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l. Introduction to XENONNT




The Dark Matter Problem

What is dark matter?
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The Dark Matter Problem
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e Makes up 27% of the mass-energy in the universe, visible matter only takes up 5%

e |[tis non-luminous matter that is imperceivable via any interaction except gravity




The Dark Matter Problem: Evidence
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The Dark Matter Problem: Candidates

zeV aeV feV peV neV peV meV eV keV MeV GeV TeV PeV EeV ZeV YeV Mp)

|
a A B S ey | R N [, | TS e SR, e - L
103000 18 401 18 1408140 4640 1630 30 R0 30730 S0 S ho S R0 o Yo Yo oo Mass [g]
Wavelength [m] 1030750 0 o iAo 030
Al Fa Ra km m mm pm nrm pm frn
10710710 10710 107 107 10" 10 407 10" 407 107401 40P 40°1040 1074 00 0 Be b Hg Me
Frequency [s7!]
uHz mHz Hz kHz MHz GHz THz PHz = w T WZ h
=" ﬂ- 2 El'. ID. DN%? @ Mosquito #e,
ud s cb It : i
| | | |
BHSR S <= Unitarity
I Lightest DM mass Bosons | Fermions or bosons | Lee-Weinberg |
Pre-inflation | Post-inflation
QCD axion Sterile v WIMP Composite/Macroscopic DM
Axion-like particle Hidden sector DM Q-balls
Ultralight scalar field Gravitino WIMPzilla
Dark photon Light DM
W lik Particle-lik
ave- I e a Ic e- I e Ciaran O’Hare

10-2 10-18 10715 10-12 10~° 1076 10~3 10° 10° 10° 10° 10'2 10%5 10'8 102! 10%* 10%7 10%
Dark matter mass [eV]



The Dark Matter Problem: Candidates
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XENONNT & The TPC Technique

e Situated In INFN Gran Sasso National
Laboratory

e 8.6 tonnes of xenon

e Muon veto
o Tags muon events

e Neutron Veto
o Tags radiogenic neutrons

e Xenon dual-phase time projection chamber




XENONNT & The TPC Technique




[[. Background Modeling
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e ER background
o B-decays of ?“Pb, ®Kr and y-rays from detector
material
o B decays of °H

e Surface events
o B-decay events in the “°Pb decay chain on the

surface of the TPC wall.

e NR background
o radiogenic neutrons produced by spontaneous

fission and (a, n) reactions in detector materials
near the LXe target
o coherent elastic neutrino-nucleus scattering

(CEVNS) of °B solar
o diffuse supernova neutrino background (DSNB)

e Accidental Coincidences (AC)
o Wrongly paired Sl and S2



XENONNT Background Models

XENONRNT science runs:
e normalized to events/year/bin
e defined in the space of cS1-cS2-radius
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XENONNT Background

Neutrino fog: Recoil signatures of DM and neutrinos look similar
e Different sources of neutrino imitate DM of varying masses and cross sections

G Solar (°B) a Atmospheric ° DSNB

Dominant at low recoil energy, primary Cosmic-ray-induced neutrinos that are Cumulative flux of neutrinos from the
source of CEVNS events for most DM dominant background at cosmological history
detectors high recoil energies. of core-collapse supernovae

Why "fog," not "floor": unlike a hard limit, this background can be pushed through with
greater exposure and discrimination power — the boundary is defined by systematics, not a
wall.




[[l. Statistical Framework and Fog




Statistical Framework

Fog: Parameter space where a clear distinction between signal and background is challenging, but
not impossible

e Binned likelihood written as the product of the Poisson probability multiplied by Gaussian
likelihood functions

L(o,P) = H Poisson(neps.i|Mexp,i) X C(P)




Statistical Framework

1.Found test statistic, g, using Asimov dataset (N’ = niexp)
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2.Explored the 30 discovery limit as a function of detector exposure by solving
for the exposure at which the profile-likelihood test statistic satisfies \/5:3

Opacity n
e N =2 under normal Poissonian subtraction
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wimp-200gev
1. Generate an Asimov dataset
2. Calculate the discovery significance
3. Determine the exposure required to achieve a 30 discovery for each cross section
(07)
4. Plot the spin-independent WIMP-nucleon cross section versus exposure.
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wimp-200gev
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wimp-200gev

ek

9
W
W

= 3o discovery curve, srlb, WIMP-200 GeV
q = (multi-nuisance parameters)
[ : n 10747 1 ® - - " —®— multi-nuisance (B; per background)
= I =
B I _
10—45 Q]
[r—
B 1048 1 un
10746 "o
[—
10—47
10749
102 10° 104 10° 108 107
10—48 Exposure [years]

Fog opacity index n vs. exposure, WIMP-200 GeV

o
N

10 5 -

R (o T [ 0w w w W
Number of ®B events exposur (years]



10 - T000 GeV Opacity Graphs

Fog opacity index n vs. exposure, WIMP-10 GeV Fog opacity index n vs. exposure, WIMP-50 GeV
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V. Results and Conclusion




Fog Opacity

n= —(dlno/dln N)~1
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Fog Opacity

Fog opacity index n vs. exposure, WIMP-100 GeV
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Fog Opacity
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Fog Opacity
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Fog Opacity

n= —(dlno/dln M)~}
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Fog Opacity
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Conclusion

e XENONNT does experience fog from
radiogenic neutrinos that is not very
dense, making it easier to penetrate
than other background sources.

e Better constrained thanks to
Improved discrimination power
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