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Floor versus fog




Current status
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Coherent elastic neutrino-nucleus scattering

[Freedman 1974, COHERENT 1708.01294]
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Coherent elastic neutrino-nucleus scattering

[Freedman 1974, COHERENT 1708.01294]
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Neutrino sources

[ Vitagliano et al. 1910.11878]
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Neutrino sources

[ Vitagliano et al. 1910.11878]
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Neutrino sources
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Neutrino sources
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Neutrino sources
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The neutrino floor
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The neutrino floor
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The neutrino fog

Exposure [ton-year]
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The neutrino fog
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The neutrino fog

Gradient of discovery limit, n = —(dIno/dIn N )—1
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Looking through the

neutrino fog



Looking through the neutrino fog

If we want to

1. continue to search for DM 1nto the neutrino fog

2. be able to study both DM and neutrino signals in
direct detection experiments

we need strategies for dealing with the fog!
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Strategies

Sapienza 2/12/2024

1. Detectalotofevents

2.

3.

5.

Use annual modulation

Improve the neutrino flux measurements

. larget complementarity

Directional detectors
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Annual modulation

Neutrinos peak in

. DM peaks in June when
hen Earth P
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Annual modulation
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Strategies

Sapienza 2/12/2024

1.

5.

Detect alot of events

. Use annual modulation
. Improve the neutrino flux measurements

. larget complementarity

Directional detectors

G. Grilli di Cortona



Improve neutrino flux
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Improve neutrino flux
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Improve neutrino flux

Exposure [ton-year]
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Improve neutrino flux
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Strategies

3. improve-the-heutrinofluxmeasuremer
4. Target complementarity

5. Directional detectors
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Target complementarity

Heavy spin independent DM vs atmospheric neutrinos
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Strategies

5. Directional detectors
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Directional detectors
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Directional detectors
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Directional detectors

[ Vahsen et al, 2102.04596]
Detector classes by directional information "%

Proposed

—— Indirect ———————— —————— Recoil imaging —
— Statistical ——— ———  Event-level ————mmm

Modulation-based Indirect recoil Time-integrated Time-resolved
directionality event directionality recoil imaging recoil imaging

—_—

[ east Most
—_——mms e —— —

directionality directionality
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Directional detectors

[ Vahsen et al, 2102.04596]

Detector classes by directional information "%

R&D
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Directional detectors

[ Vahsen et al, 2102.04596]
Detector classes by directional information "%

Proposed

—— Indirect ———————— —————— Recoil imaging —
— Statistical ——— ———  Event-level ————mmm

Modulation-based Indirect recoil
directionality event directionality

Small drift angles Large drift angles
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crystal axes not independent 0

[Nygren, JPCS460(2013)012006]

'SCENE Coll., 1406.4825
DS20k Coll., 2307.15454
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Directional detectors

[ Vahsen et al, 2102.04596]
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DM v
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Directional detectors

[ Vahsen et al, 2102.04596]
Detector classes by directional information "%

Proposed

—— Indirect ———————— —————— Recoil imaging —

— Statistical Event-level ——m M8
Incoming
Mod  particle < Time-integrated Time-resolved
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» No event times recorded

e 353
5 333

» Explc
DM ¢
cryste | e DNA detector
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1”4. » No event times recorded

>>
Mlcroﬂuldlcq PCR machine

[Drukier et al, 1206.6809]
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[ Vahsen et al, 2102.04596]

Directional detectors

Detector classes by directional information "%

Proposed

—— Indirect ———————— —————— Recoil imaging —

— Statistical —

Event-level -1
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Directional detectors

[ Vahsen et al, 2102.04596]

Detector classes by directional information R&D [

Demonstrated =

Proposed

—— Indirect ————————— ————— Recoil imaging —
— Statistical ——— ———  Event-level ————mmm@88@

Modulation-base
directionality

®) Time-resolved
recoil imaging

— o

[Marshall et al, 2009.01028]
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Conclusions




Conclusions

® There 1s no neutrino floor, just a (sometimes thick) fog.

® Already approaching the neutrino fog, first measurements already published
(XENONRNt, PandaX), limiting the sensitivity to DM of direct detection experiments.

® Slight improvement from neutrino flux measurement and target complementarity
® Best option: directional detection!

® Secveral strategies theoretically feasible, some demonstrated already (Cygno,
NEWSdm)
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