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XENONNT experiment: direct WIMP searches with double phase TPC

e S2/S1discriminate between nuclear recoil (NR)
and electron recoil (ER).

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

/

Surface background differs from the main radioactive background.
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A physics-driven model can extend the fiducial volume

But requires an analysis in more dimensions
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Explicit Likelihood advantages §
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The surface background model e
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e The surface background model

Istituto Nazionale di Fisica Nucleare
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e Surface events are centered at
the Teflon position r =66.4 cm M)ﬂ S| | WA L

e Uniformly distributed along z axis
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Energy distribution output Spatial distribution output
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A Goodness of Fit evaluation has to be performed
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Comyparison between the model and observed data reveal inconsistencies
Equiprobable binning x? test revealed p-value < 0.05
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Studies for high energy analyses
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High energy cut acceptance curve
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High energy region is important for different analyses, such as nucleon

Cuts acceptance
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disappearance study
e Cut efficiency curve is needed for these studies
e Analysis on ?2°Rn calibration data
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e When the Energy variable is —
unfolded into S1 and S2 space, we
find some inconsistencies

e Definition of cluster and quanta
production has to be remodeled
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e By reducing the clustering radius the
mpbyT’@/@\@ simulation approaches the data (blue)
3 e Not enough: now working on new
clustering algorithm

C. Ferrari - 13/10/2022 GSS| PhD Activity Report 2022




ABALONE studies



ABALONE fatd \ DARWIN

/

Photocathode

ABALONE Advantages
Electrodes

Low cost mass production
Low level of radioactivity

Robust and shock resistant /—-\
. s ang Quartz /
High gain ~ 10 glass ,

? ~_ Scintillating

HV windowlet

Geiger-mode APD

Low afterpulsing rate
Low dark count rate

Conference poster at PM2021, La Biodola
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MC data matching for single photoelectron
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Istituto Nazionale di Fisic:

Xenon TPC experiments i \DARWIN

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 Mgy > 1GeV,

We may directly see it.
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Two analysis strategies SE )

Parameter Inference with Monte—Carlo Simulations 42 i

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

e Run optimizer in the parameter space and get
differential rates with template morphing 9,

Parameter Inference by Explicit Likelihood - flamedisx

e Compute differential rate (R(s)) for each event events sources
(s) given the LXe emission model, L = Poisson(Neet|pr) [ D
implemented using matrix multiplications L

R (s;)
1
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Implementation of LXe emission model i \2W
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Notice that in this case the full event information is exploited (S1,52,x,y,,t)



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

G S GRAN SASSO

s \_DARWIN

Surface contaminants e
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Material Facility Mass [kg] Livetime [days] Units 238y 235 226Ra 228Rq  228Th 40K 60co 137Cs
PTFE reflectors (sample9) GeMPI | 154 25.0 mBag/kg <1.8 | <0.08 <0.03 | 0.11(4) <0.09 | 8(1) - <0.07
PTFE reflectors (sample9) ICP-MS | - - mBqg/kg | <0.06 - - 0.05(2) - - -

PTFE reflecting sliding walls(sample10) GeMPI | 25.0 19.7 mBag/kg <1.0 | <0.07  0.15(3) <0.1 <0.09 | 0.08(3) | - <0.05
PTFE reflecting sliding walls (sample10) ICP-MS | - - mBaq/kg | 0.15(7) - - 0.03(2)

surface activity of Po210 on PTFE samples has been studied, revealing a level
of 20(3) mBgq/m2.

C. Ferrari - 13/10/2022 GSS| PhD Activity Report 2022




G

GRAN SASSO

INSTITUTE

CENTER FOR ADVANCED STUDIES
Istituto Nazionale di Fisica Nucleare

[ Pb210
10—1 4
10—2 4
0 10 20 30 40 50 60 70 80
Energy of the clustered events [keV]
0.12 4 .0040
.0035
0.10 -
.0030 A
0.08 1 .0025
0.06 .0020 A
0.04 A .0015 A
.0010 A
0.02
.0005 A
0.00 -
T T T T .0000 T T T T T
0 20 40 60 -150 -125 -100 -75 -50 -25 0

z[cm]

0.4 4

0.2 4

0.0

00

flamedisx -32 <z < -12
wall data -32 <z < -12

0.50 |

0.25

0.00

0011

flamedisx -52 < z < -32
wall data -52 < z < -32

0.50 |

0.25

0011

flamedisx -72 <z < -52
wall data -72 < z < -52

0.00

0.4 4
0.2 1
0.0

00| 1

flamedisx -92 <z < -72
walldata-92 <z < -72

0.50 |

0.25

0.00

flamedisx -150 < z < -92
wall data -150 < z < -92

Al CTIR Lo L

60 62

64
r[cm]

GSSI| PhD Activity Repo



G S GRAN SASSO

e Charge insensitive volume

Istituto Nazionale di Fisica Nucleare
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Cut acceptance error estimation
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To compute the cut acceptance error, we have 1o T
to keep in Mind that we are computing the N o i el o I
confidence interval for a probability of ) =1 | W Y Cropad A
success. a L ' ,".«"M“%% ey s L
e For a binomial confidence interval, we use § LA |
the Clopper-Pearson interval % 01 i
e \We also use a Bayesian approach (more !
reliable because binomial one can fail in i
some limiting cases) -
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