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Known Forces

dark matter?
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New force
SU(3)C × SU(2)L × U(1)Y U(1)′

(massive)W±, Z

A new force
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W±, Z

Standard Model
quarks, leptons

γg

Hidden Sector
dark matter?

A′ (massive)
X

A′γ

The photon and Aʹ can mix !

∆L =
ε

2
FY,µνF ′

µν “Kinetic Mixing”

ε

Holdom
Galison, Manohar
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Generating Kinetic Mixing

A′γ γ A′

loops of heavy particles string theory

ε ∼ 10−8 − 10−2 is possibleε ! 1

Examples:

if inherited from Weak-scale, can get: ∼ 1 MeV − 1 GeV

in string theory, can also get ! eV

Aʹ Mass: two natural possibilities
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ε

Log10mA′ [eV]

Fixed target experiments (like APEX) focus on      

Jaeckel, Redondo, Ringwald, …

mA′ > MeV

Need to cover large Aʹ parameter space



Aʹ couples to Quarks and charged Leptons

X A′
ε

γ∗
e

q, !+

q, !−

mixing strength

Why can an Aʹ be detected?
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γ

µ+

µ−

magnetic dipole 
moment

!µ = gs

( q

2m

)
!s

spin

gs = 2
(Dirac)

can be measured 
very accurately

Hint from muon’s anomalous magnetic moment?
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gs != 2γ

µ+

µ−

magnetic dipole 
moment

!µ = gs

( q

2m

)
!s

spin

A′

Aʹ may explain observed           ! 

Pospelov 
Boehm, Fayet

(gs − 2)µ

can be measured 
very accurately

Hint from muon’s anomalous magnetic moment?
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Aʹ

e−

e−
e+

e+Aʹ

Aʹ

cosmic-ray e+, e- excesses?
PAMELA, Fermi, …

direct detection hints?
DAMA, CoGeNT, CRESST

Arkani-Hamed et.al.; Cholis et.al.; Pospelov & Ritz

Speculative, but amazing if true

Aʹ Hints from Dark Matter searches?   

hints inconclusive… laboratory expt’s could help
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Produce Aʹ in e+e- collisions

σ ∝ ε2

E2
cm

ε

=⇒ want low-energy (1-10 GeV), high intensity 
colliders (BaBar, BELLE, KLOE, ...)

RE, Schuster, Toro
Batell, Pospelov,Ritz

Reece, Wang
Borodatchenkova et.al.

Fayet

Aʹ



Broad array of searches needed and underway
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Rare meson decays
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Pospelov

Reece, Wang                       

Batell, Pospelov,Ritz

η → π+π−π0φ → ηA′ → e+e−A′

Many possibilities… e.g.
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Baumgart, Cheung, Ruderman, Wang, Yavin

Arkani-Hamed, Weiner
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hidden 
sector

Aʹ
decays to 

+

cf. “Hidden Valley” models 
Strassler et.al. [2006]

Lightest SUSY 
particle (“LSP”) 

is unstable…

But with an Aʹ:

Produce Aʹ through supersymmetry

Collider Signals, assuming SUSY exists



!−

A′

A′

“lepton jet”

“lepton jet”
Baumgart, Cheung, Ruderman, Wang, Yavin

Arkani-Hamed, Weiner

Shih, Thomas

Aʹ decays 
to leptons!

cf. “Hidden Valley” models 
Strassler et.al. [2006]

!+

!+

!−

Produce Aʹ through supersymmetry

Collider Signals, assuming SUSY exists
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!−

A′

A′

!+

!+

!−

If SUSY particles too heavy, then can’t produce these events

and need to 
assume Aʹ decays 
inside detector 
(i.e. lifetime is 
not too long)



Aʹ lifetime varies by orders of magnitude
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this region, if 
SUSY particles 
are light enough
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arXiv:0905.1478,1008.3356

Some Tevatron Results
no signal yet...

many LHC searches underway…

no limit if SUSY particles are too heavy !
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 Produce Aʹ via bremsstrahlung off e- beam on fixed target

e−
e−γ

A′
e−
e+

Z Z

assume Aʹ decays 
to e+e- pair

Fixed-Target Experiments

Target 
(e.g. tungsten)

Detector

cm’s -- km’s

e- Aʹ e-

e+

[Bjorken RE, Schuster, Toro]
[Batell, Pospelov, Ritz]

[Reece & Wang]
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Detector

10 m’s -- km’s

p e.g.
π0→ γA′

ShieldTarget Decay 
pipe

e.g. LSND, MINOS, MiniBooNE, Project X

produce Aʹ from meson decays

An aside: proton-beam fixed target experiments

Aʹ e-

e+

[RE, Harnik, Kaplan, Toro]
[Batell, Pospelov, Ritz]
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An aside: proton-beam fixed target experiments
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[Batell, Pospelov, Ritz]
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Large background, but:

Need new experiments

look for resonance or vertex 

Interesting 
unexplored region

me+e−

#
resonance

e−
e+

A′

vertex

e−
mA′

QED
background

target



• Aʹ Experiment (APEX)

• Heavy Photon Search (HPS)

• DarkLight

• MAMI in Mainz

• VEPP-3

Current & Planned Experiments

{JLab

Germany

Russia



The A′ Experiment (APEX) 

S. Abrahamyan, A. Afanasev, Z. Ahmed, E. Aliotta, K. Allada, D. Anez, D. 
Armstrong, T. Averett, A. Barbieri, K. Bartlett, J. Beacham, S. Beck, J. D. Bjorken, 

J. Bono, P. Bosted, J. Boyce, P. Brindza, N. Bubis, A. Camsonne, O. Chen, K. 
Cranmer, C. Curtis, E. Chudakov, M. Dalton, C. W. de Jager,  A. Deur, J. 
Donaghy, R. Essig (co-spokesperson), C. Field, E. Folts, A. Gasparian, A. 

Gavalya, S. Gilad, R. Gilman, A. Glamazdin, N. Goeckner-Wald, J. Gomez, M. 
Graham, O. Hansen, D. W. Higinbotham, T. Holmstrom, J. Huang, S. Iqbal, J. 
Jaros, E. Jensen, A. Kelleher, M. Khandaker, I. Korover, G. Kumbartzki, J. J. 

LeRose, R. Lindgren, N. Liyanage, E. Long, J. Mammei, P. Markowitz, T. 
Maruyama, V. Maxwell, J. McDonald, D. Meekins, R. Michaels, M. Mihovilovič, K. 
Moffeit, S. Nanda, V. Nelyubin, B. E. Norum,  A. Odian, M. Oriunno, R. Partridge, 

M. Paolone, E. Piasetzky, I. Pomerantz, A. Puckett, V. Punjabi, Y. Qiang, R. 
Ransome, S. Riordan, Y. Roblin, G. Ron, K. Saenboonruang, A. Saha, B. Sawatzky, 
P. Schuster (co-spokesperson), J. Segal, L. Selvy, A. Shahinyan, R. Shneor, S. Širca, 

R. Subedi, V. Sulkosky, S. Stepanyan, N. Toro (co-spokesperson), D. Waltz, L. 
Weinstein, B. Wojtsekhowski (co-spokesperson), J. Zhang, Y. Zhang, B. Zhao, 

and The Hall A Collaboration



Experimental Setup

HRS−right

HRS−left

Electron, P = E0/2

Positron, P = E0/2

.

.

Septum

W target

Beame-

choose symmetric configuration (angles and energy)

Aʹ
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• Test run in July 2010

• Results published in PRL 107 (2011) 191804, arXiv:1108.2750

• Demonstrated many key elements for full experiment

– accurate & efficient VDC reconstruction at high e– track rate
– coincidence trigger on S2 scintillators and Gas Cherenkov (e+ arm)
– tested understanding of background processes 
– spectrometer optics & mass resolution
– resonance search on 700K good trident events

APEX Test Run

Many thanks to JLab & Hall A staff for tremendous support! 

http://arxiv.org/abs/1108.2750
http://arxiv.org/abs/1108.2750
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~1 Month Beam Time
– 6 days at 1,2,3 GeV
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approved by JLab PAC 37 (pending radiation studies)
planning underway for full run
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Heavy Photon Search (HPS) @ JLab Hall B

Spokespeople:
Maurik Holtrop

John Jaros
Stepan Stepanyan



HPS Experimental Setup and Status

with vertexing can probe smaller couplings

{
momentum & vertex measurement

{
trigger & particle ID

• Proposal submitted Dec 2010 
• Approved by JLAB PAC conditional on successful test run  
• Requested test run in 6 GeV era & 6-month run in 12 GeV era
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uses JLab FEL, e- beam on hydrogen gas target
also sensitive to invisible Aʹ decays



VEPP-3

Aʹ

~500 MeV positron beam 
on liquid hydrogen target

look for Aʹ resonance or detect only 
photon (sensitive to invisible Aʹ decays)

Wojtsekhowski et.al.
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Summary: Aʹ constraints & prospects

B/Phi-factories 
can significantly 
extend reach

region motivated by theory, dark matter, muon g-2

HPS 
vertexing 

region



Plans at Mainz

APEX-like 
setup

DarkLight-like 
setup using 
MAMI’s FEL

Vertexing:
shield target 

region

see talk by Merkel at 
Intensity Frontier Workshop



Intensity Frontier Workshop 
requested by DoE

reviewed physics 
opportunities

Aʹ searches (and searches for 
light, weakly coupled particles 

in general) must be part of 
any sensible future U.S. 

Intensity Frontier Program



Conclusions
• Worldwide effort to search for Aʹ 

• JLab ideally suited for this physics

• JLab can play significant role: need to pursue aggressively



Conclusions
• Worldwide effort to search for Aʹ 

• JLab ideally suited for this physics

• JLab can play significant role: need to pursue aggressively

• Test Run demonstrated feasibility of experiment

• with relatively modest effort, APEX has enormous 
increase in sensitivity over existing searches: not 
common occurrence in physics!

• Ideal experiment to run as soon as possible…

APEX


