Anomalies observed in nuclear transitions

indicate the existence of a hew particle
with mass of 17 MeV/c?

" .
N‘I,IJ."E FJ Attila J. Krasznahorkay | @‘
e Inst. of Nucl. Res. (Atomki)

\/

. 3 main divisions:

d Nuclear Physics Division
Atomic Physics Division
Applied Physics Division

Size: 100 scientists, 100 other

staff

In the downtown of Debrecen, www.atomki.mta.hu



Leitmotif of my present talk:

In an age of giant accelerators, of complex experiments and of mystifying
theories it is a pleasure to report on some simple experiments, made with

simple equipment and having a simple interpretation
Robert Hofstadter (Nobel, 1961)
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Search for a light neutral boson in nuclear transitions
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The boson showed up with =30 confidence =2
inspiration for further more precise experiments !!
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positron angular correlations were measured for the isovector magnetic dipole 17.6 MeV




Study the 2Be M1 transitions

Excitation with the
’Li(p,y)2Be reaction
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Experiments with a new e*e” spectrometer
(NIM, A808 (2016) 21)

Proton decay: B(p + "Li) = 100%

y-decay: B(®Be + g) = 1.5 x 10~

Internal pair creation: B(®Be + e" e) = 5.5 x 108
Ejection of a new particle: B(®Be + X) =~ 5.5 x 1010
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How can we understand the peak like deviation?
Fitting the angular correlations
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Invariant mass for the e* - ¢ pairs
E,=18.15 MeV, M1 transition in *Be
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Experimental angular e*e™ pair correlations Determination of the
measured in the “Li(p,e*e”) reaction at Ep=1.10 MeV = mass of the new
with -0.5< y <0.5 (closed circles) and |y|>0.5 (open particle by the X?/f
circles), where y=(E1-E2)/(E1+E2). method




Repeating the experiments at a new Medium-
Current Tandetron Accelerator in Atomki

Main specifications:

* TVripple: 25 Vgys TV
stability: 200 V (GVM), 30
V (SLITS)

* Beam current capability
at 2 MV: 200 pA proton,
40 pA He
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The new e*e” pair spectrometer with six
telescopes equipped with Si DSSD’s




Background from cosmic rays in the setups
with 5 and 6 telescopes
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Efficiency curves for the setups with 5 and 6 telescopes
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The results of the present experiment can be considered independent from the
one we published in PRL in 2016.



Recent results for the 18.15 MeV transition

PRL results
Present results
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Simulation for

Hp,e'e) He m,c?=17.0 MeV
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On the partial width (I'y) of the X17 particle
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Since: [z7=3.3x10* = I'y=3.9x10> eV
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In ®Be it was: I'y=I',xB,=1.9x6x10° eV= 1.2x10~ eV
(role of the phase space correction factor)



m,.,= 169813+ 00865303 MeV, N =768134+ 2443 N =862013+13.1183
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Gated invariant mass
‘H(p,e'¢)'He distr. for full energy
pairs.

Ep= 900 keV

mc2=./ (1-— yz)E sin(0/2) ' Gated invariant mass

distr. for external pairs.
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* The 8Be anomaly has been reproduced with an upgraded spectrometer.

* The effect can not be explained within nuclear physics.
* The anomaly can be successfully described by a new particle called X17.

* The effect of X17 was observed also in 4He in a 21.01 MeV 0" = 0* transition
at a correspondingly smaller angle. The significance of the peak is 7.2 o.

* We are planning to study the yy-decay of X17 to determine their spin.
* Promising outlook.
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To 8Be continued...
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