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Exposure needed

10 ©

10°°

3 .

= IceCube prelir

ninary

'I ¥ T rrrrrg

104

10°

==+ Conv. Atm. Backgr. (v,)

HESE (7.5y, Full-sky)
=+ PoS(ICRC2019)1004

This work: Tracks
' (9.5y, Northern-Hemisphere)

Cascades (6y, Full-sky))
= prRL (7/2020), arXiv:2001.09520

The extension to lower energies
is a big question.

—> Correlation (tension?) to
gamma rays at lower energies?

- is there a feature/dip at ~500
TeVv?

—> What happens at higher
energies?
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Projections of diffuse sensitivity with Gen2

Plots that could be useful for the

proposal:
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The landscape of the future?

(global fit at some point really global)
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Galactic plane, low energy

Fang, Murase 2021

IceCube Cascade full-sky (2020) WM 47-averaged @, Galactic plane

IceCube v, full-sky (2019) 37 GP |b] < 5°
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Flux beyond 10 pev

E2® (GeVem2 s sr)

Do PeV neutrinos share the same origin with UHECR?
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The highest \

Event 132379/15947448-2

I Time 2019-03-31 06:55:43 UT!
neu tr| Nno Duration 22595.5 ns| il :

energy event  wgse

ATWDNPE: 210907 |
FADCNPE: 708544
TotalNch: 637 .
ATWDNch: 637
FADCNch:637 |/
. FirstOM: OMKey(44,29,0)
e Starting track LastOM: OMKey(g,48,0)
BestNPEbtw: 21109
o ~10PeV (5 PeV ATWDNPEDbtw: 210903
: FADCNPEbtw: 70856.8
deposited) TotalNchbtw: 635 .
ATWDNchbtw: 635 | |
e \We know the FADCNchbtw: 635 | |

LargestOM: OMKey(44,2 8.0)

spectrum continue FirstOMbtw: OMKey(44,29,0
over 10 PeV but

they will mostly be
from southern sky

Random forest result: 12.7 + 1.8 PeV (10)
Agrees with Mirco’s 13.6 PeV
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LastOMbtw: OMKey(1 51 )
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Zen 69-90

events per 10 yr IceCube
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Dummy estimate of event rate (CC numu)

Table below shows 10 yrs expected in IceCube at
the final event selection level
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If CR background-> CR energy ~100 x mu at EeVs

Rate is low if assuming continued powerlaw. But any knowledge of beyond 10 PeV would be new and connecting to UHE °
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Earth absorption for the highest energy
Self-veto boosts signal purity from southern sky
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Neutrino physics, cross section

Nature 551 (2017) 596-600
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e Statistics-dominated
uncertainties on cross sections
until we have ~50 UHE neutrino
events

e Even for a detector at our target
sensitivity, we don’t expect to
reach this regime.

e Until then, measurements will
improve by ~VN
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Slide from A. Connolly

(Gen2 radio review in Feb.)
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Winter et.al., Tidally disrupted stars as a possible BQgin of both cosmic rays and neutrinos at the highest energies. Sci Rep 81,QO828 (2018).



UHECRs and neutrinos from AGN

Results
X. Rodrigues, J. Heinze, A. Palladino, AvV and W. Winter,

arXiv:2003.08392, accepted for publication in PRL
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Using high-energy neutrinos as magnetometers

If sources have strong magnetic fields, charged particles cool via synchrotron:

Proton cooling Muon cooling
Induce a high-energy cut-off Change flavor composition:
in the emitted v spectrum: 1 2
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https://arxiv.org/pdf/2009.01306.pdf
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Pp:pgamma via the Glashow resonance

Yastro 2.28 2.49 2.89
Dastro 4.32 7.0 6.45
PEPE pp 2.27 1.55 0.28
HESE pp 1.15 0.79 0.14
PEPE py 1.01 0.69 0.12
HESE py 0.51 0.35 0.06

Need to have good
knowledge on astro gamma
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Gen2 requirements

Gen2 optical and radio Astrophysical

Cosmogenic

Note:

Sensititivity shown is “Single
Event Sensitivity”.

It is basically the sensitivity
where in 50% of the cases one
event would be seen.

A conventional sensitivity, or
upper limit would be a factor of [ceCube-Gen2 Optical SES
~4 higher. 10-10 4
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Gen2 capabilities

Radio:

Gen2 optical

e Requirements:

©)

E2® = 3x107'° GeV/cm?/s/str
from 10""° to 10" eV
Discovery phase: <0.1
background in optimized search
Once flux is established: 90%
purity

Neutrino energies to factor of 3

Astrophysical

Cosmogenic
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Gen2 capabilities

Radio:

ARA (2x10mo)

AN
6 1 Gen2 pathfinder (5 years)
1077 mw Gen2 radio (5 years)

Gen2 optical
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Hadronic cascade and multi-sensor pmt

Large string spacing -> do we still see early muon
pulses from hadronic cascades?

Does multipmt improve muon bundle/leading muon
reconstruction?

Much higher dynamic range

(small PMTs with dynode readout added)!
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Do we need optimisation for

Cascade energy resolution

Veto

Cascade direction resolution?

Tau double pulse

Hadronic cascade early muon

10 pev+ flux (southern muon? Partially contained cascades? Contained
should be fine)



Specific questions near term:

® - calibration / calibration devices needs:
O  What is the energy and angular resolution needed for

cascades/taus for diffuse analysis (and related bsm work) ?

How does this break down into requirements on position/
orientation/light yield/ice model calibration ?
O Do we need specific light sources/calibration modules for
diffuse analysis ?
® - Reconstruction:
O influence of mMDOMSs on cascade reconstruction (angular
resolution/vertex/energy) and tau identification.
o  For tau: should be benefitial both double bang and double
pulse reco
® - physics: flavor constraints based on realistic estimate of tau
identification efficiency, energy thresholds (for tau/cascades).

Thanks to Markus Ackermann for input.



Diffuse simulation needs:

For proposal preparations and preliminary design review and such.

® Assume Phase 2 can be retriggered Gen2
®  What configuration, etc,
o  How does string spacing and DOM density affect diffuse science goals?
o  How to deal with systematics of hole ice. Related: do we need the degassing? (point sources may be the driver on these
questions.
o Do we need to decide on a Gen2 reference design for simulations?
e Requirements (simulation group has started), here question on what needs for diffuse
o  Background, how much life time
] need also Corsika at least in the threshold region (which is big) for trigger studies
] For background rejection studies, mu-gun probably the choice?
o  Signal
o Do we need to bother with systematics for diffuse at this stage?



