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                                  SYNOPSIS

        The three-cr-decay mechanism of hlgher excited states of '2C is investigated
     in the reaction iiB (p, 3a) to obtain information about the structure of those states.

     Coincidence measurements are carried out under the detection condition devised
    to distinguish between the sequeRtia} decay and the direct three a decay. De-
     pendences of energy spectra of coincident a particles upon the incident energy
    and the angle are measured between 138keV and 232 keV and between 2.00MeV
    and 5BQ lvleV of the incident energy. The spectra show strong dependence upon
    the resonances. At the 163keV (16.llMeV in i2C; 2", T==1), the2.62 MeV (18.36
    MeV ; 3Z T == O), the 3.75 MeV (19.4 MeV ; 2", T,-- O) and the 5. 10 MeV (20. 64
    MeV; 3-, T==1) resonances the spectra suggest the direct three adecay. Around
    215keV and 2.4MeV, and at the 3.5MeV (19:2MeV; !'-, T=1) and the 4.92MeV
    (20.47MeV) resonances, they suggest the sequential decay. The direct-three-a-
    decay states are considered to have some "a cluster structures".

1. Introduction

    For the very light nuclei of mass numbers AS12, some evidences for the
cluster structures have been discttssed,i} and such structures have been in-
vestigated both theoretically2} and experimentally.3}
    Recently it becomes clear tltat there are cluster or quasirnolecular states
in the region of medium and high excitation in light nuclei.`) In the same
region, there appear some characteristic states such as the giant resonance
states5} and the isobarlc analogue states,6) and etc. These states and many
other states that appear in the region are usually considered to have structures
based on the single particle excitation. On the other hand, the cluster or quasi-
molecular states have structures based on the many particle correlation. There-
fore, the investigation on the cluster or quasi-mo!ecular states is significant to
make clear the existence of a new mode of nuclear structure.
    The main method used to find the cluster state is to compare the particle
reduced wldth measured by the experirnent with the Wigner-limit. As !ong as
two body reaction is concerned, this rnethod is very useÅíul. However, when
three or more particles come out in the final state of the reaction, the meaning
of the reduced width of a particle is not so clear as in the two body reaction.7)
Sttch a reaction often occurs assoc{ated with the medium and high excited
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states of light nuclei. In particular, states of 9Be or i2C excited h{gher than
several MeV, in many case, decay to three partic!es. In these cases, it is very
important to decide the reactlon mechanism, because the three-body-decay me-
chanism ls considered te erefiect the structure of the decayiqg states.
   In this work, the mechanism of the three a decay is investigated to obta!n
informations about the structure of the higher excited states of i2C formed in
the reaction iiB-i-p.

   Many investigations on the reaction i'B+P have been worked wlth the
method detecting only one outgoing particle for the open channels shown in
Fig. 1. It is remarkable that compound states of i2C formed at lower incident
energles have appreciably large a-particle reduced widths. In particular, the a
decay of sueh .states is strongly enhanced in the ai channel, provided that the
cr decay proceeds sequentially tlirottgh states of SBe.
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tinuum spectrum and detailed informations are not obtained for the evi channel.
Moreover, it changes the shape corresponding to the ievel of i2C, because the
yield ratio of ai and cru (or crm) in a solid angle changes depending on the ai
angular distribution.

    As long as one adopts the method to measure the spectrum of only one
outgoing parÅíicle, one cannot exclude the possibility of the mechanism of the
direct three cr decay. When the compound state of i2C decays directly to three
a particles, the energy spectrum of cr particles has the statisticai shape and
makes a continuum spectrum. The observed spectrum is complicated due to
the coexistence of the sequential and thb direct three-a-decay mechanism.
    There are some theoretical works which argue the shape of the cr energy
spectrum from the viewpoint of the sequential decay.9} However, it is diMcult
to discuss successfully the decay mechanism without determining ali kinematical
parameters of the final tliree ex state by means of the coincidence technique.iO,ii}
    The development of the solid state detec`Lor and the multichannel pulse
height analyzer made it possible to investigate the decay meckanism by the
measurement of the energy spectrum of coincident cr particles. Followinge to
the first worl< by D. Dehnhard et al.,ii} some experiments have been worke5
on the a decay mechanism at some excitation energies of i2C between 16iMeV
$E..<.,23MeV. These are classified into tliree groups by their standpoints; the
Marburg group,ir,i2) the Rice Group'3,i`} and the group which include many
other investigators represented by those of France.i5Ni?)
    D. Dehnhard et al.i') discoverved some anornalies in the shapes of the coin-
cidence energy spectra of a particies from the 16.11MeV state of i2C which
corresponds to the 163keV resonance. Those anomaiies were not explained by
the simple sequential decay mechanism, then Marburg group attributed them
to the direct three a decay. At some energies of incident proton near to 163
keVii) and at 675keV,i2} they detected two cr particles with ceindicence method.
They measured the slngle dirnensional energy spectrum of coincident a particles.
They found that at the 163keV resonance the spectra showed only one broad
peak. Such a peak could not be explained by the sequential decay mechanism.
However, at i50keV spectra show two separated peaks expected from the se-
quential decay rnechanism. Later, they measured the same spectra at the 675
keV resonancei2) and confiirmed separated peaks of the sequential decay me-
chanslm. They discuss their results by the Da!itz diagram method on the base
of the "generalized angular momentum theory''.i8,i9)
   The Rice group, from the standpoint of the sequential decay mechanism,
tried to explain the energy spectra of coincident a particles on the "generalized
densiey oÅí states theory."20) In their experiment, proton beams of several
energies (Ep==2.0, 2.65, 3.25, 3.75, 4.0, 5.08, 5.64MeVi3'; E,ur163keVi`), were
bombarded to the iiB target, and two dimensional energy spectra of coincident
a particles were measured. Obtalned spectra show one or two peaks, along
the kinematical leci which are expected from the sequesÅíial decay mechanism,
These spectra are very likely to sbow the shapes expected frorn the sequential
decay mechanlsm, except some large distortions. To explain those distortions
of spectra, they introduced some interference effects.2i) They concluded that
the contribut2on from the direct three cr decay cannot be greater than five
percent of the total y;eld and is probably much srnaller in the cases of Ep=:2.0

tv 5.64 MeV,'3) and that it can be estimated at less than a few percent of the
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sequential decay in the case of the 163 keV resonance.i`}
    The last group also adopt the sequential decay mechanism. Their main
aims of investigation 'are to compare their formalism to the experirnental datai7}
or to find other selection rules for three body decay from energy spectra of
coincident cr particles.i6}

    As abovementioned, it is considered that compound states of i2C formedby
the reaction iiB+P decay to three a particles mainly through the sequential
decay process, with the exceptional case of the 16.11 MeV state.
   However those conclusions mentioned above do not describe the whole fea-
tures of the three a decay, because the deteceing conditions of previous me-
asurements are not sufucient to get suitable data for the problem and also
because dependence of the spectra on the incident energy is not measured.
Therefore, it is worthwhile to seach for the possibility of the direct three a
decay from other states of i2C than the 16.11 MeV state.
   In order to make clear the sequential decay mechanism, it is necessary to
measure the energy spectrum of coincident a particles under the condition that
peaks of ai and aii (or cri2) are separated from each other suMciently. On
the other hand, in order to make elear the direct three-cr-decay mechanism, it
is necessary to do under the condition that relative energies of all pairs of cr
particles are high over a sufficiently wide region in the spectrum. Those
relative energies should be at least higher than the energy to form the first
excited state of 8Be. When the relative energy becomes lower than that energy,
tke final state 2nteraction probab!y affects the pair of a particles, and the shape
of the spectrum will deviate from that of the statistical distribution. These
condititions must be siraultaneously satisfied to clarify the decay mechanlsm.
   Furthermore lt is worthwhile noting that the previous measurements are
limited only at some energies of incident proton and energy dependence of the
specÅírum of coincident a particles is not measured. So much attention is not
paid to the change of the shape of the spectrum depending on the incident en-
ergy. One reason is that the problem to decide the decay mechanism is treated
not so strongly correlated to the investigation of the structure of the decaying
state.

   The main aim of the prevent works is to obtain informations about the
structure of higher excited states of i2C, which are considered to be closely
reiated with the decay mechanism of those states. So the experiment !s planned
to measure the dependence of the energy spectrum of coincidenÅí a particles on
the incident proton energy. The measurements are performed so as to satisfy
simultaneously the condition for the sequential decay mechanism and the con-
dition for the direct three-cr-decay mechanism. The Cockcroft-Walton accelera-
tor and the tandem Van de Graaff acclerator in the Department of Physics,
Kyeto Un2versity are used. The energy regions of the experiments are from
138 keV to 232 keV and from 2.00 MeV to 5.30 MeV in the incident proton energy.
   In th!s paper, a large portion of description is devoted to the process to
decide the mechanism of the three cr decay. In the next section, there are
discussed what sort of rneasurement are desirable to decide the mechanism of
the three a decay from the kinematical and dynamical relations oi the reaction.
In the section 3 Åíhe experimental procedures are described and in the section
4 the results are described. The results show strong dependence of the spectrum
on the incldent energy. They are discussed wit.h respect to the decay mecha-
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anism and the structure of the decaying states !n the section 5. It is shown.
that the mechanism. of the direct three a decay should be considered for some:
resonances. In the section 6, conclusions derived from this work are listed.

2. Reaetion Kineinatics and DyRamics

2.1 Kinematics

    On the kinematicar relations in the nuclear reaction of the type A+B-
C+D+E, many detailed descriptions have been published, so here are only'
mentioned some important points. The more complete description is given in
ref. 22).
   At first, it is shown that the three particle system is completely determin-
ed by the coincidence measurement. The kinernaticai condition of the three
particle system is deSermined by giving the laboratory momenta pi, p2 and p3
of the three particles. These nine degrees of freedorn are reduced to five by
the four conservation laws, as follows ;

                          pi +p2 +p3 == Po, (1>
                           Ei+E2+E3 me Eo+Q, (2)'
where Pe and Ee ane the momentum and the 1<lnetic energy of the projectile:
in the laboratory system, Ei, E2 and E3 are the kinetic energies of the final
three particles in the laboratory system, and Q is the Q-value of the reaction.
The residua! five parameters are never Åíully deterrnined by detecting only one
particle.

   On the other hand, they are fully determined, when two of the final three/
particles are detected with the coincidence method. When the rnomenta of three
particles in the center of mass system are denoted by pic, p2C and p3e, then pic
+p2c+paC==O and the nurnber of the degree of freedom is reduced to six. These
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three momenta are kept in a plane, the reaction plane, which is called R here-
after. Thus the residual six degrees of freedom can be separated into those
concerned with the plane R and those concerned with motions of tlte three
particles in R. Two independent variables are necessary to determine R.
Actually when we assume the coordinate system O-ayz in the center of mass
system as is shown in F!g. 2(a), and denote the intersection of R and the
plane x-O-pt as g, Shen the position of R is determined by the angle e between
R and the plane 'z-O-g, and the angleÅëbetweengand 0-x. Motion of the
partic!es in R is deterrnlned by a suitable set of four independent variables,
for example eic (the angle between piC and .a), fi2C (the angle between p2C and
g), Pic (the magnitude of the momentumpic) and P2C (the magnitude of the
momentum p2c). However, the energy conservation !aw reduces the four inde-
pendent variables to three.
   In the coincidence measurement two detectors are used, so the four angles
e, Åë, eic and G2C are always determined by the eondition of the detector ar-
rangement. Thus, if Pie or the energy Ei of particle 1 is measured with the
coinÅëidence method, the final state is uniquely determined. Actually, not only
the energy of the partic!e 1 but also the energy of the particle 2 are often
measured in eoincidence, Although being over-measurement, this method is
particular!y useful both for precise particle identification and for reduct!en of
the background.
   In present experiments energies of two cr particles are measured in colnci-
dence and two dimensional energy spectra are obtained, The relation of the
energies of two a particles is given;

             1               (Ei (mi + m3) + E2 (m2 +m3) -2(momiEoEi) ii2 cos ei
             M3
              -2(m,m2EoE2) 1/2 cos e2 +2(mlm2EIE2) 112 cos e,2)

                     (              =Q+E, 1- iliO, ), (3)
where

                cos 0i2 == cos 0i cos 02 + sin ei sin e2 • cos (Åëi - Åë2) .

Ei and mi represent the kinetic energy and the mass of the particle i. 0i and
ipi represent the polar and the azimutai angle of emission of the particle i with
respect to the direction of the incident beam in the laboratory system. The
subscript O indicates the projectile, 1 and 2 indicate the particles which are
detected by the detectors 1 and 2, and 3 indicates the undetected particle. Eq.
(3) describes such a locus for each set of ei and e2 as !s shewn in Fig. 3(a).
Each point on the !ocus corresponds one by one to a final state. The relative
energy E23 between particles 2 and 3 is given

                        E23=E,,,C-MST+2M+;T+3M3E,c, (4)
                                                                     '
where
                    Etotc==Q+ mo7kttmt Eo'

                    Eic== C(Ei)i/2-ai cos 0i)2+ (ai)2 sin2 ei,

and
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   Fig. 3. Kinematical relations. (a) The kinematical locus of energies of two detected
          particles in the laboratory system. Parts of the broken line are cut off by
          the discriminators. (b) Relative energy to Ei curves and energy !evels of
          8Be. Eij !ndicates the relative energy of particles i and i Horizontal lines
          indicate centers of energy levels of 8Be. Shaded bands indicate FWHM's
          of each levei. Vertical solid }ines indicate energies of Ei at which curves
          of relative energy intersect with the horizontal line of the firt excited state
          of SBe. Widths between vertical broken lines correspond to the FWHM of
          the first excited state of 8Be. (c) The phase space volume. The monotonically
          increasing so!id line indicates the phase space volume of the part of the
          kinematica} locus above the point where it contacts to a vertical line. The
          phase space volume of the part below the point are indicated by the broken
          Iine. The two peaked solid liRe indicates the projected energy spectrum at
          the 4.92 MeV resonance. The two peaked brokenline indicates the spectrum
          divided by the phase space volume.

                     ai an (mimeEo) i/2/(mo+ mt) .

Analogous relation hold for E3i and Ei2 with

                     E2e == ( (E2) ii2- a2 cos 02)2 + (a2) 2 sin2 02,

                     a2 = = (m2moEo) i/2/ (me + mt) ,

and
                     E3c == Et,te - Eic- E2c.

The subscript t indicates the target particle. This is shown in Fig. 3(b).
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    The different!al cross section for a spectrum projected on the Ei-axis is
written in the form

                             '                      -zfJ.,dd3.a,dE-, == 2g•it IMI2,(E,), . (,)

where pto= momt/(mo+mt) and hleo is the absolute value of the relative momen-
tum between the projectile and target. M is the matrix element of the reaction,
and its form depends on the dynamies of the reaction. p(Ei) is the phase
space volume, and is given;

                                 h-6mlM2M3PIP2                     p(Ei)m                                                                     (6)                                     M2(Pi -PO) 'P2 '                           (M2+M3)+ p,i

This is shown in Fig. 3(c).

2.2 Reation Dynamics

    Two processes can be considered.as the decay mechanism of i2C*',

                    p+iiB--i2C*--,ai+8Be*-ÅÄai+crii+cri2, (7)
and

                               -"a+a+a. (8)
(7) is the sequentia! decay, and (8) is the direct three a decay. In the case
of (7), if the level width of the intermediate state 8Be* is fairly narrow, the
first step !s the two body decay and energy of cri that enters the deteÅëtor 1or
2 is definite. Furthermore as the decay of 8Be* is two body decay, the energy
of aii or cri2 detected as a partner of ai is definite. So Åíhe two-dimensional
energy spectrum of coincident a particles is expected to show sharp peal<s on
the locus and the projected energy spectrum of coincident partic!es will also
show peaks at Eit :Ea•t and Ei=Ea,ii (or Ecrt2). Then the relative energy between
aii and ai2 is equal to the binding energy to form 8Be*. Actually, as the level
width of 8Be* is large, the peaks at Ei= Eai and Ei===Eaii (or Eat2) are broad
and the region, where the peaks overlap and are distorted, becomes large.
Besides the spectrurn may be dlstorted by the effect of ai on the decay of 8Be*,
for example, the final state interaction,23} the effect of the Coulomb force and
the rescattering phenomena.2`} The last phenomena may oceur when crn or ai2
is emitted from 8Be* in the same direcÅíion as ai with sufiiciently high energy.
Furthermore, if the condition of detection is not suitable, the phase space
volume remarkably distorts the spectrum.
    In the case of (8), the direct three cr decay, the relative energy of any
pair of final three particles is, in principle, allowed to take any value smaller
than the maximum value. If any pair of the particles do not interact in the
final state and if the distribution does not depend on the angu!ar momentum
of the decaying state of i2C, the spectrum must show the shape of the phase
volume as is shown ln Fig. 3(c). However, in general, when any pa!r of the
particles stay in the interaction volume for sufficiently long period, they interact
each other and tke spectrum is naturally expected to skow discrepancy in the
region where the relative energy is smailer than a value.2') !f the distributlon
depends on the angular momentum of the decaying state, the s!tuation may
become very complicated as is described in the "generalized angular momentum
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theory."is)

   Thus to decide the decay mechanism one should measure the coincidence
energy spectrum under the detection condition at least including following ones.
  i) The difference of the energies Ea, and Eati, (or Eatt2) whiclt are expected
   from the sequential decay mechanism is large enough to separate the peaks
   sufllciently.
  ii) In the spectrum there is a region where all of three relative energies
   are simttltaneously larger than a value which ls to be determined experi-
   mentally.
  iii) The phase volume does not extrernely distort the shape of the spectrum.
   These conditions are realized in this experiment. Fig. 4 is the volocity dia-
gram which shows the kinematical relation in the experiment with the tandem
                           -7Van de Graaff accelerator. OA i.s the velocity of the center of mass or the
compound nucleus i2C*. In the sequential decay, ai produced in the first step
fiies in an arbitrary direction with the velocity represented by the radius of
               Athe large cricie BFH around A in the center of rnass systern. The accornpany-
ing 8Be* (lst) fiies in the opposite direction to that of ai with the velocity
represented by the radius of the length of AC. Since the level width of 8Be*
(lst) is as large'as 1.5MeV, length of AB and AC vary withe the excitation
energy Ex of 8Be* as is shown in Flg. 4. In the second step, 8Be (lst) decays
into an and ai2. Their directions of fligh are arbitrary but opposite to each
other in the center-of-rnass system of 8Be*. When ai enters the detector 1

                            - ->(denoted Dl) in the direction OB and SBe* (lst) fiies in the direction AC ln
the center of mass system, then the velocities of an and ai2 are given by

                     Ep= 2.62MeV
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radii of the small circles around C. The magnitude of the velocity varies
corresponding to E. as is shown in Fig, 4. If the detector 2 (denoted ])2) is
                      -".}set in the direction of OF, it detects aii which has the velocity represented by
 -}OD in coincidence with cri.
    In Åíhis arrangement of the detectors, of course, D2 detects ai w!th the
        -)velocity OF in coincidence with the .accompanying aii (or ai2), which is detected
in Dl. Therefore, in D2 enter two kinds of a particles with different velocities

 -N -} -) -}OD and OF. In this case, as velocities OI]) and OF aresufficientlydifferent
from each other, energies of ai and aii detected in D2 are enough different to
                                                                     ..>separate their peaks suthciently. However, if D2 is set in the direction of OG,
velocities or energies of ai and ali detected in D2 are not sufficiently different.
The peaks of cri and an overlap each other. As to a particles detected in Dl,
the situation !s almost same because the velocity of the center of mass is small
compared with those of outgoing a partic!es. Thus, when Dl is set in the

           -> -direction oÅí OB, it is better to set D2 in the direction of OF than to set in the
           ->direction of OG with respect to condition i). In this point, it is as good to set

                      -> -yD2 in the dlrection of OH as in the dlrection of OF. But, it is worse with
                                                     m}respect to the condition iii) to set D2 in the direction of OH, because the phase
space volume becomes extremely large as a part of Ex in the tail of 8Beti (lst)
and becomes zero below the part.
                            ->    In praetice, the direction OF is so determined that the velocity of aii in
the center-of-mass system of BBe* make a right angle with that of 8Be'ft (lst)
in the center-of-mass system. When the direction of Dl is changed, the direc-
tion of D2 is also changed so as to rernain the angular relation mentioned
above. In this arrangement of Dl and D2, the condition ii), as well as the
condition iii), is satisfied as is shown in Fig. 13, 14 and 15. Moreover, these
detector arrangements have a rnerit that a near!y correct spectrum of ai is
expected to be rneasured in Dl. Although the angle, between the ve!ocity of
all in the center-of-mass system of 8Be* and that of 8Be* (lst) in the center-
of-mass system, varies in the region of about900th10e corresponding to the level
width of SBe'*, the angular distribution of the a-a scattering is almost fiat in

that region. '    Thus these arrangements of Dl and D2 are chosen throughout the coinci-
dence measurements with the tandem Van de Graaff accelerator. In the coin-
cidenee measurements with the Cocl<croft-Walton accelerator, slightly different
arrangements are chosen but they satisfy the conditions i), ii) and iii).

3. Experirnental Procedure

3,1 Experiment with the Cpckcroft-Walton accelerator

   The proton beam is accelerated with the Cockcroft-Wakon acce!erator in
the Department of Physcis, Kyoto Univ. The beam is analyzed with a 900
magnet, and defined by two slits. One is of 2.5mm radius and placed at the
exit of the ana!yzer, the other is of 1.5mm radius and placed at the entrance
of the scattering chamber. The slits are separated by 1.5m. The beam in-
tensity is a few ptA throughout the experiment. The target is a self-supported
thin fo!1 of natural Boron (81.2 9oEr i'B+18.8 % 'OB) with thickness of 19 ng/cm2.
This corresponds to the energy loss of about 12keV for 200keV proton. The
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target is set at such an angle that both of the energy losses of a partlcles
entering the detectors are as smal! as possible. Those energy losses are smal-
ler than several ten keV and may be neglected. The detectors used are two
500 pt surface barrler solid state detectors. They are set on a pair of turning
tables which can be independently moved around a common axis. They are
moved on the reaction plane that include the beam axis and the target. The
solid angle of each detector is defined by a sllt in front of it, and they are
both 6.0xie-3 steradians. Fig. 5 shows the electronic circuit system used.
ResoJving times of fast coincidence systems are both about 80 nsec in 2r. Levels
of all the fast discrininators are so set to eut off the background as possible
and pulses from a particles of energy less than about 2MeV are cut off. The
overall energy resolution of the electronic circuit system is about 250keV for
5.5MeV cr particles. The Nuelear Data 1024eh. pulse height analyzer is used
in two dimensional mode (64chÅ~16clt).
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   163 keV resonance (c) was obtained
   by substracting the tail part (b) of

   the upper resonance from the ex-
   citation function (a).

   In the experiment with the Cockcroft-Walton accelerator, at the first step,
the excitation function of cre is measured for the calibration of the incident
proton energy wlth respect to tlte current of the rnagnetic analyzer. The result
is shown in Fig. 6. The 163keV resonance correspond to 9.4A of the current
of the magnetic analyzer.
   Coincidence measurements are carried out under the following conditions ;
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    a) 0i-02=-600, Ep-:138keV, 152keV, 163 l<eV, 175 keV, 188keV, 215keV, 232
       keV,
   b) Ep==163keV, ei== 600 and o2==6oe, 7oe, goo,

   c) Ep==215keV, ei=600 and e2=-600, 700, 90o.

The primary coincidence specta are measured as two dimensional in the (64 ch
Å~16ch) configuration. Pulses from the detector at 0i are led into the 64ch.
side and those from the detector at e2 are led into the 16ch. side. The inte-
grated beam current is 9000ptCoulomb for every run. The final, single dimen-
sional spectra are obtained from the primary data by projecting the yields for
each channel of the 64ch. axis on the kinematical locus. By means of this
method, the energy resolution of the projected energy spectra are improved.

3.2 Experiment with the tandem Van de Graaff accelerator

   The proton beam is accelerated with the tandem Van de Graaff accelerator
in the Department of Physics, Kyoto Univ.25} The beam 2s analyzed by a 90e
magnet and stabilized by the slit stabilizer system. The energy spread of the
beam is about O.1 % of the beam energy. The beam is guided into the scatter-
ing charnber through a switching rnagnet and a collimater system of triple slits.
The beani spot on the target is 3mm in diameter. The target used are seif-
supporting thin foiis of eneriched iiB prepared with the vacuum evaporation
method using an electron bombarding unit. Two targets are used. One is of
65ptg/cm2 thick and is used for measurements of single a spectra and energy
scales. The other is of 230ptg/cm2 thick and is used for measurements of
coincidence energy spectra. The target thickness is determined from the energy
loss for 5.476MeV Am2`i-a particles. Throughottt the coincidence measurement
the target is set at an angle of 450 with respect to the beam axis, with energy
losses of cr particles entering the detector 1 be2ng smaller. The energy loss of
the incident proton in the target is a few ten keV.
   The detectors used are two 100pt surface barface solid state detectors.
One is mounted on the turning table and the other on the turning •arm, which
can be moved independently around the common axis. In front of the detector
1is setarectangular slit of 8mm high and3mrn wide, and in front of the
detector 2 is set a circular slit of 8mm in diameter. The solid ang!es are 2.90
Å~10-3 steradians and 6.25Å~10-3 steradians, respectively. An RCA Victor P-n
junction solid state detector is used as the beam monitor, which is set at an
angle of 1550 to the direction of the lncident beam. With it, e!astica!ly scat-
tered protons are counted.
   The block diagram of the electronic circuits used is shown in Fig. 7. Be-
cause the protons scattered elastically give rise a iarge count of accidental
coincidences, the spectrum of accidental coincidences has to be measured sim-
ultaneously with the coincidence spectrum. Each puise from the preamplifires
is divided into the energy pulse and the timing pulse. The energy pulse is
immediately led into the pulse height analyzer. The timing pulse is divided
into two pulses after being amplified and discriminated.
   The leve! of discrimination is set so as to cut off tke background and to
count pulses higher than those from a particles of about 1MeV. The devided
pulses are again pulseshaped and led into two fast coincidence circults. ene
is used for the coincidence gate signal and the other is for the gate signal of
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        Fig. 7. The b}ock diagram of the electronic circuit system used in the
               experiment with the tandem VaR de Graaff accelerator.

the accidential coincidence. One of the input pulses led into the coincidence
circuit is delayed by 10ensec in the case of the accidental coincidence. The
resolving times ef both the coincidence systems are 45nsec in 2r. Output
pulses of them are mixed and converted inte slow pulses and then led lnto the
pulse height analyser as the coincidence gate signals. Nuclear Data 4096ch•
pulse height analyzer is used in the (256chx8chx2) configuration. In one of
(256chx8ch), the coincidence spectrum is measured and in the other the ac-
•cidental coincidence spectrum is simultaneously measured by means of the route
gate. Pulses from the detector 1 are analyzed in the 256ch side and those from
the detector 2 in the 8ch side. In this method, the width of the obtained peak
is about 130keV in the full width of half maximum for coincident a particles
of about 8MeV which are produced in the reaction (iiB+P- -cro+8Be-->ao+aoi+cto2)
with the thin target. OR the rnain part of the kinematical locus, yields of the
accidental coincidence are less than five percents. However, on the part where
elastically scattered protons overlap, counts of accidental coincidences increase.
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   The data are printed out with the OPTIKON unit and punched out on paper
tapes. Then they are processed with the electronic computer TOSBAC-3000.
The spectra oÅí true coincidence are obtalned by subtracting accident coinci-
dence yields from coincidence yields. As the final state of data, projected
energy spectrla of coincident a particles are obtained from the true coincidence
specera by projecting the yields on the kinematical locus onto the 256ch axis.
   The energy scales are decided by detecting cre and ctei (or ae2) in coincl-
dence.
   Coincidence measurements are carried out under the fol!owing conditions ;

   a) 0iCM===900, at eleven energies of Ep between 2.00MeV and 4.00MeV,

       0iC" =600, at nineteen energies between 2.2e MeV and 4.00 MeV,

   b) eiC`f==90e, at eight energies between 4,80MeV and 5.30MeV,

   c) o,Csf=-300, 400, 500, 600, 700, 800, 9eO, 1000 and 1100, at E,-:2.62MeV and
       4.92 MeV,

where eiCM indicates the angle of the detector 1 in the center of mass system.
The angle of the detector 2 is set as described in the section 2.2. Measurements
under conditions a) and b) are intended to investigate the energy dependence
of the shape of the spectrum. Measurements under the condition c) is intended
to examine whetlter the characteristics of tlte spectra at the resonances vary
with the angular condition.

4. Experimental Results

4.1 Experiraental Results at Ep :138keVN232keV

   The shapes of projected energy spectra of coincident
==60e strongly depend on the incident proton energy (Fig.

 .,5 part2cles at ei ==02

1

1co
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Fig. 8. The
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   Ep (
 dependence

GBO 190
keV )
of projected

200 210
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220

on the incident energy.

   At the 163keV resonance, spectra show a broad peak with a fiot top. The
fiat part extends from Eig}i2.3MeV (where E3i2;3,OMeV) to Eis!3.9 MeV (where
E23!;;i3.2MeV). The shape of the flat part well agrees with that of the phase space
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volume. As the energy of the incident proton becomes hlgher, two peaks come
out. At the top of the hlgher Ei peak, Ei !s nearly equal to 3.9MeV, which
corresponds to E23 of about 3.2MeV. The width of the peak is about1MeV,
which corresponds to about 1.4MeV in E23. At the top of the lower Ei peak,
Ei is nearly equal to 2.2MeV, which corresponds to E3i of about 3.0MeV. The
width of the peak is nearly equal to1MeV, which corresponds to 1.3MeV in
E3i. With respect to the reiative energies and the widths, the higher peak well
agrees to the ai peak and the lower peak to the crn peak expected from the
sequential decay mechanism.
    It is very interesting that the lower slope of the borad peal< at the reso-
nance begins to fall at higher energy than that of the lower peak at E. ==215
keV, and that the higher slope of the broad peak begins to fall at lower energy
than that of the higher peak. Because the discriminators probably cut off those
parts with Ei or E2 below 1.8MeV, the differences may be larger than appears
in Fig. 8.
   In Fig. 9 are shown angttlar correlations at the resonance and off the re-
sonance between ei===600 and e2=600, 70e, 900. Because of Åíhe poor statistics, lt
is not clear if cri and an peaks separate at Ep==215keV, 0i=60e and 02=70e.
At Ep=t215keV the yield is appreciably enhanced where the kinematical loci of
ai and ctii intersect with each other (es=600 and e2=900), but such an enhaRce-
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ment is not seen at the 163keV resonce.

4.2 Experimental Results at Epx2.0MeVtv5.3MeV

   Energy dependences of projected energy spectra of coincident a particles
are shown in Fig. Ie for 0ia"=600 and ln Fig. 11 for eia"f=900. They show
strong dependence of the shape on the incident proton energy. Mereover,
spectra seem to change their skapes corresponding te the resonances in the (P,
cr) channel as the vicinity of the 163 l<eV resonance. In this region, there are
resonces at Ep =2.62, 3.5, 3.7, 4.92 and 5.11 MeV.8) The shape of the spectrum
varies clearly near these resonances.

   rA.

   .E,O. egM =.ge9.
    'a"L"

    E
    v
     v--    w     v   e cu
6o CCV' c[l/l / •-/pt -/ /nt ifffiii --i",, .-." lr -' AoeO

:Oo `' '`- '- " ptotoobkO"e"N
                            '' sP <eN

2.QO

'illk

].]r

2.20 24'O 2.60   2.60 3.00 3.20

Ep (MeV )

=

g '[f•

(a)

/i7V: i

3.40 3.60 3.SO 4.00

e9 M = goo

4.90 4,95 5.00 5.05 5.10 515 5,20 530
          Ep (MeV)
                     (b)
11. The dependence of projected energy spectra on the
    energy at the angu}ar condition eiOM= 9e".
    (a) 2.00MeV$Ej)$4.00MeV.
    (b) 4. 80 MeVSEp .<. 5.30 MeV.

wP
5P

     4P
   bP"

>P

ttNK.""e

0;

N

4.BO 4.85

Fig. incideRt



298     I. YAMANE

    Ex CMeV)
18.0 19.0 20,O

oo6

4,ililli

  

  

  

  

  

  

 n:11ki

RXe  "l.v. .,  
  
  
  
  
  

 eil

  
  
  
  
  
 i2'k    e-

 1. ."
 --

o tOe'eooe,e.O

:

--

-e

 '..sg
eoooe

 20.5-•ca
ct1

  .
o- gte

.

p-eo
B 'e
 '
 e--
   .

e.

.

        r•
        ,       '       sf
       !e      .v
      4o      ttt

...

tf'Xgttie'"

eeO

Mof1t
t

"/"ol o

e at E23:E31

. at E23:3MeV
          eN .s't5>itil"x.,olll.li•.i.N

'le v. ... .     +vOtn      -i

ofi

Xe

  e  :-  25, .

   .i

•'g,.   1.

                           2DO 3.00 4.00 5,O S.3
                                 Ep(MeV)
   Fig. 12. Dependences of the differertial cross section upon the incident energy. The
          uppermost graph is the excitation function of the differential cross section
          of the reactions '`B(P,cto)8Be and i'B(P,at)8Be* (lst) at eent :90". The
          middle is the excitation function of the differential cross section d3a/
          d9id92dEi at 0iOM==60", and the bottom is that at 0iO]i=90". For both O
          indicates the differential cross section at E23 = E3i and pt that at E23 = 3MeV.

    Near the 2.62MeV resonance, spectra show a broad peak with a fiat top.
The shape of the flat part well agrees to that of Åíhe phase space volume. These
features well resemb!e those at the 163keV resonance.
    In tke vicinity of Ep=:3.6MeV, spectra show complex shapes. They do not
show Åíwo separated peaks, but show a broad peak rather like Åíhose of the 2.62
MeV resonance. However, there is a difference. The flat tops of the hctter
we!1 agree with the shapes of the phase vo!ume for both 0iCtif=60" and 0iemtur
90e. On the other hand, the former has a small bttmp at the high Ei side for
eieM==600 and at the low Ei side for 0iC`"=900. This is probably due to the fact
that in this region of the incident energy two broad resonances centered at Ep
==3.5 MeV and Ep===3.7MeV overlap closely.
   Near the 4.92MeV resonance, spectra at 0iCM==600 show two peal<s at Ei=:
8.1 MeV (where E23== 2.7MeV) and at Ei =3.6MeV (where E3i=2.7MeV), spectra
at 0iaAf--900 also show two peaks at Ei=xe7.lMeV (wkere E23=2.7MeV) and at
Ei =3.2MeV (where E3iur2.8MeV). The widths of the higher Ei peaks are 1.1
MeV for 0sOM==600 and 1.0MeV for 0tCjf==900, both of which correspond to 1.6

'M
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MeV in E23. These well agree with the ai and aii peaks expected frorn the
sequential decay mechanism.

    Near the 5.! MeV resonance, the tail of the 4.92 MeV resonance makes two
peaks. Heigkts of these peaks gradually diminish with the higher incident
energy. However, both of the excitation functions of the yields at Ei!il6MeV
and 0iaM==600 and at Eifi!5MeV and eieM===900 mal<e peaks having maximum
valtte at Ep=5.1MeV.

    In Fig. 12 are shown excltation functions of the differential cross sections
at E23==3MeV which corresponds to the top of the ai peal< and at E2s = E3i which
corresponds to the fiat part. The middle of Fig. 12 is the exc!tation function
of the coincident cr particles at eiCi'i==60e and the bottom is that at 0iCM==900.

The uppermost is excitation functions of differential cross section for cro and
cri rneasured without the cincidence method.

    Excitation functions at E23==E3i show peal<s at abottt 2.6MeV, at about 3.7
MeV and at about 5.1MeV. Excitation function at E23===3MeV and 0iC•it ==600
shows peaks at about 2.6MeV, at about 3.6MeV and at about 5.0MeV. That
at E23=3MeV and 0iC"==900 shows peaks at abouS 2.4MeV, at about 3.6MeV
and at about 4.9MeV. The peak at about 2.4MeV seems to beanew reso-
nance, because spectra at Ep::2.4MeV show two peaks and clearly different
features from spectra at the 2.62MeV resonance. But it is not so clear, be-
cause the excitation function at E23or-3MeV and eia-if==600 shows a pgak at Ep
==2.6MeV. These peaks can be a!so interpreted to be formed by overlapping
of tall parts of the 2.62MeV resonance and resonances lower than 2MeV.
    The excitation function at E23==E3i does not change the position of the peak
at about 5.IMeV either at eiC"f===6ee or at 0ia"t=900. 0n the other hand the
excitation functlen at E23==3 MeV changes the position of the peak near the 4.92
MeV resonance at erC'if== 600 and at eiC`V==900. This means that the flat part does
not come from the same source that makes the tail part of the 4.92 MeV re-
sonance. Rather the fiat part is considered to come from the sarne sort of the
broad peak of the 2.62 IIV[eV resonance.

    In Fig. 13 and Fig. 14, angular dependence of the spectra are shown for
the 2.62 MeV resenance and for the 4.92 MeV resonance, a) corresponds to 0iCAt
==3oo, b) to e,c),t=4oo, c) to e,cnt=xusoo, d) to e,ant==6oo, e) to e,ciTt=7oo, f) to o,c•if

==80e, g) to 0iCM==900, h) to 0iC"==IOOO and i) to eiC"t=1100. In these figures, the
ordinate is the differentlal cross section divided by the phase spase volume,
which is proportional to Y1412 in the eq. (5). E23, E3i andEi2mean the relative

energles.
   For the 2.62 MeV resonance, all spectra divided by the phase space volume
clearly show flat tops. These values fall down from where the relative energy
E23 or E3i becomes less than about 3MeV. This value slightly varies with the
condition.
   For the 4.92 MeV resonance all spectra show two peaks. Peal< at the higher
energy are centered at a same polnt where E23 is about 2.7MeV. Full width
of the half maximum of those peaks is about 1.6MeV in E23. These well agree
to the binding energy for two a particles to form the first excited state of SBe
and to the width of the level. Full width of the half maximum of lower broad
peaks is a!so abottt the same. These confirm that those peaks correspond to
ai and aii (or ai2) peaks, and that the decay mechanism is sequential. The
variation of height of the peal<s refiects the angular distribution of cri.
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    To make clear the dependence of the shape of the spectrum upon the re-
sonance, spectra divided by the phase space volume at Ep==165keV, 215keV,
2.62MeV, 3.5MeV, 3.75MeV, 4.92MeV and 5.1MeV are shown in Fig. 15.
    It is very interesting that the spectra at Epm3.5MeV and 3.75MeV show
suclk a shape that is expected from superposition of following two types of
spectra wlth some ratio. One is the type of spectra at the 2.62 MeV resonance,
and the other is the type of spectra at the 4.92 MeV resonance. This is sug-
gested in following points. The general feature of the spectral shape resembles
rather that of the 2.62MeV resonance. In the part corresponding to the flat
top, there appear one or two bumps which show some angular dependence.
The upper and lowey slopes show two fold structures. In thls energy region,
there are two broad resonances contered at 3.5MeV (1-; Tur1) and at 3.75
MeV (2"; T=O). Tltus, it may be considered that one of them makes the part
which resembles spectra at the 2.62MeV resonance and the other the part
which resembles spectra at the 4.92 MeV resonance.
    In summary, following results are obtained.
  i) In our condition of detection, energy spectra of coincident a partic!es
    clearly show dependence on the resonances.
  ii) At the 4.92MeV resonance, at about 215keV and at about 2.4MeV,
    spectra show well separated two peaks which have the energies and the
    widths expected from the seqttential decay mechanism.
  iii) At the 2.62 MeV resonance, as the 163 keV resonance, spectra show only
    one broad peak with a flat top which well agrees with the phase space
    volume. Spectra also show relatively sharp falling down at the energies
    where one of the reiative energies becomes lower than about 3MeV.
  iv) At about 3.6MeV and at the 5.1MeV resonance, spectra show complex
    shapes which may be considered as superpos!tion of two types of spectra.

5. Piscussion

    In this section the results are discussed on the decay mechanism and on the
structures of higher excited states of i2C.

    i) Spectra at the 163 leeV resonance and at the 2.62MeV resonafzce

    In the present work, at the 2.62MeV resonance almost same specta are
obtained as at the 163keV resonance, that show only one broad peak with a
flat top. At the 163keV resonance, D. Dehnhard et al.ii) reported the same
shape of spectra and concluded the direct three a dechanism. On the contrary,
Y. S. Chen et al. concluded the sequential decay mechanis;n from their experi-
mental results. At Ep=2.65 MeV, J. D. Bronson et al.i3) concluded the sequential
decay mechanism with the interference effects.
   The detection condition selected in the present work is that the ai and an
peaks expected from tke sequential decay mechanism can be separated as dis-
tant as possible. In this condition the overlap of the cri and crii peaks is fairly
diminished, so the lnterference effects may be suppressed. In fact at the 4.92
MeV resonance, at about 2,4MeV and at about 2i5keV, spectra show cleariy
two separated peaks which are expected from the sequential decay mechanism.
Nevertheless, spectra at the 1631<eV resonance and at the 2.62MeV resonance
show widely different features from those of the sequential decay.
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    Natural explanation of these spectra can be obtained by taking account
into the more significant characteristics of the detection condition in the present
work. That is, there is a sufiiciently wide region in which all the three relative
energies of the final a particles are simultaneous!y higher than about 3MeV.
'1)his is the essential point of this work different from the works of J. D. Bron-
son et al. and others. Following three points should be mentloned with resport
to this.

    a) In general, for the direct three body decay the energy spectrum of a
partic!e shows the shape of the phase space volttme. However, when the ob-
served particie has near maximum energy and the other two partic!es have
nearly zero re!ative energy, the two particles must suffer some interactions,
and their emission is suppressed. Consequently the direct three body decay
is suppressed.2') This effect is expected whenever a pair of particles have low
relatlve energy. From these effects Åíhe energy spectrum for tlte direct three
body decay is expected to show the shape of the phase space volume where
relative energies of all the pairs are sufficiently high and to show deviation
from St where relative energy of any pair becomes lower than a critical value.
    b) In the previously published papers on the decay mechanism at these
resonanees, authors were mainly interested in those spectra measured where
energies of ai and an approach to each other.ii,i3'-i6} On thls conditlon, relative
energies E23 and E3i are always lower than about 3MeV, or if they become
hlgher, the region is very narrow. The spectra show one or two separated
peaks, but they are so distorÅíed not Åío be expected from the simple sequential
decay mechanism. To exp!a2n them with the sequential decay mechanism some
interference effects had to be introduced.
    c) The spectra at these resonances obtained in the present experiment
clearly show that shapes of them well agree to those of the phase space volutne
where all the relative energies are higher than about 3MeV, and that they
quickly fall down where E23 or E3i becomes lower than about 3MeV.
    From these it seems natural to consider that there is the critical value at
about 3MeV. Then, the decay mechanism is considered to be the direct three
body decay. Beiow the critical value, the final state interaction affects the a
particles to form the distorted peaks near Eevi and Eaii. Thus, if one takes
such a condition that has not a sufficiently wide region with a!1 the relative
energies higher than abottt 3MeV, one can not clearly distinguish between the
direct three a decay and the sequential a decay.
   When two a particles separate from each other with the relative energy of
3MeV, it tal<es about 3Å~10-"22sec. for them to reach tke re!ative distance of 5
fm, whieh corresponds to the radius of interaction region. Therefore, when
the excited state of i2C decays directly to three a particles, if any palr of them
have a relative energy h!gher than about 3MeV, they separate so quickly that
the effect of the fina! state interaction will be small. But 2f they have a re-
lative energy !ower than the value, the effect of the final state interaction will
not be small or becomes important.
   Consequently, at these resonances the decay rnechanism can be considered
as the direct three cr decay.

   ii) SPectra at the 4.92MeV resonance, at abottt 215 leeY and at about 2,4
       MeV
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    The spectra at these energies do not show any enhancement !n the region
 where all Åíhe relative energies becomes higlter than about 3MeV. These speetra
 show that the relative energy E23 at the top of the higher Ei peak is neer!y to
 that of the first excited state of SBe, and that the width of the peak is nearly
 equal to that of the first excited state of 8Be. At the lower broad peak, the
 relative energy E3i and the width are also nearly equal to the first excited
 state of 8Be. Shapes of tke spectra at about 215keV well agree with those at
the 675keV resonance observed by D. Kaml<e et al.i2) Therefore the former
!s considered to correspond to the tail part of the latter.

    At about 2.4MeV, specta clearly show the shape expected frorn the sequen-
tial decay mechanism. So they are not considered to come from the tail part
of the 2.62MeV resonance. The excitation function of' the differential cross
section at E2s==3MeV and 0iCMur90e makes a peak in this vicinity, which
suggests that there is a new resonance. The excitation function at 0iCiTt=600
shows such a peak at Ep==2,6MeV. However, at 0iOM=600 the fiat part which
comes from the tail part of the 2.62 MeV resonance extends to the point where
E23==3MeV, and the contribution from the part cannot be separated. To clear
whether there is a new resonance or not, excitation functions at other angles
should be measured. It is clear that in this method more detailed information
is obtained than the method ln which only one of three outgoing a part!eles

is detected. '
    iii) SPectra at about 3.6MeV afzd at the 5.10 MeV resonance

    The spectra at these energies cannot be attribated te the pure direct three
a decay nor to the pure sequential decay. The important fact ls that at these
energies two cr decaying broad resonances closely overlap, In fact, as shown
in Fig. 12, the differential cross section at E23==E3i and the differential cross
section at E23==3MeV show peaks aÅí different energies of the incident proton.
The fonmer represents rr}ainly the intensity of the direct three a decay and
has peaks at Ep=:2.6MeV, 3.7MeV and 5.iOMeV. The latter represeRts the
intensity oE the sequentia! decay, and has peaks at abottt 2.4MeV, about 3.6
MeV and about 4.95MeV. Thus in Fig. 15, the ai and an peaks at the 5.10
MeV resonanee come from the tail part of the 4.92MeV resonance. The fiat
part is considered to come from the 5.10MeV resonance.
    As for spectra at Epx3.5MeV and Ep==3.75MeV, a simiiar situation is
expecÅíed. They show smal! peaks near the energies Ea! and Eatii, and a!so
show a fairly large yield in the fiat part. Upper and lower s!opes oÅí spectra
are cornplex. However, these featttres can be explained by simple sttmmation
of the spectra of the direct three a decay and that of the sequential decay.
Besides, the energy dependence of spectra shows that the cri and aii peaks be-
come relatively larger at Ep=3.5 MeV, but Åíhe fiat part becomes rnore dominant
at 3.75MeV. From these facts, it is considered that, of the overlapping two
resonances the 3.75 MeV resonance contributes to the fiat part and the 3.5 MeV
resonance to ai and aii peaks.
   Consequently at the 3.75 MeV resonance and at the 5.10MeV resonance the
a decay can be considered to occur directly and at the 3.5MeV resonance it
can be considered to occur sequentially.
   Thus, the data indicate that the decay mechanism at the resonances studied
in the present work is either the direct-three-a-decay rnechanism or the sequen-



306 I. YAMANE
tial decay mechanism. These results suggest that the decay mechanism reflects
the structure of the compound state at the resonance. Espectially for the direct
three cr decay, if the decaying state has a large a width, it is expected to have
a simple three a structure. If the decaying state has a single particle struc-
ture, after emission of an a particle the residual nucleus will form 8Be nucleus
by some rearrangement process and then decays to two a particles. In this
case, the decay mechanism is sequential. If it has a single a cluster sÅíructure,
the process of the a decay will be possible like that of the single particle
structure, but the probability of Åíhe a decay will be rnuch larger. Even if it
has an cr-8Be cluster structure, the decaying energy wi!1 not be statistically
delivered to a particles, and Åíhe decay mechanism will be sequential. In the
case of the sequential decay, the decaying state has a 8Be cluster, or a more
complicated structure and 8Beth" is formed in the decaying process.
   In Fig. 16 are shown exciation functions reported by other authors for the
outgoing channels !nduced by the ('iB+P) channel at the energy region of this
work. In these excitation functions it is a remarkable feature that yields of
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the a particle chankels are strongly enhanced. The large reduced widths for
the cr decay of some levels, especially for the ai channel (including the direct
three cr decay) cannot be explained by the shell model with lntermediate coup!-
ing.3`} This probably means that these levels have somewhat a cluster struc-
tures. Results ln the present worl< seem to support the statement. Further-
more the existence of the resonance decaying directly to three a is very in-
teresting in connection with the structures of the medium and higher excited
states of light nuclei.i,2,4}

    However these levels are strongly excited through the proton channel and
for some of these levels the isospin is assigned to be 1. If they have some
sort of a cluster structures, probable clusters are appreciably diffused.
    The most interestlng level is the 18.36MeV level. It shows iarge resonan-
ces in a channels but no resonance in gamma channels. The spin, parity and
isospin are adsigned to be (3-", Ttt=O). Although R. E. Segai et al.35) suggested
the possibility of T=1 in connection with the 3.9MeV level of i2B, the strong
resonances in the cr channels and no resonance in the 7i channe12B} are con-
sidered to support the assignment of T===O. For this level Åíhe a decay show
the direct three a decay mechanism, so the structure of this level ls consider-
ed to be a three-a-cluster structure. Probably for the 19.4MeV level (2", T==

O), the sarr)e thing can be said, '

6. Conelusion.

   In the present experiments, energy dependences of coincident a energy
spectra are measured to obtain information about a decay mechanisms and
structures of the excited states of i2C. Main features oÅí the measurements are
that energy dependence of spectra are obtained and that the selected detection
condMons are much favourable to determine the deeay machanism. In this
condition, peaks of ai and aii from the sequential decay are effectively separat-
ed without complexity of interference effects, and the statistlcal distribution of

the direct three cr decay is Sound in the region where all the relative energ!es
are iarger than about 3MeV. From the qualitative dlscussion of tke results,
following conclusions are obtained.
  i) At the 163keV resonance•(16.11MeV in i2Crk'; 2", T--1) and at the 2.62
   MeV resonance (18.36 MeV ; 3-, T==O), spectra show the shape of the phase
   space volume over the region where all the relative energies of a particles
   are higher than about 3MeV and quickly falling down ouÅíside the region.
   These spectra are considered to show the direct-three-a-decay mechanism.
  ii) At about 215keV, at about 2.4MeV and at the 4.92MeV resonance (20.47
   MeV), spectra show the shape expected from the sequential decay me-
   chanism. The positions and widths of the peaks well agree to those cor-
   responding to the first excited state of 8Be. These spectra are considered
   to show the seqttential decay mechanisrn.
 iii) At the 3.5MeV resonance (19.2MeV ; 1-, Tan1), at the 3.75 MeV resonance
   (19.4MeV; 2", T-O) and at the 5.IOMeV resonance (20.64 MeV; 3', T-=1),
   spectra show more complicated shapes. ' However, they are consldered to
   be sttperposition of the spectrum of the type !) and that of the type ii).
   Thus at the 3.5MeV resonance, the decay mechanism is consider'ed to be
   sequential. At the 3.75 PvleV resonance and at the 5.10MeV reson'anc.e', the
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    decay mechanism is considered to be direct.
  iv) Structures of the states of i2C which decay directly to three a particles
    are considered to be somewhat like the three cr cluster structure. Of these
    states, the 18.36MeV and probably the 19.4MeV states are considered to
    have three cr cluster structures, because they decay mainly to the cr parti-
    cle channel. Those states wh!ch decay sequentially are considered to have
    more complicated structures.
    These conclusions are qualitative and derived from the resu!ts under limit-
ed detection conditions. The quantkative interpretation is desired which ex-
plains these results and others under different detecÅíion conditions. Moreover,
as is suggested in this experiment, for the correct treatment of the three a
decay it is necessary to investigate carefully various aspects of Åíhe decay in
more details wkh experimental rnethods.
    The three body decay mechanism has been scarecely used to investigate
the nuclear structure. But results in this experiment show that it may be used
as a tool to investigate the structure of the decaying state.
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