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@ Laboratori Nazionali del Gran Sasso

~ 1 m

~
 1 m

3.2 t LXe @ 177 K

2.0 t active volume

248 PMTs
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@ Laboratori Nazionali del Gran Sasso
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electron
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ER “leakage” in the NR band < 0.3 %

Best constraints on WIMP dark matter with masses > 3 GeV/c2

PRL 123, 241803 - Migdal effect
PRL 123, 251801 - Light dark matter

PRL 121, 111302 - Main WIMP search
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Nuclear Recoil  Search
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Electronic Recoil Search 
(this talk)
ER band search for excess above known backgrounds
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DEC 
(also β+EC, β+β+)

124Xe DEC



S. Lindemann, Universität Freiburg 13

DEC 
(also β+EC, β+β+)

T1/2 = (1.8 ± 0.5stat± 0.1sys)×1022 
yr

Longest direct measured half-life

124Xe DEC

double K-shell capture: EDEC= 64.3 keV



S. Lindemann, Universität Freiburg 14



S. Lindemann, Universität Freiburg 15

(76 ± 2) events/(t∙y∙keV) in [1, 30] keV
Lowest background rate ever achieved in this energy range!
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Excess between 1-7 keV
285 events observed vs. 232 ± 15 expected from best fit
3.3 σ fluctuation (naive estimate — likelihood ratio tests for main analysis)
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Excess between 1-7 keV
285 events observed vs. 232 ± 15 expected from best fit
3.3 σ fluctuation (naive estimate — likelihood ratio tests for main analysis)



ArXiv:2006.09721 : 3 - 3.4 σ excess in electronic recoils

Statistical fluke? Systematic error? New background? New physics?

https://arxiv.org/abs/2006.09721


Statistical fluke!!

I don’t see anything significant in your plot...

and there is a 3 sigma deficit at 17 keV….



Significances are 
● Hypothesis-dependent
● Lower for generic theories
● Not the log of the p-value
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Solar Axions
(global)

Tritium;
Magnetic
neutrinos

Solar Axions
(ABC only)

Bosonic DM
(~2.3 keV)

Bosonic DM
(global)





Yet another thresholdino...

A slight mis-modelling would explain this…



Excess is not at our threshold fall-off

Persists if we would:
… double the analysis threshold post-hoc
… fix efficiency at +-1 sigma
… use different software versions
… do a (cS1, cS2) profile likelihood

220Rn calibration data validates our model

To explain the excess, you need:
● a large systematic
● that is absent when we calibrate



The excess is right next to our prime WIMP search region
No other event source relevant besides electronic recoils

AC

surface

We looked for WIMPs here
EXCESS IS HERE



Surely you just forgot some background...
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[1] Go through > km of rock

[2] Go through cms of 
     metal and xenon

[3] Infiltrate the LXe

Muons: too high energy
Neutrinos, dark particles

Neutrons: different S1/S2
Beta, gamma: too high energy

214Pb, 85Kr, 136Xe, 133Xe, 124Xe (!)
Accounted for, different energies

127Xe, 37Ar
t1/2 ~ month, too short
> 6 L/day air leak not seen

Tritium
...

How to make a XENON1T event
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Argon-37?
37Ar K-electron capture to the ground state of 37Cl

● Half-live of 35 days & 2.8 keV energy in X-rays & Auger e- s
● Calibration with 37Ar performed in XENON1T at the end of SR2

→ good understanding of the detector at those energies

● Publication under preparation
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Argon-37?
● Xenon cryogenically distilled before the science run to reduce 

krypton   XENON1T, Eur. Phys. J. C 77 (2017) 275

→ Argon is strongly reduced by distillation & decay

● Leak hypothesis: ruled out by natKr measurement 36Ar

● In-situ production: neutron reactions with 36Ar or 40Ca
→ negligible contribution

● A fit to the excess gives (2.3 ± 0.2) keV as best fit value (see later)
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t1/2 ~ 12 years 

Fits data at 3.2 σ

Inside xenon initially?

H2O impurities could have HTO, but...

Removed by condensation & purification

Emanating from materials?

Need ~60 ppb of H2O or H2 for excess

H2O ~ 1 ppb from light yield, electron lifetime

H2 = ??

CxHxT = ???

Tritium explanation of the excess requires
much more H2 or CxHx  in XENON1T than H2O

… but no way to measure that!

Tritium?



So… what are the new physics options?



Well, 
the list is long...
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“Bosonics for a peak. 

Neutrino magnetic moment for an ~ exponential [power law] spectrum. 

And axions for something fun in between.“

Rafael Lang
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Axion-like particle Dark photon

Bosonic Dark Matter

(2.3 ± 0.2) keV
3.0 σ (global)

Fitting a monoenergetic peak to the excess

39Ar
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Axion-like particle Dark photon

Bosonic Dark Matter



Neutrino kinetic energy [MeV]

Reconstructed energy [keV]

Reconstructed energy [keV]

Neutrino 
magnetic 
moment 

Hypothesis 

favoured at 3.2 σ



S. Lindemann, Universität Freiburg

Solar Axions
Hypothetical axions proposed as a solution to the ’strong CP-problem’

→ Solar axions would be produced in the Sun with ~ keV energies:

● Atomic recombination and de-excitation, Bremsstrahlung and Compton: ABC
● Primakoff conversion of photons to axions
● A mono-energetic 14.4 keV nuclear transition of 57Fe
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Reconstructed energy [keV]

No dark matter axions (mass range μeV-meV) with XENON1T
Model-dependent couplings to matter

Production

Detection via the axio-electric effect

XENON1T resolution and efficiency

Axion kinetic energy [keV]

Production

Solar Axions
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Solar Axions
3D confidence volume (90% CL)

Search for ABC, Primakoff and 57Fe axions simultaneously

Axion hypothesis favoured at 3.4 σ

But: strong tension with astrophysical constraints from 
stellar cooling (see for instance arXiv:2003.01100)
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Solar Axions

Search for ABC, Primakoff and 57Fe axions simultaneously

Axion hypothesis favoured at 3.4 σ

But: strong tension with astrophysical constraints from 
stellar cooling (see for instance arXiv:2003.01100)
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3H
fits data at 3.2 σ

Solar axion
fits data at 3.4 σ

Solar axion + 3H
favored over 3H at 2.0 σ

μν
fits data at 3.2 σ

Monoenergetic peak
at (2.3 ± 0.2) keV

fits data at 3.0 σ (global)



XENONnT
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x3 1/6
Active volume Background Under commissioning

Discriminate axions from 
tritium with ~ few 
months of data

XENONnT


