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The Standard model only describes a small

fraction of the universe
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BSM physics:

Sweep the phase
space and check for
Qimple models
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One way to search for
BSM physics:

Sweep the phase
space and check for
simple models
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Dark Matter

Another way:

. ook at anomalies for
complex models
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https://arxiv.org/abs/2207.06905

X17: ——

18.15 MeV

The ATOMKI Experiment ‘Be

e New boson with mass 17 MeV?

ATOMKI PAIR

° P rOt O p h O b | C . SPECTROMETER

m=15.6 MeV
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https://doi.org/10.48550/arXiv.1707.09749
https://doi.org/10.1103/PhysRevLett.116.042501

The ATOMKI Experiment

e New boson with mass 17 MeV?

ATOMKI PAIR

° PrOtOphoblc . SPECTROMETER
e Similar observations in 4He, e
decays with independent m=15.6 MeV
mM=16.6 MeV

apparatus: ~ m=17.6 MeV
DOI: 10.1103/PhysRevC.104.044003 “

DOI: 10.1103/PhysRevC.106.L061601

and in pC, dC, dCu interactions: |
DOI: 10.48550/arXiv.2311.18632 80 90 100 110 120 130 140 150 160 170
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.104.044003
https://doi.org/10.1103/PhysRevC.106.L061601
https://doi.org/10.48550/arXiv.2311.18632
https://doi.org/10.48550/arXiv.1707.09749
https://doi.org/10.1103/PhysRevLett.116.042501

X17:

Recent measurements

R17.6 limit < 1.8e-06
- Ri1g.1 limit < 1.2e-05
® ATOMKI (stat. + syst.)
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® NO Observahon Of X‘I 7 https://arxiv.org/pdf/2505.24797

Sideband data, Scan 1 KLOE (2015)
| | | |
Sideband data, Scan 2
e Signal range is at the ’
I n r n I . Masked data, Scan 1
Masked data, Scan 2

edge of acceptance |
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https://arxiv.org/pdf/2505.24797
https://doi.org/10.1140/epjc/s10052-025-14345-0

DarkLight Experiment

 [wo-spectrometer setup

* Tantalum folil target
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30 MeV e- beam i ~—
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Nucleus
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Detector setup:

 Magnetic spectrometers

e +1.35%in-plane, =5° out-of-plane angle

e« +20 % momentum

DARI




Detector setup:
« GEM trackers

e 25 x 40 cm triple layer GEMs

o 2 planes per spectrometer arm

APV + MPDA4 readout

.......

PR LI L 5 § ST o | e
] bt PP o P L o &

......

13



Detector setup:

» Scintillator triggers

3 paddles per spectrometer

e Plastic scintillators, SIPM readouts
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Detector setup:
e Shielding for y and n
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Detector setup: ’(‘ZeARIEL

 Asymmetric spectrometers

Irreducible
background

Combinatorial
background

Physics processes in production runs
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Detector setup:

 Asymmetric spectrometers

Sensitivities (1000 hrs run time)
e =0.001
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Full setup:

® |nstallation in Fall 2025
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Commissioning:

Installation in Fall 2025

Fall 2025 - Jan 2026
Commissioning with
10 to 30 MeV beam

Physics processes for commissioning data

eC scattering

Mgiller scattering



Plan for production data

Installation in Fall 2025

Fall 2025 - Jan 2026
Commissioning with
10 to 30 MeV beam

ARIEL
shutdown

(Jan 2027: 30 MeV
production data) TUsHT oARIEL

. —— 13030 1000h
Beamline upgrade 17050 1000h

2027/2028: 50 MeV

¢
é .
production data
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2nd cryomodule
will be added




QT GHT

Additional physics

. . I ™ Fast beam
Radiative Mgaller scattering switcher
N " . Simultaneous
16 12 New Scientific Opportunities with the
¢ O(e, e,a) C RIUMF ARIEL e-linac, May 25-27, 2022 ARIEL+DL

 Radii of nuclel

 Axial form factor
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https://iopscience.iop.org/article/10.1088/1742-6596/2391/1/012001

DarkLight analysis

* Framework overview - COOKER

Simulation and analysis flow chart

Detector hit Vertex
reconstruction [ | reconstruction

x Track and timing - 3 Further analysis &
Trigger | el T | XGB model | "\ physics result

GEM ‘ T ’ Polynomials

A ) ) A
Geometry library

Fitting/Training g

< Digitization >< Geant4 simulation |« <Event generators>
|

Magnetic field map

Simulated Data T/




DarkLight analysis

* Framework overview - COOKER

Simulation and analysis flow chart

Detector hit Vertex
reconstruction [ | reconstruction

x Track and timing - 3 Further analysis &
Trigger | el T | XGB model | "\ physics result

GEM ‘ T ’ Polynomials

A ) ) A
Geometry library

Fitting/Training g

Simulated Data T/

o . : / > Signal/irreducible background
Digitization < Geant4 simulation |« \Event generators = =

>~ Combinatorial background

| >~ Radiative Mgller/Bhabha

Magnetic field map > Radiative Elastic eC Scattering



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.015032
https://link.aps.org/doi/10.1103/PhysRevLett.118.092501
https://doi.org/10.1103/PhysRevD.94.033004
https://doi.org/10.1140/epja/s10050-023-01128-y

DarkLight analysis

Event reconstruction

Example online analysis for 10 MeV eC scattering
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DarkLight analysis

* Vertex reconstruction and machine learning study

Model MSE Model MSE Model MSE

Polynomial 0.00196 Polynomial 0.00574 Polynomial 2.299
Y Gems: x, v, dx, dy XGB 0.00178 XGB 0.00459 XGB 1.928
[Polynomial Fit/ML modeD Residuals — Residuals — Residuals

1 XGB [ 1 XGB
Reaction point:
p O ¢

Momentum In-Plane Angle Out-of-Plane Angle



DarkLight analysis

* Vertex reconstruction and machine learning study

Event display of a simulated

large angle track Model MSE Model MSE Model MSE
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Summary:;

» DarkLight is searching for X17
* |nstalled and commissioned
 Processing commissioning data

50 MeV production data will come
after beamline upgrade

* EXxploring other physics opportunities

Timelapse video of installation: link
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