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% Detecting ultra-high-energy neutrinos — lessons learnt from experiments
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A recent endeavor

e UHE neutrino search: ancillary science case of UHECR & HE
neutrino experiments

e Recently: dedicated instruments
ARIANNA, ARA, ANITA

Summary of recent progress
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A recent endeavor

e UHE neutrino search: ancillary science case of UHECR & HE

neutrino experiments
e Recently: dedicated instruments
ARIANNA, ARA, ANITA

Summary of recent progress

1. One UHE neutrino has been detected so far (?) (KM3Net

event at 120 PeV)
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A recent endeavor

e UHE neutrino search: ancillary science case of UHECR & HE

neutrino experiments
e Recently: dedicated instruments
ARIANNA, ARA, ANITA

Summary of recent progress

1. One UHE neutrino has been detected so far (?) (KM3Net

event at 120 PeV)

2. Auger observations of UHECRs constrain the flux of
cosmogenic neutrinos towards low fluxes
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A recent endeavor

e UHE neutrino search: ancillary science case of UHECR & HE

neutrino experiments

e Recently: dedicated instruments
ARIANNA, ARA, ANITA

Summary of recent progress

1. One UHE neutrino has been detected so far (?) (KM3Net

event at 120 Pa\/)
lesson from Auger: target astrophysical fluxes

2. I_\USCI UNJIOGCIL VULIVIIO VI ViiILGWI\V LWVl TIoLTAdlIl LG TTUNnN Vi

cosmogenic neutrinos towards low fluxes
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A recent endeavor

e UHE neutrino search: ancillary science case of UHECR & HE
neutrino experiments

e Recently: dedicated instruments
ARIANNA, ARA, ANITA

Summary of recent progress

1. One UHE neutrino has been detected so far (?) (KM3Net
event at 120 Pa\/)

lesson from Auger: target astrophysical fluxes

2. I_\USCI UNJIOGCIL VULIVIIO VI ViiILGWI\V LWVl TIoLTAdlIl LG TTUNnN Vi

cosmogenic neutrinos towards low fluxes

3. IceCube has detected neutrinos at PeV energies.
Two sources have been clearly identified after 10 years of
event accumulation
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A recent endeavor

e UHE neutrino search: ancillary science case of UHECR & HE
neutrino experiments

e Recently: dedicated instruments
ARIANNA, ARA, ANITA

Summary of recent progress

1. One UHE neutrino has been detected so far (?) (KM3Net
event at 120 Pa\/)

lesson from Auger: target astrophysical fluxes

2. MUSGCIl UNOGUIL VOULIVIIO VI ViILGINO LUILHIoLTAllT L1TC TTUNn VI

c lesson from IceCube: require excellent angular
3 resolution to pinpoint sources amid near-isotropic
" background

\
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event accumulation
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A recent endeavor

e UHE neutrino search: ancillary science case of UHECR & HE
neutrino experiments

e Recently: dedicated instruments
ARIANNA, ARA, ANITA

Summary of recent progress

1. One UHE neutrino has been detected so far (?) (KM3Net
event at 120 Pa\/)

lesson from Auger: target astrophysical fluxes

2. MUSGCIl UNOGUIL VOULIVIIO VI ViILGINO LUILHIoLTAllT L1TC TTUNn VI

c lesson from IceCube: require excellent angular
resolution to pinpoint sources amid near-isotropic
_ background

VV U OUUITILVLULO TITAVUOL UL VILAITTLY TJULCTILITIICuUu diLu 1l 4LV yUdlilo Vi

3

e lesson from IceCube: aim for the 100 PeV range to
extend and connect with IceCube observations
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A recent endeavor

e UHE neutrino search: ancillary science case of UHECR & HE
neutrino experiments

e Recently: dedicated instruments
ARIANNA, ARA, ANITA

Summary of recent progress

1. One UHE neutrino has been detected so far (?) (KM3Net
event at 120 Pa\/)

lesson from Auger: target astrophysical fluxes

2. MUSGCIl UNOGUIL VOULIVIIO VI ViILGINO LUILHIoLTAllT L1TC TTUNn VI

c lesson from IceCube: require excellent angular
resolution to pinpoint sources amid near-isotropic
_ background

VV U OUUITILVLULO TITAVUOL UL VILAITTLY TJULCTILITIICuUu diLu 1l 4LV yUdlilo Vi

3

e lesson from IceCube: aim for the 100 PeV range to
extend and connect with IceCube observations

4.Boom in MM + time domain astronomy: require specific
strategies of observations & instrumental performances
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A recent endeavor

e UHE neutrino search: ancillary science case of UHECR & HE
neutrino experiments

e Recently: dedicated instruments
ARIANNA, ARA, ANITA

Summary of recent progress

1. One UHE neutrino has been detected so far (?) (KM3Net
event at 120 Pa\/)

lesson from Auger: target astrophysical fluxes

2. MUSGCIl UNOGUIL VOULIVIIO VI ViILGINO LUILHIoLTAllT L1TC TTUNn VI

c lesson from IceCube: require excellent angular
resolution to pinpoint sources amid near-isotropic
_ background

VV U OUUITILVLULO TITAVUOL UL VILAITTLY TJULCTILITIICuUu diLu 1l 4LV yUdlilo Vi

3

e lesson from IceCube: aim for the 100 PeV range to
extend and connect with IceCube observations

4.Elesson from MM: develop follow-up tools and
stintegrate in a MM framework, enabling rapid response
and alerts
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% Experimental perspectives

Earth/mountains
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Guépin, KK, Oikonomou, Nature Phys. Rev. 2022




. . Diff. . lim. iIFoV  dFoV
% Experimental perspectives 0 GO emrsiar [ % insky% M6 Tes R

4.2x10-8in30d | 6 19 <2.8° PUEO
3.6x10-9(2030) | 35 20 5° ARA
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% Diffuse UHE neutrino fluxes: readjusting our experimental perspectives

e Avoid presenting ruled out cosmogenic fluxes
e Auger constrains cosmogenic fluxes to below
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e Avoid presenting ruled out cosmogenic fluxes
e Auger constrains cosmogenic fluxes to below

(I)cosmo,max ™~ 10_8 GeV Cm_2 S_1 Sl“_1 ] at 99% C.L.

* Promising astrophysical fluxes exist
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e Avoid presenting ruled out cosmogenic fluxes
e Auger constrains cosmogenic fluxes to below

(I)cosmo,max ™~ 10_8 GeV Cm_2 S_1 Sr_l ] at 99% C.L.

* Promising astrophysical fluxes exist

e \Which new "Waxman-Bahcall flux" to aim for at UHE?

IceCube extrapolation
E2®, ~ 107%(E,/10%eV) 23" GeVem 2s tsr!

Murase-Beacom (2010)
B2, <84 x107107,(A4/56) "% GeV em™2 57! gr!

Y

effective (energy-loss) photodisintegration optical depth < 1
here: source evolution factor f;, =3

Detector reaching these limits in 1017-19 eV can
strongly constrain source models.

Whether they can do UHE neutrino astronomy
requires to assess additional performances.



KK, Mukhopadhyay, Alves Batista, Fox, Martineau-Huynh, Murase, Wissel, Zeolla, subm.

% What astrophysical sources to aim for in the MM era?

Source population rate R [Gpc™ yr™!] Source population rate R [Gpc™ yr™!]
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Short bursts: stay in the instantaneous field of view
(FoV) of the instrument (~30 min - 1 day)

Compare source fluences with instantaneous fluence
sensitivities

Long bursts: any longer transients
Compare source fluences with daily averaged fluence
sensitivities
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% What astrophysical sources to aim for in the MM era?
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Short bursts: stay in the instantaneous field of view
(FoV) of the instrument (~30 min - 1 day)

Compare source fluences with instantaneous fluence
sensitivities

Long bursts: any longer transients
Compare source fluences with daily averaged fluence
sensitivities

Detectable: Bright rare (distant) sources 5
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sources to aim for in the MM era?

Source population rate R [Gpc™ yr™!]
10 10° 100 100 100' 1077

N e

- [W—
-, O
o) ot
N} —

—

jetted
TDE
10504\

1046 - magnetars

Long Bursts

Source bolometric energy & [erg]
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Long bursts: any longer transients
Compare source fluences with daily averaged fluence
sensitivities

Detectable: Local Group & nearby galaxies
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Astronomical observation strategies:

Wide & Shallow vs. Deep & Narrow
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Astronomical observation strategies: CAUTION: updatec.zl IceCuPe-GenZ Radio sensitivities:
~2 orders of magnitude discrepancy found for

Wide & Shallow vs. Deep & Narrow instantaneous fluence sensitivity Guépin, KK, Oikonomou,

Nat. Phys. Rev erratum
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% Strategy for "long" bursts: increase daily field of view
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% A necessary angular resolution
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Can we identify a point-source out of a diffuse neutrino sky?
Yes, if we can collect ~100 events with sub-degree angular resolution...



% A necessary angular resolution

500

line for experiments assuming
~ Murase-Beacom neutrino flux
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Can we identify a point-source out of a diffuse neutrino sky?

Yes, if we can collect ~100 events with sub-degree angular resolution...

e development of MM-networks, EM instruments —> false associations will be common
e skim interesting events + narrow down search area —> requires angular resolution
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% Astrophysically motivated search for UHE neutrinos

What can we do to improve UHE neutrino
Short rare & bright transients detectability and the associated scientific output?

e follow-up searches of EM / GW + stacking

e deep instruments with sub-degree angular res. 1. Improve the instantaneous sensitivity even at the

cost of reduced instantaneous FoV (deep & narrow)
2. Improve the angular resolution down to sub-degree.

3. Build a catalog of sources in the Local Universe

: . . that instruments should have in their day-averaged
e long transients, well-identified FoV

e both deep & narrow + wide & shallow instruments

Nearby serendipitous sources

4. Follow-up these catalogued sources. For most UHE
instruments that do not point and track source po-
sitions in the sky naturally, this requires to develop
a designated data-taking/observation mode.

5. For narrow instruments: Widen the instantaneous
FoV along right ascension, to increase sensitivity
for long bursts.

6. Coordinate and optimize the location of detectors
on the globe for best collective daily sky coverage.



% Radio detection as a cost-effective technique
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RADIO DETECTION OF UHE NEUT
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Figure 1. Significance of detection of point sources of UHE neutrinos by experiments with various
angular resolutions and numbers of detected events. The color coding corresponds to the confidence
level to reject an isotropic background using the statistical method from Ref. [65]. We assume that
all of the sources have the same luminosity, and that the sources follow a uniform distribution with
a number density 107> Mpc™ up to 2 Gpc (case I). With this source number density, ~ 1000 events
and ~ 0.1° angular resolution are needed to reach a 5o detection of point sources. In the above

calculation, f.oy = 1 is used; fewer events are required in the field of view it f.oy is smaller.
13

Number of Events

500

100

3000

Number of Events

Number of Events

1000

100

500

100

n, =10"" Mpc™® uniform

10t

10°
Angular Resolution [deg]

n,=10"" Mpc® SFR

10t

- 10°
Angular Resolution [deg]

n, =10"? Mpc™® SFR

10t

10°
Angular Resolution [deg]

Significance in standard deviations Significance in standard deviations

Significance in standard deviations



