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B-decay spectroscopy of exotic nuclei

® Powerful tool to study the structure of n-deficient nuclei around the N=Z line

® Information of great interest for both Nuclear Structure and Nuclear Astrophysics
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B-decay transition strengths

m B-decay spectroscopy provides a direct access to the absolute values of the B-decay strengths
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® Measured in B-decay experiments

Beta feeding to states

in the daughter nucleus

1+
Lt Bt -decay
1+
1+
0+, IAS
T,=0 T,=-1

= Advantage: absolute

normalization of the strength
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Charge Exchange (CE) reactions

®m Complementary (p,n)-type CE reactions, which are the mirror strong interaction

process, also provide information on the B-decay transition strengths

1 = The CE cross section measured at 0° is

proportional to the B-decay strengths

CE reactions (relative values)

CE
Le——- /[ 9%t (g0)| =64, (0°)B, (GT)
(p,n)-type aQ
Vo1 1+
do "
0 Vo gemas =7 (0°)= 6, (0°)B(F)
T.N. Taddeucci et al., NPA 469 (1987) 125-172
T,=+1 T,=0

= Advantage: highly excited states can be accessed
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Complementarity of B decay and CE reactions

= B decay: Weak interaction = Charge Exchange: Strong interaction

2 They are ruled by the -
‘ same operators VI\SN) = (Vr +V,, 0,0, +Vr, S12)'[1 %

B(GT) Kl//: ‘O‘T| W)

Mirror symmetry

® Mirror Fermi and Gamow Teller transitions are expected to have the same strength
®m What can we learn from the comparison?

= |nvestigate isospin symmetry in mirror nuclei
= Improve our knowledge of GT transitions close to the proton drip-line
and along the rp-process pathway
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B decay and CE reactions

® B decay and CE experiments are complementary

= Under the assumption of isospin symmetry, starting from mirror nuclei, the two

processes should populate the same states in the daughter with same probability

Y. Fujita, B. Rubio, W. Gelletly, PPNP 66 (2011) 549-606

The T=1 isospin multiplet:
the final state is identical

1+
CE reactions N BT -decay
i
(p,n)-type
Vo1 +
0+ VN~ IAS <T

Tz=+1 — Tz=0 <= TZ=-1

The T=2 isospin multiplet:
the final nucleus is not identical

gs.
=42 TF+41
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Experimental technique @ GANIL / RIKEN

* Primary beam: >8Ni @75 AMeV (GANIL - LISE) / 78Kr @345 AMeV (RIKEN - BigRIPS)

= Detection of implanted fragment and subsequent charged-particle (B and protons)
decays: double-sided silicon strip detectors (DSSSD)

= Detection of B-delayed vy rays:
EXOGAM Ge clovers (GANIL) / EUROBALL-RIKEN Ge Cluster Array (RIKEN)

EXOGAM clovers (4)
l B

EURICA cluster array (12)

DSSSD detector
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B decay of proton-rich nuclei

® Series of experiments aiming at the comparison between
B decay in proton-rich nuclei and Charge Exchange (CE)

reactions on the stable mirror target
Al I \ \ | |

Experiments @ GANIL and RIKEN

New and rich spectroscopic information:
T1/2' Bp' Ip'
m 56Zn: 15t observation of B-delayed y-proton decay

Orrigo+, PRL 112, 222501 (2014)

® (3 decay of %8Fe and >2Ni
Orrigo+, PRC 93, 044336 (2016)

L' observation of the 2* isomer (T,,, = 1025 ms)
Orrigo+, PRC 94, 044315 (2016)

m %8Zn and T, , of 16 nuclei with T, =-1, -1/2
Kucuk, Orrigo+, EPJA 53, 134 (2017)

= B decay of ®°Ge and %2Ge
Orrigo+, PRC 103, 014324 (2021)

L, 1g, Ex, decay schemes, B(F), B(GT), mass excesses f
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T,/, of the >*™Co(2*) isomer
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We have observed for the first

5185

time the 2* isomer in >2Co and
determined its half-life

S.E.A. Orrigo et al., PRC 94, 044315 (2016)
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B-delayed vy rays

B decay of °°Ge
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S.E.A. Orrigo et al., Phys. Rev. C 103, 014324 (2021)




B decay Of 6ZGe B-delayed y rays
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T=1

B decay Of 6zGe o & Q. = 9730(140" keV

*Ge (T,=-1)
® No 1*—>1* transitions = Ty = 73.5(1) ms
confirmed the quasi-rule of Warburton and Weneser
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Jt=1% T =0 states) 3340 "
(=21 ¢]
— . . < o
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strength in ®2Ga due to isoscalar p-n pairing '"""'"""""'s';';'ééi-}ﬁé')'i{é\}'ié’ﬁ """""""""
[E. Grodner et al., PRL 113, 092501 (2014)] 2642 <l 1
32
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Z
S.E.A. Orrigo et al., Phys. Rev. C 103, 014324 (2021) T12 =116.121(21) ms [32]
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B decay of proton-rich nuclei

® Series of experiments aiming at the comparison between
B decay in proton-rich nuclei and Charge Exchange (CE)

reactions on the stable mirror target
Al I \ \ | |

Experiments @ GANIL and RIKEN
New and rich spectroscopic information:

» IIpI

| st observation of B-delayed y-proton decay
Orrigo+, PRL 112, 222501 (2014)

= 3 decay of *8Fe and 32Ni
Orrigo+, PRC 93, 044336 (2016)

m 52Co: 1% observation of the 2* isomer (T,/, = 1025 ms)
Orrigo+, PRC 94, 044315 (2016)

m %8Zn and T, , of 16 nuclei with T, =-1, -1/2
Kucuk, Orrigo+, EPJA 53, 134 (2017)

= B decay of ®°Ge and %2Ge
Orrigo+, PRC 103, 014324 (2021)

L, 1g, Ex, decay schemes, B(F), B(GT), mass excesses f
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B decay of °°Zn
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15t observation of B-delayed y-proton decay

= In the fp-shell in three branches - very exotic !!

— +
= |t affects the conventional determination of B(GT) 1=2,0
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B decay of °°Zn: many exotic features!

# _ +
Q" = 12870(300) keV T=2,0

56
_ \ Zn (T =-2)

B, = 88.5(26) % ; :

» = 88.5(26) %o B T,, = 32.9(8) ms

4% T=1 56%

T=2 | /T= , o ExIkeV] /B(F) B(GT)
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PRL 112, 222501 (2014) / Cu (T =-1)
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= 2 independent SM calculations: p-decay hindered by 103; isospin mixing reproduced
B. Rubio et al., Nucl. Phys. Review 33, 225 (2016) N. Smirnova et al., Phys. Rev. C 93, 044305 (2016)
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B decay of proton-rich nuclei .. é/,«»
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Half-life trends

4TCr 49Mn 51Fe 53C0 55Ni STCu 592n B1Ga BSGe
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Mass excesses
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