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Introduction

e DarkLight@ARIEL is an ongoing experiment based here at TRIUMF

e Some local flavour!

 Fixed target experiment installing on the existing e-linac beam line

e Dark photon search looking for low mass e e~ resonances

e Explore small dark photon experiments in the context of future collider
proposals
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Background

e Dark matter is one of the big unanswered questions of particle physics

10722 ev

Ultralight DM

107 \
§ 107N
= M
* l()_—’:
' l()_“:—
¥ 10 T

2 1077

keV

GeV

LDMX

IIIIII

1072

10

TeV M o

Composite DM Primordial black holes

Recently more interest in
DM candidates on the MeV
scale

Includes dark sector models


https://arxiv.org/pdf/2207.06905.pdf

Dark Photon

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

 Dark photon implies an additional U(1) gauge group

+ Most basic model: kinetic mixing with the SM photon Zint = ¢€/uA"
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Dark Photon

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

 Dark photon implies an additional U(1) gauge group
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Experimental Anomalies: g, — 2

e Anomalous magnetic moment of the muon measured very precisely by the
Muon g-2 experiment at FermiLab

Latest result: Phys. Rev. Lett. 131, 161802 (2023)
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Experimental Anomalies: X17

* Originally observed by ATOMKI collaboration in excited state decays of ¢Be

@@

ATOMKI PAIR
SPECTROMETER

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



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

Experimental Anomalies: X17

* Originally observed by ATOMKI collaboration in excited state decays of ¢Be

e Excessin e e~ invariant mass spectrum

possibly indicative of a new boson with mass
around 17 MeV

e Similar anomaly observed in 4He, 12C and
using an independent apparatus

e Other ongoing efforts to confirm this

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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Dark Photon: Current Limits

Limits for past (grey) and future dark photon experiments
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Dark Photon: Current Limits

Limits for past (grey) and future dark photon experiments
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e Unclear exactly what form the
coupling € takes

* Protophobic coupling (reduced
coupling to protons) required by the
X17
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e Unclear exactly what form the
coupling € takes

* Protophobic coupling (reduced
coupling to protons) required by the
X17

 Coupling no longer universal to
the EM current: Zj; = eeJ A*

* |nstead something more complex,
but can still display limits in the
same parameter space

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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DarkLight@ARIEL

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

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

Reconstruct invariant mass of electron-positron system




DarkLight@ARIEL

e Bombard fixed high Z target with low energy high intensity electron beam
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e Reconstruct invariant mass of electron-positron system

o Low energy allows probe of 8, = 2 favoured and X17 region, high intensity
for lots of statistics
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ARIEL e-linac

e 30 MeV electron beam setup

AV.Y
+ v
\"'
O

o/
300 keV EGUN

«* ." '.“ v.

10



ARIEL e-linac

e 30 MeV electron beam setup

T To ARIEL facility

300 ke

AV.Y
‘ '
\E
O

o/
EGUN

10



ARIEL e-linac

e 30 MeV electron beam setup

T To ARIEL facility

300 ke

AV.Y
‘ '
\E
O

o/
EGUN

10



ARIEL e-linac EIQUGHD — =

e 30 MeV electron beam setup

e Best sensitivity below 17 MeV

Wil

e EXxcellent for commissioning

e 50 MeV upgrade: new cryomodule

e Allows probe of X17 favoured
region
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ARIEL e-linac

T To ARIEL facility
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To ARIEL facility
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The DarkLight Apparatus
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The DarkLight Apparatus

... 1arget chamber with
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The DarkLight Apparatus

Spectrometers

Left: electrons i g :
Right: positrons
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The DarkLight Apparatus

Spectrometers

Left: electrons i g :
Right: positrons
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e Ox GEM tracking detectors

... 1arget chamber with
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The DarkLight Apparatus

Plastic scintillator trigger hodoscopes
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Projected Sensitivities

e Require coincidence In trigger from electron and positron arm to readout
GEMs )

* |rreducible background: e-

12



Projected Sensitivities

e Require coincidence in trigger from electron and positron arm to readout
GEMs )

* |rreducible background: e-

 Reducible background: e~

+ any positron

12



Projected Sensitivities

e Require coincidence in trigger from electron and positron arm to readout
GEMs )

* |rreducible background: e-

 Reducible background: e~

+ any positron

Minimize by carefully selecting spectrometer arm angles
Can be well-modelled
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Projected Sensitivities

e Require coincidence In trigger from electron and positron arm to readout
GEMs

Background
Signal with €2 = 1077
7 x 10° - Total signal -

Bump hunt!
6 x 100 |-
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Counts per 25 keV bin in 1000h
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Signal exaggerated for illustration
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Projected Sensitivities

10~°

Will move slightly down
if SM prediction is brought
closer to measurement

m 4l [I\/IeV]

(g, — 2)-preferred

12



Projected Sensitivities
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With current 30 MeV setup
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Projected Sensitivities
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(g, — 2)-preferred

With energy upgrade
to 50 MeV
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Small(ish) Dark Photon Experiments
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Small(ish) Dark Photon Experlments

e Need smaller experiments
to probe full parameter
space
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Small(ish) Dark Photon Experiments

e Need smaller experiments
to probe full parameter
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e Complementary to main
experiments

Higher intensity

e Cost effective: generally
built off of existing (or
proposed) infrastructure
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elevate physics case

¥ - | | 1 | S | | | | | I . | | | | | . 1L 11
10~° 107! 1 10
my [GeV]

Higher energy



Small(ish) Dark Photon Experiments

e (Very) Rough timeline:

Complete, analyzing/
taking data
or commissioning

Installing, active R&D

HL-LHC era

Future collider era
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ILC Beam Dump

ldump ldec

>
Muon shleld Decay volume Detector

L Beam dump
- _

ldump =11 m
lSh =70 m
[gec = 50 m
Fdet = 2m

Annihilation or Bremsstrahlung production of A’

 Preliminary study focused around ILC-250 design proposal

o Epeam = 125 GeV, N,. = 4 x 10°!/year


https://arxiv.org/pdf/2105.13768
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(b) positron beam dump
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ILC Beam Dump
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Muon Beam Dump

— —— —_— — —

|

|

|

|

|

|

|

|

|

|
Detector

Shielding
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LS’I Ldec A

# Decay Region Tracker or calorimeter

>

Shielding material to stop light
particles + magnetic field to remove
remaining beam particles

Decay region, gives time
for new particles to
decay back to SM

Bremsstrahlung production of A’
In lead or water target


https://arxiv.org/pdf/2310.16110
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Muon Beam Dump

Detector

& Decay Region Tracker or calorimeter

7

Shielding material to stop light
particles + magnetic field to remove
remaining beam particles

Decay region, gives time
for new particles to
decay back to SM

Bremsstrahlung production of A’
In lead or water target

* Proposal examines visible final states with muon beam energies from order
10 GeV to 5 TeV, with various numbers of muons on target


https://arxiv.org/pdf/2310.16110

e Good reach even at
more modest
energies

Muon Beam Dump
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Additional final states? Only e*e~ and
ut ™ examined here

What kind of detector?

Efficiency studies


https://arxiv.org/pdf/2310.16110

Muon Beam Dump

10~2
§ | Lead Target B, =12.0 m
ﬁ ¥-1|— — — 7 77 f———--- - -7 < 8 10_3 EO = mh/2 Lsh —=10.0 m
Target + ‘ Ly =50.0 m
Shielding Decay Region = R Ormae = 1072
< > < > < > 107
Ltar LSh Ldec : AI,, = 10%
10-5. e N, =107
§ s N, =10"
w

What’s next?

Detailed signal and background studies 10-7-;

Target feasibility studies

10—6-

108

Dark Photon

Additional final states? Only e*e~ and

ut ™ examined here

What kind of detector?

Efficiency studies

BE

| 10! 102
m [GeV]

arXiv:2310.16110 15

10-2
Lead Target L;,,=5.0 m
L. =100.0 m
Hma:r i 10_2
1074 |
N, = 10*
10-5. e N, =107
. N, =107
1076 \\
7 ':‘
10 _—
108
109 Dark Photon
1072 107! i 10! 10°
m [GeV]

+ other muon collider related challenges to overcome
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o Both proposals Iook at several
other new physics models,
not just dark photons

e E.g. Long lived particles,
light scalar bosons, ALPs,
leptophilic gauge bosons..

Notes and next steps
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FIG. 2. The red and black curves show the bounds of se
sitivity for ILC-250 GeV at 95% C.L. with 1- and 20-ye
statistics. The shaded regions are constraints for E137 frc

25], SN 1987A from [25] 26], HB stars from [27], and SH
from [I8 25| [29].
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See also Douglas’ talk tomorrow
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(a) Scalar Production

Figure 1: Contours of expected number of signal events for the U(1).—, model.

energy is taken to be Eyeam = 125 (green), 250 (red), and 500 GeV (blue). The dc
and dashed lines are for N, = 1072, 1, and 10%, respectively, taking N, = 4 x
mixing parameter is taken to be k. = 1. The pink and yellow shaded regions a
by beam dump and neutrino-electron scattering experiments, respectively.

it does not cover new parameter space.

(b) Pseudoscalar Production

Figure 7: The reach plots for a 63 GeV muon beam (my,/2) on a lead target for the various
particles species with a leptophilic coupling as defined in Eq. (4.2). We consider only the
scalar and pseudoscalars out of theoretical motivation. The 10 GeV scenario is not shown as



Notes and next steps
Both MuC and ete”

'« Both proposals look at several|
t other new physics models, |
not just dark photons

* E.g.Long lived particles, |
light scalar bosons, ALPs, |
leptophilic gauge bosons...

te Length parameters and target
. materials will need to be
optimized for overall best
case scenario for new physics |

e Better Monte Carlo,
proposed detectors?

' Only one proposal each so far
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'« Both proposals look at severali

other new physics models,
not just dark photons

e E.g. Long lived particles,

light scalar bosons, ALPs,
leptophilic gauge bosons...

Length parameters and target '

materials will need to be
optimized for overall best

case scenario for new physics !

e Better Monte Carlo,
proposed detectors?

' Only one proposal each so far |

Notes and next steps

ete™ Collider

. experimental design thus |

far

* No dedicated proposals!
for other potential e e~ |

colliders, or higher
energy ILC

 Will have two beam
dumps, can
accommodate more
than one experiment

‘¢ Shorter time scale |
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Notes and next steps
Both MuC and e e~ etTe™ Collider Muon Collider

|+ Both proposals look at several| [e ILC-250 proposalonly | |+ Much more R&D to take |
| other new physics models, ! | experimental design thus | place on muon collider |
not just dark photons i | far i,- , technology in coming years

e E.g.Long lived particles, 1§ | | P O tunities f
- | | ¢ Nodedicated proposals| | * “YPPOIUNIES 101
light scalar bosons, ALPs, | | prop . additional smaller

leptophilic gauge bosons... Lo Lc;r”?(;[gfsr F())c;tﬁirg;]aelre e experiments during this
te Length parameters and target | energy ILC (jRI&dD P?adse, with SIOme
. materials will need to be SAICalet proposals
optimized for overall best , P already in place (e.qg. :
case scenario for new physics{ | ° Will have two beam P neutrino measurements)
dumps, can ||
e Better Monte Carlo, j accommodate more | |e Beam dump experiments
proposed detectors? i than one experiment | would also lend well to

i . { | precision SM
i* Only one proposal each sofar} e Shorter time scale | | measurements



Conclusion

e DarkLight:

e With the current 30 MeV setup: installation by end of year,
commissioning to follow

e Future 50 MeV upgrade to allow us to probe X17 favoured region

e Future collider outlook: lots of interesting physics can be probed with beam
dump experiments at future colliders

e Lots of cool work to be done determining best experimental approaches
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