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P and 2p radioactivty
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Proton radioactivity

(Z,N) - (Z-l,N) + P




History of studies of proton radioactivity

» 1960 — prediction of possibility of P emission
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History of studies of proton radioactivity

1981 — observation of Lu - ™°Yb + p decay
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Proton radioactivity

Energy conservation

Q,=M,c*-M,c°-m,c*=-§ >0

Angular momentum and parity conservation
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Proton radioactivity

(Z,N) - (Z-1,N) + p
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Probability of proton emission

A, =SWR

S- spectroscopic factor

V - frequency of proton movement in nucleus

v=" =60 <?
R

Plj — probability of barrier penetration
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G, — Gamow'’s factor



Gamow’s factor
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WKB calculations for 1°1Lu
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WKB calculations for
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Single-particle states
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S factors for P emitters with 64 < Z < 82

e filled proton orbitals : s
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131
Proton decay of " ;Eu

e production in fusion-evaporation reaction

8Kr + 98Nj -

136Gd" - 13'Eu + p4n

o=90nb

e recoil mass separation (FMA — Argonne)
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decay
spectroscopy




» decay spectroscopy

detector Double-sided Silicon Strip Detector

X, Ex t _
g % B Typical parameters:
ons - 40x40x 0.1 mm
Alg=131/31* DS v e g 4040 strips
\\;

Rgistration of (X, E ,,t) and (Y, E, t) enables:
» determination of X and Y position

* energy measurement

« determination of implantation — decay time



Proton decay of *3lEu
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' ' 131
Single-particle states for “2;Eu
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Map of nuclear deformation
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Fine structure in the p-decay of *>'Eu
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WF structure of odd protonin  *2lEu
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Calculations including deformation
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Known proton emitters

30 p-decays of ground states

15 p-decays of isomers
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P and 2p radioactivty
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Two-proton radioactivity (3 isotopes)

(Z,N) - (Z-2,N) + p+p
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2P emission process
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Two-proton radioactivity

e prediction - V. Goldansky in 1960
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Experimental challenges

 detection of individual protons
e energy measurement
« determination of angular correlation

Predicted p-p opening angle for 4%Fe
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Experiment at NSCL /MSU

ion source K500
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Optical Time Projection Chamber
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Optical Time Projection Chamber
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Protons after beta decay of 130
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Protons after beta decay of 13
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Events reconstruction

Z ﬂk t 3

L, = v At
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Track coordinates (r, O, ¢ )
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lon identification
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2p decay of “*Fe

K. Miernik et al., PRL 99, 192501 (2007)



Decay scheme of %Fe
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[3* decay of “°Fe

24 events
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4 events

K. Miernik et al., PRC 76 (2007) 041304(R)



Lifetime of 4°Fe
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Partial 2 p half-life of 4°Fe
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p-p angular correlation
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Summary

e studies of pand 2p decays provide information on:

- limits of nuclear existence
- masses of exotic nuclei
- seguence of single -particle states

- structure of WF of nuclear states



