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Probing proton emitters using MARA 

separator

1) New proton-emitting isotope 149Lu

2) In-beam γ-ray spectroscopy of 147Tm (preliminary)
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Proton emission

◼ A rare type of radioactivity where a proton is ejected 

from a nucleus

– First evidence in 1970’s: 19- isomeric state in 53Co
[J. Cerny et al. Phys. Lett., B33 (1970), p. 284]

[K. P. Jackson et al. Phys. Lett., B33 (1970), p. 281]

– First ground-state proton emitter: 151Lu
[S. Hofmann et al. Z. Phys., A305 (1982), p. 111]

– Approximately 30 ground-state proton emitters are known
[B. Blank, M.J.G. Borge, Prog. in Part. and Nucl. Phys. 60 (2008) 403–483] (+2)
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Experiment

◼
96Ru(58Ni,p4n) 149Lu fusion-evaporation reaction

◼ MARA

– A/q identification 

◼ DSSD (159 μm thick, 192 x 72 pixels with 670 μm pitch)

– Traces with 10 ns sample rate

◼ JYTube + JUROGAM3 γ-ray spectrometer
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Results

◼ 14 candidates for fast proton emission

◼ Experimental fingerprint:
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Results

◼ A/q identification

– Most likely A = 149

◼ Reference spectra 

gated with 149,150Er 

isomers

Horizontal position
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Results

◼ Element assignment per 

JYTube data

◼ Candidates correlate 

with 0 or 1 evaporated 

charged particles

– pxn channel (Lutetium)
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Results

◼ Ep = 1910(20) keV

– Highest measured for a g.s.

proton emitter

◼ T½ = 450(+170
-100) ns

– Shortest directly measured 

for a g.s. proton emitter

◼ Geiger-Nuttall law
[Chen EPJA 55, 214 (2019)]

– 956 ns ( lp = 5 ; within 1σ )

– π(h11/2)

**K. H. Schmidt, EPJA 8, 141

(2000).
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Systematics

RMF: L. Geng et al. Prog. Theor. Phys. 112, 603 (2004)
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(L.S. Ferreira, E. Maglione)

Calculated half-life of the 11/2- state with the measured Qp
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Non-adiabatic quasiparticle model
(L.S. Ferreira, E. Maglione)

β2 ≤ -0.17

Calculated half-life of the 11/2- state with the measured Qp
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2) In-beam γ-ray spectroscopy of 147Tm

92Mo(58Ni,p2n) 147Tm
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2) In-beam γ-ray spectroscopy of 147Tm

92Mo(58Ni,p2n) 147Tm 147-Tm tagged singles
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2) In-beam γ-ray spectroscopy of 147Tm

92Mo(58Ni,p2n) 147Tm 147-Tm tagged γ-γ coincidences
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147Tm level scheme
π(h11/2)

π(d5/2)
π(g7/2)
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147Tm level scheme
π(h11/2)

π(d5/2)
π(g7/2)



UNIVERSITY OF JYVÄSKYLÄ

Thank You!


