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The light, the Sun and our visible 
world

Ra/Re is the ancient Egyptian god of the sun.
By the Fifth Dynasty in the 25th and 
24th centuries BC, he had become a major god 
in ancient Egyptian religion, identified 
primarily with the noon sun.



Question:

Is the mass in the universe all observable through

emmission or absorbsion of electromagnetic radiation ?

Dark Matter

...is matter that does not shine or absorb light, and has 

therefore escaped  direct detection by electromagnetic

transducers like telescopes, radio antennas, x-ray satellites...

It turns out that there is strong

experimental evidence that there is more

than 4 times as much dark matter as

luminous matter in the observable universe



Evidence for Dark Matter

Use the fact that massive objects, even if they emit no light, 

exert gravitational forces on other massive objects.

Study the motions (dynamics) of visible objects like stars

in galaxies, and look for effects that are not explicable by

the mass of the other light emmitting or absorbing objects

around them.
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Rotation of Stars around Galactic 

Centres
We can measure how fast stars rotate around galactic

centres by looking at the frequency shift of known spectral

lines originating in the stars due to the Doppler effect.

Star’s motion towards you, relative to the 

galactic centre alters wavelength of light



Some Results
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This is what we expect....

...but here are some typical results

Wavelength

shifts are about a

part in 106. These

are hard measurements.



Energy budget of Universe

• Stars and galaxies are only ~0.5%

• Neutrinos are ~0.3–10%

• Rest of ordinary matter (electrons and protons) are ~5%

• Dark Matter ~30%

• Dark Energy ~65%

• Anti-Matter 0%



Introduction



Kinetic mixing from the vector 
portal

• an old idea: if there is an additional U(1) symmetry in 
nature, there will be mixing between the photon and 
the new gauge boson (Holdom, Phys. Lett B166, 
1986)

• extremely general conclusion...even arises from 
broken symmetries gives coupling of normal charged 
matter to the new “dark photon” q=εe

• Jaeckel and Ringwald, The Low-Energy Frontier of Particle 
Physics, hep-ph/1002.0329 (2010)



Ok, what about the mass?

• Could be massless ⇒millicharges!

• Non-perturbative ⇒ chaos!

• Same origin as weak scale⇒ O(MZ)

•  Depending on model, mass scales like:

• M(A´)/M(W)~ε1-ε1/2

• leading to M(A´)~MeV-GeV



Dark photons and the g-2 anomaly



Decay modes and lifetime



Wherever there is a photon there is 
a dark photon...



https://sites.google.com/site/zprimeguide/ Hye-Sung Lee (JLAB)

https://sites.google.com/site/zprimeguide/


Planned Experiments worldwide



Search for a dark photon in the π0→e+e− γ decay,
NA48/2 Collaboration, Phys. Lett. B 746, 178 (2015).



Search for the e+-e- decay of the dark 
photon in nuclear transitions

Jπ

Jπ

e+

e–

E(tr) = 18 MeV
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The atomic nucleus is a femto-laboratory including all of  the interactions in 
Nature. A real discovery machine like LHC, but at low energy.



e+-e⁻ internal pair creation

M.E. Rose Phys. Rev.  76 (1949) 678
E.K. Warburton Phys. Rev.  B133 (1964) 1368.
P. Schlüter, G. Soff, W. Greiner, Phys. Rep. 75 (1981) 327.



Study the 8Be M1 transitions

8Be
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Excitation with the  
7Li(p,γ)8Be reaction

7Li,  p3/2- + p 



Who else investigated it?

IPCC of the 18 MeV 8Be transition.

• Their maximal correlation angle 
was 131 degree only.  



µ-TPC technology
for particle 
tracking,
DSP cards for 
readout.

B

COPE 100:1 
ATLAS

A Compact Positron Electron spectrometer  

(COPE) for internal pair creation studies 

(ENSAR, FP7 support)



Geometrical arrangement of the 
scintillator telescopes



The completed spectrometer





Advantages of the spectrometer

• 1000 times bigger 
efficiency

• Online efficiency 
calibration 

• Better angular resolution
• Better γ-ray suppression
• Large angular range 

<170o

γ-background of the spectrometer



γ-ray spectra measured on the 
two resonances and from (p,p’)



Ee+ + Ee- sum energy spectra and 
angular correlations

Can it be some artificial 
effect caused by γ-rays?

No,  since we observed it 
at Ep= 1.1 MeV but not 
at 0.441 MeV.

Can it be some nuclear 
physics effect?

Let’s investigate that at 
different bombarding 
energies!



On-resonance measurements

Ep=1.04 MeV Ep=1.10 MeV

Deviation 
from IPC



Off-resonance measurement

No 
deviation 



Can it be some kind of interference 
effect between transitions with different 

multipolarities?

Most probably not. In case of any 
interference the peak should behave 
differently. 



What is the significance of the peak?

 E1+M1 simulated background: 
fitted with Minuit minimization 
(red line) between 60˚ - 130˚

 Integrals in 130˚ - 160˚:

 Background: 2009 counts

 Signal+Background: 2320 
counts

→ peak significance: 6.8 σ 

(p-value: 5.6x10-12)

(Glen Cowan: Statistical Data 
Analysis, 1998, Oxford Press)



How can we understand the peak like 
deviation? Fitting the angular correlations

Experimental angular e+e− pair correlations measured in the 7Li(p,e+e−) reaction at 
Ep=1.10 MeV with -0.5< y <0.5 (closed circles) and |y|>0.5 (open circles). The
results of simulations of boson decay pairs added to those of IPC pairs are shown 
for different boson masses.

y=
𝐸+−𝐸−

𝐸++𝐸−



Determination of the mass of 
the new particle

Determination of the mass of the new 
particle by the Χ2/f method, by comparing 
the experimental data with the results of 
the simulations obtained for different 
particle masses.

Invariant mass distribution plot for the 
electron-positron pairs



The coupling constant

Our results is within the predicted band calculated from the muon g-2.



How can we calculate the coupling 
constant properly? 

Nuclear deexcitations via Z’ emission
• Nuclear deexciations via axions (T.W. 

Donnelly et al., Phys. Rev. D18 (1978) 
1607.) 

•  the coupling constant can be 10-30 
times smaller then the branching ratio

•  it is not ruled out!





Introduction of the protophobic fifth 
force

J. Feng et al.



Prediction of the branching ratio



Derivation of the coupling strength 
to electrons



Coupling strength to quarks



The required charges to explain the 8Be anomaly in the (εu; εd) planes, along with

the leading constraints. The n-Pb and NA48/2 constraints are satisfied in the shaded 
regions. On the protophobic contour, εd/εu = -2. The width of the 8Be bands corresponds 
to requiring the signal strength to be within a factor of 2 of the best.

ε





Conclusions
• The search for new gauge bosons has a long history over a huge 

range of mass scales

• Something like a dark photon is very well theoretically motivated 

• The observed deviation between the experimental and theoretical 
angular correlations is significant and can be described by assuming 
the creation and subsequent decay of a boson with mass m0c2

=16.70±0.35(stat)±0.5(sys) MeV. 

• The branching ratio of the e+e− decay of such a boson to the γ decay 
of the 18.15 MeV level of 8Be is found to be 5.8 × 10−6 for the best fit.

• The lifetime of the boson with the observed coupling strength is 
expected to be in the order of 10−14 s. This gives a flight distance of 
about 30 μm in the present experiment,  and would imply  a very 
sharp resonance (Γ~ 0.07 eV) in the future e+e− scattering 
experiments.



Conclusions 2.

It’s very cool to think that there might be very 
complicated, very different physics going on all 
around us which we can’t examine but through this 
weak, tenuous connection.



Thank you very much for your
attention



Getting close …



Experimental setup for the
NA64 experiment at CERN SPS



Expected results

Discovery potential of the 
experiment for different 
number of beam particles.

Exclusion regions for the mentioned 
number of beam particles


