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Search for a Heavy Photon ���
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•  Motivation 	


•  Possible new forces	


•  Dark matter observations/indications 	


•  A theory of DM (one of them) 	

	


•  Heavy photon	



•  Axion-like/Heavy photon searches	


•  Experiments under preparation	


•  Proposal for the storage ring VEPP-3	
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Where is new physics 	
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In the middle of the 18th century:	
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Where is new physics 	
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SM tests, constraints on new physics (per PDG) 	
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SM tests, constraints on new physics (per PDG) 	
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from STORY05, Y. Semertzidis	
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The motivation is the nature of dark matter	
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1985ApJ...295..422C

Dark Matter: In 1933 by F. Zwicky.  This plot from D. Clemens, 1985	
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The motivation is the nature of dark matter	
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3 kpc

8.3 kpc

Rotation curve (Clemens 1985)
The principle

Image by R. Powell using DSS data

Sun

Our galaxy is inside a halo of dark matter particles

Wednesday, July 18, 12
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The motivation is the nature of dark matter	
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D. Clowe et al., ”A direct empirical proof of the existence of dark matter”, 	


Astrophys. J., Vol.648, L109 (2006). doi:10.1086/508162	
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The DAMA/LIBRA experiment 

Bernabei et al. 
250 kg radiopure NaI(Tl)  
the Gran Sasso 

NIM A592:297-315,2008 
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The DAMA/LIBRA experiment 

2-6 keV

 Time (day)

R
es

id
ua

ls 
(c

pd
/k

g/
ke

V
) DAMA/NaI (0.29 ton yr)

(target mass = 87.3 kg)
DAMA/LIBRA (0.53 ton yr)

(target mass = 232.8 kg)

Energy (keV)

S m
 (c

pd
/k

g/
ke

V
)

-0.05

-0.025

0

0.025

0.05

0 2 4 6 8 10 12 14 16 18 20

DAMA collab., arXiv:0884.2741	
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The DAMA/LIBRA experiment 
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Recoil detection of the massive particle.	



Where is the gauge boson?	
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DM annihilation to Aʹs to the rescue!

mDM ~ TeV mA’ ~ GeV

Arkani-Hamed, Finkbeiner, Slatyer, Weiner 
Pospelov & Ritz

 also: A′ generates long-range force 
(Sommerfeld enhancement)

no anti-protons

�σv� ∝ 1
v

The theory of DM 
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(“dark photon”)	



small coupling	



• Large interest in Aʹ search	



• Number of considerations       	



       naturally give  Aʹ mass ~ 1 - 100s MeV	



DM annihilation	



Motivation for light dark photon 
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intensity ratio	



(“dark photon”)	



small coupling	



• Large interest in Aʹ search	



• Number of considerations       	



       naturally give  Aʹ mass ~ 1 - 100s MeV	



Motivation for light dark photon 
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Antiproton/proton	


intensity ratio	



(“dark photon”)	



small coupling	



• Large interest in Aʹ search	



• Number of considerations       	



       naturally give  Aʹ mass ~ 1 - 100s MeV	



Motivation for light dark photon 
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DM annihilation	



(“dark photon”)	



small coupling	



• Large interest in Aʹ search	



• Number of considerations       	



       naturally give  Aʹ mass ~ 1 - 100s MeV	



Motivation for light dark photon 
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Positron/electron	

 Antiproton/proton	

DM annihilation	



(“dark photon”)	



small coupling	



• Large interest in Aʹ search	



• Number of considerations       	



       naturally give  Aʹ mass ~ 1 - 100s MeV	



Motivation for light dark photon 
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How to search for new physics 	
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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 !

mixing induces coupling between 
ordinary matter and hidden sector matter

�

Holdom
Galison, Manohar
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How to search for new physics 	
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X A�
�

γ

Generated by heavy particles 
  X interacting with   andγ A�

X A�γ

� could even be O(1) (theoretically)

∆L =
�

2
FY,µνF �

µν “Kinetic Mixing”

our photon “heavy photon”

= mixing strength�
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How to search for new physics 	
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X A�
�

γ

Generated by heavy particles 
  X interacting with   andγ A�

X A�γ
natural from quantum 
fluctuations of heavy 

particles

our photon “heavy photon”

= mixing strength�

� ∼ 10−8 − 10−2
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Where to search for new physics 	
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New studies	


Beam on	



fixed target	



MA’  > 2 me	
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Recent summary of the searches 

S. Andreas, C. Niebuhr, A. Ringwald, arXiv:1209.6083 
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g-2 of muon and electron	



Missing particle in e+e- to .. 	



Decay to SM (e+/e-) -  	


	

Beam Dump	


	

Mass reconstruction	
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Recent summary of the searches 
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Recent summary of the searches 
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Recent summary of the searches 
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Ways to search for a new particle 

  Search for a bump in the mass spectra 	



  As it was done - Vector Mesons, Z, H 	



  Required beam: energy, intensity, duty factor���

  How small is the e+e- decay branching fraction?	


	

 	

	



26	



e+e− ↔ γ∗ and e+e− ↔ A�
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  Maximize production rate of virtual photons,	



  Optimization of the mass resolution, 	



  Optimization of the detector acceptance  	
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e+e− ↔ γ∗ and e+e− ↔ A�

γ∗

σmγ∗

Ways to search for a new particle 
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How look for Aʹ with MeV-GeV mass?

Rare meson decays

�
A�

B-factories,  Phi-factories

Searches ongoing

e+e- colliders

φ → η

π0 → γ

A�

A�

see talks by B. Echenard, Y. Liu

RE, Schuster, Toro
Batell, Pospelov,Ritz

Reece, Wang
Borodatchenkova et.al.

Fayet

slide from R.Essig lecture at PATRAS2012	
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Experiments under preparation	



Detector

Experiments done/planned at 
• Jefferson Lab (APEX, HPS, DarkLight)
• Mainz
• VEPP-3

Target 

e- Aʹ e-

e+

Aʹ

How look for Aʹ with MeV-GeV mass?

New e- fixed target experiments

see talks by 
J. Beacham (APEX)
P. Hanssen (HPS)
J. Boyce (JLab)

Bjorken, RE, Schuster, Toro

Reece & Wang

Freytsis, Ovanesyan, Thaler

slide from R.Essig lecture at PATRAS2012	



Detect both e+ and e-: mass reconstruction	
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Searches for a gauge boson A’ at JLab 	



Jefferson Lab site!

C!

A!

B!

D!

FEL!

J.R. Boyce.  DARK2012, INFN, Frascati, Italy.  16-19 Oct. 2012.    Slide 27            !
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Searches for a gauge boson A’ at JLab 	



James Beacham (NYU) Dark Forces Workshop -- Frascati, Italy -- 16 October 2012

APEX Center for 
Cosmology and 
Particle Physics

10

Experimental signature

Direct production at JLab
‣ Produce low mass hidden gauge bosons with weak coupling to SM via high energy 

electron beam incident on fixed high-Z (Ta) target
‣     decays to           pair with opening angle  ~mA�/Ebe+e−A�

e+

e−

e−

Z

A′

γ

Θ0 ≈ 5◦

Dipole septum magnets allow for 
detection of             produced at 

small angles
e+e−

APEX	
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Searches for a gauge boson A’ at JLab 	



APEX	



James Beacham (NYU) Dark Forces Workshop -- Frascati, Italy -- 16 October 2012

APEX Center for 
Cosmology and 
Particle Physics
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11

Experimental signature
l+

l−

e−

Z

γ∗

γ

l+

l−

e−

Z

e+

e−

e−

Z

A′

γ

Signal

QED 
backgrounds

?

Looking for a small, 
narrow bump on top 

of a smooth histogram 
of QED processes

Excellent mass resolution required

32	
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Searches for a gauge boson A’ at JLab 	



APEX	



James Beacham (NYU) Dark Forces Workshop -- Frascati, Italy -- 16 October 2012

APEX Center for 
Cosmology and 
Particle Physics

20

Final invariant mass spectrum QED radiative trident / Bethe-Heitler events
‣ Bump hunt for small, narrow resonance

Bump hunt / resonance search
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=224.525, edm=0.000204, CQ=3
A'

TestRunData_6_30_10_27, Wind 30, Cheb O(7), m =224.525, edm=0.000204, CQ=3
A'

TestRunData_6_30_10_27, Wind 30, Cheb O(7), m

Window size = 30.5 MeV
7th order polynomial fit

P (me+e− | mA� , σ, S, B, ai) =
S · N(me+e− | mA� , σ) + B · Polynomial(me+e− , ai)

S + B

λ(S) =
L(S, ˆ̂B, ˆ̂ai)
L(Ŝ, B̂, âi)

Probability model 
and profile 

likelihood ratio
Test mass:
m   = 224.525 MeV

209.525 MeV 240.025 MeV

Test run mass resolution:     ~ 0.85 - 1.11 MeVσ

A�

(0
.0

5)

APEX Test Run Data: Example Window

224.5 MeV 

240.0 MeV 209.5 MeV 
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Searches for a gauge boson A’ at JLab 	



Heavy Photon Search	



8 
PATRAS2012/HPS Experiment 

Chicago, 07/20/2012 

HPS Detector Overview 
•  Compact large forward acceptance spectrometer 
•  Silicon tracker/vertexer, inside magnet close (10cm!) to target 

•  All detectors split vertically to avoid ”sheet of flame” 
–  Primary beam, degraded electrons, bremsstrahlung photons, etc. 

~100cm 

beam  
e-’s 

Tracking/vertexing 
“measurement” 

Trigger/Particle ID 

beam  
e-’s 

dead zone 

e+ 

e- 

magnet 
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Searches for a gauge boson A’ 	



only g-2= ae, aµ,  

VEPP-3 and  
a portion 
of DarkLight 

are sensitive 

to “invisible”  
A’ decay modes 
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Searches for a gauge boson A’ 	
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The Intensity Frontier Workshop 	


at Argonne on 4/25-4/27, 2013	



http://www.lnf.infn.it/conference/dark	



The recent meeting	

 The part of Snowmass 2013	


http://www.snowmass2013.org	



/tiki-index.php?page=Intensity+Frontier	
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Options for an e+e- experiment at low s	



      	

A “very” low energy, s1/2 ~ 10-30 MeV	



a)  5 MeV x 5 MeV head-head collider of e+e- =>	



b)  Sliding beams of e+e- (250 MeV x 250 MeV)=>	


	

      Project needs a specialized accelerator with two rings	



c)  Our approach is a positron beam + atomic electrons	



37	



L ∼ 1024
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Luminosity of the colliders	



from W. Panovsky’s article in BEAM LINE	



For Ecm=100 MeV L ∼ 1026 − 1029cm−2/s

Dashed line is
L ∝ E2

cm
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Luminosity using initial state radiation	



∆L ∝ L × ∆s
smax

s ∼ 4E+ · (E− − Eγ)

when smax = 10 GeV and ∆s ∼ 100 MeV (APEX)
∆L ∼ 10−4L
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BABAR search using initial state radiation	


2
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0
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)2Candidate mass (GeV/c
0 2 4 60
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2000
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PRL 107, 221803 (2011)	


Search for Hadronic 	



Decays of a 	


Light Higgs Boson 	



in the Radiative Decay	
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M = 500 MeV	



BABAR search using initial state radiation	
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Where to find a positron beam?	



  A beam of 25 nA 400 MeV was produced at Saclay in 1980s          	



  Beam of 1 µA was used for SLC (120 Hz)	



  SLAC positron damping ring up to 1.2 GeV, 200 mA	



  DORIS   	



  VEPP-3 energy of 0.5-2 GeV, 50 mA	
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A few pictures of VEPP-3	
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Bend magnets	


RF cavity	


Injector	



Fix target expt.	
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Basic QED:  e+e- → γ γ   (mono-energetic)	


Search for :   e+e-  →  γ U  (peak below main)	



Basic QED:  e+Z → γ    (smooth brems.)	



The photo-production processes	



•  Detect γ at fixed angle 
with the beam:	



 	

reconstruct the mass             	


•  Variation with the angle:	


	

control systematic 	



•  Target Z 	


	

Hydrogen vs. 12C	
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Concept of an experiment with a positron beam	
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Concept of an experiment with a positron beam	
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500 MeV beam	



Proposal of an experiment at VEPP-3:      
BW, Nikolenko, Rachek, arXiv:1207.5089 
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Experimental layout	
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Positron beam on internal Hydrogen target	
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Anti-coincidence with the 
positron counters	



reduce QED background 	



e+E = 450 MeV

e+ = 1.5o
e+E = 100 MeV

e+ = 4.5o

e+ = 1.5o

e+ = 4.5o
Sandwich  #1

Sandwich  #2

vacuum  chamber

400

70

Physics background is the 
bremsstrahlung radiation 	
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Positron beam on internal Hydrogen target	
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A bump is e+e-2γ	
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VEPP-3 operation during ���
Two-Photon Exchange experiment	



50	



01:00 02:00 03:00 04:00 05:00 06:00 07:00

L
if

e
ti

m
e
, 
s

210

310

410

510

electrons positrons lifetime

VEPP-3: experiment E = 1600 MeV November 22, 7:00

I = 35.6 mA LT = 1039 s

C
u

rr
e
n

t,
 m

A

0

10

20

30

40

50



B. Wojtsekhowski,  April 12, 2013                            seminar at LEPP, Cornell	



Photon detector	
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Potential source of crystals:	
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Internal target for  ���
Two-Photon Exchange experiment	
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Kinematical correlation	
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Projected sensitivity in the parameter space	
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Projected sensitivity in the parameter space	
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Projected sensitivity 
for VEPP-3 (at 500 MeV) 
measurement at 
Lep =1032 cm-2/s 
(aver. current of 25 mA)  
in the six-month run 

- - - with 5 GeV beam  

These searches 	


are sensitive	


to “invisible”	
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Summary	



  Search for the A’/U boson in the photon recoil spectra	


   is possible using a positron beam and internal hydrogen 	


   target in the 500 MeV storage ring.	



   Available luminosity (~1032) allows a 10-100+���
   improvement over the (g-2) limit in mass range 7-15 MeV.	


   The range could be extended to 50 MeV with 5 GeV beam.	



  Segmented high-resolution electromagnetic calorimeter	


   is a key new part of the setup. 	




