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« Experiment overview
« Observation and spectroscopy of 22Al
* Discovery of 20Al and study of its three-proton decay
(Summary and outlook )
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Nuclear chart and decay modes
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» What are the limits of nuclear existence?
» What features arise near those limits and beyond?

https://www.nndc.bnl.gov/nudat3/
K. Miernik, W. Dominik, Z. Janas et al., PRL 99, 192501 (2007)
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In-flight decay technique

« Studies of proton-unbound nuclei with ps to ns lifetimes
« Unambiguous identification of heavy decay product

« Measurement of trajectories of all decay products
< Decay vertex = half-life
<= Angular correlations - decay energy
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“ I. Mukha and G. Schrieder, NPA 690, 280 (2001)




In-flight decay spectroscopy
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I. Mukha, K. Simmerer, L. Acosta et al., PRL, 99, 182501 (2007); PRC 85, 044325 (2012)




Experimental overview
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* Energy of Mg beam: 591 MeV/u
* Primary target: Be, 4 g/cm?; secondary target: Be, 2 g/cm?
» Microstrip detector array: measurement of trajectories of decay products
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ldentification of “tAl decay events

* PID: Bp-TOF-AE method
20Mg+p < AE > Z
- Bp and TOF - A/Q

neutron knockout decay
22A] > 21A|
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* Prominent peaks (1) and (2): observation of two states of Al
» The proton separation energy and mass of 2*Al were determined.
 21Al is the first Al isotope beyond the proton dripline.

D. Kostyleva, X.-D. Xu, I. Mukha et al., PRC 110, L031301 (2024)




charge exchange20

deca
« Production and decay of 2°Al Mg Al—y>17Ne+p1+p2+p3
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rrr1r 1 T T 1
8 10 12 14 16 18 ar ~3.6

160 J- E;(MeV) [ T
3 -

)
S 120
= = 2.1,(3/2) ~2.0
< [ R ——
@ S 2 —_—
2 804 <
3 = 123, (1)
3 123. ()

40 - Ir 0.76, 1/2°

0 - — T T 07 13 19 20
60 80 100 120 140 160 180 200 Ne+3p Na+2p Mg+p Al

P, (mrad)

X.-D. Xu, I. Mukha, J. G. Li et al., PRL 135, 022502 (2025) [ What is the decay mechanism? ]
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sequential 1p-2p emission
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1. one-proton decay with Q,= 1.17 MeV

20 30 4 50 60 |2 simultaneous 2p emission with Q,,=0.76 MeV
HP_HNE (mrad)

First observed case of “daughter” 2p radioactivity
following 1p decay of the parent state

X.-D. Xu, I. Mukha, J. G. Li et al., PRL 135, 022502 (2025)




Decay mechanism of the 3.6-MeV state
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[ The 3.6-MeV state decays by sequential proton emission. ]

“ X.-D. Xu, I. Mukha, J. G. Li et al., PRL 135, 022502 (2025)
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the isospin symmetry by employing the S,, of 2°Al’'s mirror partner 2°N
- Possible isospin symmetry breaking in 2°Al-2°N

which differs from the spin-parity of the ?°N g.s., (27).
-> Further evidence of the isospin symmetry violation

* Q3,(?°A1)=1.93*5:15 MeV: significantly smaller than the predictions inferred from

« Both GSM and GCC model predict that the spin-parity of the 2°Al g.s. is 17,

X.-D. Xu, I. Mukha, J. G. Li et al., PRL 135, 022502 (2025)




» Observation and spectroscopy of 21Al

21 Al . .
v 21Al: the first Al isotope beyond the 40 emiter B *p omiter

pl’O'[Oﬂ dripline 3p emitter Bound isotopes

| 2p emitter —— Proton drip line

v' The mass and proton separation energy “ |

of 21Al were determined. M
13 F

v' The decay scheme of observed states
in LAl were constructed.
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 Discovery of three-proton emitter 2CAl

v Observation of the lightest Al isotope 2°Al
v' First discovered case of “daughter” 2p radioactivity
v Possible isospin symmetry breaking in the mirror pair 2°Al—°N
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Two-proton radioactivity landscape
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Almost all elements between Ar and Pb have 2p decaying isotopes! °Mg, *°Fe,
48Ni’ 542“, 265’ 34Ca’ 57,586e’ 62,63Se’ 67Kr’ 7lsr’ 102,103Te’ 73Zr’ 77MO, 81RU, 85Pd’ 113Ce’
117Nd 121Sm 125,126Gd 130Dy 133-135Er 138,139Yb 151,15205 154-156Pt 158,159Hg 109,1loBa

’ Vi Vi V4 ’ 4 ’ 4 4 Vi

114Ce 127Gd 131Dy 144,145Hf 147—149W
’ ’ ’ ’

L. V. Grigorenko and M. V. Zhukov, PRC 68, 054005 (2003)

“ E.Olsen, M. Pfutzner, N. Birge et al., PRL 110, 222501 (2013)




In-flight decay study at advanced RIB facilities %«%

[l planned facility

. experiments

X. H. Zhou et al., AAPPS Bull. 32, 35 (2022) https://www.gsi.de/en/researchaccelerators/fair

ideal condition In-flight decay with particle emission

High energy )
High intensity (2p, 4p, 2n, 4n...)
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