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Experiment Setup
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Results and perspectives in dark photon physics (2015)

BEPC electron beam line:
• Incident Energy (!!): 2.9 GeV
• Target (Tungsten) : 0.1"!
• Shield Length (#"#): 

• 0.05, 0.1, 0.2, 0.3, 0.4, 0.5 [m]

Simulation Assumption:
• 20 incident electrons per event
• Only one dark photon per event
• EOT: 10$%

Signal Model: 
• LDMX (G4DarkBrem) - fully integrated
• CalcHep (DSS) – still under refactoring

https://s3.cern.ch/inspire-prod-files-2/235d83cdb212f5e1fd393b72579d89e3
https://github.com/tomeichlersmith/G4DarkBreM/tree/8bc35bba388348be90daef906e02f7f8adf6c64c


Sensitivity Estimation
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• Calculate Γ&!→ℓ"ℓ# for each mass point
• Generate random lifetime (exponential decay)
• Boost to lab frame and give "
• Calculate ") w.r.t the beamline (compared with "*+)

Consistent with Xiang’s results 

EOT estimation:
• N-./ = 3!&×0.160×ℒ×

1+
),

×102%3×$&

3!& calculated from LDMX

Get quick estimation of limit suppose signal eff ~ 
100% with 0.5 bkg
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Sensitivity:
Should focus on 
small masses with 
4 ∈ [10!", 10!#]



Some beam parameters

Particle Accelerator Kinetic Energy (GeV) Electrons per Bunch Repetition Rate (Hz) EOT/year (×-.-.)

CEPC linac 20 1.88E10 100 6E19

BEPCII linac 2.9 1.25E10 50 2E19

EicC 3.5 1.7E11 0.588 0.3E19
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FIG. 6. Parameter space for dark photons (A0) with mass mA0 > 1 MeV (see Fig. 7 for

mA0 < 1 MeV). Shown are existing 90% confidence level limits from the SLAC and Fermilab

beam dump experiments E137, E141, and E774 [116–119] the electron and muon anomalous mag-

netic moment aµ [120–122], KLOE [123] (see also [124]), WASA-at-COSY [125], the test run results

reported by APEX [126] and MAMI [127], an estimate using a BaBar result [116, 128, 129], and a

constraint from supernova cooling [116, 130, 131]. In the green band, the A0 can explain the ob-

served discrepancy between the calculated and measured muon anomalous magnetic moment [120]

at 90% confidence level. On the right, we show in more detail the parameter space for larger values

of ✏. This parameter space can be probed by several proposed experiments, including APEX [132],

HPS [133], DarkLight [134], VEPP-3 [135, 136], MAMI, and MESA [137]. Existing and future

e+e� colliders such as BABAR, BELLE, KLOE, SuperB, BELLE-2, and KLOE-2 can also probe

large parts of the parameter space for ✏ > 10�4
� 10�3; their reach is not explicitly shown.

string theory constructions can generate much smaller ✏. While there is no clear minimum

for ✏, values in the 10�12
� 10�3 range have been predicted in the literature [140–143].

A dark sector consisting of particles that do not couple to any of the known forces and

containing an A0 is commonplace in many new physics scenarios. Such hidden sectors can

have a rich structure, consisting of, for example, fermions and many other gauge bosons.

The photon coupling to the A0 could provide the only non-gravitational window into their

existence. Hidden sectors are generic, for example, in string theory constructions [144–147].

and recent studies have drawn a very clear picture of the di↵erent possibilities obtainable in

type-II compactifications (see dotted contours in Fig. 7). Several portals beyond the kinetic
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~ 20 //, /0 per event

~ 55 1 per event

Background Simulation with Depth: 50 mm
• Count: Number of particles per event

Estimation of at least 150 tracks per event
Big challenge to tracking reconstruction
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Large kinetic energy

Background Simulation with Depth: 50 mm
• Kinetic Energy distribution [MeV]


