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But V.I. Goldansky made not only the prediction and determined the

conditions, he underlined the main feature 1 protons have to have almost
equal energies, the *°Fe nucleus was mentioned among possible candidates.




For estimates of the 2p decay widths two semi-classical
(in reality two body models) were used for long time.
These are the Adiprotono model a
two proton emission model.
The extensive estimates were already provided by

J. Janecke, NP 61, 326 (1965) .

Radioactive Nuclear Beams

Recent theoretical works [B.A. Brown (PRC 43, R1513 (1991), W.E. Ormand
(PRC 53, 214 (1996), B.J. Cole (PRC 54, 1240 (1996)] showed that “°Fe, “®Ni
and >*Zn are the best candidates for two-proton ground state decay as their 2p
Q values are about 1.1-1.8 MeV, whereas one-proton emission is either
energetically forbidden or extremely disfavored.
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Experimental search for 4°Fe, 48Ni and °*Zn

B. Blank et al., PRL 77, 2893 (1996) B. Blank et al., PRL 84, 1116 (2000)
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Quantum mechanical 3-body model, allowing to calculate the 2p decay process
as well as all correlations between particles from this decay and the 2p widths,
has been developed [L.V. Grigorenko et al., PRL 85, 22 (2000)].
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Two-proton radioactivity had been found in 2002

in two independent experiments (*°Fe).
In both experiments the decay energy and the half-life time had been measured.
GSI (4 events), E,, = 1.1(1) MeV, Ty, ~ 4.0 ms [M. Pfutzner et al., Eur. Phys. J. A 14, 279 (2002)]
Ganil (12 events), E,, = 1.14(4) MeV, T,;, ~ 8.5 ms [J. Glovinazzo et al., PRL 89, 102501 (2002)]
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Our old 3 -body calculations made

before the experiments have been
F.C. Barker, PRC 67, 041304(R) (2003)] performed

R-matrix approach - [B.A. Brown and



First direct observations of two protons

in the decay of *Fe

In 2007 there were published two independent papers where the emission
of two individual protons from the ground state of °Fe was
unambiguously identified.

a) GANIL [J. Giovinazzo et al., PRL 99, 102501 (2007)] (a Time-Projection
Chamber), 4 events, E; and T,,, are the same as in previous GANIL

experiments.

b) MSU [K. Miernik et al., PRL 99, 192501 (2007)] (a novel type of a
gaseous detector employing digital imaging), 87 events, T,,=3.7(4) ms,
the branching ratio for 2p decay is 0.70(4), the angular and energy
correlations between two emitted protons were determined.




Partial 2p half-life of “°Fe
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3-body model: L.V. Grigorenko et al., PRC 76, 014008 (2007)
MSU exp. : K. Miernik et al., PRL 99, 192501 (2007)
SMEC: J. Rotureau et al.,, NPA 767, 13 (2006)
R-matrix approach: B.A. Brown, F.C. Barker, PRC 67, 041304(R) (2003)



MSU experiment: the OTPC detector to
study the 2p radioactivity
Return of photographic technique to
nuclear science!

30+ éz AYOT
_20- é/ ; 1
g
: Z .
104 |
2 A

0.6 0.8 1.0

The energy distribution of protons emitted in the 2p decay of
“Fe (histogram). The total decay energy Q,, = 1.15 MeV.
The solid line indicates the prediction of the 3-body model
(2003). The dotted line shows the theoretical predictions
folded with the detector energy resolution.




Counts

Number of events

Conclusion

121

N
/A

I a a s

60

40/

20

A A R

Both the new value of the half-life and the
angular distribution are reproduced consistently by the
assumption that the protons are ejected from the BFe
ground state characterized by a significant mixture of p?
and f? configurations. Also the energy distribution of
emitted protons shows good agreement with the predic-
tion of the 3-body model.
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®Be i the lightest 2p emitter in the sense of V. Goldansky
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®Be(g.s.) decay correlations (old experiments): 0t 137 |
\ 0+
‘Be Li+p  ‘Het2p

The authors could not fit the data using simple decay scenarios (phase volume, p-p final state
interaction, sequential decay through °Li) and concludedi é no I ncoher ent
processes considered here will fit the data. Perhaps a full three-body calculations is
necessary to understand the energy spectr

O.V. Bochkarev et al., NPA 505 (1989) 215, The “He spectrum was measured in the °Be c.m.
The authors were able to find contributions to this spectrum from p-p configurations with the
spins S(p-p)=1 and S(p-p)=0.

D.F. Geesaman et al., PRC 15 (1977) 1835, The “He spectrum was measured in the ®Be c.m. L
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®Be(g.s.) decay correlations (new experiment, Texas A&M):

K. Mercurio et al., PRC 78 (2008) 031602
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Comparison of new experimental results and new
theoretical calculations (PRC 80 (2009) )
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D.F. Geesamanetal., i we are I ntrigued by the similarit
from slow pion absorption reaction °Li(pi+,2p)*He, in which the largest cross section occurs

when two protons are emitted ~180 degr. from



