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In this talk:
● Surface background with explicit likelihood
● Studies for high energies analyses
● ABALONE characterization
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XENONnT experiment

● S2/S1 discriminate between nuclear recoil (NR) 
and electron recoil (ER).

● The WIMP signal is expected to be NR, while the 
radioactive background ER.

XENONnT experiment: direct WIMP searches with double phase TPC
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The surface background

Surface background differs from the main radioactive background. 

A physics-driven model can extend the fiducial volume
But requires an analysis in more dimensions 

Rejection with a fiducial cut

Leak into NR band, due to S2 signal reduction
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Explicit Likelihood analysis

Compute differential 
rate for each event given 
the LXe emission 
model, using matrix 
multiplications

DOI: 10.1103/PhysRevD.102.072010

http://dx.doi.org/10.1103/PhysRevD.102.072010
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Explicit Likelihood advantages

Extending the volume and temporal 
exposure:
● Model spatial and temporal 

dependent backgrounds
● Model temporal dependent signals
● Better model detector 

inhomogeneities and  instabilities 

Conference talk at DMNet 2022, Heidelberg
DOI: 10.1103/PhysRevD.102.072010

http://dx.doi.org/10.1103/PhysRevD.102.072010
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The surface background model

Energy spectrum input

● TPC surface is made with Teflon
● Teflon is very radiopure
● It is contaminated during TPC 

mounting phase (exposed to 
air) 

● 222Rn daughter nuclei can plate 
out on surfaces

● 210Pb is a stable background for 
the experiment
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The surface background model

Spatial distribution input electron detection efficiency model

Extraction 
efficiency

Charge 
insensitive 

Volume

Teflon S2 
reduction 

effects

● Surface events are centered at 
the Teflon position  r =66.4 cm

● Uniformly distributed along z axis
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Model - data comparison

Spatial distribution outputEnergy distribution output

A Goodness of Fit evaluation has to be performed
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Surface background model - GoF

Comparison between the model and observed data reveal inconsistencies 
Equiprobable binning χ2 test revealed p-value < 0.05

Robert Hammann, Tim Wolf, Knut Dundas Morå, & Joey Howlett. (2021). XENONnT/GOFevaluation: v0.1.0-zenodo-init (v0.1.0-zenodo-init). 
Zenodo. https://doi.org/10.5281/zenodo.5626909

https://doi.org/10.5281/zenodo.5626909


Studies for high energy analyses
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High energy cut acceptance curve 

● High energy region is important for different analyses, such as nucleon 
disappearance study

● Cut efficiency curve is needed for these studies 
● Analysis on 220Rn calibration data

131mXe 
activation 
peak
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High energy clustering effects

● When the Energy variable is 
unfolded into S1 and S2 space, we 
find some inconsistencies  

● Definition of cluster and quanta 
production has to be remodeled

212Pb
β

𝛄

212Pb
β

𝛄
● By reducing the clustering radius the 

simulation approaches the data (blue)
● Not enough: now working on new 

clustering algorithm
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ABALONE studies
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ABALONE

Conference poster at PM2021, La Biodola

ABALONE Advantages

● Low cost mass production
● Low level of radioactivity
● Robust and shock resistant
● High gain ~ 108 
● Low afterpulsing rate
● Low dark count rate
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ABALONE

ABALONE cooling test

MC data matching of 176Lu

MC data matching for single photoelectron



Iconisa & Cosinus experiment

Thank you for your attention! 

13/10/2022
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Xenon TPC experiments

We know that we don’t know.

● Is it matter?
● How does it interact?
● How much does it weigh? 
● Can we directly see it?

But it is for the unknowns that we explore.

● Assume dark matter exists.
● Suppose it “weakly” interacts.
● If mDM > 1 GeV, 
● We may directly see it.
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XENONnT experiment
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Two analysis strategies

Parameter Inference with Monte–Carlo Simulations

Parameter Inference by Explicit Likelihood - flamedisx

● Pre-compute cS1 cS2 templates with large MC 
simulations at strategic points in the parameter 
space

● Run optimizer in the parameter space and get 
differential rates with template morphing

● Compute differential rate (R(s)) for each event 
(s) given the LXe emission model, 
implemented using matrix multiplications

θ1

θ2
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Implementation of LXe emission model
DOI: 10.1103/PhysRevD.102.072010

* If interested in the emission model in the NEST fashion look at DOI: 10.1088/1748-0221/17/08/p08012Notice that in this case the full event information is exploited (S1,S2,x,y,z,t)

http://dx.doi.org/10.1103/PhysRevD.102.072010
https://iopscience.iop.org/article/10.1088/1748-0221/17/08/P08012
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Surface contaminants

surface activity of Po210 on PTFE samples has been studied, revealing a level 
of 20(3) mBq/m2. 
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model - data comparison

Spatial distribution output
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Charge insensitive volume
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Cut acceptance error estimation

To compute the cut acceptance error, we have 
to keep in mind that we are computing the 
confidence interval for a probability of 
success.
● For a binomial confidence interval, we use 

the Clopper-Pearson interval
● We also use a Bayesian approach (more 

reliable because binomial one can fail in 
some limiting cases)

DOI: 10.2172/15017262 

https://doi.org/10.2172/15017262

