High resolution study of Gamow-Teller transitions in pf-shell nuclei
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In the early stage of the core collapse of super- 1800 —————————————
novae, electron capture and 3 decay of pf-shell nu- (a) 42Ca(s'He,t)‘mSc 3 p
clei become important processes [1]. These processes wﬁ N;
are dominated by Gamow-Teller (GT) (and also by 1000 4 _ . T
Fermi) transitions. @ e

In order to study GT transition strengths B(GT) § I
in a wide excitation energy, we use (®He,t) re- ° 2) ; 2
action at an incident energy of 140 MeV /nucleon 5009 - s 3
(MeV /u) at RCNP. A proportionality between mea- 3 e o
sured cross sections extrapolated at zero momentum N B N X
transfer and B(GT) values, “ocgT = 6a1B(GT)”, is JLL Lk, u:k e A W
shown [2]. The ¢t is called a unit cross section for @ S0 5 § Y § S T
a specific nuclear mass number A. Once a “standard %2000‘ S o3 ] (b) “TiCHe v [
B(GT)” value for one transition is measured by a 3 ° '] F h 1| T ) [
decay, the g is obtained. 526000‘ ‘a‘ 5 g bty ““5‘0 ““3 .

We examined GT transitions from 7, = +1 pf- 5%%°] 2[5 2o o= o o (¢) Cr(Het) " Mn[
shell nuclei (*2Ca, “6Ti [3], °Cr [4] and ®*Fe) to 820007 gl g hg <05 r
T. = 0 nuclei (**Sc, *6V, *Mn and **Co). Energy 300 — L Ay e it ana
resolutions were 60, 33, 29 and 21 keV, respectively. Sz £ |3 ~wo 8 & (d)*FeCHet)>*Col
The energy spectra are shown in Fig. 1. S0 |4 saY° L

If the isospin symmetry of nuclear structure is 0 S, l“‘ll‘ ‘A‘*J“#Ml,“ M‘* :
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assumed, the B(GT) value of the T, = —1 — 0 tran-
sition is used as the “standard B(GT)” value. For
these cases, no reliable §-decay data were available. Figure 1: High resolution energy spectra of (3He, t)
We use the transition strength to Isobaric Analog |eaction on target nuclei (a) 42Ca, (b) 4°Ti, (c) 5°Cr
State (IAS) as a standard assuming the following:  and (d) 54Fe for up to 12 MeV and the scattering

(1) all the Fermi transition strengths concentrate in = 3n0le g < 0.5 ©.

the TAS, and it consumes the sum-rule strengths of

B(F) = |[N — Z|, and (2) the ratio of GT and Fermi unit cross-sections denoted by R? value (= 6gr1/6F) [5]
is a constant for a given mass number A. The R? values have been experimentally determined for several A
systems in which B(GT) values can be directly be evaluated from (§-decay studies. For heavier nuclei, we could
determine the R? values for the cases in which the g.s. «» g.s. transitions between the target and daughter nuclei
are GT transitions. For lighter nuclei, R? values were determined by assuming the isospin symmetry of the
T, = +1/2 — F1/2 GT transitions for the T' = 1/2 systems, and T, = £1 — 0 GT transitions for the T'=1
system. The R? values were obtained for the region of 7 < A < 178 systems.



In addition, R? values were derived for A = 42
and 50 systems in the newly proposed “merged anal-
ysis” [4] of (®He,t) and isospin-symmetry [-decay
data. By combining the half life 7% /5 of the 8 decay,
the R? values for the A = 42 [*>Ca(®He, t) reaction]
and A = 50 [°°Cr(*He, t) reaction] were derived.

The smooth increase of R? values as a function of
A was observed. By making the second order fit, R>
values for A = 46 and A = 54 were derived.

The obtained B(GT_) distributions starting from
these pf-shell nuclei are shown in Fig. 2. Most of the
GT_ strengths concentrate at £, = 0.611 MeV in
42Gc. The GT_ strengths move to higher excitation
energies as mass number increases.

The cumulative sum of B(GT_) values up to
12 MeV are shown in Fig. 3. The sum increases at
E,=2—-4MeVin *V, E, =3 -5 MeV in °°Mn
and F, = 9 — 11 MeV in **Co. The sum rule of
GT strengths is known as ¥B(GT_) — XB(GT4) =
3(N — Z), where XB(GT_) and ¥B(GT,) are the
sum of GT_ and GT transition strength measured
by (p,n) and (n, p) types reactions, respectively. Ob-
served ¥ B(GT_) starting from the T, = +1 target
nuclei is expected to have more than 3(N — Z) = 6.
The experimental XB(GT_) consume 45 %, 50 %,
55 % and 70 % of 6 for *2Sc, 6V, 5Mn and %*Co,
respectively, in the E, region up to 12 MeV.

By using high resolution (®He,t) reactions, the
project to obtain B(GT_) distributions in pf-shell
nuclei is in progress. It is expected that they can be
used for the understanding of various astrophysical
phenomena.
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Figure 2: The B(GT) distribution in (a) 42Sc,

(b) 46V, (c) 5°Mn and (d) ®*Co. Note the change
of the ordinate range of the panels.
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Figure 3: The cumulative sum of B(GT) values up
to 12 MeV. Dotdashed line is *2Sc, doted line is 46V,
dashed line is ®°Mn and solid line is **Co.



