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8Be transitions The 8Be anomaly
PRL	116,	042501	(2016)

§ Sanity	checks	performed
§ Excess	disappears	as	one	scans	through	the	proton	beam	
resonance	kinetic	energy	of	1.03	MeV

§ excess	becomes	more	pronounced	when	restricting	to	the	
subset	of	events	with	E	>	18	MeV	and	is	absent	for	lower	
energy	events

§ Excess	only	appears	for	events	with	symmetric	Ee+ and	Ee-

Is	this	an	evidence	of	a	new	light	dark	photon?

Can	only	mitigate	the	anomaly	by	1s by	improving	
nuclear	treatment.	j.physletb.2017.08.013

Atomki experiment can probe currently unexplored regions
of the dark photon parameter space. Although the minimal
kinetic mixing scenario is only one of many possible models
for light new MeV-scale physics (see e.g. [14–18] for early
work on more general scenarios with light vectors), it has
several compelling features that have resulted in its unofficial
adoption as a “gold standard” for comparing experimental
sensitivities. In particular, it is minimal, simple, technically
natural, and UV complete, with no explicit charges for
Standard Model states under the new gauge symmetry and
without additional field content required to cancel gauge
anomalies. We emphasize that while our results will be
presented in terms of the dark photon parameter space, they
can be straightforwardly applied to other new MeV-scale
vectors that couple to quarks and electrons.

II. DARK PHOTONS IN 8Be TRANSITIONS

We consider the production and subsequent decays of
excited states of 8Be (see Ref. [19] for the detailed properties
of this system). The states of interest, denoted 8Be!0 and 8Be!,
lie at 17.64, 18.15 MeV above the ground state (denoted by
8Be). Both have JP quantum numbers 1þ, while the ground
state is 0þ. These resonances are admixtures of isospin
eigenstates, 8Be! being predominantly isoscalar and 8Be!0

mostly isovector. The lower-lying 8Be!0 state is significantly
narrower, with Γ≃ 10.7 keV, while the 8Be! width is
Γ≃ 138 keV. When produced, 8Be!0 and 8Be! primarily
decay back to 7Liþ p, but can also decay radiatively through
a photon to the 8Be ground state, with [19]

BRð8Be!0 → 8Beþ γÞ ≈ 1.4 × 10−3;

BRð8Be! → 8Beþ γÞ ≈ 1.4 × 10−5: ð1Þ

Note the substantially larger branching ratio for electromag-
netic 8Be!0 decay. More rarely, 8Be!0 and 8Be! can deexcite to
the ground state via “internal pair creation” (IPC) [20],
whereby an electron-positron pair is produced via an off-
shell photon. The eþe− branching ratios are predicted to be
∼3 × 10−3BRðγÞ [20] for both 8Be!0 and 8Be!, where BRðγÞ
is the corresponding branching ratio in Eq. (1). Decays of
these states to 8Bevia real photonemission areM1 transitions.
Note that whilewe focus exclusively on 8Be! and 8Be!0 in this
work, there are several other excited states and decay channels
within ∼20 MeV of the 8Be ground state [19].
Both 8Be! and 8Be!0 can be resonantly produced by

bombarding a 7Li target with a proton beam. The proton
energies required for populating these excited states are
Ep ¼ 440 keV, 1.03 MeV for 8Be!0 and 8Be!, respectively.
This is the method used by the MTA Atomki experiments,
which target the processes

pþ 7Li → 8Be! → eþe− þ 8Be

pþ 7Li → 8Be!0 → eþe− þ 8Be: ð2Þ

These transitions can receive contributions from new
hidden particles. For example, a dark photon A0 with mass
mA0 ≲ 17 MeV could be produced on shell from the decay
of either 8Be!0 or 8Be!, and subsequently decay to eþe−.
The Atomki experimental results in Ref. [9] were inter-
preted as evidence for a contribution of this type in 8Be!

and, more recently [10,11], 8Be!0 transitions (although this
cannot be explained by a dark photon with kinetic mixing
alone due to existing constraints from other experiments
[12,21]). Internal pair creation via an off-shell photon
becomes an irreducible background for these searches.
Our goal is to investigate the extent to which future

experiments can probe the canonical dark photon parameter
space. To model both the dark photon and standard IPC
contributions to the above processes, we make use of the
effective field theory description for the 8Be system
recently formulated in Ref. [22]. This approach allows
one to include angular dependence and interference effects
in predictions for pþ 7Li → 8Beþ eþe− production. In
this method, the relevant couplings are determined from
data for the strong decay widths and rates for the pure
electromagnetic transitions to on-shell photons in Eq. (1).
The production cross section for pþ 7Li → 8Beþ γ

(averaged over initial spin states) can be computed from [23]

dσ
dΩ

¼ μq
64π2p

X

a;σ;λ

jϵ!μMμj2 ð3Þ

where p and q are the momenta of the incoming proton and
outgoing photon, μ is the reducedmass of thep-7Li system,a
and σ are the 7Li and proton spin projections, λ is the helicity
of the outgoing photon with photon polarization vector ϵ!μ,
and Mμ is the matrix element

Mμ ≡ h8BejJμEMj7Liþ pi; ð4Þ

with JμEM the electromagnetic current. The components of
Mμ are computed in Ref. [22] in the halo effective field
theory approach and incorporating Coulomb effects in the
initial scattering state. All kinematic quantities above are in
the p-7Li c.m. frame. The photon polarization vectors are
most conveniently expressed in a helicity basis, whereby the
spatial components are labeled by quantum numbers j ¼
−1; 0;þ1 for the projection of the total angular momentum
along the quantization axis. In this basis, the polarization
vectors for a massless photon are

ðϵ!λÞt ¼ 0; ðϵ!λÞ0 ¼ 0; ðϵ!λÞ&1 ¼ δλ&1 ð5Þ

where λ ¼ −1; 0;þ1. In the conventions and notation of
Ref. [22], the product ϵ!μMμ for a given set of spins and
helicity λ is

ðϵ!λÞμMμ ¼ ðϵ!λÞμMμ ¼ ðϵ!λÞtJt − ðϵ!λÞjJj ð6Þ
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Be*' ,  
E=17.64 MeV, Γ=10.7 KeV 
JP=1+, mostly isovector 

Be* ,  
E=18.15 MeV, Γ=138 KeV 
JP=1+, mostly isoscalar 

Decays: 
-  primarly to Li+p  
-  can decay radiatively  
-  can decay via Internal Pair Creation (IPC) 
 
- investigating the possibility of decay to a new particle A'->e+e- 
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Standard Model states under the new gauge symmetry and
without additional field content required to cancel gauge
anomalies. We emphasize that while our results will be
presented in terms of the dark photon parameter space, they
can be straightforwardly applied to other new MeV-scale
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8Be). Both have JP quantum numbers 1þ, while the ground
state is 0þ. These resonances are admixtures of isospin
eigenstates, 8Be! being predominantly isoscalar and 8Be!0

mostly isovector. The lower-lying 8Be!0 state is significantly
narrower, with Γ≃ 10.7 keV, while the 8Be! width is
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p->7Li reactions to populate 8Be 
excited states 



ATOMKI Be* anomaly (2016) 
•  ATOMKI lab, 5MV Van de Graaff accelerator 
•  Proton current = 1.0µA on 15µm/cm2 thick LiF2 target and 300µm/cm2 

LiO2 target evaporated on 10 µm Al backings 
•  Vacuum chamber = 1mm carbon fiber tube 

5. Monte-Carlo simulations

Monte Carlo (MC) simulations of the experiment were per-
formed using the GEANT3 code in order to determine the de-
tector response function. For different transition energy and
multipolarity a lookup table is created for electron an positron
energies and correlation angle using the Rose calculations [2].
The first electrons (or positrons) are generated isotropically,
with φe random between 0 and 2π and θe as a sine distribution,
and the second particles with relative angles φ and θ, with θ ac-
cording to the lookup table. Isotropic emission of pairs would
also result in a sine distribution for the relative angles θ, the
so-called correlation angle.
Also boson decays can be generated as well as gamma ray

coincidences. The electrons and positrons are followed through
the setup and the detected energy losses are stored, including
detection of annihilation radiation from the stopped positrons.
The energy loss steps are small until a final energy of 90 keV.
The simulated events are stored in a similar way as the mea-
surements, but now as precise deposited energies and positions
inside the wire chambers and including the generated electron
and positron energies and correlation angles.

6. The spectrometer

Plastic scintillator detectors combine reasonable energy res-
olution with minimum response to γ radiation and with excel-
lent characteristics for fast, sub-nanosecond coincidence tim-
ing, which is crucial for good background reduction. Thus,
we use plastic ∆E-E detector telescopes for the detection of the
e+e−. In contrast to Ref. [41], very thin ∆E detectors (52×52×1
mm3) were chosen that gives a remarkably improved γ sup-
pression. The E detectors have similar dimensions (80×60×70
mm3) as in Ref. [41]. The spectrometer setup is shown in Fig. 2
with six scintillation detector telescopes and six position sen-
sitive gaseous detectors at 60 degrees relative to their neigh-
bors surrounding the target inside the carbon fiber beam pipe.
The response of the detector set-up as a function of correla-
tion angle theta for isotropic emission of e+e- pairs is shown
in Fig. 2 (bottom). A detector with 4π solid angle acceptance
would show a sine distribution and the simulated curve with
three sharp peaks can be understood as the limited phase space
with only detector combinations at 60, 120, and 180 degrees
with an angular range in a single detector of about 40 degrees.
Another setup with five telescopes will be also described with
a smoother acceptance for the angular correlation of the e+e−
pairs.
γ rays were detected by a Ge clover detector at a distance of

25 cm from the target behind the Faraday-cup. The detector has
an active volume of 470 cm3 and it is also equippedwith a BGO
anti-coincidence shield [42].
The positions of the hits are measured by multiwire propor-

tional counters (MWPC) which was constructed at ATOMKI
based on the concept of Ref. [43] and placed in front of the
∆E and E detectors. The anode of the MWPC is a set of par-
allel 10 µm thick gold-plated tungsten wires at a distance of 2
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Figure 2: (top) Initial arrangement with six telescopes and (bottom) detection
response as a function of the correlation angle between the e+e− pairs in Monte
Carlo simulations.

mm from each other. The two cathodes are composed of silver-
plated copper wires having a diameter of 0.1 mm and separated
by 1.27 mm. The anode-cathode distance is 3.5 mm. The two
cathodes are placed perpendicularly to each other giving the x
and y coordinates of the hit. Delay-line read-out (10 ns/taps) is
used for the cathode wires. Ar(80%)+CO2(20%) counting gas
was flowing across the detector volume at atmospheric pres-
sure. The accuracy of the (x, y) coordinates implies an angular
resolution of ∆Θ = 2◦ (FWHM) in the 40◦-180◦ range, which is
approximately five times better than in Ref. [41]. The efficiency
of the MWPC detectors was estimated to be 80%.

6.1. Beam and Target
To minimize the amount of material around the target, a 24

cm long electrically conducting carbon fiber tube with a ra-
dius of 3.5 cm and a wall thickness of 0.8 mm is used. The
target, positioned perpendicular to the beam, is mounted on a
target holder supported from the back by two perspex rods of
3 mm diameter. The original 0.5 mm thick Al target holders

3

σ(θ)~7° FWHM 
σ(e+e- mass) ~1.2 MeV 
	

7Li(p,γ)8Be, 1.03 MeV

A photon rate of ~ 1.3 kHz is 
expected from a Li2B4O7 target 
with Ep > 1.2 MeV, taking into 
account the dE/dx in the target 

4

Be*, Ep=1.03 MeV 

Be*', Ep=440 KeV 



ATOMKI Be* anomaly (2016) 
•  Anomaly in the angular correlation of e+e- for the *Be IPC 

distribution  

•  Sanity checks: 
      - excess disappears out of resonance energy 
      -  excess present only for symmetric e+e- pairs 
       - excess more pronounced for energy around resonance peak 
       - cannot be explained by nuclear effects (jphysletb.2017.08.2013) 
 

Phys.Lett.116 042501 (2016) 

shape of the resonance [40], but it is definitely different
from the shape of the forward or backward asymmetry [40].
Therefore, the above experimental data make the interpre-
tation of the observed anomaly less probable as being the
consequence of some kind of interference effects.
The deviation cannot be explained by any γ-ray related

background either, since we cannot see any effect at off
resonance, where the γ-ray background is almost the same.
To the best of our knowledge, the observed anomaly can
not have a nuclear physics related origin.
The deviation observed at the bombarding energy of

Ep ¼ 1.10 MeV and at Θ ≈ 140° has a significance of 6.8
standard deviations, corresponding to a background fluc-
tuation probability of 5.6 × 10−12. On resonance, the M1
contribution should be even larger, so the background
should decrease faster than in other cases, which would
make the deviation even larger and more significant.
The eþe− decay of a hypothetical boson emitted iso-

tropically from the target has been simulated together with
the normal IPC emission of eþe− pairs. The sensitivity of
the angular correlation measurements to the mass of the
assumed boson is illustrated in Fig. 4.
Taking into account an IPC coefficient of 3.9 × 10−3 for

the 18.15 MeV M1 transition [32], a boson to γ branching
ratio of 5.8 × 10−6 was found for the best fit and was then
used for the other boson masses in Fig. 4.
According to the simulations, the contribution of the

assumed boson should be negligible for asymmetric pairs
with 0.5 ≤ jyj ≤ 1.0. The open circles with error bars in
Fig. 4 show the experimental data obtained for asymmetric

pairs (rescaled for better separation) compared with the
simulations (full curve) including only M1 and E1 con-
tributions. The experimental data do not deviate from the
normal IPC. This fact supports also the assumption of the
boson decay.
The χ2 analysis mentioned above to judge the signifi-

cance of the observed anomaly was extended to extract the
mass of the hypothetical boson. The simulated angular
correlations included contributions from bosons with
masses between m0c2 ¼ 15 and 17.5 MeV. As a result
of the χ2 analysis, we determined the boson mass to be
m0c2 ¼ 16.70# 0.35ðstatÞ MeV. The minimum value for
the χ2=f was 1.07, while the values at 15 and 17.5 MeV
were 7.5 and 6.0, respectively. A systematic error caused by
the instability of the beam position on the target, as well as
the uncertainties in the calibration and positioning of the
detectors is estimated to be ΔΘ ¼ 6°, which corresponds to
0.5 MeV uncertainty in the boson mass.
Since, in contrast to the case of 17.6 MeV isovector

transition, the observed anomalous enhancement of the
18.15 MeV isoscalar transition could only be explained by
also assessing a particle, then it must be of isoscalar nature.
The invariant mass distribution calculated from the

measured energies and angles was also derived. It is shown
in Fig. 5.
The dashed line shows the result of the simulation

performed for M1þ 23%E1 mixed IPC transition (the
mixing ratio was determined from fitting the experimental
angular correlations), the dotted line shows the simulation
for the decay of a particle with mass of 16.6 MeV=c2 while
the dash-dotted line is their sum, which describes the
experimental data reasonably well.
In conclusion, we have measured the eþe− angular

correlation in internal pair creation for the M1 transition
depopulating the 18.15 MeV state in 8Be, and observed a
peaklike deviation from the predicted IPC. To the best of
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asymmetric e+e- 
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from the shape of the forward or backward asymmetry [40].
Therefore, the above experimental data make the interpre-
tation of the observed anomaly less probable as being the
consequence of some kind of interference effects.
The deviation cannot be explained by any γ-ray related
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tuation probability of 5.6 × 10−12. On resonance, the M1
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The eþe− decay of a hypothetical boson emitted iso-
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assumed boson is illustrated in Fig. 4.
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ratio of 5.8 × 10−6 was found for the best fit and was then
used for the other boson masses in Fig. 4.
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with 0.5 ≤ jyj ≤ 1.0. The open circles with error bars in
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pairs (rescaled for better separation) compared with the
simulations (full curve) including only M1 and E1 con-
tributions. The experimental data do not deviate from the
normal IPC. This fact supports also the assumption of the
boson decay.
The χ2 analysis mentioned above to judge the signifi-

cance of the observed anomaly was extended to extract the
mass of the hypothetical boson. The simulated angular
correlations included contributions from bosons with
masses between m0c2 ¼ 15 and 17.5 MeV. As a result
of the χ2 analysis, we determined the boson mass to be
m0c2 ¼ 16.70# 0.35ðstatÞ MeV. The minimum value for
the χ2=f was 1.07, while the values at 15 and 17.5 MeV
were 7.5 and 6.0, respectively. A systematic error caused by
the instability of the beam position on the target, as well as
the uncertainties in the calibration and positioning of the
detectors is estimated to be ΔΘ ¼ 6°, which corresponds to
0.5 MeV uncertainty in the boson mass.
Since, in contrast to the case of 17.6 MeV isovector

transition, the observed anomalous enhancement of the
18.15 MeV isoscalar transition could only be explained by
also assessing a particle, then it must be of isoscalar nature.
The invariant mass distribution calculated from the

measured energies and angles was also derived. It is shown
in Fig. 5.
The dashed line shows the result of the simulation

performed for M1þ 23%E1 mixed IPC transition (the
mixing ratio was determined from fitting the experimental
angular correlations), the dotted line shows the simulation
for the decay of a particle with mass of 16.6 MeV=c2 while
the dash-dotted line is their sum, which describes the
experimental data reasonably well.
In conclusion, we have measured the eþe− angular

correlation in internal pair creation for the M1 transition
depopulating the 18.15 MeV state in 8Be, and observed a
peaklike deviation from the predicted IPC. To the best of
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mX=16.70±0.35±0.5 MeV 
significance=6.8σ 
 
 
BR(8Be*→ X 8Be)
BR(8Be*→ γ 8Be)

= 5.8 ⋅10−6



ATOMKI Be* anomaly interpretation 

•  "Classic" U(1) dark photon cannot  
 explain Be* anomaly due to Na48/2  
bound on π0->Xγ 
 
•  NA48/2 results does not exclude a  
general vector boson interpretation  
of the 8Be anomaly 
=> protophobic fifth-force 
 
•  1.3x10-5<|ε|<~2x10-4 

The 8Be anomaly interpretation

M.	Raggi	La	Thuile	2018	Conference 23

Protophobia

Strongest	experimental	limit	on	the	
electron	coupling	comes	from	KLOE	
data:	ee<2E-3	



ATOMKI 2017 measurements 
•  New Tandetron accelerator, improved detector 
     - MWPC replaced by double strip silicon detectors 
     - new electronic 
 
•  Study Be*' resonance (Ep=441keV) 
     - decay to XBe kinematically suppressed with respect that of   
       Be* due its low energy 
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Figure 6. Measured angular correlation of the e
+
e
−

pairs origi-

nated from the decay of the 17.6 MeV resonance compared with

the simulated angular correlations [8] assuming M1+1.4%E1

mixed transitions (full (blue) curve).

PDF(e+e−) = NBkgd ∗ PDF(IPC) + NS ig ∗ PDF(signal) ,
(1)

where NBkgd and NS ig are the fitted number of background
and signal events, respectively.

The signal PDF was constructed as a 2-dimensional
model as a function of the e

+
e
− opening angle and the

mass of the simulated particle. To construct the mass de-
pendence, the PDF linearly interpolates the e

+
e
− opening

angle distributions simulated for discrete particle masses.
Using the composite PDF described in Equation 1 we

first performed a list of fits, by fixing the simulated parti-
cle mass in the signal PDF to a certain value, and letting
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Figure 7. Fit results as a function of the hypothetical new parti-
cle’s mass.

RooFit estimate the best values for NS ig and NBkgd. The
best fitted values of the likelihood used to minimise the fit
is shown in Figure 7, and has a clear minimum close to 17
MeV/c2 simulated particle mass.

Letting the particle mass lose in the fit the best fitted
mass is calculated as m = 17.0 ± 0.2 MeV/c2. The re-
sult of this fit is shown in Figure 8. The branching ratio
of the e

+
e
− decay of such a boson to the γ decay of the

17.64 MeV level of 8Be is found to be 4.0 × 10−6 for the
best fit.
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Figure 8. Fit of the e
+
e
− correlation angle, letting the fit find the

best value of m, NS ig and NBkgd at the same time.

4 Repeating the experiment for the 18.15
MeV transition

Using the new setup described above we repeated our
previus experiment showing the presence of the X bo-
son as well. The 18.15 MeV 1+ state in 8Be was popu-
lated by the 7Li(p,γ)8Be reaction at bombarding proton
energy of Ep=1100 keV. The typical beam current was
1.0 µA, and 700 µg/cm2 thick Li2O target evaporated on
10 µm thick Al backing was used. The target thickness
was monitored continously during the experiment by de-
tecting the 18.15 MeV γ-ray originated from the target. A
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mX=17.0±0.2 MeV 
 
 

•  Repeat measurement at Be*  
    resonance->same result 

epjconf 142, 01019 (2017) 

BR(8Be* '→ X 8Be)
BR(8Be* '→ γ 8Be)

= 4.0 ⋅10−6



(Some) Future experiments 
•  Future ATOMKI plans: 0-à0+ 21.01 MeV transitions in 4He 
 
     - higher energy for X boson and smaller e+e- angle at maximum 
     - less background  
     - study gamma-gamma decay to test the 0- hypothesys for the X boson 
 
 
•  Padme 
 
     - positron on fixed target (LNF Frascati) 
     - main goal: invisible dark photon decays A'->χχ 
     - start data taking : May 2018 
     - running in thick target mode (tungsten) and lower beam energy: 
       => production from e+- annihilation @8Be anomaly 

arXiv:1802.04756 



Padme sensitivity 

8Be anomaly at PADME

M.	Raggi	La	Thuile	2018	Conference 24

ArXiv1802.04756v1 Dump mode:	
1E18	POT	
~282MeV§ Exploit	the	fact	that	you	“know”	where	to	search	17	MeV

§ Exploit	the	possibility	to	have	e+ at	282.7	MeV	@LNF
§ Tune	Ee+ such	that	ECM=sqrt(2*me*EB)=17MeV
§ Produce	A’	of	17MeV	on	shell	through	direct	annihilation	ee->A’
§ Parametrically	enhanced	wrt ee->A’g

§ Use	threshold	effect	to	have	solid	evidence	is	any
§ Absorb	any	SM	BG	in	W	dump
§ Work	ongoing	on	thin	target	reaches



Searching the X boson with 
MEGII 

•  Possibility to check the 8Be anomaly with MEGII 

•  Protons from CW  
     - need thinner target 
     - need to push energy up to the maximum ~1MeV 
 
•  CYLDCH to detect e+e- tracks 
     - need lower B field (factor ~0.17) 
     - need development of dedicated tracking 
 
•  Preliminary results from simulations presented by Francesco 

@Sep 2016 collaboration meetings 
 
•   5kE from INFN for target R&D and construction already 

available 



X boson kinematics & expected 
rate 

•  Expected rate:  
    - assuming proton current of 100µA,Li2B4O7 target, 1MeV protons    
      => Rγ=32.5kHz (Rate of resonant photon events) 

•  The range of 1.1MeV protons is 
    15µm. With a 10µm target 
     thickness, 98% of the above  
     total production rate  
     would be reached with residual  
     kinetic energy of protons~500keV  
     => proton dump? target heating? 
 
•  Need to evaluate the background 
     rate  

700~signal events/hour 
Simulation
X(16.7) IPC

Assuming 
Atomki 
observed value 

BR(8Be*→ X 8Be)
BR(8Be*→ γ 8Be)

= 5.8 ⋅10−6



Preliminary simulations 
•  Already presented by Francesco 

•  Simulation setup: 
     - 0.8mm fiber carbon beam pipe with 0.1mm Be window in the    
       bulk of the CYLDCH acceptance 
    - 10µm Li2B4O7 +10µm Al or 5µm pure Lithium 
    - Reduced COBRA and BTF fields by a  factor 9.6/55 MeV~0.174  
      to match the e+e- spectrum 
    - Isotropic decays of X at fixed depth in the target+IPC background 
 
•  Reconstruction:  
     - Ideal hit reconstruction (+120µm Gaussian smearing)+ideal pattern    
       recognition and kalman filter 
     - No material implemented in Kalman 
     - Separation of vertices<6cm 
     - Vertex constraint applied to e+e- pair 
	



Preliminary simulation results 
•  Overall  ~10% efficiency (efficiency+reconstruction),  

Vertex Constraint

No Vtx Constraint (4.6°, 440 keV)
Vtx Constraint (3.6°, 350 keV)



Preliminary simulation results 
shape of the resonance [40], but it is definitely different
from the shape of the forward or backward asymmetry [40].
Therefore, the above experimental data make the interpre-
tation of the observed anomaly less probable as being the
consequence of some kind of interference effects.
The deviation cannot be explained by any γ-ray related

background either, since we cannot see any effect at off
resonance, where the γ-ray background is almost the same.
To the best of our knowledge, the observed anomaly can
not have a nuclear physics related origin.
The deviation observed at the bombarding energy of

Ep ¼ 1.10 MeV and at Θ ≈ 140° has a significance of 6.8
standard deviations, corresponding to a background fluc-
tuation probability of 5.6 × 10−12. On resonance, the M1
contribution should be even larger, so the background
should decrease faster than in other cases, which would
make the deviation even larger and more significant.
The eþe− decay of a hypothetical boson emitted iso-

tropically from the target has been simulated together with
the normal IPC emission of eþe− pairs. The sensitivity of
the angular correlation measurements to the mass of the
assumed boson is illustrated in Fig. 4.
Taking into account an IPC coefficient of 3.9 × 10−3 for

the 18.15 MeV M1 transition [32], a boson to γ branching
ratio of 5.8 × 10−6 was found for the best fit and was then
used for the other boson masses in Fig. 4.
According to the simulations, the contribution of the

assumed boson should be negligible for asymmetric pairs
with 0.5 ≤ jyj ≤ 1.0. The open circles with error bars in
Fig. 4 show the experimental data obtained for asymmetric

pairs (rescaled for better separation) compared with the
simulations (full curve) including only M1 and E1 con-
tributions. The experimental data do not deviate from the
normal IPC. This fact supports also the assumption of the
boson decay.
The χ2 analysis mentioned above to judge the signifi-

cance of the observed anomaly was extended to extract the
mass of the hypothetical boson. The simulated angular
correlations included contributions from bosons with
masses between m0c2 ¼ 15 and 17.5 MeV. As a result
of the χ2 analysis, we determined the boson mass to be
m0c2 ¼ 16.70# 0.35ðstatÞ MeV. The minimum value for
the χ2=f was 1.07, while the values at 15 and 17.5 MeV
were 7.5 and 6.0, respectively. A systematic error caused by
the instability of the beam position on the target, as well as
the uncertainties in the calibration and positioning of the
detectors is estimated to be ΔΘ ¼ 6°, which corresponds to
0.5 MeV uncertainty in the boson mass.
Since, in contrast to the case of 17.6 MeV isovector

transition, the observed anomalous enhancement of the
18.15 MeV isoscalar transition could only be explained by
also assessing a particle, then it must be of isoscalar nature.
The invariant mass distribution calculated from the

measured energies and angles was also derived. It is shown
in Fig. 5.
The dashed line shows the result of the simulation

performed for M1þ 23%E1 mixed IPC transition (the
mixing ratio was determined from fitting the experimental
angular correlations), the dotted line shows the simulation
for the decay of a particle with mass of 16.6 MeV=c2 while
the dash-dotted line is their sum, which describes the
experimental data reasonably well.
In conclusion, we have measured the eþe− angular

correlation in internal pair creation for the M1 transition
depopulating the 18.15 MeV state in 8Be, and observed a
peaklike deviation from the predicted IPC. To the best of
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shape of the resonance [40], but it is definitely different
from the shape of the forward or backward asymmetry [40].
Therefore, the above experimental data make the interpre-
tation of the observed anomaly less probable as being the
consequence of some kind of interference effects.
The deviation cannot be explained by any γ-ray related

background either, since we cannot see any effect at off
resonance, where the γ-ray background is almost the same.
To the best of our knowledge, the observed anomaly can
not have a nuclear physics related origin.
The deviation observed at the bombarding energy of

Ep ¼ 1.10 MeV and at Θ ≈ 140° has a significance of 6.8
standard deviations, corresponding to a background fluc-
tuation probability of 5.6 × 10−12. On resonance, the M1
contribution should be even larger, so the background
should decrease faster than in other cases, which would
make the deviation even larger and more significant.
The eþe− decay of a hypothetical boson emitted iso-

tropically from the target has been simulated together with
the normal IPC emission of eþe− pairs. The sensitivity of
the angular correlation measurements to the mass of the
assumed boson is illustrated in Fig. 4.
Taking into account an IPC coefficient of 3.9 × 10−3 for

the 18.15 MeV M1 transition [32], a boson to γ branching
ratio of 5.8 × 10−6 was found for the best fit and was then
used for the other boson masses in Fig. 4.
According to the simulations, the contribution of the

assumed boson should be negligible for asymmetric pairs
with 0.5 ≤ jyj ≤ 1.0. The open circles with error bars in
Fig. 4 show the experimental data obtained for asymmetric

pairs (rescaled for better separation) compared with the
simulations (full curve) including only M1 and E1 con-
tributions. The experimental data do not deviate from the
normal IPC. This fact supports also the assumption of the
boson decay.
The χ2 analysis mentioned above to judge the signifi-

cance of the observed anomaly was extended to extract the
mass of the hypothetical boson. The simulated angular
correlations included contributions from bosons with
masses between m0c2 ¼ 15 and 17.5 MeV. As a result
of the χ2 analysis, we determined the boson mass to be
m0c2 ¼ 16.70# 0.35ðstatÞ MeV. The minimum value for
the χ2=f was 1.07, while the values at 15 and 17.5 MeV
were 7.5 and 6.0, respectively. A systematic error caused by
the instability of the beam position on the target, as well as
the uncertainties in the calibration and positioning of the
detectors is estimated to be ΔΘ ¼ 6°, which corresponds to
0.5 MeV uncertainty in the boson mass.
Since, in contrast to the case of 17.6 MeV isovector

transition, the observed anomalous enhancement of the
18.15 MeV isoscalar transition could only be explained by
also assessing a particle, then it must be of isoscalar nature.
The invariant mass distribution calculated from the

measured energies and angles was also derived. It is shown
in Fig. 5.
The dashed line shows the result of the simulation

performed for M1þ 23%E1 mixed IPC transition (the
mixing ratio was determined from fitting the experimental
angular correlations), the dotted line shows the simulation
for the decay of a particle with mass of 16.6 MeV=c2 while
the dash-dotted line is their sum, which describes the
experimental data reasonably well.
In conclusion, we have measured the eþe− angular

correlation in internal pair creation for the M1 transition
depopulating the 18.15 MeV state in 8Be, and observed a
peaklike deviation from the predicted IPC. To the best of
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The results of simulations of boson decay pairs added to those
of IPC pairs are shown for different boson masses as described in
the text.
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Illustrative Spectra
• 50h of data taking, ~ 140 X(16.7) events, ~ 3100 IPC
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Comments and to do 
•  MEGII has the possibility to confirm (or not) the ATOMKI *Be and Be*' 

anomalies with similar angular resolution but improved invariant mass 
distribution 

 
•  The topic is present of great theoretical and experimental interest 
 
•  On the CW side it is necessary: see Angela's talk 
     - check the operability of the CW at the required energy 
     - optimize the target design and address the technical challenges 
      (thermoresistivity, low material budget) 
 
•  On the reconstruction e+e- side: 
    - Background estimate 
    - A dedicated track finder for negative tracks and special patterns  
      has to be developed 
    - Re-do simulations in realistic conditions (target) 
    - Optimize magnetic field taking into account the possible need to have     
      TC hits 
 
•  Sensitivity studies could be summarized in a paper to advertize the 

possibility that MEGII can perform this measurement  



SPARE 



Photon spectrum 

7Li(p,γ)8Be, 1.03 MeV

A photon rate of ~ 1.3 kHz is 
expected from a Li2B4O7 target 
with Ep > 1.2 MeV, taking into 
account the dE/dx in the target 



Rate 
2 Production Rate

Assuming a non-relativistic Breit-Wigner distribution for the cross section of
the resonant production of 8Be⇤, with 8Be⇤ ! 8Be�, we can write:
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(K �K0)2 + �2
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(23)

where the �

0
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⇠ 10�2 mb is the peak cross section. The proton flux integrated
over the whole area ⌃ of the beam profile is:

⌃� =
I

p

e

= 6.25⇥ 1012 s�1 (24)

The numerical density of the target nuclei is:
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= 2 · 0.95 · NA

⇢LiBO
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= 1.62⇥ 1022 cm�3 (25)

where the factor 2 comes from the two lithium nuclei per molecule and 0.95 is
the relative abundance of 7Li in natural lithium. The resonant � production
rate in a slice of target of thickness dx is hence:
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It has to be integrated over the target thickness d, taking into account the
proton energy loss:
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It has to be integrated over the target thickness d, taking into account the
proton energy loss:
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It has to be integrated over the target thickness d, taking into account the
proton energy loss and the proton range x:
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If we assume a constant energy loss rate k, we can write K(x) = K

i

� k · x.
With the substitution t = K(x)�K0, the integral becomes:
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With the tabulated value of k at 1 MeV (504 MeV/cm), the rate is:

R

�

= 325 s�1 (32)

A numerical integration, taking into account the energy dependence of k down
to 500 keV, gives a result which is only 3% lower. The range of a 1.1 MeV proton
is ⇠ 15 µm. With a target thickness of 10 µm, more than 98% of that production
rate would be reached, with a residual proton kinetic energy of ⇠ 500 keV. The
production rate of X particles decaying to e

+
e

� would be:

R

X

= R

�

⇥ BR(8Be⇤ ! 8BeX)

BR(8Be⇤ ! 8Be�)
= 1.9⇥ 10�3 s�1 (33)
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Simulation results 
Overlla	10%	efficiency	

Options
Pure Lithium Lithium Tetraborate

Angle Resolution 3.6° 3.8°
Mass Resolution 350 keV 400 keV

Efficiency 10% 11%

Carbon Fiber + Be Carbon Fiber
Angle Resolution 3.6° 6.0°
Mass Resolution 350 keV 490 keV

Efficiency 10% 9%


