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R TRIUMF Physics Motivation
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QR TRIUMF Dark Matter
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QR TRIUMF Dark Matter
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R TRIUMF Dark Matter
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@,TRlUMF The Dark Sector
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@,TRlUMF The Dark Sector
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@,TRlUMF The Dark Sector
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Q@ TRIUMF Accelerator-Based Approaches

Beam Dump (Invisible Decays)

X

Beam Dump Detector

Neutrino Experiments, Proton BD Experiments
Possible future locations: JLab, MESA, ...
Re-analysis of old experiments
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Beam Dump (Invisible Decays)

X

Beam Dump Detector

Neutrino Experiments, Proton BD Experiments
Possible future locations: JLab, MESA, ...
Re-analysis of old experiments

Thin/Thick Target + Vertexing (Visible Decays)

A‘—' Intense Experimental Activity:
o w 2en] Il DarkLight: FEL 200MeV beam (JLab)

APEX: e+e- pairs (JLab)
Beam’s eye: HPS: e+e- pairs + displaced vertex (JLab)

A(C . . .
B m:kmg/#\\\ A1@MAMI: e+e- pairs (Univ. Mainz)
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QR TRIUMF Accelerator-Based Approaches
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QR TRIUMF Beam-Dump Experiments

Bjorken et al., Phys. Rev. D80, 075018 (2009)

c
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X X
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QR TRIUMF Past & Present

Proposal To Search For Low Mass,

Metastable, Neutral Particles at SLAC

SLAC E137 Experiment o my =10 MeV, ap = 0.1

Q5 ~ Submitted by

A. Abashian, J. D. Bjorken, L. W. Mo*,

W. R. Nelson and Y. S. Tsai
E-56 BLACK HOLE~

Fermilab - SLAC - VPI and State University 102

E
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3 July, 1980
- ot SRR SNV A
E = .
dw DETECTOR ﬁ _“____
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PEP ACCESS || w 1077F
Z ROAD 4 L
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o 100 200 300 400
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1074F

Axions, Heavy neutrinos from Z decays, photinos, other neutrals.

[ gray:

20GeV electron beam, 102 EOT accumulated. [ Amete Qpw 1% ~0.1

Mass range: 1-200 MeV. 10‘5; Sl Bl s
EM Cal + Wire Chambers: Detect EM showers + Direction. 10 10 0.1 1 10
Distance from beam dump: 383m. ma [GeV]

Operation: 1980'1982. B.Batell et. al, Phys Rev. Lett. 113, 171802

No events observed.
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QR TRIUMF BDX @ JLab

Proposed Detector:

820 Csl(Tl) BaBar EM Cal
Crystals: 32x5x5 cm

8 Modules, 10x10 crystals
SiPM readout

3m length, 0.5x0.5m CS

New Infrastructure

Beam:

E =11GeV

| =100uA
1022 EOT/yr

Detector Prototyping in progress.
Beam/Cosmics tests at INFN-Catania

Dark matter search in a

Beam-Dump eXperiment (BDX)
at Jefferson Lab

The BDX Collaboration

arXiv:1607.01390
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QR TRIUMF BDX @ MESA
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MESA accelerator:
— normal conducting injector
— two superconducting cavities
— several recirculations
— 1.3 GHz c.w. electron beam hall plans by Daniel Simon
I\

Electron Beam: 150MeV / 100uA (-20 kW)
In 10.000h operation ~3x1022 EOT / 5400C oo, ol oo goin
Dark Matter “Beam”: ~1Odeg Opening angle 1997,00 2784,00 | 800,00 800,001000,00 2250,00 300,00
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R TRIUMF

Pseudo—Dirac Thermal Relic DM
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E. Izaguirre et al.: Phys.Rev.Lett. 115 (2015) no.25, 251301
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R TRIUMF Experimental Reach

BDX@MESA, 10* EOT, E, = 150 MeV, d = 3m, m, = 1 MeV, ap = 0.1
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QR TRIUMF The ARIEL Electron Target

Photon Flux

Conical Trench Converter

Beam rastered over 5x5x2 = 50 cm?2
*  Finned, water-cooled backing
*  Max beam power = 60 kW

1E-1 *  Vertical target
*  Gold-Aluminum

12 primary converter layer
at ~300 °C y-ray window

1E-3
10 + ° ® e = 2 e 1™ I
— 10 3 ¢ e 2
0 . * e fissionsin 16 cm’target |, 2
2 e photon cone opening angle > W
= 2 .
< # o
8 10° 3 ° ° - 60 %
£ ) @
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2 s R water-cooled
= Lo g , at ~2000 °C
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E . =
: L 1 " 1 n 1 " 1 " 1 " 1 1 " 1 1 20 at ~60 OC
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electron energy (MeV)

A.Gottberg, L.Egoriti
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QR TRIUMF The ARIEL Electron Target

Photon Flux

Conical Trench Converter

Beam rastered over 5x5x2 = 50 cm?2
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R TRIUMF

Angle (deg)

Low Energy Beams Kinematics
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A’ production angle smaller wrt angle between decay products.
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2
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A lifetime: cr ~ 1/(ema)

A rate: Ra//Rps ~ €

Eo = 150 MeV
Eo = 30 MeV
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R TRIUMF Low Energy Beams Kinematics
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R TRIUMF Low Energy Beams Kinematics
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Q@ TRIUMF Logistics
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FLUKA99 simulation of neutrons from the
pre-separator maze to the separator vault.

~mSv/h radiation level during operation.
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Q@ TRIUMF

Logistics

Thick concrete wall between
target and separator hall.

~20m —> ~3x3m detector
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FLUKA99 simulation of neutrons from the
pre-separator maze to the separator vault.

~mSv/h radiation level during operation.
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R TRIUMF ISAC 1 Building

ISAC Mass Separator

Mass Separator Hall @ = 135°
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@TRIUMF Considerations for ARIEL

Beam Properties:
High power BD (~100kW expected, more w/o ISOL target..500kW?) , bremsstrahlung on Au (+Al)
Low beam energy (30 MeV): wide A’/DM beam
Nuclear effects: issue to study
Have to stay close to BD for good acceptance -> backgrounds?
Advantage: no muon/neutrino background
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Detector:
Tracking calorimeter / high segmentation
Low threshold -> BKG again
Veto system: cosmics, low energy neutrons
Timing? Likely not possible with CW beam (need sub-ns resolution) —> dedicated bunched beam?
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Tracking calorimeter / high segmentation
Low threshold -> BKG again
Veto system: cosmics, low energy neutrons
Timing? Likely not possible with CW beam (need sub-ns resolution) —> dedicated bunched beam?

Other:
Complex logistics: where to place the detector?
Any space in the separator room?
Radiation levels low enough?
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@TRIUMF Considerations for ARIEL

Beam Properties:
High power BD (~100kW expected, more w/o ISOL target..500kW?) , bremsstrahlung on Au (+Al)
Low beam energy (30 MeV): wide A’/DM beam
Nuclear effects: issue to study
Have to stay close to BD for good acceptance -> backgrounds?
Advantage: no muon/neutrino background

Detector:
Tracking calorimeter / high segmentation
Low threshold -> BKG again
Veto system: cosmics, low energy neutrons
Timing? Likely not possible with CW beam (need sub-ns resolution) —> dedicated bunched beam?

Other:
Complex logistics: where to place the detector?
Any space in the separator room?

Radiation levels low enough? Alternatives to a BD experiment?
Dedicated beam needed?
Full simulation needed ! High-power BD needed?
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R TRIUMF Conclusion

» DM constitutes ~25% of the Universe’s energy balance. LDM is a quite generic possibility and
there are minimal models (which are also UV complete).

» With a rapidly “heavy” DM window closing, “light” DM searches are gaining a lot of
interest.

® Dark sector experiments discussed at major labs equipped with electron machines:
SLAC, Cornell, DESY, ELSA, MAMI/MESA, Frascati, KEK, ...

BD-type experiments have the potential to explore unique parameter regions.

vV v

Parasitic running mode, in parallel with normal operation.

» Many experiments around the world investigating the dark sector: fixed targets, BDs,
colliders.
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» DM constitutes ~25% of the Universe’s energy balance. LDM is a quite generic possibility and
there are minimal models (which are also UV complete).

» With a rapidly “heavy” DM window closing, “light” DM searches are gaining a lot of
interest.

® Dark sector experiments discussed at major labs equipped with electron machines:
SLAC, Cornell, DESY, ELSA, MAMI/MESA, Frascati, KEK, ...

BD-type experiments have the potential to explore unique parameter regions.

vV v

Parasitic running mode, in parallel with normal operation.

» Many experiments around the world investigating the dark sector: fixed targets, BDs,
colliders.

A Dark Matter beam at TRIUMF !
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TRIUMF

Canada’s national laboratory
for particle and nuclear physics
and accelerator-based science

Thank you!
Merci!
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