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•  At s ~ 1 GeV, the KLOE experiment at 

DAFNE, Frascati, has accumulated about 

2.5 fb–1. A new run is planned to start this 

fall with the goal of reaching, within a few 

years, ~ 10 fb–1 

•  At s ~ 3 GeV, the BESIII detector in 

Beijing aims at collecting an integrated 

luminosity ~ 20 fb–1  

• At s ~ 10 GeV, the Belle and BaBar 

experiments in Japan and USA have 

integrated about 1 ab–1 each. There exist 

programs to reach ~ 50 ab–1 with future 

generation SuperB factories  

 High luminosity electron-positron colliders have operated in the last 

decade all over the world, accumulating unprecedented statistics at 

the energies of interest. There are also plans to increase considerably 

the available data sets, at least in some cases, within a few years 
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 One of the key ingredients of the  success for these facilities is the 

possibility that they offer to attack the same physics problem with a 

large number of different techniques.   

1.  Continuum events together with a radiated photon 

2.  Continuum events in associated production with a light higgs-like 

particle 

3.  Vector or scalar mesons decays  

 As for the dark photon (or U boson), it can be (and has actually been) 

searched  for in three different categories of events: 

In the following I will try to make the status of art of all the three 

techniques and discuss on future perspectives 



 An U boson can be created in the reaction e+e– →Ug  

 It can eventually decay to a charged lepton or pion pair giving rise to the 

process e+e– →l+l–g  

 It has to fight with a huge QED background but obviously it has the 

advantage of being resonant around MU  



 The cross section scales with 1/s, so lower energy colliders are favourite  

where kinematically allowed 

 A rough estimate of the S/B  for this process is:  
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 where σ0 is the e+e– → gg cross section at the energy of interest and m is 

the invariant mass resolution of the experiment 

 Using typical luminosity/resolution figures for the present day experiments 

(BaBar, KLOE, BESIII) the possible reach is ε~ 10–3 



BaBar has in fact already searched for resonances in (2s,3s) → μ+μ–g, 

(3s) → +–g,  and (2s,3s) → hadrons g, events, motivated by the 

existence of possible axion-like particles or of a very light Higgs A0  

Since no eccess was seen on the expected backgrounds for all of the 

three channels, upper limits on B(→A0g→Xg) of ~10–6 could be set in 

a wide mass range from  muon-pair production threshold to 10 GeV 

(PRL 103, 081803 (2009) , PRL 103, 181801 (2009) , arXiv:0808.0017)   

They have collected about 108 decays of both types of resonance, 

with efficiency on the signal ranging between 25% to 50% depending 

on the A0 mass   



A similar study was also performed by BESIII using J/→g events  

Using a data sample of 106 millions ’→J/   decays they have 

set a limit on J/→gA0, A0 →  ranging between 4x107 and 2x105  

PRD, 092012 (2012) 

 Taking into account that the angular distributions, and therefore the 

detection efficiency, for the production of a scalar A0 and of a vector U 

boson are different, this and the previous result can be translated into 

a limit on ε ~ 10–3   
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KLOE has in fact directely searched for a vector particle, using the 

g  sample selected for the study of the hadronic contribution to the 

muon g-2 (arXiv:1212.4524, accepted by PLB) 

This uses  250 pb1 taken in 2002, corresponding to  about 1/8 of the 

total available statistics.    

Unfortunately the 

acceptance for this specific 

analysis has a sharp 

decrease for invariant 

masses below  600 MeV. 

For higher masses instead a 

rather strong limit can be 

set, down to 2  3x107.  

Work going on to fill the gap, 

though.     



If one assumes an higgs-like mechanism of mass generation  the so 

called higgs’-strahlung: e+e– → U h’, can occur 

The cross section for this process scales approximately as 2D and 

for reasonable asssumptions for these parameters it can be as 

large as ~ 1 pb at DAFNE energies  
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There are two distinct possible signatures for this process depending on 

which among the U or the h’ is heavier 

If mh’ > mU, then the h’ can decay into a pair of a real or real-virtual U, 

which in turn translates into a 6 charged tracks final state 

BaBar has searched for such events in their full data set, assuming that 

m h’ > 2mU  in the mass range 0.8 < mh (GeV) < 10, 0.25 < mU (GeV) < 3 

For these mass values and mixing  104 both particles decay promptly  

(Belle has presented preliminary results of  basically the same quality) 
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6 events are observed by BaBar in various combinations of final 

states, well in agreement with the expected SM backgrounds  

This has allowed them to set strong 

limits on the value of 2D in a wide 

mass interval for both the U and the h’ 

PRL 108, 211801 (2012) 



1. There is no physics background. The main contamination comes 

from QED events with an undetected photon. Here the ermeticity of 

the detector plays a crucial role  

2.  In case of photon losses, however, Pmiss = Emiss, which is not the 

case for massive particles.  

3.  The angular distribution for the higgs-strahlung is proportional to 

sin3(θ), which enhances the geometrical acceptance and further 

suppresses the QED backgrounds 

In the case  the h’ is lighter than the U, it is relatively long-lived, 

O(10–9 s) . It therefore tends to escape detection, giving rise to a 

lepton pair + missing energy signal 

There are several nice features for  this type of signature:  
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 KLOE has searched for these events both in the data at s = MF and 

in the much less copious sample (250 pb1) at s = 1 GeV. The latter 

data have the advantage of being almost free of the KK  background. 

Limits similar to BaBar but for a completely different mass range have 

been obtained 
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The U boson can be observed in mesons decays also 

Many of them have radiative decay channels to one photon. Therefore 

they can decay to a U meson with a BR ~ε2 BR(→g) 

Typically, BR(→g) ~10–2 thus one needs ~109 mesons to reach a 

sensitivity for ε~10–3 

At DAFNE, 3x109 F mesons are produced every fb–1. The channel to 

look at is F→U, the “standard”  radiative BR(→g) being 1.2% 

KLOE has performed this search looking for   mesons identified 

through their +–0 and 30 decay channels, which account 22%, 

and 39% of the total, respectively   
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Recoil mass to the e+e pair after M
gg
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h peak 

F → ee → 0ee 

• 4 tracks and 2 prompt g’s 

candidates 

•  Best gg match to the  

mass using pion hypothesis for 

tracks. Other two tracks assigned 

to ee 

• 495 < Mgg < 600 MeV 

   70 < Mgg < 200 MeV 

   535 < Mrecoil < 560 MeV 

• Photon conversion + ToF cuts 
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F → ee → 000ee 

• 2 tracks and 6 prompt g’s 

candidates 

•  536 < Mrecoil < 554 MeV 

• Photon conversion + ToF cuts 

Easier than the charged 

channel because of less 

physics backgrounds 
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After all cuts 14000 events survive in the charged channel and  

29000 in the neutral one 

The two fits to the Mee spectrum agree with each other.  No evidence 

for unexpected peaks above the standard Dalitz decay spectrum  



The final exclusion plot partly depends on the assumption  made 

about the form factor for F dalitz decays 

        2  1.5x105 @ 90% CL for 30 < MU < 420 MeV 

        2  5.0x106 @ 90% CL for 60 < MU < 190 MeV 
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PLB 706, (2012), 251 

PLB 720, (2013), 111 



 BESIII has published a search for invisible decays of the  and ’ 

mesons, motivated by the possible existence of light neutral dark matter 

particles. This is the extension of the previous BES paper PRL, 97:202006 

 Events are selected by looking at 

J/ → F(’) decays, with the F 

tagged by its charged kaon decay 

mode 

 A signal should consist in a bump 

of the recoil mass spectrum 

against the F candidate 

corresponing to the  or ’ mass  



 Using a sample of 225x106 J/ events, BESIII could set a limit of 

2.58x10–4 and 2.39x10–2 for the invisible decays, normalized to the 2g final 

states, of the  and the ’ respectively (arXiv:1209.2469 accetped by PRD), 

which in turn translate to:  

BR(→invisible)  <  1.0 x 10–4    @ 90% CL 

BR(’→invisible)  < 5.3 x 10–4    @ 90% CL 

 These limits constrain the decays (’)→UU where each U decays 

invisibly with branching ratio Binv. 

 Accordingly, the effective couplings of the U bosons to light quarks are 

determined to be  

invs Bxf /104|| 2invdu Bxff /103 222 



 The previous analysis drives me to the discussion of the open issues and 

future perspectives in the field 

 Actually I can see three major points under this respect 

1.  The search for invisible U boson decays 

2.  The exploration of very low masses 

3.  The exploration of very low effective couplings 



 Searches for invisible decays require the presence of a well identified and 

as much as possible background-free tagging signal together with the 

largest possible hermeticity of the detector  

 As an example one can take the search 

of BaBar for an invisible decay of a light 

scalar A0 in reactions 

(2s)→(1s)→gA0  

 Using a sample of 108 (2s) decays 

they have been able to set interesting 

limits on this type of decays, as well as 

on decays of the (1s) to light dark 

matter (PRL 107 (2011) 021804) 

Note that here the tag is provided by 

the dipion transition (2s)→(1s) 



 BaBar has also performed a similar study by taking a few weeks of data at 

the (3s), with a specific trigger configuration (arXiv:0808.0017) looking for 

(3s) →gA0 →g nothing 

 The data set was divided into two 

different classes of events, 

depending on the  photon energy 

(corresponding to two different 

sources of contamination) 

 No evidence of a signal has been 

found in either of the two samples, 

resulting in a limit at 90% CL of 

B((3s)→A0g ) < (0.7-31)x10–6 for 

mA  7.8 GeV  and A0→ invisible 



 A similar signature arises in the case in which the U boson is generated 

by a “leptophilic” U(1)Li-Lj symmetry, as advocated by some specific model, 

therefore  coupling directly to a  pair  

– 

 In this case the process to look at is e+e– → g + nothing, the photon being 

monochromatic  

 SM backgrounds are suppressed by a factor ~G2
Fs . Moreover the 

photon spectrum is non-resonant in this case 

 The authors of PLB 679 (2009) 362 

conclude that, for BESIII it is 

possible to reach a sensitivity of 

~10–4 for the gauge coupling 

constant gl of the new interaction 

with leptons  



 In the case of KLOE, a single photon trigger has never been 

implemented. According to my experience, it would probably be very much 

affected by machine backgrounds  

 Moreover, this kind of analysis requires the best possible energy 

resolution, so that higher energy colliders are favourite due to the typical 

scaling of resolution with some inverse power of E. Also, the intrinsic 

resolution of KLOE is lower with respect to the other detectors, as shown 

by the following table 

DETECTOR RESOLUTION AT 1 GeV 
(MeV) 

KLOE 55  

BESIII 25 

BaBar 25 

Belle 20 



With the electron-positron final state, one can hope to access very low 

dark photon masses. However here, besides the obvious QED 

physics background, the real problem comes from an instrumental 

background, specifically from photon conversions on the detector 

materials in e+e– → gg events 

  The name of the game here is being able to determine the true origin 

of the  two tracks, while minimising the detector material budget     

In BaBar the amount of material before 

the SVD ranges between 1 and 2 per 

cent of X0, depending on the polar 

angle of the track. The SVD itself 

increases this number to 4-6%   

NIM A 479, 1-232 (2002) 



KLOE-2 is preparing for the installation 

of a new internal vertex chamber, 

based on the cylindrical GEM 

technology, which will improve the 

detector’s vertex resolution while 

increasing the total material of only 

~2% of a radiation length  

The beam pipe of KLOE contributes for ~ 0.2% of X0, while the DC 

internal wall gives another ~ 0.5%. However, since the first DC layer 

is at ~ 25 cm from the IP, vertexing at KLOE is not exceptional 

This gives some hope that the e+e– channel could be studied at 

KLOE-2. Detailed MC studies have still to be performed 



Four layers based on Cylindrical GEM technology 

Drift Chamber 

CGEM-IT 



The third point in my previous lists (low effective couplings) implies  

just one basic requirement: higher luminosities 

In general luminosity increases with s, the same power with which 

decrease cross sections. The present day best performance can be 

parametrized as Lpeak  few x 1032 x s(GeV) cm2s1    

Plans to improve by one order of magnitude are going ahead, 

particularly with SuperKeKB (SuperB is officially dead). This will allow 

us to increase our sensitivity to some extent in the region of higher 

masses while in the region of lower masses fixed target experiment 

will remain more powerful 

An interesting approach to solve this problem has been proposed 

recently by B. Wojtsekhowski and collaborators (arXiv:1207.5089)   



The idea is to use the  positron beam of VEPP-3 (500 MeV) on a gas 

hydrogen internal target.    

The search method is based on a missing mass spectrum in the 

reaction ee →gU, which allows the observation of the U 

independently of its decay modes and lifetime  for MU 5-20 MeV 

The VEPP-3 internal target already exists and has been used to 

make some nuclear physics experiments with a luminosity of order 

1032 cm2s1  

The project is under discussion at BIMP: it might require a few years 

to  be implemented. Still I believe this technique is very intriguing and 

deserves the proper attention   



In conclusion:  

• Electron-positron colliders have proven to be particularly effective in 

the search for dark photons (no signal seen, however) 

• New generation machines might be useful in continuing these 

searches for dark photon masses  1 GeV 

• For lower masses fixed target experiments look at present more 

powerful    

• Still some new, unconventional ideas might lead to surprises  


