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DIREGT DETEGTION

= Searches for dark matter
particles interacting directly
with a dark matter detector

= Energy deposited in the
detector target is deposited
into:

= Phonons (in crystals) or heat
= lonisation / charge
= Scintillation light

= Using more than one
observable can allow some
degree of discrimination
between different recoil types
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Teresa Marrodan Undagoitia and Ludwig Rauch.
“‘Dark matter direct-detection experiments”. In: J.
Phys. G43.1 (2016), p. 013001. DOI:
10.1088/0954-3899/43/1/013001.
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Figures except SENSEI from: Marc Schumann. “Direct Detection of WIMP Dark Matter:
Concepts and Status”. In: J. Phys. G 46.10 (2019), p. 103003. doi: 10.1088/1361- 6471/
ab2eab.

SENSEI illustration from https://sensei-skipper.github.io/#SkipperCCD
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LIKELIHOODS

SEARCH DATA CALIBRATION /CONSTRAINTS

Zz (S K 6’19) =Z SCI(S 6’19) X Z cal(eb) X Z anc(eb)

- zunoo
COUNTING _ LIKELIHOODS
‘gSCl(S S’ Hb) 3301(‘9 S Hb) —

Poisson(N,; | 4,(6,) + (s, 5;, 0,)) Poisson(N. ;| u,(0,) + pu.(s, 0., 5,9)) X
Poisson(V,,; | a X Mb(éb))

BINNED
LIKELIHOODS

N,

N

ZL (s, 5;, 0 L) = H [Pmsson(N | 1y, 1(6’,9) + pg (s, O, Hb))]
i=1

UNBINNED
LIKELIHOODS

P (s, 0.,0,) = Poisson(N.. | u,(0,) + p (s, 0., 6,)) X H

Hp > 173
f(x | s, 5,919) + fb(xi|9b)
:us +1ub Hg +:ub

N

(919) typically on the same form, while &£, .(6,) contains ancillary measurements— often

cal
Gaussian terms like Gauss1an(Hl | 0;, 6, ) but sometimes more complex functions, e.g. with correlations

anc

or with a different likelihood shape



GENERAL
REGOMMENDATIONS

Whitepaper this year,

written in particular for

high-mass ( > 10 GeV/c?)

dark matter searches.

« Recommends profile
likelihood with toyMCs

» Fixed set of signal models

« Recommended set of

astrophysical models

A similar effort is underway

for low-threshold detectors

THE EUROPEAN
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Eur. Phys. J. C (2021) 81:907
https://doi.org/10.1140/epjc/s10052-021-09655-y
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Abstract The field of dark matter detection is a highly vis- in statistical inference, they have taken different approa
ible and highly competitive one. In this paper, we propose often from result to result by the same collaboration. W
recommendations for presenting dark matter direct detec- out a number of recommendations on how to apply the
tion results particularly suited for weak-scale dark matter commonly used Profile Likelihood Ratio method to «
searches, although we believe the spirit of the recommenda- detection data. In addition, updated recommendations f
tions can apply more broadly to searches for other dark mat- Standard Halo Model astrophysical parameters and rel

neutrino fluxes are provided. The authors of this note in

. /IN, DEAF
. . D. Baxter et al. Recommended conventions for : ,
detection collaborations must 1 uperCDMS

TR TRt A reporting results from direct dark matter searches. Eur. ZHlTRae,
Phys. J. C, 81(10):907, 2021. doi: 10.1140/epjc/ c gigklc -S|
data. \\'lnIL.‘ many collaboratio $10052-021-09655-y. l easi

ommendations in some areas,
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ter candidates, such as very light dark matter or axions. To

translate experimental data intc

ters to how to make statistical



JARK MATTER DATA

GENTER

o Collects public datasets

CRESST,

e Online jupyter notebooks
and visualisation to
explore data

Funded by ORIGINS

Excellence Cluster

XENON
ANAIS

Three more upcoming

ORIGINS

Excellence Cluster

Forschung Aktuelles ORIGINS fUr alle Infrast

With the ORIGINS Dark Matter Data Center we want to fully leverage the potential of open
science to bring together observations from different experiments, the implications of
different models and all the associated software. At the DMDC we aim at increasing
accessibility to scientific process and knowledge, open data and open source software: key
ingredients for the nourishing of open science (From "Open Data to Open Science" Earth and
Space Science doi:10.1029/2020EA001562), by offering a repository for experimental data,
models and code. The Dark Matter Data Center supports data comparison, combination and
interpretation using clear and reproducible methodologies, easing the usability of this data,
enabling one to make the most out of it. Our sights are set on sharing knowledge in all its
relevant forms: data, methodologies and software with the ultimate goal of offering a
consistent and unified view of the field in all its facets.

Overview

Explore Data
Publish Data
Publish Code
Simulate and Compare
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Available Datast

Click on a Collabot
datasets it has ma

e CRESST
e XENON
e ANAIS

Available softw:
Submit data or ¢

Simulate

Simulate event rat
experiments with \
Soon!)

https.//www.origins-cluster.de/odsl/dark-matter-
data-center




REINTERPRE TABLE
RESULTS

Effective Field Theory results: A large number of results to cover theory-space
Maximum-Gap methods: one dimension, can provide upper limits
Data Releases: allows you to construct your own likelihood

Likelihood Releases: gives you a collaboration-provided likelihood definition




THEUHY HESULTS Lo WV m=200Gev/c? S5, 54, $4, My=200GeV/c? PS, my=200GeV/c2 Los AV, my=200Gev/C?
\\l\/ : c .

= Effective field theories of direct
detection provides a full set of
possible recoil spectra
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= Nonrelativistic EFTs can give a
complete set of Galilean-invariant

operators Eq keVin]

Figure 1. Differential rate spectra for the ChEFT operators investigated in this work, divided according to the interaction type.

They are obtained by setting each Wilson coefficient to 1 and A = 1TeV. The shaded region marks the energy range where the

- Howeve r, other Sets Of Opera to rs signal acceptance is below 10%. For some spectra, the coefficients were multiplied by a factor written in the legend for plotting
can better preserve the .
connection with hig h-energy — o=0Okevict. — o=T0kevic! — 9= 130kevic 5 =200 keV/c
interactions, for example Chiral o e e e 2
EFTS that expand the QCD T; N , eV/c M, = 50 GeV/c M, = 100 GeV/c M, = 1000 GeV/c
lagrangian .

= |n either case, any specific theory &l h "‘\\

will predict a mixture of many e v

ope ra to rs, q nd yo um ust eith er fi nd Figpre 2. Differential rate spectra foF a few representative iDM models investigated in this work: The grey area indica.te§ tl}e
o o ° region where the detection efficiency is below 10%. The parameter space explored was selected to include models peaked within

Wh |Ch WI " dom | nate the SpeCtl‘u m 9 the selected energy region.

or match your recoil spectrum to the
nearest available EFT spectrum and
use that limit appropriately scaled

= Benefits: get the full likelihood that
the collaboration uses XENON Effective Field Theory and Inelastic Dark
Matter Results from XENONA1T. ArXiv 2210.07591 [hep-

eX] 9


https://arxiv.org/abs/2210.07591

UPPER LIMITS WITH
UNKNOWN BACKGROUNDS

= |f the signal distribution is
known along some variable, the
maximum gap/optimal interval
method can incorporate this,
even in the presence of an
unknown background

Expected Event Number per Unit E

Maximum Gap

x = Maximum X

= Find the space between “is1
observed events containing the xz\ dN
largest signal expectation, and
find the largest signal
compatible with this largest

“ga p”.

e
z
o

= The method can be extended
as “optimum interval” where
you search for the largest
interval containing 0,1,2 etc
events

AAl

10
Total Expected Number of Events

= threshold for the best interval
test statistic found via toyMC
methods

S. Yellin. Finding an upper limit in the presence of an unknown
background. Physical Review D, 66(3), Aug 2002. ISSN
1089-4918. doi: 10.1103/physrevd.66.032005.




e PDF
Description of CRESST-IIlI Data e Other formats

(license)

[Submitted on 17 May 2019 (v1), last revised 6 Apr 2020 (this version, v3)]

CRESST Collaboration: A. H. Abdelhameed, G. Angloher, P. Bauer, A. Bento, E. Bertoldo, C.
Bucci, L. Canonica, A. D'Addabbo, X. Defay, S. Di Lorenzo, A. Erb, F. v. Feilitzsch, S.
Fichtinger, N. Ferreiro lachellini, A. Fuss, P. Gorla, D. Hauff, J. Jochum, A. Kinast, H. Kluck,
H. Kraus, A. Langenkamper, M. Mancuso, V. Mokina, E. Mondragon, A. Miunster, M. Olmi,
T. Ortmann, C. Pagliarone, L. Pattavina, F. Petricca, W. Potzel, F. Probst, F. Reindl, J. Rothe,
K. Schéffner, J. Schieck, V. Schipperges, D. Schmiedmayer, S. Schonert, C. Schwertner, M.

urrent browse context:
Stahlberg, L. Stodolsky, C. Strandhagen, R. Strauss, C. Turkoglu, I. Usherov, M. Willers, V. astro-ph.CO
Zema |  next>

Ancillary files (details):
e C3P1_DetA_AR.dat
e C3P1_DetA_DataRelease_SD.xy
e C3P1_DetA_DataRelease_Sl.xy
e C3P1_DetA_cuteff.dat
e C3P1_DetA_eff AR_Ca.dat

(3 additional files not shown)

< prev

12 %

14
Energy (keV)
CRESST Collaboration, A. H. Abdelhameed et al.,

2 4 6

“Description of CRESST-Ill Data,” arXiv:1905.07335



« Model for p(Ereco| pmodel(E) provided, with datafile for
the efficiency, data-points:

,)(13 rc'(‘u) - (')( 131‘('«‘0 Iilhr.rccu) & 8\./\('('(1: rc'«'u) ' / P model (1: ) % (kn'm E y 0,; )(11:
JA)

* At high mass, the normal approximation to the detector resolution
fails, but results are otherwise very similar to the main CRESST-II
results for both spin-dependent and dependent:

we= CRESST-Ill 2019 —— CRESST-II 2019: 1905.07335v3 w——— CRESST-IIl 2019 —— CRESST-Ill 2019: 1905.07335v3
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CRESST Collaboration, A. H. Abdelhameed et al., “Description of CRESST-Ill Data,” arXiv:1905.07335



XENONTT IONISATION-ONLY
ANALYSIS

= An analysis requiring only an
ionisation signal (no
scintillation flash)

= Event depth resolution
deteriorates

= |ncomplete background
model

= A 30% portion of the data is
used to choose optimal ROls
for each signal model
considered

= |imits on elastic recoils down to

3 GeV/c2

[n [3]: import wimprates as wr

nut[3]: (0.4, 10)

Aprile, E. et al. (XENON collaboration), Phys. Rev. Lett. 123, 251801 (2019)

https://github.com/XENON1T/s2only_data_release
http://doi.org/10.5281/zenod0.4075018

Extracted electrons

30 40 50 70

.

| GeV /4 20 GeV/c?
< —

:}.() | | 1 i P | . i PR | "
90 120 150 200 500 1000 3000

S2 [PE]

4. ROI choice and limit setting

§2. Compute the energy spectrum

'ou now need to choose an S2 region of interest (ROI) for comparison with data. You have several options:

If you are a phenomenologist, insert your amazing dark matter candid
. If you do not want to think about this issue, or if your model has most of its response at low S2s, stick to g

For this example, we will use a 4 GeV/c”2 spin-independent elasti

2. If your model has a significant response at higher S2s, you will get better results with a different ROI.
reference cross-section, we'll use 1 zb or 1()—%5¢m”2.
e 2A: We list many ROIs in the limit datafiles, for different WIMP masses, models, and several mono-energ|

compare your model’s response to one of these reference models, see which matches best, and use its

. « 2B: Alternatively, you can choose a completely new ROI, e.g. by trying to approximate our procedure. Tl
reference cross_section = le-45 # cm"2

rate_pertonneyearkev = wr.rate_wimp std(
es=enerqgy_kev,
mw=4,
sigma_nucleon=reference_cross_section)

atever you do, do NOT just choose the ROI that gives you the best results! We chose our ROIs before eve

ere, we assume you chose one of our ROIs, i.e. option [1] or [2A]. We'll briefly discuss [2B] in the next sect]

s2_roi = (165.3, 271.7)

plt.plot(energy_kev, rate_pertonneyearkev, drawstyl
plt.xlabel("Nuclear recoil energy [keV]")
plt.ylabel("Expected recoils / (tonne year kev)")
plt.yscale('log')

plt.xscale('log')

plt.xlim(0.4, 10)

'ou now want to count the expected number of events in the ROI. Since we have quite a few S2 bins, a naiv:

mask = (82_roi[0] <= s2_bin centers) & (s2_bin centers <= s2 roi[l])
expected_events = rate_final[mask].sum()
expected_events

0.037718471821271714

But feel free to interpolate/integrate:

10° f = interpolate.interpld(s2_bin centers, rate_final / s2_bin widths)

expected_events, integration error = integrate.quad(f, *s2_roi, epsabs=le-6)

 year keV)

print(expected events, integration_error/expected events)



XENONIT IONISATION-ONLY

ANALYSIS Aprile, E. et al. (XENON collaboration), Phys. Rev. Lett. 123, 251801 (2019)
https://github.com/XENON1T/s2only_data_release

http://doi.org/10.5281/zenodo.4075018

= The analysis includes a data
release with

= Data coordinates (training
and science dataset)

= detector response matrices
(right) for electronic and
nuclear recoils

S2 area [PE]

= the partial background
model

S2 area [PE]

= Jupyter notebook to
compute upper limits using
the ROIs optimised for the
signal models considered in
the paper

1000

500

S2 area [PE]

200

150
120

90

10° 10!
Recoil energy [keV]




9]: !root -b -q 'all2modFit.C+{(1,1,8)' > all2modFit.log

Warning in <TROOT::Append>: Replacing existing TH1:
Warning in <TROOT::Append>: Replacing existing TH1:
Warning in <TROOT::Append>: Replacing existing TH1:
Warning in <TROOT::Append>: Replacing existing TH1:
Warning in <TROOT::Append>: Replacing existing TH1:

Warning in <TROOT::Append>: Replacing existing TH1:
Warning in <TROOT::Append>: Replacing existing TH1:
Warning in <TROOT::Append>: Replacing existing TH1: (Potential memory leak).

Info in <TCanvas::Print>: pdf file fit_result_simul_1_6_10_global_MC.pdf has been created
Info in <TCanvas::Print>: png file fit_result_simul_1_6_10_global_MC.png has been created

(Potential memory leak).
(Potential memory leak).
(Potential memory leak).
(Potential memory leak).
(Potential memory leak).
(Potential memory leak).
(Potential memory leak).

oS TITITTT

plt.rcParams ["figure.figsize"] = (20,20)

img = mpimg.imread('fit_result_simul_1_6_1@_global _MC.png')
imgplot = plt.imshow(img)

plt.show()

Null hyp x“/ndf: 1075.81/972 'D._ 0.011] Mod hyp x*/ndf: 1075.15/971 [p x|_0‘0111
S,, = (-0.0034 + 0.0042) (cpd'kg/keV)

delector 2 1 6 keV
s 107
|p -0 478)

detedor OH } 6] keV | = detector 1 %12 7}

= ANAIS searches for an annual |2 Tela | S ey
modulation signal with Nal | |
scintillators (similar to those
used by DAMA/LIBRA)

Evonts / (10 days )
PR

i " L L : i L L M L " L L L "
200 400 600 800 1000 0 200 400 GO0 800 1000 0 200 400 600 800 1000
cays after August 3, 2017 (days) days after August 3, 2017 (days) days after August 3, 2017 (days)

delector:sg 6 kz\; 0% detector 4 [1-6]keV | = detector 51 - 6 k%\;
1 1

= Observables: energy and phase oo 11 praerd| S PO loren| S T oo

= With 315 kg X y exposure, they - |
record a ~ 30 tenSIon WIth the e aaysaitii A‘u%cusfg(,lmsl“?(d‘:‘;g daysafté;AtxgoustEg)f)ma:‘),’];;:‘;; oa(’)/s ;‘t‘:’ A‘f:usg?)?()al(l)gl‘t;:::i;
DAMA signal

dotodorsg keV 2 dotectov 7[01 6] keV | =16 dmocror 851 6] keV
421 1

107 107 ” 107
[p, =0.147) . Ip, =0609 = [P =0051|
. ; »

[qu'ts ( 10 days

= The released data includes

n 1 1 " L L I i 2 L 1 n L L M
0 200 400 600 800 1000 D 200 400 600 80O 1000 0 200 400 600 800 1000

L data for eaCh Of 9 detecto rs’ | cays after Auqusl 3, 2017 (days) ) days after Auq:\fsl 3, 2017 (days) - days after August 3, 2017 (days)

= efficiency

= |ive time ANAIS Collaboration and the open data center: Dataset for Annual
modulation results from three-year exposure of ANAIS-112, https://
www.origins-cluster.de/odsl/dark-matter-data-center/available-datasets/
anais
https://qgitlab.mpcdf.mpg.de/dmdc/anais/anais112/

= simulated data

= And a ROOT routine to fit the

data ANAIS Collaboration: Annual modulation results from three-year
exposure of ANAIS-112, Phys. Rev. D 103 (2021), 102005, DOI: 10.1103/
PhysRevD.103.102005



https://www.origins-cluster.de/odsl/dark-matter-data-center/available-datasets/anais
https://www.origins-cluster.de/odsl/dark-matter-data-center/available-datasets/anais
https://www.origins-cluster.de/odsl/dark-matter-data-center/available-datasets/anais
https://gitlab.mpcdf.mpg.de/dmdc/anais/anais112/

XENONNT ELEGTRONIG REGOIL
SPEGTRUM

= |n addition to WIMP searches,
IXe TPCs are sensitive to
signatures of dark photons,
axions and other particles that
would leave an electronic recoil
signature in the 1 keV - 100 keV
range.

= A peak observed by XENONAIT
at 2.7 keV has been excluded
by XENONNT— for both results,
the data has been made public
to allow recasts

= Released data on Zenodo
contains the necessary
ingredients to compute the
likelihood:

= Detector efficiency
= Background model

= Event energies

https://xenonexperiment.org/public-data/

1.0} | : 60
Detection )
i iSelectlon
0.8} i — 150 _
! Total >
> ! 140 &
s 0.6F i D>
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’ 1 10 102

Energy [keV]

Events/(t-y-keV)

Energy [keV]

O O effic

N el el e e e

.000000000000000056e-01
.007277834635679631e-01
.014608636148343762e-01
.021992790022163838e-01
.029430684546801950e-01
.036922710837828304e-01
.044469262857286723e-01
.052070737434412234e-01
.059727534286497574e-01
.067440056039911239%e-01
.075208708251270268e-01
.083033899428765684e-01
.090916041053643787e-01
.098855547601842592e-01
.106852836565787868e-01
.114908328476346966e-01
.123022446924939743e-01

O O data_unbinr

WWWWNNNNNNNNNNNRERP PSS

.698969841003417969e+00
.705317974090576172e+00
.708224773406982422e+00
.886618018150329590e+00
.094072341918945312e+00
.358783245086669922e+00
.611410856246948242e+00
.629126071929931641e+00
.638045549392700195e+00
.657318115234375000e+00
.687815904617309570e+00
.750601291656494141e+00
.848012208938598633e+00
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.957832336425781250e+00
.049312114715576172e+00
.121433734893798828e+00
.130068540573120117e+00
.194956302642822266e+00

XENON Collaboration: Excess Electronic Recoil Events in XENONI1T,
Phys.Rev.D 102 (2020) 7, 072004, DOI: 10.1103/PhysRevD.102.072004

XENON Collaboration: Search for New Physics in Electronic Recoil Data
from XENONRNT, Phys.Rev.Lett. 129 (2022) 16, 161805, DOI: 101103/

PhysRevLett.129.161805
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https://xenonexperiment.org/public-data/
https://doi.org/10.1103/PhysRevLett.129.161805
https://doi.org/10.1103/PhysRevLett.129.161805

PARTITIONING ANALYSIS L 0 wwe
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= High-energy nuclear search 503040 350 100

published alongside EFT results
for low (cS1<30PE) recoil energy

= |[f inelastic recoils are allowed,
the number of free signal
parameters became intractable
— 28 allowed EFT couplings,
plus a WIMP mass and mass
splitting
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= 9 bins with event numbers,
expected background, provided
for a set of points in S1/S2
space
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= The expected signal in each bin
is given with the transfer
probability matrix between true

recoil energy and bin number. 150 200 250 300 350
The transfer matrix is provided Recoil Energy [keV ]
for a range of nuisance

Pa rameters E. Aprile et al. (XENON) and B. Farmer,

Phys. Rev. D 96, 042004 (2017), 1705.02614




XENONTT: FAST APPROXIMATE
XENONIT LIKELIHOOD

= Discriminating between signal
and background in IXe TPCs
uses several observables (S1,
S2 and often spatial
dimensions or categories)

= Data reported in sub-volumes
of the detector such as in the
table of the original result
paper can only give a rough
indication of the upper limit

= The calculation is also rather
slow— ~ 30 s for one upper
limit for XENONA1T.

= Taking inspiration from FERMI
results and the XENON100 EFT
paper, XENON has published
an approximate likelihood for
WIMPs (and other NR
signatures)

XENON. An approximate likelihood for nuclear recoil searches

with XENONA1T data. Eur. Phys. J. C, 82:989, 2022. doi: 10.1140/
epjc/s10052-022-10913-w

CSZb [PE]

Mass (ton) 1.3 1.3 0.9 0.65
(cS1, cS§2;) Full Reference Reference Reference

ER 627 +18 1.62+0.30 1.12+0.21 0.60 £0.13
Neutron 1.43 £0.66 0.77 £0.35 0.41 £0.19 0.14 £0.07
CEvNS 0.05 £0.01 0.03 £0.01 0.02 0.01

AC 047105 010150  0.06'0%  0.04°5%
Surface 106 +8 4.84+040  0.02 0.01

Total BG ~ 735+20 7.36+0.61 1.62+0.28 0.80 +0.14
WIMP,...i  3.56 1.70 1.16 0.83

Data 739 14 2 2

= 50 GeV/c? WIMP === Wall Background
— 6 GeV/c? WIMP === ER Background
- 30 keV NR

e
J

102 L




FAST APPROXIMATE XENONIT
LIKELIHOOD

Migration Matrix

= Key idea: compute profiled
likelihoods in bins of
reconstructed energy as
function of the signal
expectation in that bin

Arbitra r;l/'
Units

40 60
True Recoil Energy [keV]

= A migration matrix gives you
the expected number of events
for each reconstructed energy
bin ¥— which you can then look
up the profiled likelihood in
that bin

= The total approximate log-
likelihood is the sum of the
contributions from each bin

Z(3,0
G = ) ~ Z A,(s,) b Constant
Z(s,0) ’

XENON. An approximate likelihood for nuclear recoil searches with
XENONIT data. Eur. Phys. J. C, 82:989, 2022. doi: 10.1140/epjc/

0.10
Oom[107%%cm?]
i1

s10052-022-10913-w



FAST LIKELIHOODS

= Approximations:

WIMP-proton cross-section

WIMP-nucleon cross-sectio:

Ll
102
WIMP mass [GeV/c?]

Lol Ll
102 10!

WIMP mass [GeV/c?]

10738 —— Published Limit
Asymptotic Binwise
—— Nonasymptotic Binwise

—— Published Limit
Asymptotic Binwise
—— Nonasymptotic Binwise

H

9
L
|

= All models are assumed to
be constant within each
reconstructed energy bin

1042
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10740k
: 10~%4

= Nuisance parameters
(except the mismodelling
term) are set to their best-fit
values.

WIMP-pion cross-section [cm?]

WIMP-neutron cross-section [cm?]

_
(=]
|
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[

10! 102 103
WIMP mass [GeV/c?]

101! 102 103
WIMP mass [GeV/c?]

= Each reconstructed bin is

profiled separately n = 80 Bins

Flat Spectrum 1.0110:07
NR Lines

= Asymptotic results are
mostly used

3keV | 1.0470R
0.19

S5keV | 1117933
0.16

7keV | 1.137019
10keV | L1170
0.12

20keV | 1.0470 05

0.10

30keV | 1.031009

SI WIMP signals
0.31

6 GeV/c* | 1.027)3,
10GeV/c? |  1.06701]
0.09

50GeV/c* | 1061
2 0.09

100 GeV/c 1.0670-02

= Bias and spread with respect to
the full likelihood is checked for
a range of signal spectra—
away from the spectrum, they
are slightly conservative with
< 20%) spread.

XENONCollaboration, XENON1T approximate binwise data release
(2022). https://zenodo.org/record/7255651#.YS5OTACOWIfE

XENON. An approximate likelihood for nuclear recoil searches
with XENONA1T data. Eur. Phys. J. C, 82:989, 2022. doi: 10.1140/
epjc/s10052-022-10913-w



https://zenodo.org/record/7255651#.Y5OTAC9w1fE

USE FOR SENSITIVITY,
GOVERAGE GHECK

E’ Flat spectrum
8 3 keV NR line
5 keV NR line
. . .68 - : 6 GeV/c2 S WIMP -
= At low recoll energies, the 50 GeV/c2 S| WIMP
signal-background . & 8 1o 12 - -
dISCI’ImInatlon IS IOW, and IOW' Signal Expectation s Signal Expectation

mass WIMP limits for XENONAIT
were in the non-asymptotic
regime

== Binwise Sensitivity
XENONNT 20ty
Published Sensitivity

= By computing the Neyman
threshold for a range of mono-
energetic signals, we can find
the most extreme
discrimination case— we
provide this threshold line to
allow for nonasymptotic upper
limits
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= Results overcover for all tested
signals

WIMP mass [GeV/c?]
= |n addition, the release includes

results for the 20ty XENONNT XENON. An approximate likelihood for nuclear recoil searches
projection paper, so that with XENONIT data. Eur. Phys. J. C, 82:989, 2022. doi: 101140/
projections can be computed epjc/s10052-022-10913-w

for arbitra ry spectra XENONCollaboration, XENON1T approximate binwise data release

(2022). https://zenodo.org/record/7255651#.YS5OTACOWIfE
https://github.com/XENON1T/
xenonilt_approximate_nuclear_recoil_likelihood



https://zenodo.org/record/7255651#.Y5OTAC9w1fE
https://github.com/XENON1T/xenon1t_approximate_nuclear_recoil_likelihood
https://github.com/XENON1T/xenon1t_approximate_nuclear_recoil_likelihood

Estimating the XENON1T limit for a 50 GeV WIMP

from xe_likelihood import BinwiselInference, Spectrum

FAST LIKELIHOODS

Step 1: define the recoil spectrum

In this case we will use the built in WIMP spectrum

spectrum wimp = Spectrum.from wimp(mass=50)

Step 2: Create an inference object from the XENON1T results

= Data and code available via
zenodo and GitHub:

These results are distributed with the python package

xenon_inference = BinwiseInference.from xenonlt sr(spectrum=spectrum wimp)

= Migration matrix

Step 3: Make some plots!

= | jkelihood matrix

xenon_inference.plot spectrum(show=True)
xenon_inference.plot migration matrix(show=True)
xenon_inference.plot likelihood matrix({show=True)
xenon_inference.compute_ul (spectrum=spectrum wimp)
print(xenon_inference.uls)

= python code to compute
limits given an arbitrary
recoil spectrum

Fecof energy 50 GeV, S WIMP. x1e-45 tonne*year

= XENONNRT 20ty projection 1 -
migration matrix and 1000
toy simulation likelihood |
matrices L e
= an upper limit takes ~ 40 ms
— three orders of magnitude 5 o
faster than the full computation
XENON. An approximate likelihood for nuclear recoil searches T 32 v & % o@ o m

Tue MR reced enesgy [Xe'd]

XENONLIT Likebhood-Matrix #0

with XENONA1T data. Eur. Phys. J. C, 82:989, 2022. doi: 10.1140/
epjc/s10052-022-10913-w

XENONCollaboration, XENON1T approximate binwise data release

(2022). https://zenodo.org/record/7255651#.YSOTACOWIFE
https://qithub.com/XENON1T/ )
xenonilt_approximate_nuclear_recoil_likelihood



https://zenodo.org/record/7255651#.Y5OTAC9w1fE
https://github.com/XENON1T/xenon1t_approximate_nuclear_recoil_likelihood
https://github.com/XENON1T/xenon1t_approximate_nuclear_recoil_likelihood

REINTERPRETABLE
HESUI_TS Effective Field Theory results

Maximum-Gap methods

= Many experiments now publish
recastable results
Data Releases
= |n particular if the likelihood is
in one dimension many results _
are released either via the max Likelihood Releases
gap, or as a spectrum

= Higher-threshold IXe TPC NR
searches use higher-
dimensional likelihood, and
have often only provided EFT
results as a way to reinterpret
their limits beyond simple
counting approximations

= Heerak Banerjee

= Dan Baxter

= approximate likelihoods can = Qing Lin
yield a good approximation to ,
these results that also gives = |bles Olcina
significant performance
improvements. = Madeleine Zurowski
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DARKSIDE-a0 IONISATION-
SEARCH

The DarkSide-50 detector is a
liquid argon dual-phase TPC with
a 46 kg active target

For a low-threshold (down to 0.6
keV NR) search, using only
ionisation signals and a 6786 kg-
days exposure

upper limits computed with a
binned profile likelihood

In addition to confidence intervals
on spin-independent dark matter,
the paper includes the

= Quenching model and
efficiency needed to compute
signal spectra in the ne.
ionisation bins

= (possibly incomplete)
background expectation per
Ne- bin

= Detection efficiency

=
o

* Joshi et al. 2014
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