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Physics
• Precision measurements of muonic QED interactions 

show deviations from theoretical expectations:
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Muonic Proton Radius (Pohl et al.) Muonic g-2 (E821)
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Dark Forces
• A particle that explains this may also be connected to the 

dark sector, acting as a force carrier for Dark Matter

4

u
up

2.4 MeV/c

½ c
charm

1.27 GeV/c

½ t
top

171.2 GeV/c 

½

d
down

4.8 MeV/c

-
½ s

strange

104 MeV/c

½
- b

bottom

4.2 GeV/c

½
-

e
<2.2 eV/c

0

½

<0.17 MeV/c

0

½

<15.5 MeV/c 

0

½

e
electron

0.511 MeV/c

-1

½
muon

105.7 MeV/c

½
-1

tau

1.777 GeV/c

½
-1

photon

0 
0

1

g
gluon

0

1

0

Z
91.2 GeV/c

0

1

80.4 GeV/c

1

±1

mass

spin
charge

Q
ua

rk
s

Le
pt

on
s

G
au

ge
 b

os
on

s

I II III

name

electron
neutrino

muon
neutrino

tau
neutrino Z boson

W boson

Three generations 
of matter (fermions)

W

0

±

H
125 GeV/c

0

0
Higgs
boson

2 2 2 2

2 2 2

2 2 2 2

2 2 2 2

?
>800 GeV?

?

?
dark
matter

?
>800 GeV?

?

? A
>10 MeV?

0

1
dark
matter

dark
photon

'

• g-2 measurement suggests 
where to look in coupling 
strength and mass:

Figure 1: The constraints on the hidden photon model are shown. The red–solid line
is updated by the analysis in this letter, which is compared to the previous one [5],
drawn by the red–dashed line. The constraint from the transition frequencies is also
displayed by the blue solid line, where the 1S1/2−2S1/2 and 2S1/2−8D5/2 transitions
are analyzed with the proton radius input by the electron–proton experiment [12, 22].
The regions favored by the muon g− 2 at the 1 and 2σ levels are shown by the dark
and light green bands, respectively.

A transition frequency is written by the Rydberg constant and the corrections
from the SM and the hidden photon as
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where the left-handed side is measured by experiments, while the quantities in the
bracket are theoretically given. In particular, the SM corrections, δSM, are well known
for the hydrogen atom. They consist of relativistic corrections, recoil corrections, self
energies, vacuum polarizations, two- and three-photon (loop) corrections, and finite
size corrections of the proton. The detailed evaluations are summarized in [12]. The
relative uncertainty of the prediction is of O(10−12). The leading part comes from
the measurement of the proton charge radius, which will be mentioned later, and
the next-to-leading one, which is of O(10−13), is from ambiguity of the evaluation of
the two-photon correction (see discussions in [12]). On the other hand, the hidden
photon shifts the energy levels by δA

′

, which is obtained in Eq. (14). As we will
discuss later, the other contributions are negligible.

Since the correction from the hidden photon δA
′

is tiny, if Eq.(34) is used to
constrain the hidden photon model, it is crucial to determine the Rydberg constant
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(muonic hydrogen not included)
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Producing A’

• The goal is to look for A’ production in an 
environment where no other resonant 
meson production occurs.  √s < 100 MeV
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A’ A’
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Reconstruction
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QED Background

Reconstruct e+e- invariant 
mass, look for peak amidst 
smooth QED background

A’

A’ A’
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Other Measurements

• In addition to A’→e+e-, 
the same apparatus 
can be used for:

• A’ to invisibles 
search

• Proton radius 
measurement
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Design Needs
• Overcome small coupling:  

Intense beam will provide 
0.5 ab-1/month.

• Eliminate other production: 
Beam energy < 100 MeV is 
below the pion production 
threshold.

• Control QED background:  
Good momentum resolution 
in tracking detectors aim for 
A’ mass reconstruction with 
1 MeV accuracy.
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JLab FEL

• 6 x 1016 e-/sec

• 100 MeV
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Continuous Wave
 Energy-Recovering Linac
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Beam Tests
• Demonstrate beam can 

pass through 2mm 
diameter aperture

• Characterize photon and 
neutron backgrounds

• Verify trackers can operate 
in that environment
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Beam Tests
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2mm hole, 8 hours, 75Mhz 4.4mA 60pC/pulse
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Design

12

• Collimated electrons impinge on the hydrogen gas 
target.

• Proton recoil detected by inner silicon

• Leptons pass into Time Projection Chamber and 
Scintillators
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Target

• Windowless target, aggressively pumped

• Gas thickness ~1019cm-2 with 10mA beam yields 
~0.5 ab-1/month

• Thin beryllium beampipe

13



Ross Corliss (MIT)                                                                                IF Workshop,  4/26/2013

Tracking

• Si detector for proton 
recoil

• TPC + 0.5 T magnet

• High track density

• ~250 μm hit res.
• Magnet confines

low-pT backgrounds 
(e-p and Moller)

• Scintillators serves as 
veto for invisibles search
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GEM TPC
• Rate forbids Gating Grid

• Ion Backflow can be 
controlled by GEM stack:
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Simulated Performance

• Reconstruction of all final 
state particles is essential.

• Momentum resolution 
from early MC study 
shows σpT/pT = 0.06 for 
200 MeV tracks

• A’ mass resolution
0.2-2 MeV/c2
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Fits to reconstructed 
mass of A’ in various MC
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Triggering

• Has to handle 
high input rate:

• 3-lepton events 
~1MHz

• +recoil proton 
~10 kHz
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Status

• Successful beam test has proven feasibility of 
target design at FEL

• In last stage of review at Jefferson Lab

• if approved, will seek funding and move to 
technical design and review

• Hoping for commissioning run in 2015

• And data-taking runs in 2016
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Summary

• DarkLight is a compact magnetic spectrometer for 
e-p→e-pA’→e-pe+e- detection with mA’ 10 - 90 MeV

• Complementary to other heavy photon searches

• Currently finalizing JLab approval
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Plasma Windows
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