseay Full m 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



Weighing the Earth with neutrinos
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Donini, Palomares-Ruiz, Salvadé, Nature Phys. 2019




Weighing the Earth with neutrinos

With 1 yr of IceCube (atmospheric) TeV v
I

—— PREM Model
¢+  Max 1D pos.
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Mass of the Earth using v: 6.0 19 % 10 kg

From gravitational measurements: (5.9722 + 0.0006) X 10>

|
2000

Donini, Palomares-Ruiz, Salvadé, Nature Phys. 2019



Weighing the Earth with neutrinos

1 _ . t-
cosf, = —1 0 yearI projection

—— PREM Model
¢+ Max 1D pos.
¢+ Max 1D pos. (10 yrs.)

30.0

Density [g cm ]
=

w o

o o

=
o

0.3 '
0 1000

| | 1 1
3000 4000 5000 6000 7000

Earth Radius [km]

|
2000

Donini, Palomares-Ruiz, Salvadé, Nature Phys. 2019



Neutrino energy spectrum

With > 10 years of data, deviations from a power law start to be testable:

=
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Upgoing vs. downgoing neutrinos
u

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)



Upgoing vs. downgoing neutrinos

Northern sky

Horizon

Southern sky »

(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



Deep inelastic scattering

What you see Beneath the hood
ve(py) £ (pe) ve(py) ¢ (pe)
W (q)
W (q) w(pr)
d(pi)
X(px)
N(pN) N(pn)

(Plus the equivalent neutral-current process (Z-exchange))

Giunti & Kim, Fundamentals of Neutrino Physics & Astrophysics



High-energy neutrinos from the Galactic Plane

© KRA] Model  —— KRAJ Best-Fit v Flux Three models of Galactic diffuse v:

* KRAZ® Model ——— KRA2? Best-Fit v Flux

- 0 :
= «° Best-Fit » Flux T : MeV-GeV n° template inferred from
| lceCube All-Sky v Flux (22)

« 7Y Model

gamma rays extrapolated to TeV

—t
3
=]

KRA? : Spectrum varies spatially, harder v
spectrum, cut-off at 5 PeV in CR energy

KRAiO : Cut-off at 50 PeV in CR energy

—_
=
-1

None of the models matched data

(caveat: there are relatively simple models)

E2 45 [GeV s7! em™?]

No Galactic v source identified
(likely diffuse + source: Fang & Murase, 2307.02905)
1079

N ] GP fluxis 6-13% of all-sky at 30 TeV
103 10* 10° 106 107

E, [GeV]
IceCube Collab., Science 2023



Fundamental physics with high-energy cosmic neutrinos

» Numerous new v physics effects grow as ~x, - E" - L

» So we can probe i, ~ 4 - 10 (E/PeV)™ (L/Gpc)* PeV'™

» Improvement over limits using atmospheric v: k, < 10 PeV, k, < 10




Fundamental physics with high-energy cosmic neutrinos

E.g.,
n =-1: neutrino decay

» Numerous new v physics effects grow as ~ k,, - E" - L} - = 0: CPTodd Lorents violation

n=+1: CPT-even Lorentz violation

» So we can probe i, ~ 4 - 10 (E/PeV)™ (L/Gpc)* PeV'™

» Improvement over limits using atmospheric v: k, < 10 PeV, k, < 10




The IceCube pie chart

Sources with associated v emission:

Name Type p

NGC 1068 AGN  0.008
TXS 05064056 blazar 0.001
PKS 15024106 blazar 0.01
PKS 1424-41 blazar 0.05

AT2019dsg TDE  0.002 |
TDE
Fractional contribution /
of each source population S5, other
%
to total diffuse flux v

I Bartos et al,, Ap jzozﬂélao _Og%%]an anal}’515) Note: Outer rings are from separate stacking

P A



Radio emission: geomagnetic and Askaryan

Geomagnetic

' Shower Axis

- N
X . .
5 — - —l
{ — L ——

. ol

Shower Front

» Time-varying transverse current
» Linearly polarized parallel to Lorentz force

» Dominant in air showers

Askaryan

& o
£ ® shower Axis

’? - Shower Axi N
T P

8,
5 &
7
o .
T (]
é;- '

®’
~

@/ Shower Front

S

» Time-varying negative-charge ~20% excess

» Linearly polarized towards axis

» Sub-dominant in air showers

Figures by H. Schoorlemmer and K. D. de Vries



Radio emission: geomagnetic and Askaryan




Where did it come from?

From the Southern Hemisphere
(RA =94.3°, dec =-7.8°)

Not far from Milky Way plane
But likely not of Milky-Way origin

KM3NeT Collab. arXiv:2502.08387

Likely extragalactic origin




Where did it come from?

From the Southern Hemisphere
(RA =94.3°, dec =-7.8°)

Not far from Milky Way plane
But likely not of Milky-Way origin

KM3NeT Collab. arXiv:2502.08387

Likely extragalactic origin

Few extragalactic sources
(blazars) near event position,

L1 R(68%)

< VLBI

but no strong association

KMB3NeT Collab. arXiv:2502.08484

1 RO9I%)

O Gammaray # 5BZCAT [ X-ray + radio + infrared

_6 |-
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] _8 L
O
[}
©
_9 L
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. . . ‘ KM3NeT Collab. Nature 638, 376 (2025)
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Where dld lt come from? T RE8%) I R©O0%) [ R©9%)

< VLBI O Gammaray # 5BZCAT [ X-ray + radio + infrared

From the Southern Hemisphere Ml Could be a year-long transient source

Li, Machado, Naredo-Tuero, Schwemberger, arXiv:2502.04508
Neronov, Oikonomou, Semikoz, arXiv:2502.12986

(RA =94.3°, dec =-7.8°)

Not far from Milky Way plane
But likely not of Milky-Way origin 21

KM3NeT Collab. arXiv:2502.08387 g o [KM 3_230;‘1 3 A] m
S T X T Gug
. . .« . é ] 0O i
Likely extragalactic origin AN
. ~10 | - [#5)
Few extragalactic sources -
(blazars) near event position, 1| / ]
but no Strong association . . ' ‘ KM3NeT Collab. Nature 638, 376 (2025)
98 97 96 95 94 93 92 91

KMB3NeT Collab. arXiv:2502.08484

RA J2000 (%)



Glashow resonance:
Long-sought, finally seen



First observation of a Glashow resonance
Predicted in 1960:

IceCube, Nature 2021
Glashow, PR 1960
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First observation of a Glashow resonance

Predicted in 1960:

hadrons
6.3 Pe\> (, 1,
Br = 67%

A%

e W Vl
6.3 Pe\> _____ < Br = 33%
e [-

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

tl - °
promptly Tt — e "'(VL

6.3 PeV M
> < (TC,I ce p
Br = 67% :

A%

e W Vl
6.3 Pe\> _____ < Br = 33%
e [-

IceCube, Nature 2021
Glashow, PR 1960




First observation of a Glashow resonance

Predicted in 1960: First reported by IceCube in 2021:

Pions decay

- @
promptly . +(V)

;xad_mne/> 2 *
6.3 PeV =
S’_tif Early muons detected
Br = 67% £ before the shower °

A%

e W Vl
6.3 Pe\> _____ < Br = 33%
e I

IceCube, Nature 2021
Glashow, PR 1960




First observation of a Glashow resonance

Predicted in 1960: First reported by IceCube in 2021:
a%‘ 05 — Data
hadrons E* 041
6.3 Pe> §< 2 03-
Br = 67% 502
% 0.1
" : ; 7 ; 0

Visible energy (PeV)

v

6.3 Pe\> _____ .< Br ~ 33%
e I

IceCube, Nature 2021
Glashow, PR 1960




First observation of a Glashow resonance
Predicted in 1960: First reported by IceCube in 2021:
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Adapted for Snowmass 2021: Ackermann, MB, et al., [HEAp 2022
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Adapted for Snowmass 2021: Ackermann, MB, et al., [HEAp 2022
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4. Dark matter:
Annihilation and decay into v



High-energy neutrinos from dark matter

Dark matter co-annihilation: v + v yield from DM (at source)
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Approximate independence on m,

Electroweak corrections (off-shell W .
valid for m, =100 TeV-10 PeV

and Z emission) broaden the v spectrum



Dark matter in the Milky Way
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Limits on dark matter annihilation

Per annihilation channel

(assiiming 100% branchinge ratin)

[Finasto profile Using 7.5 years of 90% C.L.
IceCube HESE data
—_ 10—22
lUJ
=
=
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= _
= bb — T
_ ——ptpT e WRWS
10724 i
105 106 107
m, [GeV]

Two DM contributions: Galactic (anisotropic) + extragalactic (isotropic)

Plus background of atmospheric neutrinos (anisotropic, but different)



Limits on dark matter annihilation

Per annihilation channel Compared to other limits
(assiimine 100% branchine ratio) (assum1ng annihilation to muons)
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Two DM contributions: Galactic (anisotropic) + extragalactic (isotropic)

Plus background of atmospheric neutrinos (anisotropic, but different)



5. New neutrino interactions:
Are there secret vv interactions?



Astrophysical neutrino sources Earth

| Galactic (kpc) or extragalactic (Mpc — Gpc) distance |
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Astrophysical neutrino sources Earth

| Galactic (kpc) or extragalactic (Mpc — Gpc) distance |

Standard case: v free-stream
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(And oscillate)

Non-standard case: high-energy v scatter of CvB
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Secret interactions of high-energy astrophysical neutrinos
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Rliirm Hanl Mitvrace 140K 27Q0



Secret interactions of high-energy astrophysical neutrinos

I
o
!

T T
""""" Free streaming

“Secret” neutrino interactions between
astrophysical v (PeV) and relic v (0.1 meV):

---- With attenuation

td

|

a1
I

—— With attenuation + regeneration

AstroV Vv
6 1.50 |- M =10 MeV
----- 2=0.03
N - 1.25 - m =0.1eV
Relicy” ZT8PVV N, '

=
o
S

"""""""
‘‘‘‘‘‘

.-~ New coupling

4
al )

Cross section: 0 =‘<=3* 7=
41 (s —|\M2} + M2T12

&
N
Ul

v + 7 flux at Earth E2] [10°8 GeV ecm 2 s 1 sr1]

0.50
Mediator mass
ME 0.25
Resonance energy: Eres = 35—
m-, 0.00 e BT T B il v ioewienl o
108 104 10° 106 107 108

MB, Rosenstroem, Shalgar, Tamborra, PRD 2020
See also: Esteban, Pandey, Brdar, Beacom, PRD 2021 Neutrino energy E [GeV]
Creque-Sarbinowski, Hyde, Kamionkowski, PRD 2021
Ng & Beacom, PRD 2014

Cherry, Friedland, Shoemaker, 1411.1071
Rliirm Hanl Mitvrace 140K 27Q0



Secret interactions of high-energy astrophysical neutrinos

“Secret” neutrino interactions between
astrophysical v (PeV) and relic v (0.1 meV):

AstroV 14
L~ ghvv
Relic V gb v

.-~ New coupling
L
) l\ /' Ay
Cross section: 0 —'<s== FA Y
41 (s —|\M2} + M2T12

Mediator mass

ME
Resonance energy: Eres = ——
8y 2m.,

MB, Rosenstroem, Shalgar, Tamborra, PRD 2020

See also: Esteban, Pandey, Brdar, Beacom, PRD 2021
Creque-Sarbinowski, Hyde, Kamionkowski, PRD 2021
Ng & Beacom, PRD 2014

Cherry, Friedland, Shoemaker, 1411.1071
Rliirm Hanl Mitvrace 140K 27Q0

— 2.00

s

il 1.75

N

|

g 1.50

Q

=

3 1.25

|

= 1.00

&

< 075

g

= 0.50

P

=

= 0.25

+

= 0.00
1

E

res

T T T T
""""" Free streaming

---- With attenuation
—— With attenuation + regeneration

M=10 MeV ]
g=0.03
m,=0.1eV i

~~
S~

=500 TeV

@)
@

NIRRT | Ll L 4 ]
104 10° 100 107 108

Neutrino energy E [GeV]



Secret interactions of high-energy astrophysical neutrinos

“Secret” neutrino interactions between
astrophysical v (PeV) and relic v (0.1 meV):
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Secret interactions of high-energy astrophysical neutrinos

“Secret” neutrino interactions between Lookine for evidence of vSI
astrophysical v (PeV) and relic v (0.1 meV): 5
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No significant (> 3c) evidence for a spectral dip ...
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No significant (> 3c) evidence for a spectral dip ... ... so we set upper limits on the coupling g
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No significant (> 30) evidence for a spectral dip ... ... so we set upper limits on the coupling g
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6. Unstable neutrinos:
Are neutrinos for ever?



Are neutrinos forever?

» In the Standard Model (vVSM), neutrinos are essentially stable (t > 10° yr):

i . 4+ v): 36 (m, N
» One-photon decay (v, = v, +7): 1> 10° (m,/eV)° yr » Age of Universe
» Two-photon decay (v; = v;+ v +7v): 1> 10 (m,/eV)? yr (~ 14.5 Gyr)

» Three-neutrino decay (v, = v, + v, + v,): ©>10% (m,/eV)S yr

» BSM decays may have significantly higher rates: v, — v, + ¢

» We work in a model-independent way:
the nature of ¢ is unimportant if it is invisible to neutrino detectors



Are neutrinos forever?

» In the Standard Model (vVSM), neutrinos are essentially stable (t > 10° yr):

i . 4+ v): 36 (m, N
» One-photon decay (v, = v, +7): 1> 10° (m,/eV)° yr » Age of Universe
» Two-photon decay (v; = v;+ v +7v): 1> 10 (m,/eV)? yr (~ 14.5 Gyr)

» Three-neutrino decay (v, = v, + v, + v,): ©>10% (m,/eV)S yr

,/"\\ Nambu-Goldstone

\ —

L] . . . f

» BSM decays may have significantly higher rates: v, — v, *~¢' boson of a broken
l / symmetry

» We work in a model-independent way:
the nature of ¢ is unimportant if it is invisible to neutrino detectors
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Astrophysical sources Earth
| L ~up to a few Gpc |

|
Eg,
Decay changes the number
of each v mass eigenstate, Vi, /\V,, /s °

Only sensitive to their ratio
—h—

The flux of v, is attenuated by exp[- (L/E) - (m,/7))]
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Mass of v; Lifetime of v,



Astrophysical sources Earth
| L ~up to a few Gpc |

|
Eg,
Decay changes the number
of each v mass eigenstate, Vi, /\V,, /s °

Lower-Ev are longer-lived...

The flux of v, is attenuated by exp[- (L./ E) - (m,/7,)]

... but v that travel longer L are more attenuated!
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Astrophysical sources Earth
| L ~up to a few Gpc |
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» Decay can be incomplete lohtest and stabl
» Final-state v might be detectable or not vslightest and stable

» Many more possible decay channels (inver.ted mass
(see Winter & Mehta, JCAP2011) ordering)




Astrophysical sources Earth
| L ~up to a few Gpc |

V2, V3 — Vi
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» Decay can be incomplete v
v;lightest and stable

» Final-state v might be detectable or not

» Many more possible decay channels (inverted mass

(see Winter & Mehta, JCAP2011) ordering)



What does neutrino decay change?
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What does neutrino decay change?
Flavor composition
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What does neutrino decay change?

Flavor composition
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Flavor composition
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See also: Beacom et al.,, PRL 2002 / Baerwald, MB, Winter, JCAP2012 /
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What does neutrino decay change?

Number of showers Egep dNgh/dEqep (4.6 yr)

MB, 2004.06844
1'4 T T T 'l\ll T T
I\
— == No decay ,' ‘4—
1.2 11 -
I 1
I 1
I |
1.0 F Loy .
] 1
I 1 QO
I 1 %D
0.8 - .
P
el
06 - IoE
| 1Z
i | =
04 I~ I 1 -
I 1
1 1
II :
0.2 F ; \ _
/ \
TS~ ’/ \
0.0 - R -~
106 107

Deposited energy Egep [GeV]

See also: Beacom et al.,, PRL 2002 / Baerwald, MB, Winter, JCAP2012 /
MB, Beacom, Murase, PRD 2017/ Rasmussen et al.,, PRD?2017 /

Denton & Tamborra, PRL 2018 / Abdullahi & Denton, PRD
Song, Li, Argiielles, MB, Vincent, JCAP2020

Event rate

 Glashow resonance (GR):
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What does neutrino decay change?
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What does neutrino decay change?
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Neutrino

radio-detection



Radio emission: geomagnetic and Askaryan
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» Time-varying transverse current
» Linearly polarized parallel to Lorentz force

» Dominant in air showers
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» Linearly polarized towards axis

» Sub-dominant in air showers

Figures by H. Schoorlemmer and K. D. de Vries



Radio emission: geomagnetic and Askaryan
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