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Dark photon production mechanisms 
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• The dark photon visible decay sector is quite crowded. 
 

• Huge and impressive harvest of results during the last ~ 7 years, from colliders, 
fixed target, meson decay experiments.  
 

• The possibility of explaining (g-2)μ is now closed (mostly due to NA48/2 π0 e+e- 
search) 
 

• Still vast and interesting regions to explore, but they require luminosities well 
beyond Phase 2.  

Dark photon visible decays 
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From SLAC Dark Sectors Workshop executive summary 
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One real golden channel at Phase 2: search for the invisible 
decays of the dark photon 
 

 
• Much more unconstrained wrt visible decay case 
 
• May still probe (g-2)μ anomaly 

 

• May give access to light dark matter 
 

• Requires specific triggers (not guaranteed at higher luminosities) 
 

• Both signal and background come from the continuum  
 

•  can be searched at any c.m. energy, provided machine conditions are good 
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From B2TIP report (draft) 
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E = (s-mA’
2)/2s 

monochromatic photon 

If light dark matter mA’ > 2m exists, then all BRs to SM particles ~ 2      
BR(A’  )  100%, with  escaping detection 
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Kinematically equivalent description in 
terms of E or mA’ (missing mass) 

The process 
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Y3S+invisible 
           28 fb-1 

Two week data taking run in July 
(criticized result) 

BaBar took a small portion (~54 fb-1 ) 
of the full data set with a single 
photon trigger. 
 
Belle never had one 
 

Dark photon to invisible: present situation 

Space left for aμ 

Unpublished (conference paper) 
reinterpretation of  a Y3S+h0 
 search. Angular distributions are quite 
different (vector vs scalar). Some 
refinement of the measurement expected. 
Former Belle II projections were based on 
this result. 
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From C. Hearty presentation at October Belle II  GM  
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From C. Hearty presentation at October Belle II  GM  
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From C. Hearty presentation at October Belle II  GM  



From C. Hearty presentation at October Belle II  GM  
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From C. Hearty presentation at October Belle II  GM  
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From C. Hearty presentation at October Belle II  GM  
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From C. Hearty presentation at October Belle II  GM  
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From C. Hearty presentation at October Belle II  GM  
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Probably optimistic, but anyway a solid indication of a very interesting potential reach.  
Main concerns are about: 
 
• Truth Monte Carlo vs real life 
• Machine conditions 
• Trigger performances (or, more generally, sustainability) 

Anyway, let’s take literally  this estimate and locate it in time, 
somewhere in late 2018 

Big improvement wrt former projections based on BaBar: mostly 
due to the non-projective cracks of ECL 
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NA64: 

They will run all along 2017 (and part of 2018) 23 



PADME (LNF) will start  by ~ mid 2018 
(after KLOE-2 roll out)  
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KLOE-2 implemented a single photon trigger (~ 350 MeV threshold, barrel only) right now 
and will (hopefully) run with it up to the end of the data taking (approximately additional 
2 fb-1 by mid 2018). Rough potential reach ~ 10-3,  but more studies are needed (it might 
be sustantially better or worse, depending on how well machine background is rejected).    
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0.3 

Belle II 20 fb-1 
(preliminary) 

Belle II 50 ab-1 ?  

KLOE-2 

 

mA’ (GeV) 

PADME 

KLOE-2 implemented a single photon trigger (~ 350 MeV threshold, barrel only) right now 
and will (hopefully) run with it up to the end of the data taking (approximately additional 
2 fb-1 by mid 2018). Rough potential reach ~ 10-3,  but more studies are needed (it might 
be sustantially better or worse, depending on how well machine background is rejected).    

A very interesting picture for 
us , both along horizontal 
and vertical scales 

Don’t take these numbers to the last digit. Lines drawn ‘by eye’ 
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Venendo a noi … 

La misura è per ora saldamente nelle mani del gruppo di Vancouver/British Columbia 
(Chris & Torben) 
 
Un possibile spazio di inserimento potrebbe riguardare l’utilizzo del KLM, nelle cui attività 
di commissioning saremo in ogni caso coinvolti. 
  
KLM può essere usato sia per rivelare fotoni, sia per sopprimere i fondi derivanti da 
inefficienze di ECL in regioni specifiche.  
Inoltre, campioni di e+e- μ+ μ- e e+e- μ+ μ-  possono consentire una «radiografia» di 
alta precisione del calorimetro, essendo questa ricerca molto sensibile ad inefficienze, 
cracks, ecc … 
 
Su questa base abbiamo avuto un breve approccio con Chris allo scorso GM, per il 
momento senza seguito. 
 
Il gruppo di Roma3 conterà su un nuovo dottorando ad inizio di gennaio (G. De Pietro).  
Se decidesse di scegliere questo come argomento di tesi, naturalmente, l’attività potrebbe 
subire un boost.   
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BACKUP SLIDES  
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From C. Hearty presentation at October Belle II  GM  
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