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▪Nature of dark
matter?
▪WIMPS

▪Axions

▪Sterile neutrinos

▪…
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Dark sector with „dark force”:

new particles do not couple directly

to SM, but interact through „portals”

Possible explanation of some astrophysical anomalies

SPI/INTEGRAL, PAMELA, AMS, FERMI-LAT, HESS, ATIC
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▪ New „Dark” gauge symmetry leaves the SM particles unchanged. The 
associated gauge boson U, with mass MU, could couple to SM through the 
kinetic small mixing term in the Lagrangian:

Lmix = ½ ε Fμν
QED Fμν

DARK

▪ The dark mediator is called the dark photon

since it can mix with a photon in all processes

▪ MU < 2 GeV
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γD = U = A’



▪ We can search for its signature in Dalitz decays of mesons

▪ π0→e+e-γ analysis with WASA detector published

▪ New analysis in η→e+e-γ channel: Mη > Mπ

▪ Invariant mass of e+e- spectrum! 

▪ Mean life-time: 𝜏𝑈 ≅
3
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∈
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For example, if ϵ2>10-6, 

MU = 100 MeV/c2 then τU α 10-14 s and U 

mean free path less than 1 mm   



▪ η→e+e-γ larger mass range than π0→e+e-γ

▪ Unfortunately – lower statistics (σpp→ppη << σpp→ppπ )  
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THEORETICAL MODEL QED

μb << mb

Ref 16

Vector Meson Dominance
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Landsberg 1985

• Transition form factor fit:

F2(q2)=(1-q2/Λ2)-2



6Invariant mass of  e+e- [GeV/c2]

BR = 10-4

M = 250 MeV/c2

Invariant mass of  e+e- [GeV/c2]

BR = 10-5

M = 450 MeV/c2
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pp→ppη[→ e+e-γ] @ 1.4 GeV
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• π0→e+e-γ channel : Phys.Lett. B726 (2013) 187-193

• MonteCarlo(Background + Signal) ≈ Data

--- Data

--- MC π0→e+e-γ
--- MC π0→γ γ
…  MC Random coincidences

--- MC sum
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▪ PP collision @ 1.4 GeV

▪ 2012 Feb-Apr (6-7 weeks of data taking) ~100 TB of data

▪ Initial selection („preselection”): 
▪ Trigger system based on clusters in Central Detector

▪ Tracks in Forward Detector >= 2 (Energy, time and PID)

▪ Hits in Drift Chamber >= 14 (at least two trakcs with signals from 7 MDC layers)

▪ Charged clusters in CD thin plastic scintillators >= 2

▪ ~100 106 η
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1. Time information (CD Charged, CD Neutral, Forward)

2. Particle identification (Edep vs charge*momentum)

3. Rejection of internal conversion of photons (CA┴ vs IMee on the beam tube)

4. Total missing Energy, Total missing mass, Total missing momentum

5. Angular information (ηθ, γ*-γ in ηRF)

6. Missing mass of two protons (530-570 MeV/c2)

7. Invariant mass of e+e-γ (450-650 MeV/c2)
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e-
e+

π+π-

My analysis of pp→ppη[→ e+e-γ] @ 1.4 GeV

Time cuts Internal conversion rejection

Missing mass of pp
PID cut

Angular cuts

Missing momentum

Missing energy
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η → e+e- γ

Initial sample

Sample after selection
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▪ Acces to higher masses: 

Mη= 0.547 GeV/c2 

▪ ~15 000 η→e+e-γ

▪ no signal observed→ upper

limit
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Nev=β· (η γ γDARK) + SM background

DATA - MC

γDARK contribution

90 % CL limit
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χ2=6
Λ=0.714±0.06

• Transition form factor fit:

F2(q2)=(1-q2/Λ2)-2
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MM2p

MM2p vs IMee

IMee

Integral of fitted signal = 

bin content on IMee

histogram 

MM2p projection

for a given IMee

bin

Data Fit = signal + background
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▪ Based on Marcin Berłowski PhD thesis analysis with larger statistics

▪ New criteria on particle times and new identification

▪ Signal content consistent with zero – new upper limit on BR (to be released soon)

3-4 x 10-6
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▪ η → π0 γ*γ* → π0e+e- would conserve C-parity

C(π0γ*γ*) = C(π0)· C(γ*)· C(γ*) = (+1)· (-1)· (-1) = +1 = +1 = C(η)

▪ Expected theoretical BR(η → π0 γ*γ* → π0e+e-) ~ 10-9 – 10-12

▪ η → π0γ* → π0e+e- would violate C-parity:
C(π0γ*) = C(π0)· C(γ*) = (+1)· (-1) = -1 ≠ +1 = C(η)

▪ Current experimental limit: BR(η → π0e+e-) < 4· 10-5 (90% CL)

4 orders of magnitude between experimental limit and

SM expectation → room for physics beyond SM

▪ WASA-at-COSY preliminary limit (IMee>100 MeV/c2):

BR(η → π0e+e-) < 2· 10-5 (90% CL)
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KLOE@DAΦNE 
▪ e+e- collider in Frascati (Italy)

▪ Dark higgs h’ → UU → 4l, 4π, 2l+2π 

▪ Dark photon in e+e-→ ηe+e-
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HADES (High Acceptance Dielectron Spectrometer)

▪ Collisions between heavy-ion beam (p/Ar) and target (p/Nb/KCl)

▪ Dark photon in inclusive measurement of e+e- pairs

21

Ref 24Ref 24



JLAB (Newport News, VA)
▪ CEBAF (Continuous Electron Beam Accelerator Facility) 

→ e- @ 12 GeV beam

▪ HPS (Heavy Photon Search) 

→ e- on tungstene foil target

▪ Displaced decay vertex

→ smaller 𝜖 values
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LHC
• Mainly focused on heavier WIMPS 

(related to SUSY models)

• But also:  γD → 2μ in CMS 

• Beam dumps (longer mean lifetime)
– The Rare Decays and Dark Matter 
Experiment @ SPS

• LHCb, ATLAS,…

Ref 26



▪ Extraction of η transition form factor and (ϵ,MU) upper limit from 
ηe+e-γ analysis (very soon)

▪Extraction of BR limit on ηe+e- (very soon)

▪ Extraction of the π0 transition form factor

▪ Merging of data sets (2008 and 2012)

▪ Search for dark bosons in η→π0e+e- (exclusive measurements)

▪Unseen decays of the dark photon f.e. η→γ+X, η →e+e-+X
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