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Part 1: Introduction to direct detection
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Requirements for a DM detector

1. Emit detectable light (photons), charge (electrons) or heat
2. Large mass

3. High atomic number

4. Low-radioactivity

5. Deep underground

Future: directional sensitivity
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GXe \ I / In gas, these excite more xenon
] to make another light flash (S2)

This also frees electrons, which
o © travel up an applied electric field

LDark matter hits

a xenon atom The atom recoils and excites

1\ [ others, causing a light flash (S1)
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Part 2. XENON1T data analysis
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DAQ Data pipeline

Analysis

Processed data
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https://github.com/XENON1T
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https://github.com/XENON1T/pax
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Corrected S2 bottom [PE]

This data is from XENONA1T’s first science run; we since took a longer run, but the principle is the same.

ER calibration

NR calibration

Science data
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Corrected S1 [PE]
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Want to hear more or discuss about
statistical issues in direct detection?

Stockholm
31 July - 2 August 2019
Open for abstracts now

https://indico.cern.ch/event/769726/
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500 GeV WIMP acceptance
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Part 3: Machine learning



Position reconstruction

Can you beat the machine?
https://pelssers.qithub.io/reconstruct/

Legend:

TPF: TopPatternFit, likelihood maximizer

NN: Neural net (old-style, few-layer, fully-connected)
RWM: Iterated weighted mean over shrinking set
MP: Maximum PMT

WM: Weighted mean

Javascript game
by Bart Pelssers


https://pelssers.github.io/reconstruct/
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Reconstruction using BOLFI

Basic idea:

Sample position from prior/posterior
Run simulator

Measure goodness of fit (summary stat.)
Update posterior

Repeat
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(because the likelihood is incomplete)


https://arxiv.org/abs/1810.09930

Work by Bart Pelssers and Justin Alsing
Using Pydelfi: arxiv:1903.00007

Density Estimation Likelihood Free Inference

Emulate simulator with deep neural net

Pydelfi learns sampling distribution
p(data | parameters)

Comparable to BOLFI in accuracy
but much faster.
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https://github.com/justinalsing/pydelfi
https://arxiv.org/abs/1903.00007

Work from the LUX collaboration

Learnlng Ilght mapS flttlng JINST 13 (2018), arXiv:1710.02752
A
Reconstruct positions n(p) = ; tmp+ b
Fit light maps (1 i yzpz) 2
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https://arxiv.org/abs/1710.02752

Work from the LUX collaboration

Learning light maps: fitting JINST 13 (2018), arXiv:1710.02752

25
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5mm
wires!



https://arxiv.org/abs/1710.02752

Work in progress

Learning light maps: embedding Jelle Aalbers, Chris Tunnell

i Raw : : Scaled and rotated Homogenized
PCA Colors: TPF positions
0.005 4 -20 0 2 40
NOT truth values!!
LLE |

-0.010 —-0.005 0.000 0.005




Work in progress

Learning light maps: embedding Jelle Aalbers, Chris Tunnel

No cables are swapped!
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Rare radioactive decays t = 10°' - 10% years!

2vBB OvBpR

Double beta decay Neutrinoless

double beta decay



Elastic neutrino-nucleus scattering

Solar neutrinos
5B

Galactic supernovae
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Events / (kg keV day)
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Z-mediated (Fine print: these are only

Majorana f.

the simplest thermal-relic

s s

WIMP models)

Dirac f. (axial) -

/W /.

Dirac f. (vector) -

//////////////////.

Complex scalar

Complex vector -

10!

LI L L

2 |
102 102 104

Higgs-mediated

Majorana f. (scalar) -

IS Vi,

Dirac f. (scalar) -

WY s

Majorana f. (pseudosc.) -
Dirac f. (pseudosc.) -

Real scalar

WY Ve

Complex scalar

W

Real vector

Complex vector -

10

EE SI e

777
1 I M (GeVT"cfz) )
FZ1 XENONIT

SD B ° suppressed



Signal efficiency

1.0 | !

<
co
|

<
oy
T

Efficiency
o
S
|

O
O
T

i y Selection

Search region

©
o

Dominant signal loss is from 3 PMT S1 coincidence requirement
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