A BAYESTAN ANALYSIS WITH MACHINE
[EARNING IN DM DIRECT DETECTION
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QUTLINE

-

ML analysis
to obtain
posteriors

/

DM-nucleon
interaction
with NR-EFT

)

-

DM
differential
rate for a DD

experiment

Simulate the
expected
signal

)

Parameter space that
can be reconstructed




MACHINE LEARNING
BAYESTAN ANALYSIS




P(0|x) = P(x]0) P(0) / P(x)



P(0|x) = P(x]0) P(0) / P(x)
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interest given the
data x.
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MARGINAL NEURAL
RATIO ESTIMATION

https://swyft.readthedocs.io/
https://arxiv.org/abs/2107.01214

r(0,x)-P(0[x)/P(0)=P(x[0)/P(x)=P(x,0)/P(0)P(x)
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https://swyft.readthedocs.io/
https://arxiv.org/abs/2107.01214

r(0,x)=P(0,x)/P(0)P(x)

(0g,%,) 0,,%,)

9.,
( 3 X5) (07,Xl) (03,X5)

(@1,)(7) (06’X4)
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r(0,x)=P(0,x)/P(0)P(x)

CLASS = 1 CLASS = ©
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BINARY CLASSIFICATION

Binary Cross
Entropy Loss
Function

See
NS

Output = P(K=1]|(0,X))
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BINARY CLASSIFICATION

Binary Cross
Entropy Loss
Function

P(k=0](0,x)) = 1-P(K=1](0,x))
Class 0 => P(x)P(0)

See
NS

Output = P(K=1]|(0,X))
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BINARY CLASSIFICATION

Binary Cross
Entropy Loss
Function

P(k=0](0,x)) = 1-P(K=1](0,x))

A\'IA Class 0 => P(x)P(0)

N7 0

Output = PéKzl|(@,X))

@
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BINARY CLASSIFICATION

See
NS

P(K:ll (O)X)) = I"(O,X)/[l+l"(@,X)]
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Supervised Learning

Training Set

Dataset

Model

Validation Set

N

—

Validation

/

New Data
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50...

1) We measure some data x
2) We sample model parameters © from prior P(O)

3) We feed the neural network with pairs (x,0), and the
network gives back de r(0,x)

4) We multiply r(0,x) by P(0©) and obtain P(0]|x)
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e In our case the parameters of interest will

be the EFT parameters and the DM mass.

e In our case, the data x will be the signal measured by XENONNT,
this can be:

o The total number of events.
o The differential rate.

o The full sl-s2 plane.

o We also add all the relevant

backgrounds, including Cevns



DATA SAMPLE GENERATION




1/

For DM particles with spin up to !5 , the effective
DM-nucleon scattering interaction Lagrangian

LErpT = Z Z CZ—OiYX?T

nucleon basis:
¢’: proton & —

¢": neutron cr =

21



1/

For DM particles with spin up to !5 , the effective

DM-nucleon scattering interaction Lagrangian
T — —OOO
[thTﬁZZ E E CiCDiX${Tﬁ'
T 7

nucleon basis:

¢’: proton & —

¢": neutron cr =

i=14
possible
interactions
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For DM particles with spin up to !5 , the effective
DM-nucleon scattering interaction Lagrangian

[hgquZZZZE:::E::CZCD{Xﬁ(7W'
T 7 O O

nucleon basis:
¢: proton

¢ neutron

i=14
possible
interactions

OOO

O1l:

spin-independent
04: ~

spin-dependent
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For DM particles with spin up to !5 , the effective

DM-nucleon scattering interaction Lagrangian

LErpT = Z Z CZO?ZYX?T

Change to polar coordinates:

1 .
0 _ P ny . Natural choice for the EFT parameter space
. — -_— . C- _ ” > . . e
G 9 ( v TG ) Az Sln(ez) because the interaction cross section:
1 . 2
c; == (d —¢f) = A;cos(0;) 0i oC A7
2 DM-nucleon
2 2 reduced mass
Fors1O) SI — A1 Hiw
XN T 24



For DM particles with spin up to !5 , the effective

DM-nucleon scattering interaction Lagrangian

LErpT = Z Z CZOiYX?T

Ch t 1 dinates:
ange O polar coordilnates For each operator 2 parametersz

1 ; : e amplitude (cross-section)
0 L S
c; == (' +cf) = A;sin(6;) |

(3

o} =

DN | — DN

(¢; — ) = Aj;cos(8;) + DM mass
(0., ©.5 m,,)
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dd.hepforge.or
abs/2106.06207

wim
arxiv.or

https:
https:

O
O
From NR-EFT operators to differential rate with WimPyDD

Inputs: Output:

— Operator
- Parameters:

e amplitude (cross-section)
e phase
e DM mass

Rate [events per (keV ton year)]

— DM halo model

0.0 A1 e =

— DD experiment (XENONNT) 20 40 60 80 100

Recoil energy [keV] 26


https://wimpydd.hepforge.org/
https://arxiv.org/abs/2106.06207
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Universe 2021, 7(8), 313
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cS2 [PE]
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RESULTS
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CONCLUSIONS




CONCLUSTONS

e We developed a bayesian analysis to explore the reach of
direct detection experiments.

e The ML implementation (SWYFT) 1is fundamental for estimating
the posteriors in a fast way.

e We presented here 01 (SI) & 04 (SD) as first examples.

e We computed the parameter space where o and m can be
reconstructed.

e We compared: total number of events vs the differential rate vs
the full S1-S2 space.
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NEXT..

Apply to other NR-EFT operators — combine
operators

Different DD experiments — combine experiments

Compare with MCMC analysis.
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