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The two-proton radioactivity

Decaysand proton-rich nucleiphysics
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Most common radioactivity for proton-rich nuclei
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Decays of proton-rich nuclei

ÅFar from stabilityon proton-rich side, one and two
proton separationenergiesdecrease:

Å1P: Ὓ ὄὉ ὢ ὄὉ ὣ

Å2P: Ὓ ὄὉ ὢ ὄὉ ὣ

Åand the proton emissionismore likely.

ÅWhenὛ (Ὓ is negative, the proton (2-proton) 
άŘǊƛǇ-ƭƛƴŜέ ƛǎ ŎǊƻǎǎŜŘΦ
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Decays of proton-rich nuclei

ÅClose to these driplines, ♫-delayed proton
emission can be observed
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Å‍ὴ: more than 150 known emitters

Å ‍ςὴ: 10 known emitters from !Ìto .É

Å‍σὴ: 3É, !Ò, #Ò, &Å



Direct proton emission

ÅBeyond the proton driplines (Ὓ or Ὓ π) direct 1 and 2-proton emissionsfrom ground-
state allowedand cancompetewith‍ decay.
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Overviewof 2-proton radioactivity

Å1 (odd-proton nuclei) and 2-proton (even-proton nuclei) radioactivitieswerepredictedin the 
early1960s

Å1-proton radioactivity was discovered in 1982( ,Õȟ 4Í

Å2-proton radioactivity only in 2002( &Å)

VFive cases known: ἙἯȟἐἭ, Ἒἱȟ Ἠἶand recently ἕἺ
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Observables of 2P radioactivitygivenby models

ÅOverall observables:

Åὗ (released energy)

Åὗ Ὓ ὓ ὣ ὓ ὢ
üὗ prediction based on mass models !

ÅὝȾ (half-life)
üFrom probability of crossing potential barrier 

(depending on ὗ )

üFor higher barrier, a higher ὗ required

ÅIndividual observables

ÅAngular correlations

ÅEnergy correlationsof emitted protons
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&Ådistributions
Grigorenko et al., PRC 68, 054005 (2003)



2-proton radioactivity: present knowledge
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RIBF4R1 experiment
The searchfor new 2P nucleiat the RIKEN NishinaCenter
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Production and selection

1. 'Å, 3Ået +Òcreatedby 

fragmentation of a +Òbeam

at 345 MeV/Aon a "Åtarget.

2. Selectionand identification

üBigRIPSfragment separator

üZeroDegreespectrometer.

3. Stop in our experimentalsetup

http://ribf.riken.jp

+Òprimary
beam

Selection
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Experimental 
setup
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× Radioactive Isotope BeamFactoryin Japan:

http://ribf.riken.jp/
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Plastic scintillators
Ą Time of flight (velocity○) 

Magnetic dipoles
ĄReconstruction of trajectorycurvature ,́ 
Ą set ὄfield
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Selectionand identification

&

Selection:
Å Nucleiwith too high or smallὄ”in respect with 

setting are lost.
Å Selectionof nucleiof interest

Theseare the searchednuclei!
Observedfor 1st time !
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A/QBlank et al., PRC 93, 061301(R)  (2016)


