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Proceedings of the Third Symposium on Joint Spectroscopy Experiments Utilizing
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July 27~28, 1995, Tokai, Japan

(Eds. ) Masumi OSHIMA, Kazuyoshi FURUTAKA, Yuichi HATSUKAWA™
Masanori KIDERA, Takehito HAYAKAWA and Hiroshi IKEZOE

Advanced Science Research Center
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(Received February 16, 1996)

The JAERI Tandem-booster accelerator has completed its final tuning and is now ready
for experiments starting this summer. The accelerator achieves the energy of all stable
ions exceeding the Coulomb barrier against all stable target nuclei. This powerful beam
is well suited for low-energy nuclear physics, especially for in-beam spectroscopic
studies. Thus we intend to make joint spectroscopy experiments in the field of in-beam
v -ray spectroscopy by collecting all the available anti-Compton spectrometers in Japan.
This program will start in this coming summer for the period of six months,

In order to discuss the experiments to be done in this joint program the third
symposium on Joint Spectroscopy Bxperiments Utilizing JAERI Tandem-Booster Accelerator
was held at Tokai Research Establishment of JAERI. Approximately fifty-five researchers
from universities and from JAERI have attended and discussed actively experimental
proposals made by the experimentalists and theoreticians. This proceedings accumulate

the reports presented at the symposium

Keyvwords: Symposium Proceedings, Tandem-booster Accelerator, Heavy Ion, High Spin,

v -ray Spectroscopy, Crystal Ball

+ Department of Radioisotopes
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Fig. 1. Layvout of the JAERI tandem booster facility
Table 1. Resuits df the beam accelcration tests
lons Energy(MeV) Current(nA) Total Synchronous

initial ~ final in out acceleration phase
voltage(MV) (deg)

28Qj10+ 180 327 80 20 17.3 22
35CI10+ 164 351 130 40 24.6 -30
35CH4+ 164 446 80 16 27.6 -25
58Nj20+ 190 628 80 30 28.2 -30
58Nj20+ 190 658 170 100 27.7 -18
74Get1+ 180 326 110 60 17.3 -35
107Ages+ 231 798 45 15 27.6 21
127 j27+ 225 812 20 4 28.3 25
127 |27+ 225 880 100 23 30.2 18

197AU25+ 340 912 19 3 30.7 .22
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Fig. 1 Calculated RPA eigen-energies of negative-parity states for SD '°°Hg, plotted as func-
tions of rotational frequency. Open (filled) circles indicate states with signature a = 0 (1). The
observed routhians for Band 2 are also shown by filled squares.
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Fig.2 Calculated (solid lines) and experimental (symbols) dynamical moments of inertia for

excited SD bands in 1%Hg (left), 192Hg (middle) and **Hg (right). J® for the yrast SD bands

are also displayed for reference. Dotted lines indicate the yrast J@) which are approximated by
the Harris formula . The parameters, Jo, J1 and J3 used in the formula are shown in units of

K*MeV~1 R*MeV~ and A®MeV >, respectively.
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Fig.3 The electric E3 transition amplitudes, [${Q5%]| = |{wrot|@Sx|7)], for the lowest RPA
solutions with the signature a = 0 (lower) and the a = 1 (upper) for 1*Hg (left), '**Hg (middle)
and 194Hg (right). K = 0, 1, 2 and 3 components are denoted by solid, dashed, dotted and

dash-dotted lines, respectively. Total values (thick solid lines) are defined by (Z?{ |t[@§‘;ﬁ-]|2)1/2
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4. Studies of high-spin states in A=60-80 region
with Si ball

HF kLR (MX)
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5. Superdeformed and oblate states
in A = 190 — 200 nuclei

I. Lu, T. Komatsubara, T. Hayakawa, T. Saito, N. Hashimoto and K. Furuno
Institute of Physics and Tandem Accelerator Center, University of Tsukuba
(Abstract)

The study of high-spin states in the mass A ~ 190 nuclei is a hot topic of
4-spectroscopy in recent years. Many neutron-deficient isotopes of Hg, Tl, Pb
and Bi have been studied by using heavy-ion fusion reactions. The most striking
results are the existance of the superdeformed bands built on prolate shape (SD
abnds) and M1 dominant AJ = 1 bands built on oblate shape (M1 bands). For
nuclei with higher Z, no observation is reported for neither SD or M1 band. The
high-spin states study for nuclei with Z > 82 and N < 120 is a new fronteer of
~-ray spectroscopic study.

The calculations using the cranked Nilsson-Strutinsky method, the Hartree-
Fock method, the Total Routhian Surface approach predict the interesting shape
coexistance for nuclei in this region. Besides of the spherical shape at low spin,
an oblate deformation with 82 = —0.1 ~ —0.2 and v ~ —60° and a superde-
formation with B, ~ 0.5) is predicted. M1 bands in 19%2%%Bj, 192-201p}, and
192,193,196Hg and SD bands in 197Bi, 192-198p}, 191-195T] and 190-194Fg have

been observed.

The typical characters for M1 bands in %¢~198PD are
(1) low dynamic moments of inertia: J(2) = 20 — 308%/MeV;
(2) B(M1)=1 — 2 w.u., B(E2)}~ 20 w.u,, B(M1)/B(E2)=20-30 (u /eb)? for 1eg-
ular bands;
B(M1)=0.3-0.4 w.u., B(E2)~ 8 w.u.,, B(M1)/B(E2)=15-25 (1 /eb)? for irregu-
lar bands; 87 — —0.05 ~ —0.10 (exp.), ~0.10 ~ —0.20 (the.)
(3) complex decay out, linking transitions were only observed for a few of M1
bands
(4) possible configurations: (mi1a2)? (Viray2) ™", Tiy3/2mhg)2(Visay2) " and
(‘ﬂ'hg/g)z(l/ilajg)_n The kigh-X #3/2, ho/2 protons and the low-Q i13/2 neutrons
are considered to stablize the oblate shape with ¥ ~ —60°. A physical prob-
lem still remains: is it the collective rotation or quasiparticle alignment around
tilted axis ?

For the SD bands, the result Q, ~ 18 (eb)? or B2 ~ 0.5 is obtained. The
Jowest SD bands in this region were observed from low-spin states with I=4-6,
the nature and the decay mode of these SD bands are still not well known.
Furthermore, the problems such as identical bands, the evolution from superde-
formed states to the fission isomer in A ~ 230 region are very interesting.

Further experimental studies are necessary for understanding the high-spin
structure of heavy nulei.
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6. High Spin Molecular Resonances
EET (KBEX)

Department of Physics, Akita University, Akite 010

1. Introduction

Narrow high-spin resonances observed in heavy-ion scattering of **Mg+%*Mg, **Si+
28G; etc. are striking phenomena, because they are in high excitation of 60 ~ 70MeV
in the compound nuclei.’*?) Their origin is still an open question.

According to a liquid drop calculation,® high spin states are expected to exist up to
J ~ 40% in the mass number A4 around 50, as is seen in Fig. 1. {The curve /i 1s a limiting
angular momentum and in between Ijj and [j the ground state is predicted to have
triaxial structure.) Actually Lund group calculated the energy of 48Cr and %®Ni with
the Nilsson-Strutinsky method and found the secondary energy minima at high spins and
at very large deformations.**! The structures obtained are those of hyperdeformation,
as is seen in Fig. 2. As the 8Si nucleus itself has a large deformation, the Nilsson

potential corresponding to the secondary minimum is seen to be fairly overlapping to a
2831 4+ 285i touching configuration in Fig. 2a).
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Fig. 1 The curve f is the angular Fig. 2 Energies versus deformation ¢ by the Nilsson or

momentum at which the fission barrier liquid-drop calculations (ref. 5)}. Upper portion shows
of a beta-stable nucleus with mass num- Nilsson potential compared with two 285; config-
ber A is predicted to vanish (from ref. 3)). uration (dashed line).
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From the view point of collison processes, we have two kinds of reaction types as
illustrated in Fig. 3, namely, a weak coupling regime and a strong coupling regime. The
latter may form a complicated compound system as a whole, difficult to be understood,
but under strong influence of the high spin centrifugal force, the system will be extended
to be a largely deformed one and would be rather simple. Such a structure is one of
the candidates for the system with a superdeformation expected in the lighter mass

region.?

In Fig. 4, angle-averaged excitation functions for the elastic and inelastic channels?
are displayed, in which many prominent peaks are correlatingly seen around Ecpm ~
46MeV, suggesting eigenstates of a compound system. Spin alignment measurements
suggested that the resonance spin is J = 36 for both the 45.7MeV and 46.7MeV levels,S)
and the spins of the other two levels slightly above them are also conjectured to be 36.
Taking account of high leve] density more than one per 1MeV, we have to introduce
activated internal degrees of freedom of the whole compound system. As the collective
degrees of the freedom of deformed nuclei are the orientations of the symietry axes,
i.e., Euler angles, the degrees of the total system are the relative vector between two
constituent nuclei and the Euler angles of the nuclei. At the stable configuration of the
di nuclear system, those collective modes would be resonsible for the high level density of
the resonances. The aim of the present study is to clarify the structure and mechanism

of those high spin resonances in connection with activated internal modes.
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2. Di-nuclear configurations and normal modes of motion

For simplicity, we take up the system of two identical deformed nuclel with a constant
deformation and axial symmetry. Thus we start with seven degrees of freedom, 1.e., the
relative vectors R = (R, 03, 6;) and Euler angles (a1, B1) and {ag, B2), as illustrated in
Fig. 5, where the upper and lower portions are for the di-nuclear configurations with
prolate nuclei and oblate nucle, respectively. We introduce a rotating molecular frame,
+'-axis of which is parallel to the relative vector of two interacting nuclei. The Euler
angles are referring to the molecular frame, and therefore they are a kind of internal
collective variables. aq and ag are combined into 83 = (@1 +a2)/2 and a = (a1 —az)/2.

Then we have

(Qi) = (9179219331230’151152)7 ' (1)

where 6.’s are the Euler angles of the molecular frame with four other internal variables.
the kinetic energy of the system can be divided into three parts, that is, the rotational
energy of the total system, kinetic energies of internal motions referred to the molecular
frame and the coupling term (Coriolis term) between them. Quantization was exactly
dome in curvelinear coordinates of the molecular frame, but hereafter we neglect the
Coriolis coupling. (Details are given in ref. 7).) Consistently with the coordinate system,

we introduce a rotation-vibration type wave function as basis one,

Uy ~ D (6i)xx (R, o, b1, B2)- (2}

In Fig. 6, an R — §(8; = fBa) energy surface is displayed for the 24 Mg + 24Mg
system with J = 36. The energy includes a nucleus-nucleus interaction energy and the
rotational one as Vi{(R.a, 8, 52) = Vin R, 2, 51, 82) + J{J + 1)?‘12/2,u,R2, where Vip,
denotes the interaction energy calculated by folding the nuclear density with nucleon-
nucleon interaction called M3Y. We find a local minimum at 1 = f2 = /2 and

R = 7.5fm, namely, at a pole-pole configuration.
| 11T

S0 45 40 354

A (degree)

7 B8 9 0 11 12

R{fm}
Fig. 5 Di-nuclear configurations and the coordinates Fig. 6 Effective potential energy Vs
in the rotating molecular frame. The upper and lower for the 2*Mg+2*Mg system with J = 36
portions are for a system of prolate-prolate nuclel and is displayed, for R— (81 = Bo) degrees

that of oblate-oblate nuclei, respectively. at o = n/2.
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For oblate-oblate di-nuclear system such as 2Si +?8Si , minima at high spins appear at
equator-equator configurations, and therefore the normal modes of motion are somewhat
different from those at the pole-pole configuration. Hereafter we concentrate to the
24Mg + *Mg system, so see ref. 8) for the 28Si + ?%5i case.

At the stable minimum seen in Fig. 6, we expand the effective potential V;x into
a quadratic form for R, #; and f,, and solve normal mode equations. Surprisingly
couplings between R and f;’s are found to be zero, and the only resulting coupling term
is Veoupt = VolR.)B102c052a. This means R and f’s are almost the normal mode
variables, as they stand. Therefore we firstly slove the normal modes without Veeupt,
and show this zero-th order energy spectrum for J = 36 in Fig. 7. Next, taking Veoup
into account, we solve the complete motion at the stable minimum. As each state in
Fig. 7 is an intrinsic state of J = 36, we obtained several bands corresponding to the
levels of Fig. 7. In Fig. 8, K = 0 bands are displayed and compared to the experimental
levels, because states with K # 0 and/or v # 0 carry no partial width of the elastic
channel due to the selection rule in angular momentum and therefore they cannot be
excited through the 2Mg + 2*Mg entrance channel. Of course some of them may have
K = v = 0 components due to the Coriolis coupling and thus have some resonance
strengths. Indications of (2) in the figure notes that the possibilty of a twin band due
to the coupling between K = 0 and K = 2 states. We see the density of the calculated

levels is very high in agreement with experiments.

Eem. (MeV) 70
55 K=0
(6,2,0,6,0) H
s0r (0,1,1.0.0) ;8:8;3:3;2)
(0,1,0,0,2) G 0,0,0,4‘43
B (@0004) ¥GATTE)
{1.0,0,0,0 (0,0,0,3,3) 50
451 C F =
{0,1,0,0,0)  (0,8,0,2,0} =
(0,0,0,0,2y  {0,0,0,2,2} —
: ' £
- .0,0,1,1 Y
40 (0,0 ) SN
A( 0,0,0)
0,,0,0,
35 L SHR ﬁf;%-
f1-, - motion A-excitation
_62_%_, (butterfly) motion 30
radial mode 5% E = %i
twisting K-, v-excitation W—r 1 L : 1 + L
rotational motion  motion 30 34 36 38 40 48
J
Fig. 7 Molecular normal modes of zero-th
order for the 2*Mg 4 Mg system for J = 36. Fig. 8 K = Orotational bands in the **Mg+
Quantum numbers (n,ny,na, K, ) are given 24Mg system around the pole-pole configura-
below the levels., Intuitive pictures are dis- tions. Experimental resonance levels are given
played at the botom of the columns. on the right-hand side. :
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3. Summary
We have investigated the structure of di-nuclear system consisted with deformed

nuclei. As an example, the Mg + **Mg system is mainly discussed. Taking the orien-
tations of the deformation of the constituent nuclei, as degrees of freedom of the whole
system, we have obtained several normal modes, such as butterfly, twisting rotetional
motion etc., activated at the stable pole-pole configuration. The structure of those
states is extremely deformed to have 3:1 ratio. The estimated E2 strengths are very

large, about 40 ~ 50keV. Experiments to explore such a superdeformed band are now

strongly desired.

This work has been performed in collaboration with Prof. Y. Abe, YITP, Kyoto

University.
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9. A Mechanism of Rotation about Tilted Axis

N. Onishi, M. O1, N. Tajima

Institute of Physics, University of Tokyo, Komaba
and

T. Horibata

Department of Information System Engineering, Aomeori University

1 Introduction

In the course of studying the high-spin physics, the first observation of the
back bending phenomenon was an epochmaking event. The most widely
accepted interpretation given by Stephens-Sitnon [1] for the phenomenon is
the crossing of two rotational bands having different moments of inertia. At
the first backbending, the ground state pairing-band crosses with so called
"s-band”, which is considered to be the rotation aligned band.

The rotation alignment is a typical manifestation of the Mayer-Jensen
shell model in the nuclear rotation. Namely, the highest j-orbital in the
upper major shell is pushed down into the lower major shell through the
strong spin-orbit force. So it is called ”intruder orbital” having a unique
parity different from its surrounding. Under the quadrupole deformation,
the parity of the single particle states is conserved and therefore the intruder
orbital does not mix with its neighborhood. Hence the structure and energy
spectrum for the orbitals are simple.

The single particle states having low 2, the angular momentum compo-
nent along the symmetry axis, are very sensitive to the Coriolis force, and
therefore are easily rotation aligned. It is because the Coriolis matrix element
is large for small Q states and the energy spacing between the states coupling
to each other is small enough for the denominater of perturbation. Hence it
is reasonable to say that the rotation alignment is dominant when the Fermi
surface lies on the lower (-states of the intruder orbitals. On the other hand,
the deformation alignment is more likely to dominate in the region in which
the Fermi surface lies on the high § orbitals.

From these considerations, we could expect a sharper backbending only
in the region of nucleus having the Fermi surface on the lower {l-states.
Nevertheless, we actually find a very sharp backbending spectra at tungsten
and osmium isotopes. From the previous discussion, we can not find the
corresponding intruder orbitals
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For these reasons, it is interesting to think of a mechanism responsible
for the sharp backbending in this region. In the heavier elements of rare-
earth region, it is well known the nucleus is very soft against v degrees of
freedom indicating the triaxiality of quadrupole deformation. Indeed, we
demonstrated that the +-softness breaks K-isomerisms and explained very
fast decay of K = 10% state by using the intermediate coupling model of
v-soft rotor with intruder states [2].

Another very characteristic feature found in these nuclei, for nstance,
180\ and 82(s, the energies of odd-spin member of yrast states are signifi-
cantly low in energy. In the nuclei, these odd-spin members seem to belong
to K™ = 8%-band.

Walker and Dracoulis are 1600 7T
claiming that the back- 100 - i
bending in these nuclei 1s -

caused by the bandcross- - 100 7
ing of g-band with ¢-band & 1000 |- .
("t" stands for tilted axis) T sk A
[3]. They quote the ”Fermi- = - ]
alignment” proposed Tose .
by Frauendorf[4]. I am “ ook 182, ]
not sure whether the Fermi- o0 b V=116.5 keV ]
alignment 1s correct inter- | ]
pretation or not, specifically T T 20 3o *40’0 ‘50’0 el (

for the phenomena. 1{1+1)
But it is rather safe to say that the band-crossing of ground state and
K™ = §%-band takes place. Because the backbending of yrast band of even
spin and the signature inversion occure simultanously; let us say signature
inversion, when we would call even-spin member as favoured band and odd-
spin member unfavoured band.

I think it is a good sign for the band crossing of pairing g-band with the
high-/ band, in other words. magnetic excitation band. These interesting
phenomena are the target of the present investigation.

2 Theory of 3D-rotation

Let me briefly introduce a theory treating three-dimensional rotation.
Meny people have already charanged to the three-dimensional rotational
model. For instance, the paper by Nazarewicz and Sczymansky treated 3-D
rotation [5]. I have not enough time to introduce all of them, hence let me try
only our theory proposed many years ago{6]. We utilized the time dependent
variational principle to derive model Lagrangian.
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First we introduce the intrinsic states | &) which are related to the total
wave-function | ¥) through Euler angles.

| ¥y = R(6,) | @) (2.1)

The angular velocity w; can be expressed in terms of the linear combination
of time-derivative of Euler angles f;. Next, we label the intrinsic states by
expectation value of three components of the angular momentum.

Wy = Zag,-(élj)éi (22)

So we have six-dynamical variables to describe the three-dimensional rota-
tion. We call the motion of the direction of total angular momentum referred
to the intrinsic frame as wobbling motion.

The Lagrangian for the wobbling motion is expressed as follow,

Lw = 3 {4 34Su0)} ~ HGO, (23)
where P
Si{7e) = (©(e) | ZE L @(je)),s (2.4)
and
H(je) = (@(e) | H 1 0(2)), (2.5)

S:(je) expresses a kind of action associated with wobbling motion.
From Euler-Lagrange variational equation, we can derive two sets of equa-
tion of motion.

(;I—': =7 Xw, (2.6)

and
w—(Rx(gxw))=u. (2.7)

with
R=VxS§S, (2.8)

and
u=VxH. (2.9}

The first equation expresss the angular momentum conservation in the space-
fixed reference frame. So the modulous of the angular momentum vector
referred to the intrinsic frame turns out to be a constant of motion. The
second equation guarantees energy consevation.

Now we find new vector R corresponds to action flux density. This may
correspond to magnetic field for Barion charge. I showed that the flux play
a very important role in the classical quantization of the wobbling motion{7].
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It is not the subject here, but it should be noted that the angular velocity is
not necessary equal to the gradient of energy g, which will be found to be
Langrange multiplier later.

We solve a linear equation for vector w and insert it into the above equa-
tion, and then we can separate the variable concerning with Euler angles
from ;.

dj 1

We should keep in mind that time derivative of angular momentum vec-
tor propotional to j cross p. This exhibits the gyromagnetic nature of the
wobbling motion

Now we proceed to self-consistent 3-dimensional cranking. We difine the
intrinsic reference frame as the principal axes of mass quadrupole moment.
Hence we make always the expectation value of the off-diagonal cartesian

quadrupole tensor equal to zero.
(@(je) | Br 1 9(je)) =0 (2.11)

We also constrain the wave-packet to have the angular momentum vector
pointing to a certain direction.

In order to solve the equation in self-consistent manner, we need an addi-
tional field B;. Without this additional field, during the iteration of conver-
gence, wave-packet rotate until the direction of angular momentum coninside
with a principal axis of largest moment of inertia. By including the con-
straints for proton and neutron number, we have a variational equation with

eight contraints

3 v
SO | |H =3 (mJe+&Br) — S AN, | @) =0 (2.12)
k=1 T=T
I would like to make one more note that 3-dimensional cranking done by
R. Bengtsson and S. Frauendorf deffers from our self-consisten 3-dimensional
cranking by the additional constraint B;. While the principal axis of quadrupole
potential is taken as the reference frame in 3-d cranking, the principal axis
of quadrupole density corresponts to the intrinsic frame in our self-consistent

3-d cranking.

3 Schematic Model

Now we employ a schematic Hamiltonian and space. People are now
studying nuclear structure in terms of more realistic interaction and space.
So one might think no room left for old fashon a kind of toy model. But
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it may be not true. Because in the tilted axis rotaling states, the single
particle wave function has not any symmetries helping to make size of space
reduced. Because symmetries like time-reversal, the signature, reality of wave
function, are all lost. In order to study a new feature of dynamics, I think we
still have a room for playing with calculations even in the small space and
with schematic Hamiltonian, like Pairing plus Q-Q. |

i v
H=T- %fgp_zz(-)“@_ycgp - Yo PP, (3.1)
This is our space. 36 valence protons are accommodated in the 74 sin-
gle particle states and 36 valence neutrons are accommodeated in 78 single
particle stetes. The kinetic energy and spherical part of the mean field are
supposed to be diagonal and takes the values. The coupling constant x 1s
determined so as to make 8 = 0.32 The pairing strength are determined so
as to make experimental pairing energy fit.
Let me show briefly results '
from the calculation for one- ok
dimensional rotation about e s mney
the principal axis. First, we :
crank up the nucleus along
jz axis, by increasing the
value in 0.1% step. When
we come up to J = 16.9A,
we obtain the state for J =
17.0% through about 800
times iterations. Then we
continue to crank up upto
30k
Now we turn to cranking
down and trace back in the
exact way we cranked up
until 17.0%. After passing
through the point, we still 7
going down in a smooth way R .
and cross the line down to | é [

H

11.95. T e v =
Let me point out two interesting observables. The one is v deformation and

the other is tha gap parameter. The sign of v of g-band is possitive, which
means the nucleus elongateds along the rotating axis. But after bandcross-
ing, the rotating axis becomes the shortest. This is our intuitive picture of
classical fluid. As for the gap parameter, in the g-band the gap parmeter
of neutron decrease until J = 12%. But in the s-band proton gap drops to

Enargy {MaV)

Oamura -defomnailon (degres}
[
1
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almost zero, and the neutron gap recovers and gradually decrease through
30h

Now we explore to the three dimension space. We generate wave functions
in the following way. We tilt the direction of the angular momentum vector
along the equator of each sphare and raise the latitudinal angle toward the
north-pole along a meridian from the points on the equator. We can also
crank up along j, axis. Because all axes perperdicular to symmetry axis j.
are equivalent as the axis for cranking up. But once you cranking up a little
bit, then the shape of nucleus is no longer axially symmetric. The sign of ¥
of the wave functions obtained by the cranking along j, is just opposite from
one for 7. axis cranking.

On the meridian of 45° East, The energies for two states generatated from
other direction should be same, but the v is not necessarily same. In the case
of two same =y, they should be zero. Otherwise, there is gap on the meridian.
Eventurally the whole structure has Dy symmetry. Hence it is enough to
calculate the octant of the north hemisphere.

Let us show the energy sur-
face for J = 15kh. We
found a minimum point on
the prime meridian at lati-
tude 27°. At the munimum
point, the gradient of energy
i is parallel to the angular o«
momentum j.

This is an axis for station-
ary, and tilted axis rotation.
I show the energy curves
just along the prime merid- o
ian section for the various
values of J. We can rec
ognize a precursor of man-
ifestation of the local min-
ima for tilted axis rotation
at J = 10R. At J = 12%h,
the energy at local minima
is still higher than the prin-
cipal axis rotation.

At J = 14% the minimum of tilted axis rotaion turns out to be lower than
the principal axis rotation.

These indicate that the principal axis rotation of g-band is stable, but
not for s-band :

Potential Surface Around THied Axis at J=15

Energy (MeV)

Easl-iongilude

North-iatitude

40
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4 Motion Recovering the Symmetry

Let me show the result of calculation of signature spritting of the two
states having a different signature. The tilted axis rotational state is a sig-
nature mixed states. The quantum tunneling between two degenerate orien-
tation axis recovers the signature quantum number and at same time gives
rise to the signature splitting for the signature pair.

We estimate the splitting in terms of generator coordinate method. 1n
which the angle of latitude ¢ is chosen for the generator coordinate. From
the variational principle, we can drive the famous Hill-Wheeler equation for
generator wave-function f(4).

[ 4418 (3,6) - EN(4,6)] (+.1)

We have the overlap kernel and -energy overlap kernel.
H(,¢) ) ( H ) ,
L= (@ ¢ 4.2
(N%¢) @@ ) ey (42)
In order to solve the integral eigenvalue equation, we usually diagonalize
overlap kernel first.

[ N (&, 8)xn(6)d8' = vaxa(8) (43)
n stands for the number of node of the eigen vector x.(¢) The eigen value
v, is sharply decreasing function of n but should be possitive. i
We make some dan- Y
gerous proce- o
dure to obtain eigen- ;
energy value, namely, o
we should devide by :
the square root of the
eigenvalue v,. In solv- a0 \
ing HillWheeler equa- O ""-h____
tion, we are always .I,;;v S~ i
jeopadized for the fa-
mous * 5
highfrequency catas- os l¥“"“‘ —
trophe. This shows e i e
the resultant energies L B \~ e
of the states as a func- RN —~
tion the number of " ﬁ& :
states adopted in the s s s, SR )
final energy eigenvalue
equations. i w v, = =
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For J = 14 states the solutions are rather stable against the changing space.
We got the signature splitting about 600keV. For J = 16 we got rather small
splitting 150keV. If you find platau the Hill-Wheeler equation seems to be
successfully solved. But we have still problem of instability of the solutions.

5 Mechanism of Tilted Axis Rotation

Finally let me scrutinize a little bit the microscopic feature of the cause
of tilted axis rotation obtained in our calculation. We take a look at the
separate contribution from each term of our schematic interaction for the
states along the meridian of J = 14k sphere.

The spherical one body energy and the pairing energy of proton and
neutron Q-Q force, are shown respectively. Even though the total energy
curve is quite smooth but each contribution is altered significantly.

We also look at susceptibility of angular mometum in more detail. We
can find whole senario of from these picture as follows First, proton intruder
orbital is susceptible to j,f constraint and poarixed and breaks the proton
pairing. The decrese of the pairing gap induces the negative deformation.
And then protons in the natural parity
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10. Tilted Axis Cranking [C&k 2 MMGEBBER

Shin-ichi Ohtsubo and Yoshifumi R. Shimizu

Depertment of Physics, Kyushu Universily, Fukuoka 812, Japan

Abstract
cnECiEREFEoORES % Oickh & TEAFETABEENHRAINTE

L7 L. [EdsEsoEiEisricst LT, Hetw 288K b ERRENTTET
B AP oTER. COXS BIKEOHEN ZETEIE<5,

1 Introduction

EFEoEEES R IBR-TE AL/ FvF v VEFLE, AD ISEKERALE
EELTEA, LAL, highK v FOAl =1 0 Ml BBXARE R &L
signature splitting /"X < 3T LA BATE L odrke THhETODI T v F ¥ 7%
Facit, EEMBsFEFEoEMcH L TECFETTH s L EERRETCH T LR
ZRICANTVE Lo CDX 5 AEF A% Principal Axis Cranking (PAC) & v %,
L L. EliEsEscyd LTEF A Be I b EFREXNFET 5 T & AxRREIK
I EHEER b bh>TWn3 (1,2 % T, EEEBEBICT L TFTTRWE
Ly ELZLNDES5 KA ok TH% Tilted Axis Cranking (TAC) &5, ZDEZR
Fik. MIEA*HBETCEDI LS5 TH S,

2 Tilted Axis Cranking model

AIAL=ZT R, ROXSELDEEL D,

K= kA +p)—dn—w ]
= KGp— A(IﬂL +p)— An —wyj; — wajs — Wala

Ehdo Fe7 L. 55 2HIE monopole pair fleld T& 3. % 7.

wy = wsinfcosy
wy, = wsinfsiny

wy = wcosf

BB T Ty 0 T (FFHoX#o—o, B8k L AEBE~2 b (27
AR = DR FETHS (3,4, 5,6, Tlo
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BT, M HCER L TWEBE (p=0)2%FL 3. TLT. tjzshell BB
neutron, & %>k hyy-shell €3 5 proton #3, L7k rotor & Hy T LEEE

®EZXL Do

B1.1 ZE#: PAC scheme & 5B#5 TAC scheme

N~90,Z ~75 OEBROFEFEL*EL D, Ak, gap parameter TH 5o £ LT,
A, = A, = 1.15MeV &3 %, A &, chemical potential TH %o £ H hw =0 T

o single particle level DA b 23, Nilsson model TOEE &2 = 025 TD single
particle level D3KA3 9 EEIL X 517 5 X 5 GBI, rotor DAY v g B 1 BHICHHT

<HBET Bo
E' = (h) + E
L=i,+ R, I, =i,=0,1; =1
= {Jo}» (2=12,3)

w? ot
B=-Zig L
5 Jo— 7

[+

la

R=w+ w?jl

L. B E kEhEhrotor CHFZRAE &2 RAAF—TH B, Jo, Ty 1 rotor
cxt+ 3 Harris parameter T# 3o E7c, Jo= 3TMeV™, Jy = 43MeV ™ &8 &8, =

E ik,
I = JB+n
“H Db, & biK, A¥ o tilting angle 0 i
h
I3
LEHET B, ks FHFLBTICETIIAE YA
i = it
CHDH. X bit, FHETFLBETFeT 3 2 ¥ v o tilting angle 0, (o = v, 7) RIRD X
5 KEET bo

tanf =

1
tanf, = —
i3
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3 T 1 T T i T T T T T T T T T T T T T T T
_a4f
V,y")—’ =31 2qn+lgp
’/.'/' 2qn+1ap //_ﬁf‘.—
] L o= qne2gp
L . N e
-35 7 0qn+:?ip _____ .- ot Zamsiap
. e 3ol T T
. —_— L —
% o % | T s tanetap
2—36w 1qn¢2§]?._,.;’ e = - "__’_,-—”'" 5qn+Onp
= ]| .- 5""__ . T L ’,A:’.:—-: N
w o -33 S . —__’_'_T ____________ =27 Qgnrigp
_37f T
----- Ogns0ap
-34f -
38} 4
H 1 1 i 1 1 Il 1 1 I I I 1 I 5[0 1 L 1 ! ([)
80 50 0 90
g {dEQree] g idBQYQE]

X 2. Quasi-proton Routhian. 89 A — 2 —x, HEE A = 0.15MeV, A, = A,y =
l.lS[lleV, Ey = 0.25 T&Z}o E@"i FErn]i Ez};/\ﬂ = ((_’1/2 + 63/‘2)/2\ ;EH )\n =
(a2 + €11/2)/2 TH Do HiMbKL, tilting angle TS 3,

4

e'[MeV]

L 1 1 1

30 50 ) 50 50 0

1 » 1 1 }

g [degree] € [degree]

4 3. Routhian. »t9 A — & —¢k, FAME hw = 0.15MeV, A, = A, = 1.15MeV
£ =025 TH 3, ZEnt Fermi T A = (e12+€3/2)/2, A = (12 + €32) /2. B
R A, = ("31[2 + 53/2)/2| Aqg = (59/2 + 61.1/2)/2 TH b, 7. qn H quasi-neutron,
qp tt quasi-proton ¥ &3, BifbiX, tilting angle T %,

Fig.2 > b b2 5 X 5 K prolate (g5 > 0) BE, low - 0 OoWLEK H BRI FIE, XIFF
fh (3 Hh) kLT3 A2 0000 (BB 1) oxb ) cBiRF 2028, —7F.
high - ! oBE R, Mo Eb Y CERTI0%HF U, 2F V. Fomi EREVE
S, SRR LT A TENS 00O E b b cBIiEE 5 0 %A, Formi HAHW
BEk. AFEoEb b KEKT 202U,

Fig.3 o ER»bb» 3 X 5K, qusai-particle BOEMEL L LS oT A
F—B/NA (BE) OMLEXR 90° D520 PO TKBEILTCW200bA 5,
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0qn+0qp — Ogqn+lqp — Oqu42gp & qusai-proton OEMPHEL R Lied>TTH A
F— DR AE (B ofr@ 00006 0° ~ ERIILTVWEDHb»5, 2F . (@
AERh DS R PR IC SRIE 2 B (85 L 00) 2> X PR (B3R DI 5 ~ LTS5, Tk
ST A Y OBLEEY EH T A X b, EERERC L TlwWA & T HIER

IREEMFTAEFT D &b de

T T T T N
0 -
@ S _“"-.‘ reulron -
o4
o L .
[s}]
B nl i
- 50
90 -
1 L ! : 1 . ] . L
0 0.2 0.4

w MeV]
B 4. lquasi-neutron 4 lquasi-proton @
Stationary angle. #3332 A — & —{I, £ =
0.25, Fermi & A, = {eg/2 +€1172)/2, An =
(eaj2 + €5/2)/2 TH 5o BiHbZ, ARET
Hbo

fgn+1gp 4
1qn+0qgp -
2qn+ Qo I

0 o2 0.4
w[MeV]

6. B2 BBHER. 7 4 —%—t, AH

B hw = 0.156MeV, A, = Ay = 1.15MeV

,€2=10.25, Fermi | A, = (eg/2+e“/2)/2,

Ar = (€373 + €572)/2 TH Do BUHLIL, il

EETH D,

w [MeV]
5. lquasi-neutron + lquasi-proton @
Quasi-neutron routhian ~¢ 7 A — & — L,
£y = 0.25, Fermi T A, = (egyp + €11/2)/2,
Ar = (372 + €512}/2 TH Do HliWER, A
HETH D,

6FT —— ' ‘
- ’ 2qn+ 1gp
L ’/- E
./
/
. 4 7 N
"z ST T~
o s ~.. 1gniDgp
— - T ~
— FA T
~ i !'
= 5 Il
= L / N
m ',i"
P 1gqn+igp
!
- !, —
I
Dgn+igp
OH[ -1. 1 i 1_
0 0.2 0.4

w[MeV]
®7. Ml BBWHESR. <9 A—F -1, AH
B hw=0.15MeV, A, = A, = 1.156MeV
g2 =0.25, Fermi @ A, = (eg/a+e51/2)/2,
Ar = (€372 + €5/2)/2 T B, Bt 5
EETH D,

2 BE., EFEoBHEBoES -k R+ b»oTdd—F. Ml BBIETEO
BFoORBOESEFRTIOTH L. M4 hobhd IS5 IKHRENKEIRDILC
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Lo THEFEBFORE v, @AY YIKEIL OBbr s, 2o X5 2ikiE
% shears band w3, Ml BBEAE yvOREEXSOEBELKELZT 50, B
FrBFORE vOBIKEREvy#EH 5 X5 aBEe, THET EBFO gfactor 0HF
HEWCEAR ST Ml BBOERKEAS (89,10, 11,12, 13, 14, 15

3 FEH

Tilted Axis Crankig . EFHEoEEBEEH 4R T 2E7A40—2L LTInH D
e Bbhd. AOESE I L cE O HMENCIHEENTE, KEKRE
LOI WL DTH 2, COREEAXLIEDTLSEFHFLIFRE LTV LN,
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11. Oblate deformed isomers in N=83 isotones
HFFORE (BH)

TR 83 OFFRICIR, B 1IORT L )ICRENICEA L Y 7T 4 VT =0 F T 2 B85
NTVD [1-8]0 BRICIOER,145Sm  4Pm DBAY YT 4 V7 — 34 DK N —THFRE LD
DThib, LProbhrblIiiinenT 4V 7—OREIFVE—, EFHHITE Dy OF
EAETE R BNT, FRENSMeV, lus BETH L, ZOFIINS N=83 FFABNEA L VT
AT A 7RSSR LTV AEERBE LTV, FOFTHGI DFHAL Y TA /Y —
COWTILER (4], Bk (9] OB ESS L KD L ShTB Y, AV V-8 F 447 49/2%, iR
#75 510ns, FIRET 3V F—278.6MeV, T - EAMEBEER O [10,11] 12 & ) EFES = ~0.18
DFATL—FERE LTWE I EDbhoTwnd, FHA Eo74v~—OBAG g-factor &
B [12] 122 Y [Wh%/z(d;ﬁ)os vizjahesoliaselaasas THHIBEPHOLN T\ 5,

— 55 OFAL, BT RV F— S HENER S 1L X o TR S N/ZEHE T 7 DIPM[9] (Deformed
Indeﬁendent Particle Model) ®FTEIZE B ECERENTV S, TREDMSm DRFFERERIC
HLTHIDEF AP EESh, EBERY L (BRELTVAEIRESL TV [13], JDHRID
BHTH LG Sm OERERE T & (HH L DIPM PHEHETH L15Th OEREE R
BID L CHEBTANE S PIIEKEVRIETS 5,

18Ty A HEE I LR Broda & [5] 12 & o TR AL F—4.9MeV T THREZ N T, 2
PR DS ERE L AT RV F - DRIES BEHET AL F — 7.TMeV IZA ¥ 2 (26-30)h, FHET 1.1us
DEAC YT AV — AT AEPFE SR TV, TA VY- OREFRR 26T 4
Vv — ORI L (b o TWkiro7l,

(67/2,71/2) 10286
420ns
10 -

49/27
(222 _sse7 *RLZ2BIE6 0w asse 4o /2 ases
=2 s

10N S550ns

s b 26-30) 7700
¢ _)TZS 492 7410+%
’%‘ 28n= 7O50
158
= “
=
= & r—
st
o
= L
J)
=
[ <+ 27/ 2 >
'...g Z27ns
2/2% 2760 (27/27) 2681 (27 2E25+y27 /27 2586
% +. 4y O.5= S2ns O.Bs
et 2 T 1769

+.5ne
132 1N0S 132t
~ B4t 42—1:[—“5 L2 Q97
Jl E—T-j‘ Teew |- ad zﬁgg 22rs
y7e 3

8= o v/zm___© 4= O 7420 0 SL22MI0GLED o Eh ¥ e o
o

144, 145 146 147 148 149 150 151

P 22Sm ESEu 5iGd iETb gely grHo HBEr

1o 086 130+ 1073 (11T 1096+ 132 1140
22r= 12.5ns EELT] Ons

X 1 N=R3 FSHOEAY VT AV~ DVATYT A7 A

METh DAY VT A V=0 b OCRENR T RET L7700, B RGEED) 7 A7
OhOYEBWTERTo77, ES 1.35meg/cm2 D7V I =7 ARRIZ 7.5MeV /u D30Te D —
LEBREHL, T AN130Te, 9n 48T BUGIC & D 148Th # &£ 5T 5. RBEE T TSI =7 v b ORY
W L7-M8Th IR MEE [14] LD 1 RE—LESRLIBRT IRAF Y I FL—F —
THE L. MHSNERT 4 B0 Ge MERR T 24 EDNal(TE) ¥ ¥ FL—=F—=ildoTHl
L, M Fr-yBERHN 2T o e B2 KEHIOERG SN ERBARS PV ERT



JAERI-Conf 96-007

T T T T T

TTA(Te,on)*eTb

214
240

o]
o

T
279

140

Counts,/Channel (x10%)
o] [#)]
Q <o

2CI}O 600 1000 1400

Mo BRI TOEBRTRLNASHEANS P, HHIIALT—ITELTHE Y- 23T DEAY
VT AT — ORIV SN ETRL, OHIOE = 23T O — & BRI o TRk S ht
"/i%’i%ﬂ—_\—';—o

HirhD Y — 7 138 Th DAY VT AV — 5 Dyifld 5\ d1 19819y DR — 5 ik 5H D
JEITHERT B DT, WIOTh IZBWTBHICH S W Ty 2 RhEERED 5 DRI S el -
Fro TOFM LT (JFIBTH IEETABAL Y TA VT - LAREOFGEH o727 1
Vv — 3 LR WENbR L, TOEERF -5 L REFICRE SN2 0O OBRO LT
EREATTAEICL U BAC YT AV —ETORMEEZHBEL, COBRBALYT AV
7 — M OFRR TRV F — % 8.620MeV LEIE LT, TA VY —DFERAUITIAF v 7 F
L— & — TR LT & Ge MBI CHIE L 72y OB RE A~ 7 b v (H3) 2FT 532 X

Y 1.310+0.007us EFRE L6
’°’mﬂ;

3

Countsy/ Time

1100 1300 1500 700 1200
Tirme ( ich = 5ns }

3 500keV Bl )T RN E - Dy #ETH - b R ET Ty R EANT PV

—HEAY VT A7 =0 LOREMBELRRLOFY ¥ 7 ANES MR T, EREAT
ot BEFY vF ANEETIE S Y — ARV F — 9598,100,108MeV DIPC AL,
141p1(13C,6n) 48 Th DRI BV T Th OB ALY VIRBL ER L7, &I THC FEN#IE KEK
POV LD FFEH L7z, WPr ¥ —4 v M IZE S 4.Tmg/cm? D self-supporting foil AV 72,
—2y N TERSNST ORI S NAiRIE6 BOBGO T v Fa 7 v— I FAif Ge
R R % B CHIE Ly-vEIR FEREEHB X UBERRTH 217> 72 M4 KBRICAIG TV T
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AT - T EETLERTY 3BT TEONITA VY —DLEDBBD AN P V2R
+. ZOANRY FVCENE -2 08— 2T Oy OB e A FIIE N T A VY —D
Il ADBREFRIE L, BILIOBTHRONTAVI—DOLOBRT, — N 2#TT7
AT —DFOBBDOAAY FAERERLEZEZS, BIZHISH T/ TY O ¥ — 7 3587
DT, FOFTRONLT AV —DEOBBRTHRT L Z EFHEL,

¥

Counts,/Channel {xIC*)

Y

N
—

e

7TeGe(nryd
59}5~Ekav

l

8

Above high—spin isomer |

a

oo
691.3keV

[Ss-Te

200

=

1000
{ke\)

1400

¥
4 BHIOVETY — 2T THONALTA VT —DEDBRD AN F L,

SIS OEAFORE, B510RT L D IR AV — 11.8MeV A ¥ ¥ (31} DIRRET TOHEN
BRI L7z, RUEM O Y Yy EOBESHONE TR LN/ — 7105 L TW(8)=Ag+AzP2(cosf)
DR EFEHL, HMOSZERETHEETSIFICLNEAZEL.

12 r (37 nzes .
1
T R N ok
(&1 % i 1wovez
1214 11]75 '
29
10 emy 1 2975

578

1255
58

=
L UNCC
N

(2= = Goo PEr] a?g’gg

— 8 == ! TZA=Y AN BSEE
== asa a7 Ve Faa
% t 7=
L —— ._3...‘}-.-6”—75935
= eaor

L

as (S

[

(S 2= 5315
-

S BIC 4863
= p=—3323
= 4 L -

o 3595
=<
| 368
2714
2 -
1380
Z2ne \nge
2.2mao
Q- o

[ 5 M8y DL NNV AF— 4
FEA L AV Y, BHEL AL F— 2 EE L7 M8Th RN OEM ZRET A -OICBEL:

JEFAETH BTH[15] L1Gd CHRHE SN TR LB ZT o7 (H6), Z=65N=83
DETHTHAH18Th 3#E 2 BB E ELNAMGA[16) KB T-LHHEFEXR41DT2OELED
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BREFHTHL7-0, FOA T A MNREORMIIBELEFETHHTh b L CIMGA D
BAL V34 b BB DT by, BEOB T EFREEEHI LIV BELRDLEEXONL, &
X b (237) KEF TORMAIEBHETE,

o a/r———
T deda 27y i { gz ALY CHy s L
Ga ey
“"’w%“m""va'wa“/ =~
Py i 36,2 (25 45”?
v ST —— . (22%) 4tz
- (e 33,2
- R LN g et -
= 6 Y A — (20", 372 A 9
=, (35,2 < 35/ . aAdn g
o Lo L 31/ R
= L - 2 -—<(w~) sz
e S L S 1 2872t z
5 el — L
3 217 n - 97
ﬁ 4 27/2 —_ Evr'-z— \25/2 ; e ( /’
= 27/ e - ""Wgwm
= Tha s lzs/“r———'* - Es
= L T — ~ 232" TS A
=] T s {23/ 2 .- T2zt mh
= Py 14 Ly e — ‘ egﬂm’
= 17z vt
- 2+ /2% "
Fu] "'\w"‘{ \
=z
1=,/2%
— \.,3/2. SN -3 o
ol v - —F T W
147Tb 148Tb 147Gd

[ 6 198Tb DHENL & 147Th M7Gd DEERL & DB, B Lo OB & R TRIZILCS T DI
f7 2 BEDPETH %\ by BEEDRBETF 2R 41TTH,7Gd DEALIZ L TGS ELFIILNEDL
N-HERT,

(247) & h L OBEAICDVTIdHE L7 T A EALA D © 72720 DIPM ORHE 2612
B DRERIT o770 DIPM FPEBRTE LN ARNOFEIINF -2 LI (HHLTE I &
birot, TLIOEICLIBAY YT 4V —OEND [71'1111/2 5/2,1/f7/2h9/2113/2]27+ Thb
HEASHIBE L 72,

¥ 72 DIPM OFHEDSM8Th D4 5 X M RBEDEF/ ST A= 2 AC VOB E LTHLE
R (7).

00 b

;

77Mev™! GEMev—!

244D
° 455
0 MTng
» BT

= BT cale {DIPM)
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—oz2t e ]
Igh—spin isomer
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7 DIPM OFEIC L hiRLNIETY 8 EBTHLNAPm, Sm,

DEREOERNT A5 DAY K 14764 48Th ¢ 4 7 A M IREOREL
. FANF—O+1) i TE5TT Y b,
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FOEBISTY 2BV T b, BICHE ST 5 [13] 4S5, 7G4 FEAE Y 7 1 Vv —
THEP L4 T L — FERADRHAEREOEMAE Oz, TOI &b N=83 IR
B RONABAE Y T AV TRl ORMLEREORMII L > TRI o TwAH EFL LML,

KIC N=83 RSO FIIEMEELR<L72DIZK 8 O L 5 I2MPm{17],°Sm, 7 Gd,
8T (20T, BT ALF—% [(I+1) OFFE LTTay Lz, CORDPLEFDOETZ
B2 &, o OBIZEPIOR SN 2 ROBH R OHB O FOERRR TR oOTh L, Th
%wa‘i@{tﬁ & & EHE éﬁ%ﬁ’;%"}mé r, N=83 [fFIIEm A Y VIRREE CEOIHET 17~96
MeV-1OME#® & 5745, HIROIBHEER (~110MeV- 1) [ZIGEL T WEP DA S, LRI Haas
Lo THGd TIBAY YT A4 V=X ) Loy T FERRERFREE T KE (BT
VB (156MeV—1) L8 [18] SR TV, TR I OBERIC L > TEES ML, FARFITI2
EOWEFEST ) v FD L) iEEL R CHEEFR LML, TRbiENL v ARGF R OTRE
EEA 19182 bDTHELER OIS,

Bikic 2 e OFFFE U, BT, BRF, BIERE, TEXR, TELLA ®IK, L8R, BEXFK
OEFEFHETHLELHLELT T, ECDIPM OHETFCERE»HEB L THES L Lk
SRR (AL L B £95
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12. Odd TI isotope [CHIFSH shape coexistence
RHBRE (WEX)

AEORFFES T, odd-T1 BEFH® shape coexistence 122V TEREZIT 272,

odd-T1 FEFAZIHTid, 18T~ 18971 Tid collective prolate & collective oblate(ref
[11,12]), 9T1 Tid collective oblate & noncollective prolate(ref [3]) DFHAFAEA] S
NTW5, Figl~3 3 FRFNE TI(ref [1]), 9°T1 (vef [3]), "*Tl(ref [4]) DMK
T#%, bandl I¥ 9/2"isomer 2% > TB Y, configuration iI7[505]9/2 THBHo, =
@ proton 7% even-Hg core 1Z&E L TB Y, collective oblate band (8 =015 =¥
L TwWh, BT IZBWTIiE, +# branching ratio PWEIESNTEY, T LD
g =0.70 £0.08 LD LN TV S, 7[505]9/2 124§ HHEHRMEIL gx = 0.76 TH 5,

Band3 13 positive parity band T#H 5, bandl WEDREFREKICBWTIHIFEL L )%
MFr R L TWADIEL D, positive parity band Tid bandhead @ spin 7% 7% 5,
187T] L1937) ik, bandhead @ spin {E 13/27T& ) configuration (E7[606]13/2 T
H 5, —H9T] Tid bandhead @ spin 1% 15/2F £ 8% B, ¥7TI Tid bandd D &9
7 collective prolate bamd 2B S NTHBY, bands 55 band3 iZ decay T AR
P SN TviB, 77, band5, band6, band7? b collective prolate band T&H 5,
—7F, 19T Tid , positive parity band i irregular band & % >THBY, ¥"Hg £ O
HE% 5 noncollective prolate band & BT b, 7z, Tl T3] CTERE
XS L S 7% collective prolate band ERHI & LT Wiz, 99T 12B4T % bandhead
15/2+® positive parity band 9 configuration i, **Hg I2381T7% 5~ band & DI
b, whez @ viys2® low-j neutron (pis2, psj2 or fsp2) FEZLNTWE, Figs I
185 |~ 199T] 0D excitation energy & spin DEMEZ/RL TH %, negative parity bandl
OWTIREDREFHTHREITR bk, 13/270 level i, 4 47185~193 125
W TIPS T AT 5 L excitation energy 1dRE (& bho T2, 15/27D level
A AE195 & 197 I2BWTI, THTEAEIT 5 & excitation energy 13/NE (7
b D% b, 13/2+% bandhead £F 3 band & 15/2% % bandhead &3 % band 2°
A=193 ~ 195 IIBWTRELTwA LRDNRL,

Band #% prolate % oblate %% &> 51214, quadrupole moment DIFF % b DA E
A% 5, negative parity band }23\> Tid configuration #57[505]9/2 TH Y, gx —gr
DEEIIETH B, &> T Ml-transiton & E2-transition ¢ mixing ratio 1§ 5 7%
quadrupole moment DFF L% %, EOPD 0dd-Tl ICBWVTid, negative parity
band ¢ mixing ratio BSPEEN TS, LA L, RN—VIIRT & JIZAICEST
mixing ratio DIFEH R % B, Figs i2& % & negative parity band 13 A 12 & > TKRE
HEENLWETTTHE, KOR—TJIZIZHEDPD odd-Tl D negative parity band
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@ mixing ratio L I

11/27 — 9/2~ 13/2= — 11/2
187] —0.42
19371 +0.8
19577 +0.42 +0.38
197 7] —0.50 —0.17
1997 —0.25 —0.34

2018 O JERF T DEERIZPT] @ negative parity bandl @ mixing ratio %y — 7,
~—e~directional correlation iZ & D HRET %o Reaction (30GA(*CLAN R TL, By =
165MeV T# %, y—e directional correlation Tidy — OB E IR Y, angular
distribution coefficient A & generalized directional distribution coefficient AAE’\" o
particle parameter by % & @ T directional correlation function WRRSL, £oT
~ — 473} T3 mixing ratio DfF 5RO L OVRELIGET L, y—v&v—e D
=& HET A2 EICE o T mixing ratio DI EFRETH I LA TEHGEHFDH 5.

ERFDEBTIL e~ -spectrometer % beam axis (233 LT 90 B IZEZE L T directinal
correlation DEEEE4T S, 2D geometry(N2 geometry) 128 Tid, y—e~ directionl

correlation function

dQ. dfd,
Py —e, qugenI‘APAcos(ﬂ )

Yhh ZIT, dQ. & dQIEFIFEN electron spectrometer & Ge-detector @ solid
angle, e, & e lZFNFND efficiency TH Ao 72, DCO coefficient Tatd,

DA oA BAD(ID)AMAO( JAp, (€7 )QioAlAz

T e xons Bro(£0) AR2Y (1) An, (67)g0"

THb, ZZT, L & L+1 O mixed multipole # £ 2 %, §% mixing ratio &3 b,
% 7= internal conversion % K-conversion D& & E 2,

Wie— 7,0, =7/2,0,,¢) =

Lp=

QK(L + 1) 2
e T3 (¥
_ ak(L)
B L,
A0 () = F22(LLL o) + 26F22(LL + 111 1o) + 8 F*™ (L + 1L + 111 o)

1462

An(e”) = (bay(LL)Fa(LLL L) + 28aby,(LL + 1)F**(LL + 11,1)
4+ 82aPbp (L 4 1L + 1) FY (L + 1L + 11,11))/ (1 + 6°a?)

2A1+1(_1)£2.‘|2'_QL

g0t = N (22— 8g,0) < A0A1Q1[A2Q0 > Ao 11
2

even: >0

\/(Az — Qi) (A2 + Q1) | (A — Q!
(Az — Q@)M(A2 + Q)1 \ (A1 + Q1)

as(A1Q1)cos(Q14)
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Thb, o T, Byt orientation parameter, byid particle parameter T 1),

GA(AIQI) Giy \

Picos(8) = > ap(X, q)Pycos(h)

A=0
TEZINTWLRHEABRKTH S, T correration function @ AV*T DCO ratio 2

& mixing ratio § ¥ RET %o
T OEBRIIFEREETYERS V-7 T 9. AV — 3R KE, B 5%,
Wl R, SiE EE, B E, BB, AME R, 1F BY Tha,
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14. K-Forbidden Isomer Decays
in the Hf, W, Os region

— Breakdown of the K selection rule
due to the v or spin-orientation degree? —

Kanako Narimatsu*) , Yoshifumi R. Shimizu and Toshiyuki Shizuma

Department of Physics, Kyushu University, Fukuoke 812, Japan

Abstract

Unexpected large break down of the K quantum number has recently been suggested
by detailed studies of transitions from the K-isomer states to the low K states in the Hf,
W, Os region. Two possible mechanisms of the K mixing, the y-degrees of freedom and
the spin-orientation-degree, have been discussed. In this talk, we show the systematic
calculations of life times for the K-forbidden transitions by using a simple tunneling
model which takes the y-degrees of freedom into account. Good agreements are obt ained
with some exceptions, which suggest the necessity of further studies of the effect of the

spin-orientation degrees of freedom.

§1 Introduction

It has been known for long time that there exist many isomeric states due to the
K selection rule, so called K-isomers, in the Hf, W, Os region. These isomers have
life time ranging from some n seconds to several years depending on the K difference
between the isomeric state itself and the state to which it decays. Recent advent of
the high-resolution crystal ball makes it possible to measure the small components of
decays of such isomers to the states which have lower K values. Such data have been
disclosing larger violations of the K selection rule than expected before ™%

The ground state band in these nuclei is the collective rotational band associated
with the prolate shape, while the K-isomer state has prolate shape with similar values
of deformation parameters but with non-collective rotation; namely rotating around the
symmetry axis. These two different rotation schemes may be connected by two different
collective coordinates; one is the v-deformation degrees of freedom, t.e., from y=-120°
rotation (K-isomer) to 4=-120° rotation (the ground state band), the other is the spin-
orientation degrees of freedom which is measured by the angle  between the symmetry
axis and the rotation axis, i.e., from #=0° (K-isomer) to 6=90° (the ground state band).
The latter degrees of freedom is related to the Coriolis coupling which changes the K

quantum number by + 1 unit. In the semiclassical treatment, the tilted axis cranking

*} present affiliation: K.K. Codec, Inc.
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(TAC) method has been used to study this probiem.‘i)

In this talk, we rather consider the y-degrees of freedom. This is because for the
treatment of this degrees of freedom, a relatively simple model is available, by which we
can calculate the (partial) life time without any adjustable parameters. We first explain

the model and then show the results of calculations.

§2 A Simple Model
The basic assumption of the model is the following: We have two different groups of

states, which are well separated by the potential barrier in a certain collective coordinate,
and there is no cross-talks between two groups of states. The transition between two
states with different internal structures occurs only through the coupling between two
group of states, which is small and can be evaluated by the tunneling probability. Such
a model is used for the problem of decays out of the superdeformed band”’

In order to make the explanation definite, let us take the case of E2 transitions from
a K-isomer state to the (low-K) ground state band” . Since the mixing only occurs for

the states with the same parity and spin, the perturbed states are

I=K;,1)=|I = K;, Kj; is0.) + all = K;, I\"g;g.s.b.% )
1
I=K;,2)=|] =K; Ky g.5b)—a|l =K, K;iso),
where the K; and K, are the K-value of the isomer and the ground state band, and the

coupling coefficient o is determined by the simple two level coupling model though
o =v/AE, (2)

with the coupling strength v and the energy difference AE between the states |[ =
K, K;;iso) and |I = K;, Ky; g.s5.b.). Here we have assumed the interaction v is small
and used the lowest order perturbative expression. For the E2 transition from the 1somer
state with T = K; to the state with I = I; < K; belonging to of the ground state band,

the latter state has no mixing and then the transition probability is calculated by
B(E2:I; = K;,Ki;iso. — I;, Ky g.5.0) = o?B(E2:1;, Ky, — I, Kglgsn, (3)

where the B{E2) of the right hand side is nothing else but the intra-band transitions in

the ground state band and can be easily calculated by using the suitable deformation

parameter.

) For more general cases, see ref.6).
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The remaining task is to determine the coupling interaction v. Since we assume that
the two states with different rotation schemes (y = —120° and v = 0°) are two local
minima which are separated by barrier in the (e;,v) deformation coordinate space, this

is done by the semi-classical (WKB) like treatment of the multi-dimensional tunneling

problems) X

A
v= 2T, with T =][1+exp(2W/h)] 3, (4)

2m

where w is the oscillation frequency of the lower well, and W is the (imaginary time)

VV:/ h\/; m,-j(a:)(V(m)_Eg)d:cidmj. (5)

Here «; j=12 specify the coliective coordinate (ez,7), m;;(z) and V(z) are the mass

least action,

tensor and the potential energy with respect to these coordinates, and the zero-point
energy is calculated to be By = %wg with wy being the frequency of the higher well. Note
that the least action is realized by using the special path which is obtained by solving

the (imaginary time) equation of motion. This is done by the Schmid’s method.”

§3 Results and Discussions

The details of the calculational procedure are similar to the one used in ref.5).
The potential energy surface is calculated by using the Nilsson Strutinsky method with
(€2, €4,7) deformation parameters. The pairing interaction are included by means of the
Hartree Bogoliubov and RPA method. The energy surface in (€2, v) plane is obtained
by minimizing the energy at fixed spin values with respect to € deformation. The mass
tensor is calculated by using the Hopping mass model of ref.8), for which the pairmg
gap with including the RPA fluctuations is used.

All the parameters entering in the calculation of the potential and the mass ten-
sor are standard ones and are fixed in the previous independent calcula,tions.s) So no
adjustable parameters are left. We have done the calculations for more than thirty K
isomers in both even and odd nuclei in the Hf, W, Os region. Here we discuss the cefi-
nite case of E2 transitions, i.e. the transitions from the I = K isomer to the I = K; —2

ground state band®’ .
In Fig.1 we compare the calculated and experimental E2 hindrance factor,

cal/er calfex
Fratjesp = ty75 - [thy, = BY (E2)/B*V**7 (E2), (6)

x) For the general case where the M1 transition also plays a role, see ref.6).
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Fig.1. Comparison between calculated and experimental hindrance factors for
AT = —2 E2 decays of K-isomers in the Hf, W, Os region. The data where
the degrees of K-forbiddeness is greater than 4 are shown. The ordinate 1s
logF,.,; and the abscissa is logFezp s0 that the point on the diagonal line

\ means the calculated life time agrees with the experimental one.

N

where t;jg is the observed (partial) life time and t{% is its Weisskopf estimate. Note that
the empirical rule for this hindrance factor is F' = 107, where v = AK — A is the degrees
| of K-forbiddeness with A being the multipolarity of the transition. We have taken the
cases with v > 4 in Fig.1. Considering the fact that the model is very simple and the
data contain large variety of life times differing by more than five orders of magnitudes,

the agreement between the calculated and experimental values are impressive.

| — 62 —
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It should be emphasized that there are no points far above the diagonal line. The
point above the diagonal means Fig1 < Ferp. Since the hindrance factor propotional to
the life time, F.u < Fesp indicates that the decay mechanism due to the y-degrees of
freedom gives shorter life time than observed, namely the mechanism is totally inappro-
priate. On the other hand, the point below the diagonal line means the + mechanism
give longer life time than the experimental one. Definitely there are such cases, for
which the other mechanism, like the one due to the spin-orientation degrees of freedom,
must be responsible for the decay.

Unfortunately, there are no corresponding calculations for the spin-crientation mech-
anism (but see ref.4) ). One can, in principle, apply the similar method of this talk for
the potential energy calculated as a function of the 6 degrees of freedom. But then the
mass parameter must be different and should be calculated in the different way, which
is not well known. The data of Fig.1 contains decays of many 67 isomers which are
two-quasiparticle states. For such statels, it might be possible to directly perform calcu-
lations by using the many-j particle-rotor coupling model in which the Coriolis mixing
effect can be treated in a full qua,ntum.méchanicai meanner. We would like to point out
that such studies of the effect of the spin-orientation degree are definitely necessary to

understand the problem of the K forbidden isomer decay.
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15. High-K states in 1"W
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Abstract: New high-K bands based on 3-, - and 7-quasiparticle structiures have been
identified in MTW using the 1¥4Dy{180,5n) reaction at 85 MeV. The outstanding decay
of the 3-quasiparticle K™ = %)r state to the ™, K = %Jr,% state is a further example

of the breakdown of the K-selection rules, reported in the neighbouring nuclei.

In prolate deformed axially symmetric nuclel, the projection of the angular mo-
mentum on the symmetry axis, K, is a constant of the motion. As a result, decays of
high- K states take place stepwise so that a change in the K values is small, and high-J¢
states are often isomeric. In other words, transitions between different K states are
subject to the K-selection rule:

V:}KimKﬂ—/\SO

where the value of v denotes the order of K-forbiddenness and A the multipole order of
the transition between the states. Transitions with » > 0 are observed to be hindered
by factors of 10-100 per degree of A-forbiddenness.

However, decays of the high-K isomers into the < K >= 0 states with unusually
low hinderances (2-5 per degree of K-forbiddenness) have been recently observed In
HF (1], 176W [2] and '¥20s [3]. These transitions severely violate the K-selection
rule. In 1820s the possibility of a barrier penetration mode was suggested (3] and
recently this mode was claimed to be the dominant decay mechanism for a K-isomer
in 6W [2]. On the other hand, it has been shown that the J{-mixing caused by
Coriolis interaction might result in similarly low reduced hinderances in '™Hf [1]. Since
these anomalous decays are not adequately understood despite recent intense studies,
renewed investigation of nuclei in the heavy Hf-W-Os region is necessary.

The nucleus 177W was studied using the '%Dy(*®0.5n) reaction with an 83 MeV
180) beam from the Niels Bohr Institute FN tandem accelerator. The target consisted
of 2 mg/em? of *%4Dy on a 11 mg/cm® Pb backing. Emitted v rays were detected with
the NORDBALL array comprising twenty Compton-suppressed Ge detectors and an
inner ball of sixty BaF, detectors. In this array, four groups of five Ge detectors each
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are placed at angles of 37°, 79°, 101°
and 143° with respect to the beam di-

e B2 rection. A total of 900 and 80 mil-
@on lion expanded twofold and threefold
s1/261 T:‘ oA prompt coincidence events were col-
o 3 I lected. In order to construct the level
45/2 P
i il ez scheme two- and three-dimensional
45/2::—22; Sy 766 matrices were created. Further, DCO
£3/2W  Sp° . .
/26 225 asres sz st matrices with v rays detected at 37°
336 296 M
e Sy or 143° (79° or 101°) on the x-axis
s7/2% \_#ji’f514 37/ “/ . ( . )
, 282y as /20 and coincident v rays detected at
35727 T Y 207. 3/ 70
/2 ghe i et wE e 79° or 101° (37° or 1.430) on the
sz 378 L Lo v-axis were obtained. Directional an-
2g/2+ | 278 767 &1 . . .
T s b ks e ey TE gular correlation ratios, DCO-ratios,
il ok M | s gt have been extracted from these asym-
2342+ 218, & 29/2% i K R o
D sEEt s ‘;m"";: metric matrices for determination of
559 =, .. . .
i Sm m‘ o1 = transition multipole orders (dipole or
kY \ \ fan XV quadrupole).
35621 W 7,/2F ) . .
%@:Eﬁ? So far, fqm 1Tqua81part101e bands
w533 S and a 3-quasiparticle band are known
W 7/ 4]. In the present work, these bands
74103 p ’

are extended up to higher spin ~ £,

and six new multi-quasiparticle bands
are observed. A resultant partial level
scheme including the two new multi-quasiparticle bands as well as the %+[633] and pre-
viously known 3-quasiparticle bands is shown in fig. 1. The placement of transitions
and levels is based on coincidence relationships and intensity pattern of cascade v rays.

The 1645 keV level has been assigned as I™ = 3L~ [4]. The DCO-ratios of the 812,
1023 and 1151 keV ~ rays are inconsistent with the previous assignment and support
I = Y In addition, observation of the 1151 keV transition to the J*, K = %ﬁ%
level excludes a negative parity assignment, because magnetic quadrupole transitions
are quite slow and can be hardly observed together with dipole transitions. Thus we
assign I™ = %J” for the bandhead. The configuration of the K™ = —129+ band could be
established by comparing the experimental excitation energy and gx factor with the
calculated values. In the extraction of the gx factors, we used gg = 0.3 and Q¢ = 6.8
eb. The following configurations can be coupled to K7 = 1—29+ in low excitation energy

of }TW;

Fig. 1. Partial level scheme of *7"W.

v37[512) 17 [514] w1T[633] Ex = 1687 keV gx =0.17,

v37[512] 727[402) 737[514] Ex = 2050 keV gx = 0.94,

p17[633) 737]402) 71 T[404] Ex = 2082 keV gx =081
The experimental values of Ex = 1645 keV and gx = 0.18 £ 0.01 or 0.42 £ 0.02
support the v5 [512] vI™[514] r/%+[633] assignment. The 3v (v6* @viw) structures

are systematically observed in the neighbouring HE-W odd-A nuclen.
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The 3203 keV level is newly found in this work. The DCO-ratio of the 1224 keV
~ ray is consistent with a A7 = 0 or 2 transition. Consideration of the decay rates
for the 505, 767 and 1008 keV transitions leads to the K™ = %9+ assignment. The
bandhead excitation energy and the high bandhead spin correspond to the excitation
of five quasiparticles. The following configurations give rise to low-lying K™ = 2—29+
states in 17'W;

viT[321] v37[512] v [514] 71"404] 787[514] Ex = 3296 keV gx = 0.38,

v3T[512] v1[514] v17[633] 737 [541] 73 [514] Ex = 3888 keV gx = 0.58,

v17(633]) w17 [541] 72*1402] 757 [404) 7§T[514] Ex = 3759 keV gx = 1.0.
The experimental values of Ex = 3203 keV and gx = 0.47 £ 0.04 seem to prefer the
18~ ® 78~ configuration. However, the large alignment shown in fig. 2 requires the

2
presence of at least two aligned quasiparticles (e:g. »i 1 and mhg). Further, the band

having the same structure (K™ = 317 v47 @ 75% at Ex = 3225 keV with i ~ 5 )
has been reported in W [3]. We thus assign v1—29+ ® x5% to this band.

The remaining band has a bandhead excitation energy of 4575 keV. The DCO-
ratios of the 336 and 609 keV ~ rays are consistent with A7 = 1 and 2 transitions,
respectively, indicating [ = % for the bandhead spin. The following configuration gives

a low-lying K = 4 state in '77W,

{v87[512] vL[514) v1¥(633] 717 [541] 73 [402] 7} T[404) w§[514]}, KT = 47

The 3v(v6*t ® z/i;ig)@) 47117 structure
T T T T T . T at EX = 4610 keV in 179“‘7 has been
101 ce7/2*[633] O®K'=29/2" R reported by Walker et al. [5], support-
| Uv5/27[512] AAKT=41/2° }  ing the present configuration assign-

| DEKF=18/2" & ment.
] All the inter-band transitions
2 shown in fig. 1 are K-forbidden. The
l present analysis of the v- time differ-
ence spectra gives a 1 ns limit on the
| half tives for the K™ = ¥7 and 27
e A . bandheads. The hinderance factors ¥
e and the hinderance factors per degree
' ' ' of K-forbiddenness (reduced hinder-
ance factors) f,, defined as below, for
Fig. 2. Alignment plots as a function of rota- the 661, 767, 812, 1008, 1023, 1151
tional frequency for bands in '7"W, with refer- and 1224 keV transitions are summa-

ence parameters Jy = 35.0 12 MeV~! and 3 = rized in Table 1;

87.5 A*MeV ™4, . .
fy = Fiv = (ﬁ)

—y

=
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where v is the order of K-forbiddenness, T, is the partial y-ray half life and Ty 1s the
Weisskopf single-particle estimate.

The most striking feature of Table 1 is an extremely small hinderance of the 1224
keV transition which is 10 times K-forbidden assuming an M1 transition. In addition,
the branch to the spin % member of the %+ [633] band overcomes decays to the K7 =
§+ band members and other available levels of intermediate K, which are only 2-4
times K-forbidden. A similar case has been observed in the decay of the 14% isomer
in "W where the isomer primarily decays to K = 0 states with low hinderances,
bypassing intermediate K states [2]. An explanation of this anomalous decay was
presented by Crowell et al. [3] in terms of a tunneling through a potential barrier in
the v plane. They found a correlation of the hinderances with the height of the barrier.
However, this does not seem to be applied to the decay of the K™ = %+ state in 1TTW,
because the hinderance factor F' ~ 10% is too small to be reproduced using a tunneling
decay mode [6]. An alternative explanation for this kind of decays is A-mixing due to
Coriolis interaction. An onset of inter-band transitions from the 27 [512] band (t-band)

members with spins of I™ > £7 where the §7[512] band crosses with a t-band (see
fig. 2) may indicate presence of large KX components in the %+[633] band. Since t-bands
have large < K > values ~8, the 27[633] band may bave a K ~ % component above
spin % where the inter-band transitions from the t-band are observed. In this case, it
may be concluded that the difference of the K values is so small that the decay of such

a large K state to the J7[633] band can occur.

TABLE 1. Hinderance factors of the K-forbidden transitions depopulating the K™ = ~12ﬁ+ and %4-
bandheads.

E, I, K L&) AK Fb) £
(keV) (%)
661 9.3 107 M1 6 <14x10° <11
812 41.3 1o+ M1 6 <59%x10° <90
1023 23.5 1o M1 6 <21x10° <12
1151 25.9 1o¥ E2 6 <84x 102 <54
767 10.4 Bt M1 5 <20x10° <21
1008 3.9 B E2 5 <28x10° <14
1224 85.7 2 M1 11 <9.6x10" <3l

a) Assuming M1s for AI = 0 and 1 transitions, E2s for AT = 2 transitions.
b) Derived using < 1 ns limit on half lives.
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16. AJ = 4 Bifurcation : Origins and Criteria
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Abstract

An alternative approach for the AT = 4 bifurcation phenomenon has been
presented without introducing either a Yy4 deformation or an I* term in the
Hamiltonian explicitly. The optimal criteria for observing the phenomenon
have been discussed as well.

The new ~-ray detector arrays have demonstrated that rotational sequences in certain
superdeformed bands with angular momentum differing by two can split into two branches
[1-3]. This is commonly called AT = 4 bifurcation, and has attracted considerable interest
in the nuclear structure community (for instance, see [4-10]). Because this phenomenon
depends on the variation of E, values, the bifurcation appears as an oscillation in the
dynamic moment of inertia, J®) as well. Fig. 1 shows the bifurcation in both E, and J@
for the yrast superdeformed band in 1*°Gd [1]. The reference for J©) is simply the average

value of the two neighboring ones.

*An Invited Talk presented by JYZ at “The 3rd Workshop of Nuclear Spectroscopy by Use of

JAERI Tandem-Booster”, 7/27—7/28/95, Tokai, JAERI, Japan.
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FIG. 1. AT = 4 bifurcation in both E, and J(®) values for the yrast SD band in 1*°Gd [1]. The

top curve is AE, in units of keV (shifting up by 1 keV), while AJ®@ is in units of A*/MeV, with

a multiplication factor of 0.5 so that these two curves can be put in the same figure.

Intuitively, these observations suggest a fourfold symmetry in the nuclear system, cor-
responding to an invariance of the shape under rotations by £ [1]. This has motivated
theoretical investigations that have included a Cy symmetry piece in the Hamiltonian stat-
ically or dynamically, with the rotation axis either along or vertical to the symmetry axis
[6,8]. In another approach, the influence of AK = 4 coupling through the inclusion of an I
operator in the Hamiltonian has been investigated [9].

Recently, we have proposed an alternative approach that is based on the angular momen-
tum projected shell model [11]. We have shown that such staggering can emerge naturally

in an angular-momentum preserving system when two almost isolated rotational bands are
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mixed by ordinary two-body shell model interactions. Angular momentum projection trans-
forms intrinsic states to the laboratory system and shell-model configuration mixing provides
coupling between different intrinsic K-states. The quantum mechanical interference of this
projection and the associated configuration mixing can lead to AI = 4 bifurcation in the
resulting laboratory-frame spectrum. Under such a mechanism [11], there should be four

distinct features in the resulting bifurcations:

1. The existence of this effect should be independent of the difference in K values between

two bands which mix.

2. There is a “beat” envelope localized in the crossing region; the largest amplitude of the

oscillation corresponds to where the two bands come the closest, as shown on Fig. 2.

3 If the two bands that mix are well isolated from other bands, this bifurcation should

be observed in both mixed bands with opposite phase structure (see Fig. 2).

4. There may exist phase reversals in a long oscillation sequence because the following

band mixture occurs normally independent of the previous band crossing.

According to calculations and analysis using this approach, the optimal conditions for

observing Al = 4 bifurcation experimentally can be summarized as follows:

1. The efect is most clearly seen if two bands that are close to the yrast line dominate
the mixing. If too many bands mix, the interference effects may cancel out the visible
bifurcation. Thus, nuclei for which the Fermi surfaces lie in regions of low level density
for states of a given parity are particularly favored. Since superdeformed bands are
generally found for nuclei having Fermi surfaces lying near gaps in the deformed single-
particle spectrum, this condition is fulfilled rather automatically for superdeformed

Cases.



JAERI-Conf 96-007

Spin
FIG. 2. Schematic picture of the “beat” structure resulting from a two-band mixture mecha-

nism. Two mixed bands should show staggering of opposite phase, if they are isolated well enough

from other bands.

2. In principle, mixing between bands with different qp-numbers could give such bifur-
cation effects, but such a mixing will usually result in a distortion of the regular band
structure. Thus, observation of this bifurcation fine-structure is more likely if the two

bands that mix have the same gp-number.

3. There must be long enough sequences of transitions (say eight transitions or more).
This condition is more easily fulfilled in superdeformed systems. In the normally
deformed case, odd—odd nuclei are other possible candidates because blocking of both

neutron and proton pair alignment ensures a longer regular band.
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4. For realistic coupling, the interacting bands must be close in energy to generate ob-
servable bifurcation amplitudes. Thus, nearly degenerate parallel bands, or bands that
cross at very shallow angles, favor the survival of the oscillations for long angular mo-
mentum sequences. Such bands are likely to be more common for superdeformation
than for normal deformation, while for normally deformed bands we may expect that

high-K bands are more likely to fulfill this condition than low-K bands.

5. The interacting pair of bands should not be too similar in structure (for example,
they should not be built on quasiparticles from the same single j-shell). The reason
may be understood qualitatively from the matrix element <I{ |1£I R(B K '> entering the
projection integral. For states that are too similar in structure, the angular dependence
of this matrix element is strongly peaked near zero (loosely, only a small rotation is
required to bring the two states into strong Hamiltonian overlap) and this kills the

oscillation.

6. Energy measurements with uncertainty of 0.1 keV (or less) are required, because the

expected amplitude of the oscillation is about or even less than 0.5 keV in most cases.
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17. Direct Measurements of Octupole Collectivity
in the Hf-W Region by means of COULEX

I 18%, B RIT
FUMNKEF IS
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2 HNTW A 4], YTHI ORBED 178178 HE @ Octupole Band 122V T (a,0') DE
B — ¥ b K7 = 9= @ Collective State D&HARE ST 25 [5] A% EA 4 /T &
BEES —R YR TOHZET -3 INE THRESN TR, FLTHE D7 — 1
VEHRERBIIOWTIL, INFTOEZ A, ZEPLLBIEHLNTE LY, Octupole
Band b5 TV, LA L%EAE, & BFEED Octupole Collectivity 2 HRFT &
52 L3R even % B(E3) fE ("°Hf: 7.2 W 'HE 4.0 W) 2 BHERIT
5,

—F, T OSEHTIZE { D K-Tsomer DFEEDVH LT WA, 78HE D K™ = 8~
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Isomer (Ty; = 4 sec) 237 — R VIS & o THHE S N7z L v ) ERE P VWHRED D
%06,7c ZORWEA N Z X LFFEZZHLPIZEN TRV, HEAEAY /BT
Isomer Band @ Octupole A DEFLREEH H 5O TR ik DHEED Xie 5
IZE DR &ITYwAB [6)o

S O4EIK, & TSI HE .0 Octupole Collectivity 122 NFE THF HFRARLN
Ty, KBEDL Ge-Array &7 — U VA HAELEER BT L9 T ET,
T DEBIE T Octupole Collectivity DEFFEAKE CHEBT 2D TIZRVED 9 i
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18. B8U o —O i

TN RZEERE RIFRBITRE A5 ER
FOF A BB, & AU W) K- AFE B

BT OBMERC i, EEs X CRBBET - F25 5, EEREFERERE
REF LT ERERCEVTE, CHETCKEEHRECONTRIMLN TN B,
RERARIC O T, BBy AE YD  quadrupole #EE)¥ octupole,hexadecapole HeEf
{C 3~ T low-spin T one-phonon REED H B b1 T\ 7ce 743, 1981 “EC well de-
formed 4E5C # %%Er ¢ double v vibrational bandRREExhThbiE®OERET
DD EFHET b double v € octupole-octupole IEEFRAEHREAKICREE R, =15
ESEROBHICAKELSER Lce

1994 £ Korten 232 Th wgpnt, 775/ 4 FEEIRT 1 #91% T @ two-phonon
band % % double v vibrational band? %#FER L7, 0%, FT 1994 FiC Mc-
Gowan 5D Za— 737U K BT two-phonon state® F R T B2 L 5 A% 0HD 27
state DFREERFET 22, PTh 02 AR WTIMESHREEZRLTVWEDICHLT,
20 rstate {1, BEBEE, BEIALF— &b L THIRCFREMEERTHBRCE -
<Y, FOERNWERISORBCAFRICERELZ IO LA ->TD,

Z v, i boikEER b ground band B{\» (3 one-phonon 8,y band ~DEBHE
EAsR®, chbOREOMERHLAICT L e, F RO two-phonon RAE A
R+ 3k EFERICEIKE

LEFHAREFL v F AT —RE—RUE I =V Ay R R Fni?U OKHE
ELRAE S EMT 5 e HCEE s — 0 VIEERLERT 5. ABEETRIOERICHT
<~ @ estimation 275

Ry FLT—RE—DERICE S A\, T27F/ 4 VERALOBEREFHICHL
<, r—u v EEERPTIEC BNAFETFEREVTY, £BLEoTs -rvE
BRI A AF— 3B X5 ok, CHICE-T, EROABIKCEDELLY
AFAE - AR BRHES X5 Choke 7 — 8 VEIEDEE, XORIWERIAS
WTOLD2RCHFILTKEL 2D, kXL, BEMRKEL T2 T, Doppler
BMECLEALS PADIELEOBIL R L CHFILTAREL Bbo Tk, KISICIAS
HTEEFD 7 — 8 YHED Ao TL 50T, A3~ ASKAE-HEL ¥ —25F
i OTHERERD L, CHbDEDLSEASR TR Zr #EA K,

Table 1. AffZc%r 2HBwreio Ge @ (§=90°) w3z IMeV ovio FWHEM 2t/
2;5' state(1060keV) sboyio yield estimation.

Projectile Br Al Doppler broadening Photo peak yield

(%) (deg.) FWHM (keV) (counts/sec)
0Zr 5.4 5 6.6 25
8.8 12 70

12.5 16 140
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~v-band @ 2% state (FiET & ¥ — 1060keV) 2= b EERAE~DYERD yield 2 T F
FHI T %o

estimation I (X5 H T A X< 27 + 2D Doppler broadening € X 3 3#FRED T,
HEEIETC ¥ 2o \n, Doppler broadening &, Ge BHBOIEE L REZIEREATIAH
DAREX, REBoOREERAEL IMENSE, broadening —FEKEL A Z{RETO
1MeV Dvi> FWHM 28, Table 1 iKFEEN T3, Abpid Ge BHZEBDEIRIC
RO THE2) A-E—DBOREER¥RLTnd, FWHM D{E* K CETEFL
TEET2rREROBEICL YV EA S, SEIEFEETY IMeV 05T 10keV HE

-

DOFREP DR EEL T B, [ [ ]
AR T ORHIEE LT 40x40 mm L
©PSD % 2#%, €—ABICHFCE i \
TH5, BRHEAERIFET 56°~153° f
T# 3%, Table 1 @ Photo peak yield
R, =%y F DE X % lmg/cm?,
v—LBH% SpnA t Lt EF 27
state 2» b DyER (1060keV (25 —07) X
O 1015keV(25 —27)) €D WTEEEL 2
b OTH B, z DffcEBRORIE i |
CENTH, FREHRSEL RO R P )

| o

M, ¥Av-—-oERCKT5PSD R 0 50" &0
FEHBUSE L OBFEEMCARLIR o (BT o ot
A bhwni, SEO data [KEREU (17 state) smissmin<s & e G L AR population ofxs
By F 2 Y N—DYRTFLALENT #, PSD region n@iE 3 MHNTFoSEoRE,
i, 11580 GCGeRHBEILELI =Y+ A vF -2 LT, BELZOET, AED
EREH2 B & T 5L, 27 state 2o DYyERD yield i 0.6M events L E X 63 Do
KEDOVIREY & L T two-phonon 4., state 2% 27 state Cs L ¢ HFHEEhIC T WIRRE
#EREL, ASHITIOZr @A L AHA, T 0 1060keV @ 27 state ICxf L TRE
L % two-phonon state DRICE TG, COHEUSFRHESOIERICH LT 1/508
EThBC e, #HEa—- ¥ COULEX Kk-ThaoTw3 (Fig. 1) OXGETE

BTHhE, SEOEERT 2 BEORAIET 12k events 8ifFE L E C ¢ 1A D,

_.
9
[pt]

p———

Population (barns/sr)
o
L
T
N
\

PSD region

Y
f3
b
T
|

two-phonon state DL, SEICIR~<7c McGowan b DFEHE L /2 3 KD 2T state %
EHENDC &MU RN D, ChbOstate lt, 27AAF-band €, 1Z3iy-band IC
EFNEFNBRA-EBRELHDL, PRETAiAF—2ENFH one-phonon state @ 1.3~1.6

%"C’% 5 o
B(E2) o#ticit, vt 3 HEMTFORESHRLETH D, thbo 2t D
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5%, 2& one-phonon state ~FB
EBRBREY b0 1414keV(2T) KBV
<, B(E2)DEwIC LT, HELRL
FoEESHE Fig2 KRT. KiE
#% one-phonon ~DR BB L FFOEH
STHEREDBRAEBY AL LS
LTthHb, LOKSCITRAED yield
i, B(E2) st L T3% \» sensitiv-
iy 223, BE2} 2HEEI(RDD
C e Edo

References

0.0081

0.006+

0.0041-

Population {(barns/st)

0.002+

Scattering angle [Lab.] (deg.)
Fig. 2. one-phonon state (23 state) ~H-EBBRATRO
1414keV 2% state o population OEEHW. KX A -TEAE
YEONE, AREToESE R Ladh.

1) W.F. Davidson et al., J. of Phys. G7 (1981),455,843
2) W. Korten et al., Phys. Lett. B317 (1993) 19
3) F.K. McGowan, W.T. Milner, Nucl. Phys. A571 (1994) 569
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19. 3 74/ VHYRIEBHREICDT (T AV
ABEE (EH)

INEFTEH Y THEBHE 7+ REBELTRISE BLU2ThicBwT2 74/
Vo4t RENRE SR TS, 1D HLiC 150Ng, 160G4, 162164Dy i BT 4 EHE 7 =/
VBIUSERTA ./ VOBEL2 74 FRELHESIA TV, YERRERIC
DNTIRELNET A VIREBOBENDH 225, REREHCOWTIRZ2 74/ Y ETIZRG
Nt &o TEABEBHOMBETROKELRF Y Ly ViIR3 74/ YREORETH S, —
Bl 7x 2 U E0E T VIREBILR B EATAMVREOP R VAANCH ), BUEKE
PIEFICE . 7O VHRIEEDL D RIBAT S Collectivity DEVIREEL BE2)JE
DREVEB LB L GERUICERETES L) BEHEsE -0, oS ICEXTHEF
KRB EEZLND,

MEIEA — WV FTH 5D, X112 Winther and de Boer D7 — O » BhiZMEERE I — F
COULEX? # IV TEE L2 28U M0 7 — 0 VEIEWNER T T, PThicB»Tid#
HEBIOEWY v <iRE2 74/ YIRESHRE S TB), HOFFETIR3 74/ VIRE
DEIFEL AV F—, BE2) REHESREL 2 2512 (@) BLU (b) 3% 458N, B0Te
YA FELBENRERTRT, CTRITDL4EDBCGO T ¥ Fa v 7 vl
Bor-BERATIE BN -2 HWnT2 7+ 7 VIREFRBEEIGEY. £ - T B30T
BEDEYVEAFVEAV, 1 0BUEOH ¥ v RIRHESED O HABRHEREOR NS Y 2
s AE—LERACNE, FELRESOL —V EFHfRFTED, L LadE, CORE
BERFOEBTLALATWRVWOT, Fro—FrvEFHEEICL o TR EFEE
THELEND L, T, EOFMTHRFAMED KT L2205, FERMRASD 2 LEbiE
IHRNF—HEL LN BED NS 20 THENERIIN 1 0B LN M3 kb,
THhORERTAEI T+ VIREDORBIZEICIEEF 5 { JAPAN BALL O & 9 2 AHH
BOs ) A VE-VHELECRBEBbNE,

=

1) H.G.Boerner et al., Phys. Rev. Lett. 66, 691 (1991).

2) W.Korten et al., Phys. Lett. B317 , 19 (1993).

3) U.Kneissl et al., Phys. Rev. Lett. 71, 2180 (1993).

4) A Winther and J. de Boer, Coulomb Excitation, eds K.Alder and A. Winther (Academic Press,

New York, 1966) p. 303.
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20. Transient Field ZFH I\ X 4RBED
g—factor DHE
EEE (FREX)

B FX D configuration A FE & LT g-factor DRIBRIFEITEL TH 5,
=2 ¥ VIREE O E L AT 2 £ T configuration RED 79T g-factor DEIE
HRDEND, FESETHD ¢g-factor Vb w 2 BEAEAMETEET2ESL
%t LA LEAE Y TEKEVOTRESE LIZBUOFFIESE LT 107 [sec] T
HEHDT, FOHVERICENTIERZENE S 2 5720101 10°]T) DLEOM W i#s
DYEER D,

T DR TEVEDS T Transient magnetic Field (TF) & v 63HI L o THET
&5, TF LIBAL &S8R AP & A 4 V5Bl T 2 BRC A A4 V95T 2 14
T 1~ 6 x 103T] TH 5o WREMED CHE L Ty 5FI0RT 2551 ~10(T] %2
FETHBOTTF BEO TRVEIETH LTI 5, &0 AHD =X LEHEMEE
PORBELEETFE A4 > ORENC L o TEM 8 L7z (Lindhard-Winther 25R)[1]0
Z OEBHIC LAUTHSS Buw it A 4 Y OFEEICRIBIL, A A DL T B ERTE
L, LA LBEEOIIREDFEEICL o TAF ¥ DEEN B =v/c~0.05 FEIC
KEL DL TF ORI LW HER L 0 b RE (i), BITEECHHIL T HF
SRR S 17 (€1)e T OBE Brp & T5E, By = aZufv, &% 53 Chalk
River DZ V—F Lo TRENTZ 2o ST T Z & v ldrecoll 14 Y OETHESL
B, v, T Bohr velocity Tup = ¢/137, a HHEBRMIIKDLENLNT A—F T
a~12[T], &Lt Chalk River parametrization EFFIIL TV %, TF @ enhancement
DEEIE L TRIFHEBINTWER VIS, gfactor DHIEICEH SN TRTN S,

RlEREIL, FEF0MOUER A populate & 172k O R R £ il 2
SR Brrll & o TEFHOAE VOB E & 5 — £ 7 5% 34 TE OERAP 5 5
ENDBy MOBEDHO shift BEXHIZET 5o

A Y VIR R AT A 791013 Coulomb B2 IZE A 4 Y HERSUCEFIA
$ 2, Coulomb B2 45413 population probability ZIHEEIHERFE ICHIRT & 279,
(HI,xn) BUGD & & i population probability 2R RBNILA > TL T, LdHE
M OFEHE V7D B WOUERL A populate S N7HFICIEEMEEAT A3 ELD
AEEIT R D, £ 3T plunger &~-v coincidence @ technique % {# o THARMEIRHR
BB T AEONMN T 5. HF S NIRRT target A HFRUH L TRATH
BT R NPy $R L stopper TR o TA GG & 1172y #1d Doppler shift 124 o
THRE 2EIEFED, £ T plunger K& o T target & stopper D DEREE %
I, FATHEBIEBOy MOEEF T LHIZL 5 Ttarget 5 HHHEHEDT Y
HWEHRIGH, 5 & % B2 541 % population plobability % £ § 2 HAHEK Do
(.2,3)0 %L THROUEND T populate 42 HEEICR RET S, BEICHSOHE
i b IRET XN v BOPTEF OO ER £ EA L 72 b DT 2ES
125 B OHERL O F ORI BTATH CF QUM AMEL LT3 L v )5E IS
&7z vy £ T coincidence gate & 917 5,
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TF {2 plunger & ~-7 coincidence F AT DOFHEIR O FENICALT
B OPBMESATYE 34,50 £O-—HE L TGS TTkbiiEEEX
2RT [3)(H.4)e & OEBRTI®VD DAY Y 14 O gfactor DEFED S s-band 27
Viia/2 OREEETIFETH LE W27 3

T OBIEEE AV ERET ) BACRROEEFLEE R S,

1. ~-y coincidence #4TVEAY VIRELBET A7 HREBOEBE VI L, £
LT Doppler shift % #ill 5 % 7: DB HFOOMEIESF R T o

9. T Brp ¥ A E (T 5728 recoll velocity ATKE WH, SFhE—-LABFEL X
b F = HNEVEH,

COEBRSMEEEMO VAT VRE-VES VT LT AT —IESR T & o T3
Hxi, BHfCORBOEZEINIRE V.

FRZestif & LT, S i I EHTRETL 0 728 population probability DFH T &
% Coulomb Eh#EIC & © T g factor ZELEIDHEAL # ITRICKERZAT )0 WEHAMT D
FETT 413 Coulomb FHE2IC & o TEARIE STV R WEA E VIREED g-factor &
HE L, T plunger ¥ #HHe 2 Treaction 1L 2 THEINIEAE VIRED
g-factor DEIEXRIT o 7V AT MR- VLTS ¢ D3y B HEESER T &
NLH, FHAITHEDIT s-band D g-factor & 3K¥, £ D configuration YRETAHT
CEEEE LT R, B, CONGMEE £, T RE, Pl i, i X
%M E H % MME TE, T RT (FEAE), BIEA BHS M
A LE, KB EE (BN OXEHZETH L.

T T

Téyy RECOILING INTO Fe - Sredo m‘].nmm
1 SiNI

or 1 | Targeting T |
v, + 0.058¢ ~ - ol
e 1 -1

30

&0

150 1—

Telo)an

2 AEEOEER, target 2 HRUHL
PHEREFHER 4 ¥ RATHRSRT R
-~ 4 Lstopper TEET o SREBLT HAOI
Pt cecor KARGAE TS, BROEML LY £
- stors|  OHEALATRATH BT Uiy B £ T O
o 0.5 - 5 T L) sk iicHgT L7y 8 ¥, T coincidence
e e cate ¥ b & EBYORERI A%k % A L7
5 1: Transient Field B & preccession angle event AELNA , [2)
¢ OFFMAETF L. BARIE Lindhard-Winther
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21. Correlated two—photon coincident peak
from %2Sr et + Th interactions

IRFFAR (EHR)

M.Sakai
Institute for Nuclear Study, University of Tokyo, Tanashi-
shi, Tokvo 188, Japan

T.Komatsubara, J. Mukai, J.Lu and K. Furuno
Tandem Accelerator Center, University of Tsukuba, Ibaraki
305, Japan

A very narrow 330.3-keV electron line has been observed in
e*++Th interactions and postulated to originate from ete” pair decay
of the unknown neutral object X0, If it is the case, we can expect
two photon decay mode. To confirm the prediction, we have
carried out coincidence experiments to look for correlated equal-
energy photons. Indeed, we have observed a coincident peak at
842.5%1.0 keV. As the energy is close to the expected photon
energy of 841.3keV(330.3 keV+mc2), we might take the peak as a
promising candidate for the searched peak. The production cross
section was found to be ¢=7.2+3.9ub. By using this value
together with the reported c(ete”), we set o(2y)/c(ete”) to be
4.8(1+0.56+0.25)x10-7. Because it is an important, if still
inconclusive at this statistical level, new observation, we report it

briefly.
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A very narrow 330.330.4-keV electron line in e*+Th interactions has
been observed by three independent measurements with different
experimental specifications1-4). The production cross section was determined
to be 149(1+0.13+0.25)mb%4). Tt was postulated as the decay partner of the
e+ line in the ete- pair decay of the unknown neutral object X0, because the
energy is close to the half of the sum energy of 640%10 keV of a peak among
five peaks observed in heavy ion collisions at Gesellschaft fur
Schwerionenforschung(GSI)5’6). According to the QED, we can expect an
alternative decay mode, in which x0 decays by emitting 1800 correlated
equal-energy two photons in place of a ete” pair. If X0 is a spinless and
pseudo scalar particle and couples to the photens indirectly via electrons and
other charged particles, the branching ratio R of the competing decay modes,
G(XO-W)/G(XO-6+B') would be given by the following formuta’):

R=0’(XO-W)IG(XO-e’*'e')z(ajn)Z(M/me)Z (1-4m e2 /M2y-1/2, 1

where M stands for the mass of X0 and the inequality represents the
possibility of coupling to other charged particles beside the electron. In the
case of E=330keV, the R calculated is 27.4x10“5, so that o(yy) is given
211(1%£0.1340.25)ub. The energy of the expected two photons, Ey, is
deduced with the formula of EY=EC_+mc:2 and given 841.310.4 keV.

The search for the relevant 841.3-keV 1800 correlated photons by
means of ¥~y coincidence experiments is vital in the following two senses.
First, if it is discovered, it would provide a strong support for the hypothesis
of the origin of the electron line, that is, the decay partner of e*, because the
electron line itself does not provide an evidence of two body decay because it
was observed by singles experiments. In other words, y—y coincidence
experiments are complimentary to e*e coincidence experiments. Second, R
depends sensitively on the properties of coupling of X0 1o other charged
particles, so that the determination of the ratio could impose a crucial

constraint for X0 models.



JAERI-Conf 96-007

In order to search for the expected photon pairs, we carried out ¥—y
coincidence experiments by using the Tsukuba Ball at University of
Tsukuba. It consists of six Ge detectors, three detector pairs denoted by ab,
cd and ef being aligned back to back and their axis intersecting each others by
63.40. Detectors, each about 5.9-cm diam by 6.5-cm long, were surrounded
by bismuth germanade (BGO) anti-Compton shields. Absorbers of 5.0-mm
lead and 0.5-mm tin plates were placed in front of each detector. Also, each
detector was provided with a 3-cm long hollow conical lead plug which
insured an effective 90 half-angle opening into the Ge detector. A positron
emitter of 82Sr was made in a thin disk form. It was protected from
chtamination by a mylar sheet of 100 pum thick overcoating on each side. It
was provided by MAP Medical Technologies Oy at Jyvaskyla, Finland. The
initial intensity of the 82Sr activity was 4.1-MBq and the content of 85S¢
produced as a contaminant by the 85Rb(p,n) and 87Rb(p,3n) reactions was
found to be 60% of 82Sr. A source target assembly was made by
sandwiching the source between 6mm ¢ rolled thorium of 1.35 g/crn2
thickness.

Measuring period was 20 days and total number of the used positrons
was 4.1x1012. Counting rates in the Ge detectors were of 1.4x10%s. A pile-
up rejecter was installed in the electronic system of each detector to reduce the
background resulting from overwhelming annihilation radiations. All
coincidences between any two detectors were recorded in event mode. We
analyzed the data by making a (E1E2) two dimensional event map and sorting
in the direction of E1+E2=const, namely, perpendicular to the diagonal line.
As the genuine events should be on the 450 diagonal line, we set a sorting
gate defined by |E1-E2|€4 keV. The gated spectrum of the relevant energy
region was presented in Fig.1. We notice clearly a pronounced peak at
842.5+1.0 keV. The energy agrees fairly well with the value deduced above.

The background is mostly originated by the coincidence of 51 1-keV
pile-up pulses. In this case, the background count, B(E1E2), of an event bin
can be computed by the widely accepted formula:

YO N(ELE}) x »_ N(EiE2)
Ej Ei ,
B(E1E2) = SN

EiEj

2)
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where N(EIE2) stands for experimental count. The computation was
executed in the square region of E1(780keV-1000keV)xE2(780keV-
1000keV). The background map thus constructed was used for making a
background simulation spectrum. The spectrum resulting from the same
sorting procedure is shown as a smooth curve in Fig.1(a). A large
background observed in the region around 850keV results from the
coincidence of 511-keV photo and Compton(340keV) pile-up pulses. The
peak area of the 842.5 peak was found to be 6.7£3.6.

Assuming the 841-keV peak to be genuine, we deduced the
production cross section with use of the same assumptions as those
employed in the previous electron paper5112’3). First, the neutral objects are
created by the positrons above the threshold energy, E¢, with an energy-
independent cross section, where we define E.th=2Ey- Second, the decay
photons are emitted isotropically. An ingenious and reliable procedure for
deducing the cross section is to use the coincident peak of the 697keV-
698keV nuclear cascade 7y rays as a standard reference peak. Being their
energy almost the same, the coincidence peak locates on the diagonal line. If
we take the ratio R of Noy and Ny_v, the source intensity and the count
reduction factor of the pile-up rejecter are canceled out and we obtain a

following simple formula:

Ny (841)  [mpl] x 10732232 x 6.0 x 10¥ x & €2(841)
N,_(697 —698) B(1 + AYW (R €2(697 — 698)

)

where Nov and Ny_y stand for the intensity of the 841-keV peak and of the

cascade peak, respectively. The meaning of the symbol in the formula is

following.
g2: square of the effective detector efficiency for three pair detectors.

It includes the photon absorption in the target and in the absorber and the
crystal efficiency. We obtained £2(841)=3.63x10-2 and £2(697-
698)=3.71x10"2, respectively.

b: branching ratio of the relevant cascade decay chain. The figure of

4.4 x 10-4 was taken from ref 8.
A: contribution of coincidence events of the Compton tail of the strong

776-keV transition with the photopeak of the relevant gamma rays. It was
determined to be 0.05.
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W(8): angular correlation function of the relevant cascade gamma rays. It
was obtained by using the nuclear properties of the relevant transitions in the
Table of Isotopes”) and given as
W(8)=1+0.213P7(cos(8))+0.326P4(cos(8)). Then, W((0)=1.5.

Q: solid angle of the detector. It was 6.16x10°3.
rmm!: effective target mass for production in units of mg/cm?.
m: target thickness in mg/crnz.
1 fraction of positron spectrum above E
I positron effective path length in the target.

In case of thin target as used in electron measurements, we can calculate
mmy! to a good approximation by treating each quantity separately. However,
in the case of bulk target as in the present experiments, these quantities
interweave each others, so that we employed the following procedure.
Positrons with energy of Ee . continue to produce X9 along a flight path
unti} they lose the energy of Eei—Eth, -The flight path was calculated by
range-energy table. Then, we integrate [ numerically ina function of positron
energy and emission angle by taking into account the positron spectral
distribution. We also considered the edge effect that the activity near the
periphery does not fully interact with the target. We obtained
mnl=247mg70m2. The calculated value could contain certain errors because
we ignore the effects of positron straggling and back scattering in the target.
Introducing these numerical values into eq.3» W€ found Npv/Ny_
y=1.43x10260. Being Noy=6.7£3.6 and Ny-y=4950170, we obtained
o=7.2+3.9ub. The value was cross checked by comparing it with the one
calculated by using source intensity, reduction factor of the pile-up rejecter,
£2(841), mm/(841) and etc.. We found © to be 7.1£3.8ub The concordance
of the two cross sections deduced with different procedures insures the
validity of the values. With the use of G(2Y)=7.2+3.9ub and o(ete-
):149(110.1310.25)mb4), which is the value averaged over those reported
in the previous papers , we obtained G(Zy)/c(e+e')=4.8(1i0.5610.25)x10‘5-
This value is smaller than the lower bound of 7.4x10-> obtained by eq.1. The
conspicuous difference of the experimental specification between electron and
gamma experiments is the thickness of the Th targets. In the electron
experiments we used Th targets of 1.4 mg/cm? while in Y=Y experiments
1.35g/mm?2 bulk target was employed. So far, we have assumed that the

cross section is energy independent. In electron experiments, positrons
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emitted from the source interact immediately with the target without energy
loss. On the other hand, in the case of bulk target, most positrons interact
with the target after loosing energy in traverse in the target. If we postulate
that the cross section is an increasing function of the positron energy, the
cross section deduced from the experiments with bulk targets is naturally to
be smaller than those in the case of the thin target. However, it is a simple
minded speculation. As the peak is of less than 26 level, the peak energy is
1.2 keV different from the expected value of 841.3 keV and the cross section
is considerably smaller than the theoretical value, we can not exclude at the
moment the possibility of the 841-keV line being spurious. In case that we
really observed the expected peak, the branching ratio close to the theoretical
lower bound implies that X0 might interact merely with the electron and not
couple to other charged particles.

The present difficulty mainly results from the low yield of the genuine
events and the large background caused by the coincidence of 511-keV photo
and Compton pile-up pulses on which the relevant peak is unfortunately
superimposed. To clarify this ambiguous situation, we will pursue
experimental investigation in the near future by increasing number of
detectors and improving coincidence resolving time for reducing the
background.

We acknowledge the help to L.Sugai(INS) for target preparation and to
G.Muto(KEK) for computational assistance. Also, we are indebted to
J.Kumpulainen(MAP Medical Technologies Oy, Jyvaskyla) for source
preparation. We would like to thank Y.Shida(INS) and S.Shimizu{KEK) for
valuable discussions. Finally, we would present our thanks to L. Esaki,

Rector of the University of Tsukuba for a financial support.
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Figure Caption

Fig.l Céincidence spectra. It is taken with the sorting gate of
|E1-E2i<4 keV. Smooth curve is the background simulation spectrum

obtained by sorting the same sorting gate (see text).
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ABSTRACT

The neutron direct radiative capture (DRC) process and the related modet based on its as-
sumptions have been investigated and emploved in the calculation of capture cross sections
for a family of Carbon isotopes ranging from mass number A=12 to A=18. The impor-
tance of incident p- and d-wave neutron capture, in addition to the commonly adopted
s-wave capture, is highlighted. Using the DRC model we provide Maxwellian averaged
capture cross sections at temperatures of interest for stellar nucleosynthesis as well as for

inhomogeneous big-bang model calculations.

[Subject headings: Neutron radiative capture — direct capture — neutron rich nuclei
~ Maxwellian averaged cross section.]

1 Introduction

The study of the properties of nuclei far from stability is one of the most challenging tasks of
modern experimental as well as theoretical nuclear physics. Some of the properties of light
neutron- and proton-rich nuclei can be experimentally investigated using the radioactive
nuclear beam (RNB) facilities presently available[l]. Thus, the predictability of model
calculations has been sensibly improved due to the information obtained from experimental
results. The recent studies on the (neutron) halo and skin structures of drip-line nuclei are
significant examples of these developments.

On the other hand, it has been recently proposed[2, 3] to use the neutron capture
reaction channel (or its inverse, the coulomb dissociation) to study some peculiar structure
property of stable or near-stable nuclei. This has been shown to be possible because in the
neutron capture process, the wave function component on and outside the nuclear surface,
directly enters in the matrix elements for the y-ray emitting transition (see below), hence its
role can be detected in a capture cross section measurement. Moreover, the spectroscopic
factor of the final capturing state can be deduced {from the capture cross section. Of
course there are certain conditions which must be satisfied in order to apply this method.
In particular, the condition that the density of levels has to be low enough to exclude
the presence of nuclear compound states in the incident neutron emergy region must be
satisfied. The capture process which takes place under such conditions has been called the
direct radiative capture (DRC) process.

Once that the calculation technique has been established and quantitatively tested for

13TA Research Feliow. e-mail: mengoni@rikvax.riken.go.jp
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Figure 1: Neutron separation energies of the Carbon isotopes from mass numbers A=12 to
A = 22 (from [5]). #'C is unbound.

nuclei close to the stability line[2, 3], one can proceed further and apply the same method
to unstable neutron-rich nuclei. In this respect, it has been known for some time[4] that,
whenever the capture process takes place at excitation energies with particularly low density
of states, the capture mechanism maybe dominated by a DRC process. There are at least
two situations in which this requirement can be met: in light nuclei and in medium-mass
or heavy neutron-rich nuclei. In fact, as the neutron drip-line is approached, the neutron
binding energy is drastically reduced (see Figure 1) making the level density low enough
to strongly hinder the compound nucleus component of the capture process. Under these
condition, we can predict the capture cross section with a certain degree of reliability, also
for nuclei which are not reachable experimentally. It is our aim here to provide the neutron
capture reaction rates for a chain of unstable neutron-rich Carbon isotopes, in particular
for applications in nuclear astrophysics, where we still must rely on model calculations for
many of the required nuclear reaction rates needed for example in stellar and /or primordial
nucleosynthesis calculations{6].
The basic relations of the DRC model are as follows: the total capture cross section,
for transitions i — f, is given by
O = 5@ T BIQULP W
!
where k., = ¢,/hc is the y-ray wave number corresponding to the 7-ray energy €, emitted
in each transition and & = —eZ/A is the E1 effective charge for neutrons. The cross section
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Figure 2: 2sy/; orbits in Carbon isotopes. The assignment for 7C and for °C is ambiguous
(see text).

is, therefore, essentially determined by the matrix elements
QL) =< Uy TEN T > (2)

where TF1 = rY(1}(8, ¢) is th electric dipole operator. The initial state wave-function ¥, is
given by a unit-flux incoming wave in the entrance channel scattered at the origin by the
neutron-nucleus potential and the final state wave-function, ¥y, represents the residual nu-
cleus final {(bound) state. In our formulation of the DRC process, the initial state scattering
wave function is derived from the collision matrix of an interacting potential identical to the
potential derived for the bound state. The potential is assumed to be of Wood-Saxon shape
with radius parameter rp = 1.236 fm, diffuseness d = 0.6 fm and with a spin-orbit coupling
V., = 7 MeV. The well-depth is adjusted to reproduce the binding energy of the bound
s-orbit (see below). This procedure has shown to produce reliable results for the 2C(n,v)
cross section calculations[3] and therefore has been adopted in the present analysis for the
calculation of the other isotopes too. '

2 Structure of the bound states of 1313101°C

The binding energies of the 2s, s, orbits in the series of Carbon isotopes under consideration
here are shown in Figure 2. These are very important quantities because in the keV incoming
neutron energy region, the (n,v) DRC process is dominated by the p — 1/, (E1) transition.
It is therefore necessary to know the binding energy of the 2s;/, orbit and consequently
its wave-function to calculate o,.. It has to be noted that, while the location and the
spectroscopic strength of the 2sy/; and 1dss; orbits for 13C and '*C is unambiguous, the
assignment J™ = 1/2% as ground state in '7C is uncertain. In fact, if for the 19C case, it
has been shown[7] that the ground-state has a halo structure, making the 1 /2% assignment
most likely, for 17C the same conclusion could be questioned. Another peculiarity of the
structure of the nuclei in the isotope-chain under consideration is the energy difference
E(1ds);) — E{(2s1/2). This quantity is 766, 536 and 740 keV, respectively for 3¢, M4C and
15C. In all cases, the 25/, orbit is Jower that the 1ds/;. Again, should the assignment of
the ground-state of 17C and °C be consistent with 1/2%, one would have the 25/, & 1ds/
inversion to hold over all the isotope chain.
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Figure 3: Astrophysical I-factor for n 4 11%1618C(n ~) and kT = 30 keV. In the case of
n + 12C(n,7), the component due to incoming p- and d-wave neutrons is shown separately
(dashed line) from the total (including s-wave} value.

3 Results and final remarks

The Maxwellian averaged neutron capture cross section for a temperature kT, is given by

(U‘U)kT 2 1 T _E
e = T T A jE Uﬂ,‘Y(E) € kT dE. (3)
0

vT - \/1? (kT)2
1t is convenient to define, in analogy to charged particle reaction S-factor, an astrophysical
factor which we will call X-factor, as

EkT(E) = —%ﬁ E Un,-).(E) e

in such a way that the averaged cross section will be simply given by the integral

Bl

(4)

——

V)T T
or b/EkT(E) dE. (5)

A short-hand notation for the Maxwellian averaged capture cross section often adopted is
given by (o)xr. The results of our calculations are shown in Figure 3. There we have
plotted the Tagr.y factor for the reactions n + 12141618C(n,v). The (0}aorev values are to
be compared with:
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o (0)30 = 14.8 £ 1.0 pub (A=12). Experimental value from Ref. [8].
o (0)30 = 1.87 £ 0.43 ub (A=14). Experimental value from Ref. [9].
o {0)30 = 8.4 pb (A=14). Calculated value from Ref. [10].

The results of our calculations can be considered satisfactory for the n + *2C(n, ) case. In
the figure, we show separately the contribution due to incoming p- and d-wave neutrons from
the total (including s-wave). It can be seen that the contribution due to swave neutrons
makes up only 25% of the total. This illustrates explicitly the importance of p- and higher
[wave components in the capture channel, as already shown by recent experimental[8] as
well as by theoretical results[2, 3].

The n+14C(n,y) case is still ambiguous in the sense that our result is in agreement with
the previous calculation by Wiescher et al.[10] which in turn is a factor of 4.5 larger than
the only available experimental value of Beer et al.[9]. We can comment that the structure
of 1°C seems particularly simple, with the only two bound states: the ground-state {with
J™ =1/2" and §4, = 0.88) and an excited state at E = 0.740 keV (with J™ = 5/2% and
S4p = 0.69). The neutron separation energy is at £ = 1.218 MeV with no other state up
to E = 3.105 MeV. This structure guarantees that the DRC process dominates the capture
mechanism. Therefore, the discrepancy of the calculated cross section with the experimental
result remains to be understood.

Experimental data for n + %18C(n,v) are not available and, to our knowledge, the
present is the first set of calculations for these reaction rates.
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25. EHIZ URZINKR=IICBITIBREREEDOEE
WEXE HEXE FTEF. m EF!

&3, Japan Ball Collaboration & L TREBFHIRT BARE Y J A F N E — WD K AR R EERETE
PEREXIN, JHICHASTHEED SN T AHELZ. AEATFOREE s SLERTHAICHESZN
FEEARYEREOKRES 5 BEAMSE TR 11 BORPETI VASNF—VERKL. I0ER
WOy vFh - T— 2 —HMEERTFTLDE LS A VilRE LT, BELMODRENCHESLFER
EEEHICERTASLFARLTUESN/ ., JOHEFABICED Z/0)ICRBESE L X7 LIRE
RSy -ty PTRE . REATF—EHRORMORNEOEE - @8 ICMIARFEFHOEHT LTI
ZM LEREARRELATREROAL., FITRAEAELA—ORERET L — L CHRFDORETH
FITBIE LT, BREBROBHIBLTL LSRNV, BEROHLOMESH 0B oI HANIIATS
AL — I — ADEEAEEDNT I I T BBEQ LV EVCERIFSTAIH L ERERVERF
Thb, HEIOHEOAFEIT. B 1993 EFOHBES (BEIEAY) CRATRIELFHRERD—
HTH LA RIHSBORE., AE, AEAM, Doppler BRI ODWTAE TIRRI LI IEEFHLLTEI 3,

1 ARE

SRR SETIDR B ERD & —4 v b A RADILEAIE Q/4r = 6x 1073, Ge BHIEDHEIT 3in < 3in
O Nal ic#t LT ~ 40%., P/T ®id 0.5 THE, 7 L—AIKIRIOKRIHNSBERK 12 F TR 250
H B 12 BEIZ SRIUTLITEMIE 72 % &7 D, OSILIS £7:1% TESSA-3 SARECRELRDY -
DELE L Super deformation % Rotaticnal dumping « Transition from order to chaos @ LI~y 7 2
BB DICERTIZED. BHOFIES VA FLOE— LOS#MEAD LERICERZTH Y,
HPOBRRDEAREERICE S TOLERNEOBRETH S, 7072 LEEITL - Tid Doppler 31RITE S AN
bR VBIBOED D A8 IR B AR ALEYH D, THICLZBRECE T EER LANIE o,

2 BHFOEE
REREROT L F 20T h o RIESEE 128FBOTA v - E—LAEBETLIZHIC. E—LDA

HAERERBERFOEEE 90° §o U1 OFFGEEII LT

-1 BEHRIFES U A9 NE—LOBRESERE, SHE—LARE-TE-LASEN e BB, KT
HT#63. F—z—AllHLTESDARICHE, §—% » hOXRIOMDIEELT L.

COBRICFE LIERTO 2 ) AF I E— oM A BB BE S HHROE-1IITT. JOREEH
BD—oOMBESIZ, ToFIVT b vBaEERHELTS =4 MOGESITDIT, 4 IKEDIE

I ERAF
2p.J. Twin, Nuecl. Phys. A557(1993)3¢-16c.
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BT 4 BOZEEFES mner ball DL ) ARBBEFHRLLZLBUI-ABTHB, LIH>THR
EUOBRICBARAN &, EROERICL > TRERENED 2.
—_— IO

3 v~y BHEH

3.1 AERERE .

IR E Y | ORECHEFEFHEOERET VY Tl (en- ,
semmble) . FOPTHIETFE m FHOEFHEOEDEIS% Pop-
alation P(m) &FELE. P(m) #F~NTD m il D0 TELLRNE
%, ZDRE Y [ OIREEL Oriented State 1255 &1V, ZOR Yo
A SHHENEARY — F v BEOFOZ DD v RO A AHEM
% Directional Correlation from Qriented Nuceli . 8 LT DCO & W I
9.

B FHFETER SRR, V- A8l LTHEDS ®E-2 AECOIEFES L —
ATHHFRE COERNFE v BERBCEHR LLITRET P(m) L= L @Ry —F v BE#
IZOWT P(m) = P(—-m) &85, ZOFBL T REPETE
NI LR =T L OBEEAEEF A EHRORED S, v BORAZEIE LA ThidA EEE0E R
ELUCHEICAD. AL E LB TERICAS, B2 KFT 208K L1 v BOA Ry — FREE
4, BOOHS v, ZAE (8. 01) E_OHE v F (02,92) TEEIL/LET 2. IITARRE-
LA - T ARNETERIATL S, JORSERCEAISHIERR

dQl dQs
47

Y1

S By Un}AR (v1)Ax, (12) Hay 2, a(61, 62, ) (1)

Ag. A A

TE5Z0N5E%) . A M. A E2TEHTHL. 7 RE R NODTRILBMNEILHSE ZDOBEHED
R [ FHELE (coincidence yield) IZBA S0 T OFEE W ITHFIT 5. LOKT Ba,(lo) RO D
Orientation 45759 3 Orientation Parameter T. E%&’Emfiﬁiéhf:@ﬁﬁﬁﬁﬁ LT '

I 5
ms
Z {I; — mq Iy mglAp ) exp (——E)
P
- - mo=—1g P
By, (o) =v2h+1: T " (2)
’ mg
S e (-1
72
mo=—1{a

TEE N5, o if P(my) ORTEHN T AR TEULIBHFOLEND LT
A2 (m) & Ax () RENEFNE B E LB T HRSTICBET 2RETRORTEL oL 5.

Wory (8.0, 2) =

1
A'\l Apfa ) — Ay Ao L
A ) T3 20 Forr(L LI D) o)

28 (v )FI L L+ 1L L) + 8 () F (L +1L+1 4 IU)]

1
Al = gy PR ) )

+263(‘TQ)FA](L L+15L Io) + 5%(72)FA1(L +1L+15 Ig)]
IITSIIEAKT, B, BIEMED L E L+l OBREIETEZEREL.
y(#' L+1) :
EASA Bl et 4
A7 D) W

EEELTHAB, 4, L) VS F 4 7, AEHE [ OBBREFET I LEEIETHE, E7C Faihe
» Fy HEhFh—8shic F- RS IUEC F—E¥ &N B H DT, Clebsch-Gordan . Racah |

8

2K.S. Krane, R.M. Steflen and R.M. Wheeler. Nucl. Data Tables,11{1873)351
L.P. Ekstrém and A. Nordlund. Nucl. Instr. & Meth. in Phys. Research, A313(1992)421.
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0 W EDHEHE RIS FEEED, REDH 20 e |
BB, 5, 2(6162.2) 12 F e |
[ U ¥(90,32)/+(32,50) ]
Hyg o, a(01,02,¢) - N 12—10-~9 1
; ) q ) L5~ 7 N o /lg=0.3 -
Y eos o)k/”“ (A - )i = D! ﬂ
- w0 5y (A ! I
450 1+ 1 (A +al) ? t JAZRI Ball
n N B
x(20 0 A g1 A; 1) P37 (cos 8, ) PL (cos 1) cos(g1 ) § L0 r " x5
(3) 5 [ Wi(eor320,52%) "y
ThHb, 72150, o= g -y &, ZOHEEE L SV w s ]
HIIZROBAR R DD, THDD, aﬁg e 7
W8, 85, 0) = W(180° — 8,.180° — 62, 5)  {86) [ A -
OD L L 1 A 1 1 L 14 L L 1 I L E 1 1 A 1 :
M’(ﬁlvg‘;":‘?) - W(Ql.180° _ HQ.E,G-F 1801:) —100 -50 0 50 100
= W(180° — 6y, 8. + 180°) S A B R IR R
{7 [ JAERI Ban W(58.32)/%(32.56) |
W(8,,02.0) = W(#.180° — 85, 180° — ) L —10-8 1
= W(180° — 4, 85, 180° — ) 18 = wigazsere0n) - /Tp=0.3 ]
(8) [ pm ]

TAhoOMBED S B, K (6) IERFERCTHERE
NEERRED. E—LA8IC LTHEDHE T
BFLEORRN T, v BEERIEBI LI NE
P(m) = P(-m) &750. E—LIIHLTHIA &ER
TENENIEICLB, R(7) £ (3)iF

Intensity

cos(gre) = (—1)9' cosq (v + 180%) ]
(9) [P YU I B
= (=1)¥ cosq(180° — ) 0.2100 —soL . - 20
BT 20 T T
Pi(cosf) = (= 1) Py (cos{180° — §)) (10) L
1.5 —
OEFZED>oEINS, K (1) ZEEIC GCORREL &0 i
IEFTTOIIMEANTEY, FEXASZ0H & [
T W DERRH DI ENHES, L LEREE gln
OEEDEII A PEEEORLE, 3ol (2) E [
Do DEEAEOBIIWAE D OEFTFEOSHERPSHET F
H5 (FEBHEE, L.P. Ekstrom and A. Nerdlund O3 83 ™ (se 00°,58%) 1
BUAAEMEEY 12 c0BREBEZANWICEBEK | ]
DNTHEOE-2 ICEDT. BICREEROESY 00T T T I T o 50 100
OEREN=20 N —TEI I I ELTED Arctané
BERMRSE LI, — DO LT AEDRIS )
gonOEMME Wt B InsRR @ ms B0 BT AT e

(8) ETORBHHEICLY. BOFEIN—TTHHILE ME%EET,

WAXFEC W LR UHBERDEESSEL S, Th

SOSODMHMBBEESAE 12— 10— 9DHRY— LT & =0 &L, & BT A—F—ELTEH
BUAEREN-3IIF7T, (A) i3 [ OHMBER OB oh 2 W(32°,90°)/W(80° 32°) THAHL /P
&, W2xtE B DCO ratio DEALATKEFL, DCO ratio FHHDARE LV OE I iZL->THELLNL 126
DEAE L THERICLBEIZNE L,
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4 EHEECRITIIEREHOER

EHHTHEFOXBOTTLEHTEETH A, JITRIINAF = 400 MeV @ TAg DE— L4
2 5B 1A Al RIEEFEIC LT, HFaEEC 20 TORMTBESREL~ 5, IORIEDHEER
NG OEER § = v/c ~0.07 THD, TH% Initial velocity & LT RDM F7old DSAM EBITHT 5
R TR AT 5 7.
4.1 Doppler Shift Attenuation Method

Northeliffe and Schilling ORERDZL HFE LIS EE OB EELER -4 TR, RELLT I = 7%
D Nd BAEZ . REROWEZ Au THA, BHS ¢ <001 ps TRESERRE—ET, FLTIET
Dt~ 2 ps DREAEETEI a5

Slowing down of Nd in Au (by Range table) Slowing down of Nd in Au (by Renge table)
5 — 5
¥ w oL Eng = 320 MeV
.
= Eng = 320 MeV =0 A =134
I 4 I -
o A =134 1 ol
2 — 2~
Dl e el el ol
1071 1g-14 10-13 10~12 0 ¥
Time [ps] Time [ps)
T IR — ] UL T B N
s — s Eyg =320 MeV
A =134 q
L W - d
— i —_— )
= ®
4 Eyng =320 MeV — T -
= A =134 A ]
z — 2 _.:
el il J ullil;
a
10—t 100 10t o [ 10 15 29

Distance [mg/cm?] Distance [mg/cm?]

H_4 SEEEQWNTL, 757 ORMIBERE § = o/c THERZTNT Y% TH
%4, FOooDY S 7 TRESESHEIL. TOZ207 3 7T’ mg/am® 2 & 27
B O E— T 6 = 32° OREBOARY P, Ty = 001 ~ 10 ps CHF@% LOoRERUS SH
HEND ¢ BIURHLTIVEa—F— viab—YavETN-TEEE B-5a)~(c) DEHKED
LHFEAE. BESNBOOE T, =01~1ps OERTHLEVINE, JOHE. BEEMICIST
ZLE— 2L P LDESD REHSOFRERITE T Doppler broadening ZhbRENDT, U
Ay —DEEEL A= LDRASEEE, TWMEELTIE 1keV/ch BEICANY MLEE
g4l 1000 A7 L MIOED Y — 7 THEFTRETH S5 (H-6ERX) .
Lm%btz&ﬁb»tﬁ%ﬁ%<ﬁﬁbhfmé%w4fy%EﬂA&Lt%%&mﬁfatwt\
Al ABOEICAT AT RAFE—HELIZFE L 100 MeV (ZIELT WiAg (CESL. §=32° D&
HRTHEMIND ANS PAFE-T IR, JOEERBEOEE §~ 18% THD,

4.2 Recoil Distance Method
ThEat . RABOEEE v, Sy PEAR SR—EOEDEEE D AL, RATFICHE
#2 v #i2 XA Flight peak Ir BXUR F v/ 1 —THEILE LT oiEL v BIT L5 Stopped peak Is
zehsFhR (1) TELsh 5,
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DSAM of Nd in Au backing
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- L 1 1 L i .

[T - i E) - ! E
S 200 — ! — = 3 !

=1 o J 4 = 1 1

= N i 15 o . —

5 L ! Bng =320 MeV b -5 L ! ]

T s 1 A=134 -] r ! Eng =320 MeV 9

w 3 ' A=vwjc=T14% { m i ! A=13¢ 1

= [ A 1= 1o I -

g [ 1' ; 2, 12 r : B=vle=T114% 4

<] wer 1 ad=39 1 a 3 ' § =37 4

&) 1 E =10 MeV 10 i T Af=0t 7

] - 4 ]

r ! Ares=10000 h 50 — VB = 18 MeV —

50 — ' - r 1 4

r ' 1 - 1 4

y ! 1 }: ' ]

I PR R SRS AP S W B o Ll . L1

4000 4100 4200 4300 4000 4100 4200 4300

Channel Number Channel Number

E-5{a) EHOZURFLFE—LTE=132° OBEBTEANSND DSAM ARSI MLDI -5 — -
Yiab—Yaw, REMBEELT ™Nd 25D, ZRIMFE— Exa =320 MeV ., LIS -T §=714% &L
Foo Y BOIRLE-L I MeV | BEBIUIAEESHEDTOAIAEOLERIE M, =97 ELTHDH. AXY
FIAEFNRTE~ 7 EB%E 100 0 MICEBE L. 82 0.23 keV/channel IZLTERA M T LEMEST

Rt OT @R oy THA.

DSAM of Nd in Au backing DSAM of Nd in Au backing

[ T r ™ T
125 ! l : [ ‘T ! : i :l
[ ; b | i
L Wl A 1
[ ! Ena= 320 MeV ' |’ N T =04ps
., T A=T34 - N \\
[ F ! A=vjc=114% u R
= 1
=  F=32 § | \.L |
€ 'oassw 2 o i e :
5 "F bOEy =10 MeV 5l ] N
~ T ' Area=10000 - d i
a 3 1 w [ Euy =320 MeV \ i
= [ : = i Az 134 4
50 — : o = :
ER: : A N dcwe=ris i
&} ! [ . F=ae i
‘ : o e i
B . i E = 10 MeV A
b * ! - L
_ ' ! Ares=10000 : \ y
‘,P.J. 0 i | ool
4000 4000 +100 4200 4200
] —r . — T — - 7
L t H h 100 _1
L : Yol E E.ig = 320 MeV
L i 1 4 A =134 i!
_ B0 T =02 ps - L p F=ric= 1045
El L ¥ : 4 = 80 b= -
= : S | Fl =z
= ! : b = Al AfF =9
ki ' e ; i & :J / \ F.=i8MeV
:\.3_ - ' 4D 80 - i ,‘ Areaz10000 :
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2 ! ; |
- F f A =134 : 1 0= " |
= - ] P : 4 = 40
a L , :_v’;.:- 7.14% ‘l ] z 1'1
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l E. = 1.0 MeV 20 0 I
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R TS RN R S I |
4000 4100 4200 4300 4000
M f T " 400 [
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1 : .
4 —\1"\—__,—" : : T=10ps ]
h ; -
T s ' ; v 300 X ]
¥ " : T=03ps |i g 4 ]
q ! ]
= b . O 3
[CHE , Epa = 220 MoV QO ! ;
4 200 — = MeV —
Py E ' A= = i fw mizu MeV ]
k4 . =
= b A=rje=T14% = ;
Z 20 | 9=37’: ) = \ 8=vjc=T145
2 F Aps g 3 | f=3 1
b ] = i ! Af =0
v r ) / £, = 1.0 MeV 100 — I 28= ?u ey -
e L) Atea=10000 t fi mEEE
r H r
3 : i t It
n-l‘ll.,..llll.!.E P S 1]
4000 100 1200 4000 4100 4200 4300
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®-3(b) HEHFDY VA AFE—INT 6 =32° OREBTRAZNS DSAM A7 b
MO 2—F— -V iab—Y v, EOELGEHIR-5a) 2R L
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F T T T T e B o Ras e
1250 — : 20—~ ' ’ : —
b F 1 p
L 1
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[ T I ™7 v. LN B T T t T L B
E h r P : = 1
500 [ Ewg =20 MeV: 200 '__ ! iﬂ_: I_Siu MeV
oA =134 T =05 :
[ B=173% AR VLRl o  A=1T8%
i i : L o=
400 — 1 ) ' P af=gt
L Af=9" 1 150 — i : I
= -
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[ Area=toogo g I ! ; Area=10000 |
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1
L ' . 100 — 1 —
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F 1 3 b ' B
- Il o L | <
[ Ty2=01ps O 50 X 7
100 |- . F ' j
: - f ]
H 3 | :
fo . N P S VRN 5 IV I ]
3950 4000 4050 4100 3850 4000 4050 4100
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O L s B B L B A e S I IR AR
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Eng =20 MeV 1 4er h i AN: 134 1
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8=1718% : r {og=ar
§ = 32¢ ! o [ R ]
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' o 200 — . : ]
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100 ! L ] k . : 4
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F t ] i
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B—7 YAl % 100 MeV ISHIELT PTAg B L. REEOEE 8~ 1.85% & LIHEQARS M. B
—5{b) IZRTHIGET B Ty QAN PALEETNEEERFFERFWEICE > TEHNTL LB

. D
etaficen (-2 w&0 B=tae (-2 (1)
uTr T
I T Ly =lr+1s THb, DSAM ODFEERU L 512 320 MeV @ HNd ZEZ T, §=7% 147
BIp & ls ERFABTAER-8DLIIINE, 7700y OFBEEY lum o mm ET 5L
ﬂlETﬁEf;% @%B. iT1/0>01 ps &f&.éo
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FATHESES S mm LI BIZ75 B & v BORST SN
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EFFNE by ST T S £ TORESER
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]
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4000

Ci'La.:u.we!

ERED S A7 AFE— R 2R EBOFBIIEAIZLS Doppler broadening DRE, TMZDE
EiETU A7 —D¥AA Ab,pp = 08°,

it 08y, =3° OHEDANT MT

Wiz Doppler breadening Z#~E 5. BEQI Y A —F —iF, F—

NORLETES E UTHEERS A, = 9° OABASICEASh v BUBBEBICAST S L )ICHFS

NT b, EREOEE 3=8% 0 L&, HERHE-IVTORERE § = 32°,58°,90°

*H. Emling e? al. Phys. Lett. 38B{1981)169.

}2%f LT Broadening
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HIE L EAE-0 IR T. BBEEEEOIFF—GEEEY P Co D 1.33 MeV y BUIXTL 1.92 keV
& é E. Broadening { Ik o THRERAED S OOAEIG LTENEN 11, 19, 22 keV &5, M
OD%#*E%%%W}‘UJ VEQLT Afyyp =3° 175 SR-9(H) IRT AR P ELD, Zh oo FEE

163,10, 12keV ZTHEINS. DRSS HNELDIT, EOV QR ZEREHIIEGDETH
%é:sEf\@:rw F-AERABELTELLEND D,

5 H—w FF e A= IIDONT
G iy R F e A= DB OERE, RO ST VT IVT b UEBBEDIA-F—O
WE;Q@ﬁ%ﬁwmmgmbx_ﬂ%#é&75§®WW@ it anéoéﬁcbfvommau
THAINKRED VI —THRER LI *U:/f—w@%+xu—m4® FHTELTETHH. 7.
— LAETO N B LR LOTHE 18 mm @S FIZE Eﬁcﬂ5$¢\ = N — O BRICEE
LTEEEBRD L.

E=

%1 EHTOL ) ASAE— VA BRHBEOEE
No. A(deg)  pldeg) No. .#ldeg) p(deg)

1 148.3 00 T 90.0 211.7

2 148 3 1800 8 90.0 328.3

3 1217 900 9 58.3 90.0

4 1217 2700 10 58.3 270.0

5 0.0 317 11 31.7 0.0

6 90.0 1483 12 31T 180.0
BHBRESOMITHIZ. (1) 0 OKELLOPSIBLENES LT S, (2) AL IDTTE ¢ DINELE
ObSIHIIECESETIT 5.

# 2 BRESCESHINIIENIAEBHY

(8,89, Ay) ®WHHFBOHAHE HEEDH

I W(32°.58°.80°) 11-9 11—10,12-9. 12-10 164
PU(320.122°,90°) 113,11 —4,12-3.12-4
T7(148°.58°,980°) 1-9,1-10,2-9.2-10
PV(148°.122°.90°) 1-3,1-4,2-3 2-

1T W{32°,90°.32°) 11-~5, 11—-8 12-6.12-7 16 #
W(32°,00°.148°)  11-6,11-7. 12-5. 1238
VU(148°,90°.32°) 1 5. 1—8.2-6. 27
M7(148°.90° 148°) 1-6,1-7,2-5,2-8

11T W(58°.90°, 58°) 9-5 9-—6,10-7. 108 16 #

WW(38°,90°,122°)  9—7, 8—8,10-5 106
W(122°.90°,58°) 3-3,3-6,4~7,4-8
W(122°.90° 122°) 3-7,3—8,4-5 4-8

FERLAD WG, 8, Ap) Db E 6 BHHBH. IHSIINT IREEOMEAE ORI 4 MEiE 2
T RS HAEEAEAESHETHLIDOTERNMSE .
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26. T—HWERICDNT
AFHEE (FEX)

1. B

ASOEFCHET S 7 — 2 IUERIE CAMAC- VME - Unix & WM TH D, EAR
MICEEEATHERBLTW Y TH E05, LD ERGEHEIZTEICT 572012,
VME OV AT LAZEHFO bDOEFERT S,

2. \— K1 7K

EERE |ZIEICAMAC, VME BL UPC % ®E L., & A FDUnix ¥ » T HDEC-
station X ET B ICHE T 5, VME & CAMAC DA ¥ ¥ =724 AR TIT T -
NA x4 EERO CES 10 CBD8210 2 H§ 5, VME & DECstation {4 ¢ Ether-
net TR L. VME TIUE & L/ 7 — ¥ 13 & @ Ethernet £ T DECstation 125 5 1L
L, F— ¥ QLKL L TENY A M ST, Ethemet ZTHILTLEID
bIDVATFLAOBFEND—DOTH 5,

CAMAC

VME —_—
- cBD8210 @
CAMAC / MVMEIS?  [peoane
CPU: 68040 (~10 MIPS)
Ethernet 05: Lynx0S (Realtime Unix)

A

[ ) commoeassaes

08: Ultrix (BSD Unix)

DECst 5000

Exabyte

EM1. n—Fy o 7HEH

3. V7 hNY TR

FBERY AT L EOENE, VMER® 0§ & LT 089 Tii% {, LynxOS (realtime
Unix) B35 5 TH 5, CPU OEHEIL (68030 25 68040) & HvE - TF v
KA LPELHAONG LEfFENR D,

— 115 —



JAERI-Conf 96-007

VME

[ spectrum poil

v

- -3 control

—>== data

E2. V7 bh7xTHERE

[ 2 T VME @ Collector 754 "\ b7 — % *NETLTOEATHY, Sender vl
—?%HMmaK%Uﬁ?TUﬁXT%%OQE\EMmm@%%ﬁﬁﬁﬁﬂéﬂ
DT, FRLOMICKERT -4 T VERAEL. oL s o & 2 IRIX
+ 5 LYk o T b, FAEKIZ, DECstation {7 — 7 ¥ A4 7(Exabyte) b #H Z32
A%%Kﬁ%ogﬁ@éwﬁ\ManT%Hﬂot?~&m~ﬂ?“§7HWK
ANGiILS,

Histog & 3 7O AV AT LD F— s MBS O0L2TH Y, Bl d
552y TR . FRUSOME A L 72w IGE I usere v Sa s g A
ANy PO H T —F v R ER L, User 7R R L LTREEIT Do

27 AOBED Master 7O AD4FH o CHOTREARYE—F - BTA L
TRHEATE A LD IKEROEBPTREIC 2 o> T b,
&3\sz}wwiﬁ-%ﬁmdb%ﬁ&wﬁ&bthmA%ﬁﬁféo
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27. 5 YRS NR—NERNES —OVBERF 12 /5—D
st
BEMRR (FEX)

HYyvBERMEO Y A ILE— VIR MFTSNEI—OVBHERF = 23—
WDOWTHSERELT T,

EEOESL AP —LFBLREY—OyBETE, RMED L0, 04~0. 08
LAY, GeBHEETHHNINAFNVIBOIINVF-HERIAZFTI-BXK
rE BT NESEL, TRHRERECHABORBO I AR A LD EVAEEL
Dl THBELTWADT, ECGeBHEBOIAAZT /NS LALIETTER Y v —
TIREBEOARY PLiEBORGV, LT, 7O rBREOERTIE, 1
N FPBIrRBEBOFAFERIEREATH Y SHOBEETY, TORESAL
HovBIIRHLTEHAC NS —HEZTIIEVLETH D,

I. NORDBALLO 7 —ua vBERF = v I3—

NORDBALLIZ G e EBBEOMMIZinnerbal | OBRHEBRE*HFDL, /-0 Vi
HF = v —E L THINHIERMIEZEHL L O HEAL Y TH S, (Fig. 1)
NORDBALLO X S A WEM THIEBEAA Y Y —L0FA - UBX*EBK, Lid
HRILBHT LD, YELGUERESR (PSD) #HVAZThERL R
vwe (Fig.2) Zok®Hiz, Fie. SURTEIIRAIBACEKEDELLALZSED
B OP SDTHEIEE/AA VY —20HE - UBFHRIE LA, BHITHEE -
WAEIXNFSEARNIATHPSDO I 2O LAY M#Fig. 4 LT, KiI
GEBEEITEADAINIATHBUIODWT I EZD —HIREIELZ-TED, 2
KT OBRTHO RS I ATEBLFTAELETEL LW AFFHTH D,
TOPSDEIT, #HLXBOA43I%LLEoIGEHEEFIA-LTHSE, ZThATAHL
T, 99 BIWNBIIEBWTGATAV =T D7 -0 VBEOERZIT >,
BEANIP—LAOHEEh-AUBARY PV EFig. BIETRT.

TOREBEBWOTNOLIBALLTRIEE N7 — OV BHIRRBORREO—HIEL T
156G dOBE*Fig TWHBITH, Fig. BCRTLIICIE6G didHhan ElEE
EREANSTFREEERAY P22 F - T0ERKL22H 57T, r-band& ground-
bandDE O BB HERILIFie SEETEIOIXALRYVAGREGEEENEZFEFERLT
Wb, —7F, I6Er 4Dy CIE—BRVWHEAEREAWNTHLI DI, Fig. 80
EHRTRTIIBRAY VEFEVNRLON S,

1. 2EA+ 94 7EPSDOHRRIHE
NORDBALLT O EN FHUBEEZBOXERIE, ER1 0D F = Yy —-AK
FTARTEsetupTdEVWIHIEEDOTFTCHELRTRE LR, FIT, 2EA b
SALTHPSDA G EHEFHATIELRZMRKADLIBAERZEZEZEIA T S,
1) PSD#FDOHL D%, Radiation Damage WL TH- L@ TH5H K.
2) YrFL—RELZOPSDEHRAEDLYE, EAAFVEVVFV-FTLEY,
PSDWE 7+ ¥ Atr—-FE L THERTZHEOT AN EHEE. 72,
3) NORDBALLOHF L HIZ B L F40° COBRELL->-TWADT, Fxzr1—%
+HicEsL, HEXDLHZLET20° CLULTORECHILINER., TOMLEIR, =
B2 g5z Leakage Current OEME /NI T33O ELHEANTH S,
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M. JAPANBALLO 7 —O YBhYERF = /3N —

JAPANBALLO B+ E TR, 7 —orBEBRFz vy —FHEHFEIRRNEN, BER
O Qenlh EDF = Y NRA—RIZTRThsetupd HEFEKRDL, FTI-WEDLD
DEERLORIEELEH]1 8ustrk T 5L, 10mBOP I N Photo-Diode v
yTFEHRTAILENEES, Fig. SICRT LI II00~2000DF v T EED K
EE LA d, CROEBHTEVWTHEBO Y V-FiCL, REBLE I
—THIEFOY I THEBIIT AT AR D, PIN Photodiode + Scintillator
QIIUﬂVF%tUHIEHEET@@,%x?ﬁ“ﬁ&ﬁlSﬁEﬁ@jU
T Ty T EAERTNEIEEIHNOTERLELET Do

ACS
{Ge detector
BR) scintillator
Beam

NORDBALL
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beam,

targetchamber

Fig. 2 PSDoty b7

s

ﬂ/
s
L LR
o

ZEXNSATHEPSD

( 5 elements )
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0.7 4. 0x6424. € 28 s 0.6
2,6 G4 _— ] l
=
- R CI
. - ~ =
I B e e e A k2 N A
' r s
] l ; =
[ -
~ {3x]
R 41-3x13
2.0 79,0 (3X) 43, ¢ 1Ro8R) -

. QOREACHLS-;
O 44, DOREAILI9- 4 1%

NOTE @ —#L§ =C, 2mm
meERn  S<Diryal
WETEE  355aF i1yl -Ve=20V, 10%HZ
L2 iGCnA(max) «Vr=2a¥

Fig. 4 Element of Multiple Stripe-type P3D

8000 —

. POSTTION*Gd + %8Nj Coulex 21 Aug. 1994
6000 —
5000

4000

COUNTS

3000 —

2000 —

1000—

Fig. 5 Position Spectrum
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2

*
_,Z_J,T (normaf:.‘; ed )

,56cd

e

rar
/.3 - /506'01

f{¢D
7

rag,;a.' rotor

2 4 é z e /2 JE /6

ig. B Groung Band SPIN

T ¥ T T T
(B(E2:K=2lj—~K=01)] /2
0.6r <Tj2 2-2 | 110> )
-
o [+ & — 'Gdsi T
& 1OErx#ie) e~
a 04" ///// T
5 -
— - /// I o I -t
502 A7 1a } :
Points labeled by I
N 1 x 1 . 1
0 20 )
LI+ 1D-Ld+1D
ig. 7 v -band --> Ground-band Transitions
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FPIN diocde

Bia4 | I | ! ! | A

Chamber

:;;p PIK Diode

Beam |

7
7
/\ Tarse:
A
A

A

Fig. 8 Target Chamber with Many PIN-Diode Chips
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28. JUYRZNKR-IVDORBEZEHEIHIER
=i (FReT)

HEEFEICEY Ge REBOAHET DI LB BESAORBRET D L THRICEERTH .
7o, PUFICLDESERITREER. BECLTLES EARENELSHET I,
RBPHENLEMDOTEICEEKREICLUATUET RS TRAESAN, LI3H SHD Ge
BESERAVESURIIR—LE2ERTIEE, REEEE (FT) HBTI50EFRCEN
ERPTEITIIEL, RBPICE—ARHEFRHUTEKRERERBTIOTIERLZR
SALERBTICLIZHED, #-oT. —EHESCEPNIC. LHrHRRICEKERORHR
EFOEBISEELLSD,. FIC, Japan Ball Collaboration REED & U X & IAR—JLAIC, EL
ToLiGkEEZENHBERERRLL,

ERFCREI

e OMRON ##i0 704/ 57 7ibay bA—SERVEHEEEFER
o 5B 250 | DRGUERS 0
o BREEKEROERAI 2 —%

Mo, #ER 1ITFRT,

{FEPCHT [(Mail)

MONITOR

O CONTROLER

e —
: Programmabie Cortrowed
[ : Prog

mani ol

R 1 REEXREDHBEEEROERER

BEORMLDIFT1V—ICHLTRA>ERBMEBTAEERO BHREETASRIETILD
[T, BIRRE 2 RRICHBLTH 5. ERELEEOREERT—EICRK 15 BOBBETD
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CEAHERB, O FA—51E 250 I OBRAEFES o ONEH. BERYUHUARY Ge LB~
OBBADEEETD. BEEFTOWICIE. 7 Ge REBOBBHREMDIRETI = HR—
JRETESHL. vk~ FBETHTRADS AR ICHEHERVTREOMIBET .
ZLTEADF 27— D SBEEEENHINLLERSETOREB\OBBERT TS, &K

EROBEHAINDIL I FFv— FER2ICRT, | BB 2IITH 10 SEETRT

#HEvA DA START HEVL A END

| o T

Y- :
n—# @

BART nT

ytf—ri :
RUL# o

Iok—=AF @—-—-—-- @
Ge @ @
Ge 2 @ M

B2 1Y IINDOFERIIALFY— b

ER-T
250 U w MLOMBEREES 213 10 B0 Ge BiBHBIC (BB S OT27—%FD 5 SOKL

Rio—H—E, B8 3 0REE 5 AC—HZE) BETIEE6. B 5 BHORBRETOCL
Mk, BEREHRS IAOHBRE—ERICZEIT> TS,
Hﬁgiwﬁ%ﬁﬁitﬁbhtméﬁmu,ﬁ%t%btﬁﬂé%l&—f%ﬁt&Uﬁﬁ
LTW3, COESHIC. BEHBERI0I Y taO-SICEREAAREBRBORERREZE, VU7
»Eﬁbtﬁﬁﬁ:yﬁl—&tiU%&&b\iﬁéﬁ%&&%t\?*9Eﬁﬁbfuéo
t5 REOEEABSNICER LT S ENFAESRESRICHLTIE, BET—FbRKICER
TE%&?K?%%ET&éo%ﬁmﬂﬁ&mEwﬂMﬂ§b<u%%@ﬁﬁET£ﬁﬁ#&U
EoS—EFOCEHNEERD LD ICEOTND, FMENICE. BRI >EBEEEOHERE
BERIC emall ICEYBETIHBREMADITFETH S,
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[E3MERSY v Fo7— A% =12 L 5B ERNEREER]

Wi

Ta 7T A,

HE: 78278 (K) -28E (&)

WET . BARRTFOEER FEHRR BRI STE&E

7H27H (K)

9:40-10:30
& =17 (BH)
AE HE (R
e ERIL (B8

10:30-10:40

10:40-11:50

B — GTER)
i AR (R
BFG TR LR

11:50-13:00

13:10-14:40
= B (RER)
A E T FRER)
AR BER (KR
TR 8 (TEILKX

14:40-14:55

14:55-16:25
KB B (HRK)
R H— LK)
HFO KRG G
HERE AEK)

16:25-16:40

e

B HE (FER)
LB (10)
i % B+ 14 (10)
§FLABEET A5 — (30)

- Break -

Bk BE (UK
BEFHeT AV F— 7ORFEN Y FICBiT 5 A \EHHYE G0)

Ni IR DO BEFARE DOHRE (20)
Studies of high-spin states in A=60-80 region with Si-ball (20)

- B -
HE e FAHD CRERR)

Superdeformed and collective oblate bands in Po nuclei (20)
High spin molecular resonances (30)

IR RIER O AT AT (20)
13Ga DR (20)

- Break -

B R ANV (SLER)
A mechanism of tlted axis rotating states (30)
Tilted axis cranking 1T & % BT HHE & BRBEE (20)
Oblate deformed isomers in N=83 isotones (20)
T1@ shape coexistence (20)

- Break -

(KE~H L)
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[&3EEFS ¥ 7 b7 — AT I L BB EEMNIEFEER]

s
7A278 (%)
16:40-17:40 R BB EX)
K B GREK) Quantum Monte Carlo diagonalization (20)
E7K B3 LA Hf, W, Os $818 D K-isomer B O K-BETFEOWN
— A< EHErNEHO EHED - (20)
B 21T (LHIR) High-K states in 177W (20)
13:30-20:00 =B FIEs 7 7)=
7H28H (&) |
9:10-10:30 BE B (TEXR)
J.Y. Zhang (5 % ¥ —K/FK) Al=4 bifurcation without explicit 4-fold symmetry (30)
FNEE LK) Direct measurements of octupole collectivity in Hf-W region

by means of Coulex.(20)
A% FE CUlA - BRH 28U oy —ua VR (20)

KB EE (R VITh 3 7 VKB (3 A R) (10)
10:30-10:40 - Break -
10:40-12:00 FEE R U
BAR BE RER T.F. % BB X ¥ REDg-factor DFIE (20)
JIF ek ERHED) Two-y decay mode of X0 (20)
A. Mengoni (T — = ¥ K/EKX) Neutron capture reactions in nuclei far from stability (20)
s H JERD JE B recoil mass separator (20)
11:50-13:00 =B =
13:00-16:00 /¥ & VETER BEE IR ZLP
—JAPAN BALL collaboration 45 &3 —
RE BEE (75 BEETE OB|R
HE B (REX) Y IEBERORBILOWT
NRE AR (RIEK) EEERICDVT
AF HEE EEKR) F—FRERCDOWVT
K3F IE#E (BHD BEEAZABLIUY—Fy b Fz -
BFEE TS LK) YA R= DN T
BN K (FEKX) y—u OB E
e i (RED sV AENVNE-VOBERBBER
16:00-16:20 - Break -

16:20-18:00 77— A ¥ —IEFHREFE
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