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Dark Matter Searches

Indirect detection

i Direct detection

Accelerator-based

e Many, many searches performed over the years



Dark Matter Searches
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Dark Sector Models

SM\ <

DM
SM DM

Some mediator particle

e Posits a dark sector not charged under an SM gauge group, where interactions
with the SM are facilitated by an intermediary particle



Dark Photon Model

e Dark photon implies an additional U(1) gauge group .+
in the Standard Model

e Results in an additional interaction term of the form
Lint = eeJﬂA’/"

“Kinetic mixing”
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Dark Photon Model

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

e Results In an additional interaction term of the form
Lint = A/

Kinetic mixing strength <.’ ™~ Dark photon
“Kinetic mixing”

SM QED current



Dark Photons: Current Limits

Limits for past (grey) and future dark photon experiments
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Dark Photons: Current Limits
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Experimental Anomalies: X17

e QOriginally observed by the ATOMKI collaboration in excited states of 2Be

ATOMKI PAIR
SPECTROMETER

Be

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://arxiv.org/pdf/2401.11676.pdf

Experimental Anomalies: X17

e QOriginally observed by the ATOMKI collaboration in excited states of 2Be

e Excessin ete” invariant mass spectrum o arXiv:1910.10459

9(0) - 3l‘l(p,eJre')4He

e Similar anomaly observed in 4He and 12C
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Experimental Anomalies: X177

e QOriginally observed by the ATOMKI collaboration in excited states of 2Be

e Excess in ete™ invariant mass spectrum
e Similar anomaly observed in 4He and 12C
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Experimental Anomalies: X177

e QOriginally observed by the ATOMKI collaboration in excited states of 2Be

e Excess in ete™ invariant mass spectrum
e Similar anomaly observed in 4He and 12C

J Positive Observationsl
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Experimental Anomalies: X177

e QOriginally observed by the ATOMKI collaboration in excited states of 2Be

e Excess in ete™ invariant mass spectrum
e Similar anomaly observed in 4He and 12C
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Experimental Anomalies: X177

e QOriginally observed by the ATOMKI collaboration in excited states of 2Be

e Excess in ete™ invariant mass spectrum
e Similar anomaly observed in 4He and 12C
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Experimental Anomalies: X177

e QOriginally observed by the ATOMKI collaboration in excited states of 2Be

e Excess in ete™ invariant mass spectrum
e Similar anomaly observed in 4He and 12C

j Positive Observationsl | Negative Obsewationsl
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Experimental Anomalies: X17

e QOriginally observed by the ATOMKI collaboration in excited states of 2Be

e Excess in ete™ invariant mass spectrum

e Similar anomaly observed in 4He and 12C

e Potential explanation: dark boson with a ZLint = _
protophobic coupling to the SM

Kinetic mixing strength «.- B 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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Experimental Anomalies: X17

e QOriginally observed by the ATOMKI collaboration in excited states of 2Be

e EXcessin e e Invariant mass spectrum
e Similar anomaly observed in 4He and 12C

e Potential explanation: dark boson with a —Fr—et AL
prOtOphObiC Coupling to the SM Make it more general
ZLint = e 2 gf]?}’ﬂfX”
/

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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Experimental Anomalies: X17

e QOriginally observed by the ATOMKI collaboration in excited states of 2Be

e Excess in ete™ invariant mass spectrum
e Similar anomaly observed in 4He and 12C

/

e Potential explanation: dark boson with a —Hpr=—eed AL
protophobic coupling to the SM Make it more general
ZLint = € Z gfﬁ’ﬂfxﬂ
/

To fit with the magnitude of the excess observed from
the ATOMKI 8Be experiment, and with existing limits:

e, <gandeg, K¢,

T “protophobic”

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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Dark boson: current limits

Limits for past (grey) and future dark photon experiments
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Dark boson: current limits

Limits for past (grey) and future dark photon experlments
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e Protophobic coupling means we have
strayed from the standard dark
photon model

e Can still show limits in same
parameter space

e Main consequence of protophobic
coupling: suppressed coupling to
pions
e Reopens some previously

excluded parameter space
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Dark boson: current limits

Limit for past (grey) and future dark photon experiments
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Dark boson: current limits

Limits for past (grey) and future dark photon experlments
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e Protophobic coupling means we have

strayed from the standard dark
photon model

e Can still show limits in same
parameter space

Main consequence of protophobic

coupling: suppressed coupling to

pions

e Reopens some previously
excluded parameter space

Can only be probed with a fully
leptonic experiment
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DarkLight@ARIEL

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

€

/

Nf',\,é
o — €+

e~ Reconstruct invariant mass of electron-positron system
Y

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



Signal and background

e Two main background processes to consider:

Signal Irreducible background

A/

Reducible background

+ any positron

10



Signal and background

e Two main background processes to consider:

Signal Irreducible background Reducible background

A/

+ any positron

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

e Put very strict coincidence condition on the trigger

10



ARIEL

 Advanced Rare
IsotopE Laboratory

* New facility to be
operational in 2027

BEAM LINES AND

EXPERIMENTAL
FACILITIES
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EXPERIMENTAL ISAC-H FACILITY

BEAM LINES AND | f
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ARIEL e-linac

e 30 MeV electron beam setup
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ARIEL e-linac

e 30 MeV electron beam setup

T To ARIEL facility
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ARIEL e-linac

e 30 MeV electron beam setup

To ARIEL facility
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To ARIEL facility

ARIEL e-linac

e 30 MeV electron beam setup

e Best sensitivity is below 17 MeV

e EXxcellent for commissioning
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ARIEL e-"naC To ARIEL facility

e 30 MeV electron beam setup

* Best sensitivity is below 17 MeV ey < Q - iu

e EXxcellent for commissioning

e 50 MeV upgrade: new cryomodule

e Allows probe of X17 favoured region
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ARIEL e-linac '

Pre May 2025

T To ARIEL facility

)
300 keV EGUN
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DarkLight apparatus
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DarkLight apparatus

Target chamber with

= 1 um Tantalum target

or 1 um Carbon target
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DarkLight apparatus

Spectrometers

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

Target chamber with

= 1 um Tantalum target

or 1 um Carbon target
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DarkLight apparatus

13

memmmesmem D% GEM tracking detectors

| Target chamber with
s ) —=me== 1 um Tantalum target

Spectrometers . | or 1 um Carbon target

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



DarkLight apparatus

13

Plastic scintillator trigger hodoscopes

T
mmenee 2X GEM tracking detectors
| Target chamber with
s ) === {1 nm Tantalum target
Spectrometers . | or 1 um Carbon target

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



To ARIEL facility

Post July 2025

300 keV EGUN
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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
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Commissioning: Early 2026

e elLinac beam less well-understood than expected
 Resulted in dark current scattering through the target ladder frame

e GEMSs are performing sub-optimally

Data, o — 132.9 ke —
MC o — 120.0 ke ——

—0.9

AFE

0.5 1 1.5
E(H) — Emeas [MGV]

Long tail on the beam spot due to dark current
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Commissioning: Early 2026

e elinac beam less well-understood than expected

 Resulted in dark current scattering through the target ladder frame

GEMs are performing sub-optimally

Data, o — 132.9 ke —
MC, 0 =120.9 ke ——

|
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| — Vol e
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Commissioning: Early 2026

Goals Success?

Ensure data acquisition system and detectors are

functioning according to expectation (ish)
MeasuretheCarbfgdmctzﬁaﬂemgpeakand(ish) ''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
Measure inelastic carbon scattering X (probably)
““““““““““““““““““““ psrondavo o scatoms | @

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

Measure coincidences ?7?



Conclusions

e DarkLight was successfully installed and
commissioned, finishing early 2026

e Papers documenting physics results from
commissioning are currently In
development

e Future plans:

e Improving or upgrading the GEM
detectors to improve reliability and
results

e \Working with the elLinac team to better
understand and reduce background

e Additional data-taking in early 2027 at 30
MeV to build up coincidence statistics

e Future run in early 2028 at upgraded 50
MeV elLinac energy
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Bump hunt!
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Spectrometers

e Two dipole spectrometers (0.32 T, maximum

* 20° 21
28 MeV central QOentum) + 20% momentum acceptance

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

e Central momenta: 11.0 MeV for e arm
nd 17.2 MeV for e "arm 50 cm
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GEMs

e Gas Electron Multipliers

e Tracking detectors to be used to reconstruct the 4 vectors for the electrons and
positrons

e Preexisting 25 cm x 40 cm triple-GEMs built by Hampton University

e 400 um strip pitch

e APV cards with MPD4 readout

e Positional resolution of around 100 microns
e Readout time of around 200 us

Top gas foil window
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Triggers

e Eight fast plastic scintillator bars on each spectrometer arm
e Light guides couple to SiIPMs

SiPM10 SiPM9




Triggers

e Eight fast plastic scintillator bars on each spectrometer arm
e Light guides couple to SiIPMs

e Readout boards contain 12 SiPMs each
and accommodate two bars




Triggers

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

e Readout boards contain 12 SiPMs each
and accommodate two bars

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

e Final time resolution around 380 ps

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

e Helps with rejecting rare multi-hit events
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