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https://supercdms.slac.stanford.edu/science-results/dark-matter-limit-plotter
https://cajohare.github.io/AxionLimits/

Dark Photon Model

* Dark photon implies an additional U(1) gauge group N
in the Standard Model

e Results In an additional interaction term of the form

DM

Lint = eeJﬂA'”

“Kinetic mixing”
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Dark Photons: Current Limits

Limits for past (grey) and future dark photon experiments
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https://arxiv.org/pdf/2207.06905.pdf
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https://arxiv.org/pdf/2207.06905.pdf

Dark Photons: Current Limits
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Experimental Anomalies: X17

* Originally observed by the ATOMKI collaboration in excited states of 8Be
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Physical Review D 95, 035017 (2017)

See: Phys. Rev. Lett. 116, 042501 (2016), arXiv:1910.10459, Phys. Rev. C 104, 044003 (2021),
arXiv:2205.07744, Phys. Rev. C 106, LO61601 (2022), arXiv:2308.06473, arXiv:2311.18632, arXiv:2401.11676
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.042501
https://arxiv.org/pdf/1910.10459.pdf
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https://arxiv.org/pdf/2205.07744.pdf
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.106.L061601
https://arxiv.org/pdf/2308.06473.pdf
https://arxiv.org/abs/2311.18632
https://arxiv.org/pdf/2401.11676.pdf

Experimental Anomalies: X17

* Originally observed by the ATOMKI collaboration in excited states of 8Be

« Excess in ete™ invariant mass spectrum . 100 v 191010459
. . . = -
* Similar anomaly observed in 4He and 12C 2 g [ ‘H(p,e'e) He
O
80 F- E =900 keV
70 F
60 £ [\
50
40 T 1
30 | N, A
et
0 | 114 N,
10 F N
0[‘ R B | L ,:’f—

PRI | T T T U T T U T T U |
10 11 12 13 14 15 16 17 18 19

Invariant mass (MeV/cz)
See: Phys. Rev. Lett. 116, 042501 (2016), arXiv:1910.10459, Phys. Rev. C 104, 044003 (2021),

arXiv:2205.07744, Phys. Rev. C 106, LO61601 (2022), arXiv:2308.06473, arXiv:2311.18632, arXiv:2401.11676

2026-07-30 Light Dark World, Carleton University


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.042501
https://arxiv.org/pdf/1910.10459.pdf
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.104.044003
https://arxiv.org/pdf/2205.07744.pdf
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.106.L061601
https://arxiv.org/pdf/2308.06473.pdf
https://arxiv.org/abs/2311.18632
https://arxiv.org/pdf/2401.11676.pdf
https://arxiv.org/abs/1910.10459

Experimental Anomalies: X17?

* Originally observed by the ATOMKI collaboration in excited states of 8Be

« Excess in ete™ invariant mass spectrum
* Similar anomaly observed in 4He and 12C
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Experimental Anomalies: X17?

* Originally observed by the ATOMKI collaboration in excited states of 8Be
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https://arxiv.org/pdf/2505.24797

Experimental Anomalies: X17?

* Originally observed by the ATOMKI collaboration in excited states of 8Be
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More exploring to be done
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X17: Protophobic Gauge Boson?

* Potential explanation: dark gauge boson with a protophobic coupling to the SM

Lint = eeJﬂA//"

Kinetic mixing strength ‘/ ~ Dark photon

\SM QED current

For more details see: Feng et. al. PRL 117, 071803 (2016), Physical
Review D 95, 035017 (2017), Physical Review D 102, 036016 (2020)
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.102.036016

X17: Protophobic Gauge Boson?

* Potential explanation: dark gauge boson with a protophobic coupling to the SM
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For more details see: Feng et. al. PRL 117, 071803 (2016), Physical
Review D 95, 035017 (2017), Physical Review D 102, 036016 (2020)
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X17: Protophobic Gauge Boson?

* Potential explanation: dark gauge boson with a protophobic coupling to the SM
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Review D 95, 035017 (2017), Physical Review D 102, 036016 (2020)
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X17: Protophobic Gauge Boson?

* Potential explanation: dark gauge boson with a protophobic coupling to the SM

= g, < ¢and g, K¢,
* (Can anything be said about what kind of boson?

e Scalar
e Pseudoscalar

* Axial vector — 1+ \ A )_‘ '
* \ector
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X17: Protophobic Gauge Boson?

* Potential explanation: dark gauge boson with a protophobic coupling to the SM
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Probing the X17 Favoured Parameter Space

Limits for past (grey) and future dark photon experiments
T T rm I | I B B T

* Protophobic coupling means we have strayed
from the standard dark photon model
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Probing the X17 Favoured Parameter Space
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from the standard dark photon model
* (Can still show limits in the same parameter

1077

space
10~
1+ Main consequence of protophobic coupling:
107l oM ) suppressed coupling to pions
S ' * Reopens some previously excluded
© T | parameter space
N E- F\%r;:.z\ . l‘).:\rl\(gmx\i, —:
T N e, ] Can only be probed with a fully leptonic
10T 50 : n.,)\\ ?,7 E expenment
1()_9-., I Lo o1 1l | Lol ! ool
10 10~ 1 10
arXiv:2207.06905 my [GeV]
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https://arxiv.org/pdf/2207.06905.pdf

DarkLight@ARIEL

« Bombard fixed high Z target with low energy high intensity electron beam

e~ Reconstruct invariant mass of electron-positron system

* Low energy allows probe of X17 favoured region, high intensity for lots of statistics

2026-07-30 Light Dark World, Carleton University



Signal and Background

 [wo main background processes to consider:

Signal Irreducible background Reducible background

A/

+ any positron
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Signal and Background

 [wo main background processes to consider:

Signal Irreducible background Reducible background

A/

+ any positron

» (Carefully select electron and positron momenta using the spectrometer magnets and arm
angles to maximize signal

* Put very strict coincidence condition on the trigger

2026-07-30 Light Dark World, Carleton University



ARIEL

* Advanced Rare IsotopE Laboratory
 New facility to be operational in 2027
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ARI E L eLi nac T To ARIEL facility

30 MeV electron beam setup

Wil

300 ke EGUN

E'Iﬂi
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ARIEL eLinac MRRUGHT] . 1 osmet e

» 30 MeV electron beam setup _Fec ] NG

TN 8

300 ke EGUN
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ARIEL eLinac

30 MeV electron beam setup
* Best sensitivity is below 17 MeV
* Excellent for commissioning

2026-07-30 Light Dark World, Carleton University



ARIEL eLinac

30 MeV electron beam setup
* Best sensitivity is below 17 MeV
* Excellent for commissioning

To ARIEL facility

50 MeV upgrade: new cryomodule
* Allows probe of X17 favoured region

-
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ARIEL eLinac

Pre May 2025

T To ARIEL facility
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DarkLight Apparatus
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DarkLight Apparatus
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DarkLight Apparatus

Target chamber with
—— 1 ym Tantalum target
or 1 um Carbon target

2026-07-30 Light Dark World, Carleton University



DarkLight Apparatus

Target chamber with
— = 1 pym Tantalum target
or 1 um Carbon target

Spectrometers .

Left (36° for 30 MeV, 20° for 50 MeV): electrons
Right (20° for both): positrons

2026-07-30 Light Dark World, Carleton University



DarkLight Apparatus

N \
- 2x GEM tracking detectors
Target chamber with
— y = 1 pym Tantalum target
Spectrometers b | or 1 um Carbon target

Left (36° for 30 MeV, 20° for 50 MeV): electrons
Right (20° for both): positrons
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DarkLight Apparatus

// .

Plastic scintillator trigger hodoscopes

™ \
- 2x GEM tracking detectors
Target chamber with
— y = 1 pym Tantalum target
Spectrometers b or 1 um Carbon target

Left (36° for 30 MeV, 20° for 50 MeV): electrons
Right (20° for both): positrons

2026-07-30 Light Dark World, Carleton University



ARIEL eLinac

Post July 2025

To ARIEL facility

-Elli
'.‘I.‘I

-
s
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Commissioning: Early 2026

Goals Success?

Ensure data acquisition system and detectors are
functioning according to expectation

Measure the carbon elastic scattering peak and
radiative talil

..................................................................................................................................................................................................................................................................................................................................................................................................

..................................................................................................................................................................................................................................................................................................................................................................................................

Measure coincidences

2026-07-30 Light Dark World, Carleton University



eLinac Commissioning

* The elinac is a commissioning machine Og;m . ~0.5 cm thick Aluminum
« Beam is less well understood than expected o @ 0

* Dark current scattering through the target ladder frame Z Q :

* Larger than anticipated beam spot size ° °

Long tail on the beam spot due to dark current

2026-07-30 Light Dark World, Carleton University



Counts [arb. units]

eLinac Commissioning

* The elinac is a commissioning machine

« Beam is less well understood than expected
* Dark current scattering through the target ladder frame
* Larger than anticipated beam spot size
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Detector Commissioning

 GEMSs are performing sub-optimally

B Lower GEM
Il Upper GEM
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Detector Commissioning

 GEMSs are performing sub-optimally
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Detector Commissioning

 GEMSs are performing sub-optimally

_—

\\
Unidentified hit
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Detector Commissioning

 GEMSs are performing sub-optimally
» Improved noise subtraction and clustering algorithm under development ¢7/¢

é 0.8
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Detector Commissioning

 GEMSs are performing sub-optimally
» Improved noise subtraction and clustering algorithm under development ¢7/¢
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Commissioning Measurements
* Radiative Moller scattering X E
* Generator cross check for energy ranges where ﬁ :E? é
the electron mass is non-negligible

Moller Scattering Yield at 10 MeV PRD D 94. 033004 (2016)
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.94.033004

Commissioning: Early 2026

Goals Success?

Ensure data acquisition system and detectors are

functioning according to expectation (ish)
Measure the carbon slestc seatieing peakand | gen
radiative talil
Measure inelastic carbon scattering X (probably)
Measure radiative Moller scattering
Measure coincidences ??

2026-07-30 Light Dark World, Carleton University



Upcoming Coincidence Measurements

* Planning for additional runs with the eLinac beam at 30 MeV in 2027 (TRIUMF currently in long
shutdown)

* Ongoing collaboration with JLAB to install a new cryomodule to upgrade energy to 50 MeV in
2028

8 x 10° | |
Background ——
Signal with €2 = 1073 ——
— Total signal

7 x 106
6 x 10°
5x10%
4x 100 | Bump hunt! _

3x10% |

2 x 10

Counts per 25 keV bin in 1000h

1 x10°%

0 I
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Upcoming Coincidence Measurements

* Planning for additional runs with the eLinac beam at 30 MeV in 2027 (TRIUMF currently in long
shutdown)

* Ongoing collaboration with JLAB to install a new cryomodule to upgrade energy to 50 MeV in
2028

8 x 106 |

Backlground — | |

Signal with €2 = 1073 ——
7x 108 - Total signal

6 x 106 |

(g, — 2)-preferred

5x 108
4%x10% |-
3x10% |

2 x 10% |-

Counts per 25 keV bin in 1000h

1 x10°%

5th force (°Be)
0 I

mal [MeV]
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Open to Reinterpretation

 DarkLight is a model-agnostic experiment (g, 2)-preferred

* Assorted ideas: 106

* Low hanging fruit/would benefit from
increased acceptance, unclear if we are sensitive:

* Different mediator interpretations
 ALPs with electron coupling
 QED mesons 107

 Would require additional detectors
e LLPs
 ALPs with photon coupling
* |nelastic electron-nucleon scattering to help constrain neutrino scattering models

5th force (°Be)

mal [MeV]

Your favourite model that can be probed with our setup (or extensions of it)!

Email me
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Spectrometers

* Two dipole spectrometers (0.32 T, maximum + 20% momentum acceptance
28 MeV central momentum)

 Arm angles set to 36° and 20° for the electron
and positron arms, respectively

» Central momenta: 11.0 MeV for e arm
and 17.2 MeV for e™ arm 50 cm

- — el 2 L
- -ma _ a2 ]

in“‘iill-

+ 5° out of plane acceptance

([ <

+ 1.5" in plane
acceptance
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GEMs

* Gas Electron Multipliers
* Tracking detectors to be used to reconstruct the 4 vectors for the electrons and positrons
* Preexisting 25 cm x 40 cm triple-GEMs built by Hampton University

400 pm strip pitch

* APV cards with MPD4 readout

* Positional resolution of around 100 microns
 Readout time of around 200 s

Top gas foil window

o o
. = \ -b._..b..:._. ._.‘
O-Rings - ;;;;;;}: i T I } GEM foils
| TR -

////////////////

\ RO Board
N

Bottom gas foil window
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Triggers

* Eight fast plastic scintillator bars on each spectrometer arm
* Light guides couple to SiPMs

SIiPM11 SiPM10 SiPM9
. =N ~ =N

' N !

e Readout boards contain 12 SiPMs each
and accommodate two bars

* Timing resolution of less than 500 ps required
to resolve individual electron bunches

* Final time resolution around 380 ps

 (Can also determine position with a resolution
of around 2 cm

* Helps with rejecting rare multi-hit events

Light Dark World, Carleton University
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Triggers

* Eight fast plastic scintillator bars on each spectrometer arm
» Light guides couple to SiPMs _

e Readout boards contain 12 SiPMs each
and accommodate two bars

* Timing resolution of less than 500 ps required
to resolve individual electron bunches

* Final time resolution around 380 ps

* (Can also determine position with a resolution
of around 2 cm

* Helps with rejecting rare multi-hit events

Light Dark World, Carleton University

2026-07-30



