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Next decade: a host of planned neutrino detectors
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TeV-EeV v cross sections v self-interactions
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TeV-EeV v cross sections v self-interactions v scattering on Galactic DM

_ Center-of-mass energy /s [GeV] 0
- 103 10* 109

S 10 i AR A FARRL 'y

- LEP Tevatron | LHC /  ECC

~ i —1 EEENPEEN SN 1987A
Oz GZicy e Shalgar et al. 4 Shalgar et al.
v g

i 32 2

1074 g E| S o <f

£z 80 2 TXS 0506+056

£ £ :

£ 2 3 IceCube FIESE <

2 10733 L Testable next decade ol g (.h,sywo',k)

g 5

o ® =

5] Standard Model (perturbative) ;gs'j

S 10-34 L TceCube tracks J > Galactic
8 10 i (;:eélube;;; ]

S

3 TceCube she
: s . AP A B
-‘510'35 . ! ! : ! : i s a0 12 3 4 s

2 4 5 6 7 3 9 10 11 e Y B

> 10° 10° 10° 107 10° 10" 107 10 Mediator mass log,,(M/MeV

Z Neutrino energy E, [GeV] 810(M/ )

L MB & Connolly, PRL 2019 J & MB, Rosenstrom, Shalgar, Tamborra, PRD 2020 J L Argiielles, Kheirandish, Vincent, PRL 2017 J




TeV-EeV v cross sections v self-interactions v scattering on Galactic DM
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Secret interactions of high-energy neutrinos
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Secret interactions of high-energy neutrinos
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“Secret” neutrino interactions between UHE v
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Steady-state UHE v flux
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vSI with the UHE difftuse flux
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VSI dips and bumps in the diffuse UHE v flux:
» In the cosmogenic flux
» In the flux from sources

But we need enough events to detect the
spectral features — we need POEMMA-360!
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vSI with the UHE transient flux

If this happens repeatedly, high-energy neutrinos disappear

So, if we see high-energy neutrinos, we can set an upper limit on the vSI strength
Original idea by Kolb & Turner, using SN1987A (PRD 1987)

Mean free path of a v of energy E: lini(E) = [nc,o,. (E)] !

lint (E)
L

Estimated optical depth if emitted by a source at a distance L: 7(F) =



vSI with the UHE transient flux
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So, if we see high-energy neutrinos, we can set an upper limit on the vSI strength
Original idea by Kolb & Turner, using SN1987A (PRD 1987)

Mean free path of a v of energy E: lini(E) = [nc,o,. (E)] !

lint (E)
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Estimated optical depth if emitted by a source at a distance L: 7(F) =



vSI with the UHE transient flux
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Perfect for POEMMA!
If this happens repeatedly, high-energy neutrinos disappear

—

So, if we see high-energy neutrinos, we can set an upper limit on the vSI strength
Original idea by Kolb & Turner, using SN1987A (PRD 1987)

Mean free path of a v of energy E: lini(E) = [nc,o,. (E)] !

lint (E)
L

Estimated optical depth if emitted by a source at a distance L: 7(F) =
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What's next?

» For POEMMA — discover a UHE v flare:

» Full propagation of UHE v from sources to Earth?
» Include detector effects (energy resolution)?

» For POEMMA360 — look for spectral features in the diffuse UHE v flux:

» Can re-use the fluxes we have obtained already in MB, Mésson, Valera (In prep.)
» Need effective area
» Include detector effects
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What makes high-energy cosmic v exciting?

c They have the highest energies (TeV-ZeV)

Particle: Probe physics at new energy scales

Astro: Probe the highest-energy non-thermal astrophysical sources

e They have the longest baselines (kpc—Gpc)
Particle: Tiny new-physics effects can accumulate and become observable
Astro: Bring information from high redshifts (z > 1)

Neutrinos are weakly interacting
Particle: New-physics effects may stand out more clearly

Astro: Bring untainted information from distant sources

Neutrinos have a unique quantum number: flavor
Particle: Versatile probe of flavor-sensitive new physics
Astro: Can reveal the neutrino production mechanism



Fundamental physics with UHE cosmic neutrinos

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

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

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

» Fundamental physics can be extracted from four neutrino observables:

» Spectral shape

» Angular distribution
» Flavor composition
» Timing
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Fundamental physics with UHE cosmic neutrinos

n = -1: neutrino decay

» Numerous new-physics etfects grow as ~x,, - E" - L } B CIReEle) sz el iiion

n = +1: CPT-even Lorentz violation
» So we can probe x, ~ 4 - 10% (E/PeV)" (L/Gpc)™* PeV'"

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

» Fundamental physics can be extracted from four neutrino observables:

» Spectral shape

» Angular distribution
» Flavor composition
» Timing

In spite of
poor energy, angular, flavor reconstruction
& astrophysical unknowns
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Delays from secret interactions

Multiple secret vv scatterings may delay the arrival of neutrinos from a transient

®
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L 2
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@ ® Traagy ®

scattered v

primary v ’ ‘
Earth ¢ v = ®  Transient Source
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Shoemaker & Murase, PRL 2019
Characteristic time delay — Optical depth to vv: 1, = n, 6,, D

At ~ 1500 (%7 (3 gpc) (ng\/) (0-1Elzev)

See also: Alcock & Hatchett, Ap] 1978



Delays from secret interactions

v-v (scalar mediator)
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The multi-messenger connection: a simple picture

. p+m, Br=2/3
P+ytar ’ceA = + —
ge n+mnt, Br=1/3
Yty
T Pu+v,2V,+e + 0,4+,
n (escapes) > p +¢e + 1,

Neutrino energy = Proton energy / 20
Gamma-ray energy = Proton energy / 10
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n (escapes) > p +¢e + 1,
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Neutrino energy = Proton energy / 20

Gamma-ray energy = Proton energy / 10



New physics in the spectral shape: vv interactions

“Secret” neutrino interactions between

astrophysical v (PeV) and relic v (0.1 meV):
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New physics in the spectral shape: vv interactions

“Secret” neutrino interactions between 200
astrophysical v (PeV) and relic v (0.1 meV): T
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New physics in the spectral shape: vv interactions

“Secret” neutrino interactions between

astrophysical v (PeV) and relic v (0.1 meV):

|

I
o
!

td

|

a1
I

’.—\

a1

(>}
I

=
)
Ul

) 1.00 pemmmmmn e\ -
_. New coupling .
. 4 4\\ 1
Cross section: & _\& ) S 0.75
-_— S 7 \2
47t (s M2} + M2T2
SN - 050 FE  — 500 TeV -
~=-Mediator mass
MZ 0.25 4
Resonance energy: Eios =
2m 0,00 bm—t oo N |
b 103 10 10° 10° 107 108

v + 7 flux at Earth E2] [10 8 GeVem 25 1 sr!

T T T T
"""" Free streaming

---- With attenuation

—— With attenuation + regeneration

M =10 MeV 7
¢=0.03
m,=0.1eV i

MB, Rosenstroem, Shalgar, Tamborra, In prep.
Ng & Beacom, PRD 2014

Cherry, Friedland, Shoemaker, 1411.1071
Blum, Hook, Murase, 1408.3799

Neutrino energy E [GeV]



New physics in the spectral shape: vv interactions

“Secret” neutrino interactions between
astrophysical v (PeV) and relic v (0.1 meV): 10
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UHE neutrinos: steady-state sources

All-flavor flux E%CIDU (E)) [GeV cm 25 1 sr1]
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UHE neutrinos: steady-state sources
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UHE neutrinos: transient sources
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All-flavor fluence E2®, (E,) [GeV cm 2]
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Take-home message

We might see an

UHE v burst before
we see a diffuse flux
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