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A Beam-User's Disclaimer




Outline

Dark Matter and Dark Photons

Detecting Dark Photons In
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Dark Matter in Galaxies
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Dark Matter

Heavy Elements 0.03%
Interstellar Gas 0.3%

The Standard Model 2 0.5%

Neutrinos 4%

Dark Matter
27 %

Dark Energy




A Dark Sector?

The Standard Model
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Connecting to the Standard Model

A Y
A’ can kinetically mix via

heavy intermediary

(A" inherits small € coupling to SM particles)

» Mechanism for DM decay \% M \\,ﬁ




A' Searches

Dark Photon visible decay

Dark Photon invisible decay
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DarkLight Concept

'Detecting A Resonance Kinematically with eLectrons
Incident on a Gaseous Hydrogen Target

High intensity electron beam on dense gas
target to overcome small coupling (~ab-1/mo)
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Producing A’

Background

QED
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Detecting A

e Search for resonance in e*e” pairs

Model B

e High statistics help overcome
irreducible background

Cross Section (ftb/MeV)
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Standard Model Environment

Luminosity= 2x1036 cm-2s-1

Total Mgller rate 2°-5°
~ 30 GHz (E<100 MeV)

Total Elastic rate 2°-5°
~ 30 GHz (E~100 MeV)

= \Want full reconstruction of
final state to suppress these
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Rate of 100 MeV Elastic, Moller Scattering in 1° Bins
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Target and Beam

 Need high luminosity and low-density target

1. Linac+Fixed Target?
Target thickness unlimited V
Beam intensity too low x

2. Storage Rlng + Internal Target?
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| ERF at Jetferson Lab
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LERF at Jetterson Lab
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DarkLight Design

electron

beam

* Cylindrically symmetric detector
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DarkLight Design

electron

beam

* Windowless, thin-walled target cell
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DarkLight Design
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electron
beam

» Silicon detector inside target cell for recoiling proton
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DarkLight Design

electron

beam

e Cylindrical tracking layers for e+ / e-
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DarkLight Design

magnet yoke

magnet coll

Be bDeam pipe

_~ Gownstream traget bmiter

/¢£9;; carbon Moler dump
: N /  Iron Moller dump

electron
beam

e Solenoid and yoke for momentum reco. and Mgllers
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Phased Approach

 1A: Learn to operate LERF with Solenoid + Target

 1B: Measure radiative Mgller rates
(spectrometer design)

 1C: Proof-of-principle with partial coverage
- detector in solenoid ”
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Phase 1A

 1A: Learn to operate LERF with Solenoid + Target

orr gas, 0.5 Tesla field
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Phase 1A Beam Interaction

 1A: Learn to operate LERF with Solenoid + Target
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Phase 1A Detector

 Measure rates and evaluate detector performance

Scintillating strips

GEM tracking layers — o



Phase 1A Detector

 Measure rates and evaluate detector performance
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Phase 1B

 Measure radiative Mgiller rate using dedicated
spectrometers
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Phase 1C

* Proof-of-principle for A’ search
« Partial coverage (detectors similar to 1A)
* [riggered readout




summary

>10 MeV/c*?

e Dark photon may provide window to LA
'Dark Sector'

e High luminosity essential for search

e Summer 2016 / Near term:
- First internal target / solenoid in an ERL
- First measurements of radiative Mallers
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