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We have performed kinematically complete measurements of dissociatfttedhto ®He and two neutrons
at E/A=24 MeV. The targets were Sn and Pb. A prominent peak around 0.4 MeV in the relative energy
distribution of the®He+n system is consistent with the ground state’Be, suggesting sequential decay via
"He in ®He dissociation. Further evidence of the sequential decay was found in neutron momentum distribu-
tions. The excitation energy distributions #fle were reconstructed. For the Sn target, it shows a peak which
is suggestive of the first excited statefe (E,=3.6 MeV,I'=0.5 MeV, andJ™=2"). The distribution for
the Pb target was found to have a broad structure, indicating theontinuum, as observed in measurements
of other halo nuclei. The photonuclear cross sectign(E,) and the dipole strength functiahB(E1)/dEy
were deduced for the first time. The integrated dipole strength up to 3 MeV decay energy is 0.026
e’fm?. Insignificant energy-weighted strength, compared to the cluster sum rule, indicatési¢hdbes not
have the®He+2n structure. Agreement of the measured neutron momentum distributions with the COSMA
model is in favor of the*He+4n structure.

PACS numbgs): 25.70.De, 21.10.Gv, 25.60.Gc, 27.200

I. INTRODUCTION light neutron-rich nuclei is the neutron halo structure repre-
sented by!lLi. Subsequent measurements have led to the

. - . 8 .
The recent development of radioactive nuclear beams ha%uscclg\i/ery of this structure irfHe, °He [1,2] and heavier

I to explore structur nd reactions of nuclei far from : . o .
ed us to explore structures and reactions of nuclei far fro Besides the conspicuous halo nucletii, intensive

stability. One of the most intriguing features in studies Ofstudies have been made SHle due to its relatively simple

structure—described as #He core and two neutrons. On
) ) o ) the other hand, less attention has been paifHe because
*Present address: National Institute of Radiological Scienceshe structure is considered to be more complicated. Owing

y_Tiwata@nirS-go-Jp as having a®He core surrounded by two valence neutrons.
Present address: Radiation Oncology, Mayo Clinic, 200 First St?rhe 4He nucleus still exists as a core without |arge modifi-
SW, Rochester, MN 55905. cation of its wave function. ThereforéHe might rather
*Present address: American Express Co., 3WFC, 4712B, 200 Vérave the structure ofHe+4n. The two-neutron separation
sey Street, New York, NY 10285. energy of 8He (S,= 2.14 Me\) is only somewhat larger
SPresent address: Department of Physics, University of Notrehan that ofHe (S,,= 0.975 MeVJ, in spite of the fact that
Dame, Notre Dame, IN 46556. 8He has a completely filled (s, neutron shell. This small
'Present address: Investor Analytics LLC, 630 Fifth Avenue Suitedifference in $, values is also suggestive of tH#le+4n
1919, New York, NY 10111. structure.
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Neutron Wall Array

FIG. 1. A schematic drawing
of the detector setup. The frag-
ment detectors consisting of Si-
strip AE detectors and plasti&
detectors are installed in a vacuum
chamber. Théeutron Wall Array
is centered at zero degrees along
the beam axis.
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Evidence of the*He+4n structure was also found from citation of 8He, we have performed a kinematically com-
the measurements of interaction cross sections. According telete measurement of Coulomb dissociatiorfbie on a Pb
the Glauber model, ther2removal cross sectiorr_,, and  target atE/A= 24 MeV. To accomplish this, momenta of the
the interaction cross sectiom, should satisfy the relation outgoing decay productSB’He and two neutrons, from the
o_on(°He)= o (®He)— oy (°He) if °He and®He are both @ dissociation of®He were measured in coincidence. In addi-
halo nuclei[3]. However, the experimental cross sections dotion, a measurement with Sn target has been performed to
not satisfy this relation, but instead satisfy a relationevaluate the contribution of nuclear dissociation. The kine-
o_on(®He)+ o _40(°He)=o(®He)— oy (*He),  indicating  matically complete measurements allowed us to reconstruct
the 4n halo structurg4]. an excitation energy distribution dHe and momentum dis-
The ®He nucleus is intriguing because its neutron-to-tributions of SHe and neutrons in th8He rest frame. With
proton ratio is the largest among known bound nuclei. Thahe measured excitation energy distributions, we have de-
ground state {7=0") has a dominant configuration of the duced a photonuclear cross section and a dipole strength
“He core ("=07) and four valence neutrons in thed,  function for the first time.
shell. Moreover, excited states were found in several mea-
surement$5—7]. The spin-parity of the first excited state is
assigned ag"=2", which is in good agreement with shell-
model calculationg8-10. The configuration of this is un- The experiment was performed at the National Supercon-
derstood to be (fiz) "1 (1py)?, just as for the 2 state in  ducting Cyclotron LaboratoryNSCL) in Michigan State
2c. University. A secondary beam dHe was produced by uti-
An interesting property of some halo nuclei is the exis-lizing projectile fragmentation reactions of aF0°%" primary
tence of a low-lying, unbound excitation. While most of the beam havinge/A=80 MeV on a 1.9 g/cth Be production
dipole strength for stable nuclei is known to be exhausted byarget. Then, théHe beam was analyzed, separated with the
a giant dipole resonance with excitation energiEg  A1200 Fragment Separatft9], and degraded t&/A=25
=78A"13 an enhancement of the dipole strengtiEat=1 MeV before being transported to the experimental vault. The
MeV was first observed it'Li [11-13. Furthermore, this energy dispersion of the beam, defined by momentum slits of
excitation mode also was observed in the halo nutlBe the A1200, was set to Ap/p)=1% corresponding to
[14] and ®He [15]. To explain it, a new collective mode, (AE/A) = 0.5 MeV in energy. The average intensity of the
called a soft dipole resonance, was proposksl. 8He beam was a few hundred particles/s, corresponding to
Measurements of this low-lying excitation are important15% of the total number of beam particles. The major impu-
to clarify the collective structure in halo nuclei. However, nority of the beam was 85%°Be at E/A=44 MeV. Events
experimental study has yet been dedicated to e  originating from impurity beam particles were distinguished
nucleus. Recently, measurements of breakup reactions ofith fragment detectors.
8He on C and Pb targets B/A=240 MeV have been per- A schematic drawing of the experimental setup is shown
formed[17,18. Although the excitation energy distribution in Fig. 1. Before®He projectiles impinged on a target, their
of ®He was reconstructed, no crucial information on the low-incident angle and position on target were measured with
lying excitation was presented. two position-sensitive parallel plate avalanche counters
In order to clarify the interpretation of the low-lying ex- (PPAC'’S located upstream from the target. In the experi-

IIl. EXPERIMENT
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ment, we used targets of A(247 mg/cm), Sn (364 AE (MeV) [
mg/cnt), and P(397 mg/cm). After 8He dissociation into
®He+ 2n in the target, the momentum of the decay product
®He was measured with fragment detectors consisting of a
AE detector and ait detector[20]. The AE detector was
composed of two 25@:m position-sensitive silicon double-
strip detectors with lateral dimensions 5 cfb cm; each 40
has 16 horizontal strips on one side and 16 vertical strips on

the other. The two detectors were located 15.4 cm down-

stream from the target and were installed side by side, giving

32 (horizonta) X 16 (vertica) square pixels for position 20 |-
information. The emission angle of tiféle was determined
by the pixel that it traversed and the PPAC data on the inci-
dent 8He. The geometrical angular acceptance of NE
detectors is+18.2° (horizonta) and +9.3° (vertica). The
corresponding ®He momenta after the target arg,]
<390 MeV/c (horizonta) and|py|s200 MeV/c (vertical.
Furthermore, energy loss information in the detector was
used for particle identification.

After passing through thAE detector, the®He was de-
flected by the dipole magnet and stopped in Ehdetector,
which consisted of 16 vertically-arranged bars of Bicron BC-
408 plastic scintillator. Light produced in these scintillation
detectors was collected with two photomultipliers attached to 20
the top and bottom ends of each bar. Thée energy was
determined by the light intensity. Since the light-output re- DR :
sponse of the plastic scintillator is a nonlinear function of 10 2 30 4
fragment energy and also depends on the mass and charge of Eg (MeV/nucleon)
the fragment, a semiempirical formula was used to determine . . o . .

FIG. 2. Two-dimensional distributions of &iE versus plasti&

the energy of the fragmein2l]. To determine free param- . ) i . .
eters in the formula. calibrations were made for various isoln which a coincidence with at least one neutron was required for

tones at several eneraies. As a result. the svstematic error EP the sum of the 16 scintillators arid) only one scintillator of the
P gies. ' Y detectors. The abscissa is normalized $bte in units of MeV/

the energy calibration for the He isotopes was found to beﬁucleon(see text
less than 1%.

The particle identification of charged fragments was ac- With our detector setup, the fragments having different
complished with SAE and plasticE signals from the frag- rigidities are separated by the dipole magnet, and therefore
ment detectors. Figure 2 shows two-dimensioh&HE dis-  clear particle identification was accomplished with - E
tributions: 2a) for anE signal in any of the 16 bars() for  distributions for the individual scintillator bars. Figuréop
an E signal in only one bar. A coincidence with at least oneshows aAE-E distribution for a bar not hit by théHe.
neutron was required. The abscissa shows energy p@ifistead of the horizontal tail, a group correspondingltte
nucleon for®He particles. As the light response of the plastic particles atE/A=22 MeV is clearly seen.
scintillator depends on the incident isotope, in general, the The momentum of each neutron was determined with the
energy scale is not correct for particles other tiiate. Neutron Wall Array The array has two walls, each with 25,

Since ®He hits mostly one bar, those data are included ir2-m-long rectangular glass cells filled with NE-213 liquid
the upper, but not the lower figure. In Figa®, two groups  scintillator and with phototubes at the ends. The two walls
are seen. One group shows the locus’ie and °He par-  were placed at 5 m and 6 m downstream from the target
ticles, and it has a horizontal tail to lower energies; most ofiocation. Since most of the neutrons from thide dissocia-
those events have the saE, but differentE’s. When®He  tion are emitted at forward angles, the walls were centered at
dissociates in th& detector, the SAE signal is the same as zero degrees. Because of the limited vertical opening angle
that for a dissociation in the target, while the energy deposiof the dipole magnet, the 16 cells in the central region for
tion in the E detector is lower, as neutrons carry out someeach wall were used. The geometrical angular acceptance of
energy. Hence, the tail is attributed ttHe dissociation neutrons is+ 11.3° (horizonta) and +6.8° (vertical), corre-
events in theE detector. The plasti& of the other group is  sponding to|p,|<42 MeV/c and |p,|<25 /c for 24 MeV
higher than that of théHe beam. When the energy scale is neutrons, respectively. With pulse-shape information from
normalized for%He, the energy of the group is aboBfA  the NE213, neutron/-ray discrimination was made for each
=40 MeV. Thus theséHe are produced in dissociation re- cell of the walls. Position and time resolutions of each cell
actions ofE/A=44 MeV ?Be particles, which are the major were better than 10 cm and 1 ns, respectively. A detailed
impurity of the incident beam. description of theNeutron Wall Arrayis given in Ref.[22].
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MeV (FWHM) at E;=1 MeV and roughly proportional to
FIG. 3. (a) Calculated overall acceptanes,(E,4) of the total  the square root of the decay energy.

detector system foPHe+2n coincidences as a function of the de-

cay energyE, . Filled circles and open squares show results assum-

ing the sequential and direct decay model, respectivblyDecay . RESULTS

energy distributions calculated for fixed decay energies. The distri-

butions reflect the resolution of the total detector system for the _ S
respective decay energy. The relative energy distribution of titHe+ n system for

the Al target is provided in Fig. 4. The distribution has a

The overall acceptance and resolution of the total detecpromment peak around 0.4 MeV, which corresponds to the

. . . ground state of He, suggesting sequential decay Vide in
tion system for the?He+ 2n coincidence were estimated by the 8He dissociatior[23]. In the sequential decay, the neu-

Mo_nte Carlo simulations. The simulations in_clude all contri- .1 f 8He would be largely scattered out or stripped by the
butions of effects from the beam spreads in energy, anglgyrget nucleus and therefore not be detected. Since this pro-
and position on target, from target thickness, multiple scatzess leads to a depression of the neutron multiplicity, appar-
tering in the target, geometrical acceptance, and intrinsignt on-removal cross section determined from inclusive data
resolutions and efficiencies of the detectors. To describe th@HeJr n) would differ from that determined from exclusive
®He dissociation, we adopted sequential and direct decayata EHe+ 2n). In fact we found the difference. From the
models. A detailed description of those models is presentegross sections, the sequential process was estimated to oc-
in the following sections. The calculated overall acceptanceupy approximately 68 10% of the total for the Al target,
eon(Eq) according to the sequential and direct decay modelsvhich is comparable to that of R€f18], and approximately

as functions of decay enerdgy (excitation energy above the 40*+20% for the Sn and Pb targets. Since the process is
two neutron emission thresholis shown by the filled circles attributed to the nuclear interaction and the ratio of the
and the open squares in FigiaB respectively. We see that nuclear interaction to the Coulomb interaction decreases as
the acceptance differs more and more as the decay energfye target charge increases, the process is relatively less im-
increases. portant for the heavier targets.

To estimate the overall resolution, decay energy distribu- To describe the measured relative energy distribution, a
tions were calculated for fixed decay energigs=0.5-4.5 model calculation with a Monte Carlo simulation was per-
MeV in 0.5 MeV steps as shown in Fig(8. Those distri-  formed. First, we assumed 60% of tAEle dissociation pro-
butions reflect the overall resolution for the respective decageeds via the intermediate state Gfle. Since ’He is un-
energies. Since the distributions assuming the two modelstable with respect to neutron emission by 0.44 MeV, the
are identical, only those of the sequential decay model aréHe nucleus subsequently decays ifitde+n with a Breit-
presented. The typical resolution is found to be about 0.38Vigner (BW) function given by

A. Sequential decay via’He

064311-4



DISSOCIATION OF 8He PHYSICAL REVIEW C62 064311

T T T T | T T T T | T T T T | T T T T |||||||||||||||||||_
80 |— ]

- + — 100
@ (b) ]
§ - — 75
] 0 i
= u ]

5 40 — 50
[ -
2 X 1
e 20 .
Y F — 25
o = _
S ' ]
= _7 O A 0
_20__|||||||||||||||||||____|||||||||||||||||||___25
100 150 200 250 —100  -50 0 50 100

pn (MeV/c) Pn (MeV/c)

FIG. 5. (a) Longitudinal andb) transverse components of neutron momentum distributions in coincidence witHéhgagment for the
Al target. Histograms show results of the Monte Carlo simulation assuming 60% sequential decay via the intermediaté-state wfith
40% admixture of the direct decay process. The solid and dashed curves show results of the model calc@stidh) with and without
a correction for the final state interacti¢fSI) of the "He resonance, respectively.

IN(=N) tial decay[18,27—-29. We therefore adopted the prescription
lew(Eg_n) e 7 5 2 (1) of the COSMA calculation. Calculated distributions accord-
T (Eg-n—Eo)"+ (I'(Eg-n)/2) ing to the COSMA wave function with and without consid-
ering the final state interactiofFSl) of the ‘"He resonance
P(Eg =T T(Eg-n) @ are shown in Fig. 5 by the solid and dashed curves, respec-
6=/ 0 T (Eg) tively. Note that the calculations included the acceptance of

the detector system. As shown in the figure, the calculated

whereEg_, is the relative energy of thBHe+ n system, and  distributions which include the FSI reproduce the experimen-
the resonant enerdy, and the widthl", are taken to be 0.44 tal distributions, while those without it do not. This indicates
and 0.16 MeV, respectively, corresponding to the groundhat the distributions were significantly modified by the FSI
state of"He[24]. The widthI'(E4_,,) is energy dependent; a and lost information on the ground state wave function of
transmission coefficient op-wave neutronsT(Eg_,) was 8He. We therefore conclude that sequential decay is the
used. Next, we assumed the other 40% of the dissociatioleading reaction in the dissociation 8He by Al.
proceeds via the first excited state &fle. A detailed de-
scription of the decay via the first excited state is presented
in the next section. Then, the relative energy distribution was
calculated with a Monte Carlo simulation, and the result is
shown by the solid histogram in Fig. 4. In addition, the re-
sults of each component—the dissociation via the intermedi-
ate state of’He and via the first excited state 8He—are
shown by the dashed and dot-dashed histograms in the fig-
ure, respectively. The prominent peak around 0.4 MeV cor-
responding to the’He ground state was fairly well repro-
duced by the simulation. N

Further evidence in favor of sequential decay was found - +
in neutron momentum distributions. Transverse and longitu- C +
dinal components of the neutron momentum distributions for
the Al target are displayed in Fig. 5. The histograms in the
figure show results of the Monte Carlo simulation described P ‘ L ‘ L ‘ L
above. The momentum distributions are in good agreement 0 ! 2 3 4 5
with the simulation. Eq (MeV)

Recently, a simple five-body cluster orbital shell model g 6. MeasuredHe decay energy distribution for the Sn tar-
approximatiof COSMA) has been proposé@5,26 and ex-  get. The functione,,(E,) refers to the overall acceptance of the
tended to the case ofHe in order to describe th€He  total detector system for th¥He+2n coincidence as a function of
ground state wave functiof27—-29. It was demonstrated the decay energf, [see Fig. 8a)]. A peak aroundEg~1 MeV
that momentum distributions of several experiments were recorresponding to the first excited state e is observed in the
produced with those calculated by the COSMA with sequendistribution.

1.00\III‘IIII‘II\\‘II\\‘II\I

0.75

0.50

0.25

do/dE, €,,(E4) (arb. units)

0.00
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FIG. 7. The points are the measuréHle decay energy distribution for the Pb target. The funciéigg(E,) refers to the overall
acceptance of the total detector system for&He+ 2n coincidence as a function of the decay endfgysee Fig. 8)]. (a) The solid curve
shows a good fit of the calculated distribution to the experimental data obtained by varying parameters of a Breit-Wigner funsgtion for
(b) Photonuclear cross sectiarg;. () E1 Coulomb dissociation cross sectido. /dE, . The dashed and dot-dashed curves shovEthe
Coulomb dissociation cross section estimated by single particle calculéseasext The magnitudes of the dashed and dot-dashed curves
are multiplied by 18 and 10, respectivelyd) Dipole strength functiom B(E1)/dEj.

B. Coulomb excitation of ®He where « is a constant and is the target charge number.
With the kinematically complete measurements, the conthe Coulomb dissociation cross sections of the Pb and Sn

tinuum excitation energy ofHe can be reconstructed. False targets were fitted withryye+ ocou, @and we obtained the

2n cross-talk events were rejected off-lif@0]. The excita- Parametersyp=0.910 fm anda=0.0132 mb. With these
tion energyE, is related to the decay enerdy, by E, Parameters, the Coulomb and nuclear dissociation cross sec-

=E4+S,,, where S, (=2.14 Me\) is the separation en- tions were determined to be 89 and 92 mb for the Pb target;

ergy of two neutrons. The measured decay energy distribu33 and 80 mb for the Sn target, respectively. The nuclear
tions for the Sn and Pb targets are shown in F|gs 6 &ﬂﬁ 7 contribution pI’Obab|y comes via inelastic Scattenng to the
respectively. Data from the target with the highgsthe Pb 2" first-excited state, which is at 3.6 Me\E¢=1.46 MeV)
target, offer the best opportunity to study the Coulomb exciWith a width of 0.5 MeV([5,6]. With the factorization, the
excitation which we must take into account in determiningt© the nuclear contribution, and the shape of the Sn spectrum
the Coulomb excitation. To make a quantitative estimate of? Fig. 6 is suggestive of such an excitation mode. Therefore

the nuclear excitation, we adopted the factorization of theve assume that all the nuclear excitation in Pb occurs via this
nuclear dissociation cross sectiof,y as in[31] mode. To describe the nuclear dissociation, we employed a

BW function in which the width and resonant parameters

Onuc™= YPYPT+ (3)  were taken to be those of the' 2state, namelyE,=1.46
MeV and I'y=0.50 MeV. The normalization of the reso-
yer=R,(P)+R,(T) (4) nance was determined by the factorization.

Although various multipolarities contribute to the non-
resonant Coulomb dissociation, tBd mode is expected to

VF\%Ih(i’r)e—y; 4820 :)%n?r:wh[lv]v?clncrhthlz 81:2 Sgrgitiigraﬁg?t?;%ets' dominate. TheEL strength has been observed to be consid-
A ' proj ! erably larger than th&2 strength in botht!Li [11-13 and

=7.66 fm for the Pb target. On the other hand, the CoulombllBe [14] dissociation, andE1 population of the continuum

?Olf;omatlon Cross sectioncoy Was assumed to have the has been observed in recent measurements of the breakup of
SHe atE/A=240 MeV into “He+2n on a Pb targef15].

Furthermore, it is shown in Sec. IV B th&2 Coulomb ex-

citation of the first excited state is negligible. To evaluate the

©)

_ 2
O cou= L7,
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E1 strength here, we assumed tifate is excited into the distribution. On the other hand, sequential decay via the in-
E1 continuum and then decays with the 3-body phase Spaégrmediate state ofHe was assumed for the nuclear disso-
distribution into ®He and two neutrons. We parametrized theC1ation.

E1 photonuclear cross sectiang,(E,) with another BW

function characterized by a resonant enefg§® and a IV. DISCUSSION
width I'S° which is energy dependent as described in Egs. A. Sum rules
(1) and(2).

From the measured decay energy distribution, the dipole
strength function was derived. The energy-weighted dipole

strength for the Pb targ&g;,, is determined by

dO'c_ oe1(Ey) dB(E1)
dg, ~MeEo—g (6) SEL f e
X

% expt

The Coulomb dissociation cross sectibm./E, is related
to the photonuclear cross sectiog; by

dE, ()

where the functiomg,(E,) is the virtual photon density for and is listed in Table I. By integrating the solid curve in Fig.
an electric dipolg32]. With this relation, the Coulomb dis-  7(d) to infinity, we gotSS;,=0.50+0.14e%m? MeV.

sociation cross section for the electric dipole contribution For isovector dipole transitions, the total strength can be
can be calculated ondg;®™' and I'§*" are selected. Monte evaluated with the Thomas-Reiche-KubiFRK) sum rule as
Carlo simulations with variation of these two parameters

were performed. The fixed nuclear contribution and the de- E1 _ _ y

tector response function were included. A good fit to the RK—Z (Er—E)B(ELi—1) ©)
experimental distribution yieldeBS*'=2.1 MeV andI’§"

=1.0 MeV for the BW ofog4(E,). That fit is shown by the 9 #2 ZN )

solid curve in Fig. 7a), andog,(E,) vs Eq4 is in Fig. 7b). “1-oM A (10

Having included the detector response in the fit, we can use
Eq. (6) to determine the true functiodo./dE, vs Eq, and  wherei andf refer to the initial and final states, respectively;
that is given in Fig. 7c). Finally, the dipole strength function 7z N andA are those ofHe; andM is the nucleon mass. The

can be calculated with the relation sum includes all of the possible continuum. The TRK sum is
also listed in Table I. The experimental sﬂfﬂpt was found
dB(E1l) 9%4c 1 do, @ to be 2.3:0.6% of that calculated by the TRK sum rule.

dE, 1643 New(Ey) dE,
X 167 Nea(Ex X TABLE I. Values of energy-weighted sums. The experimental

L N ) i value SE! . was extracted from the Pb target. TBEL. and the
and that function is shown in Fig.@. By integrating the —ge1 % = =\ = " vith the Thomas-Rgeiche-EéL(Rﬁ}ftﬁ{K) <um
solid curve in Fig. 7d) up to E;=3 MeV, we obtained the  °He-zn

E1 strengthB(E1)=0.091+0 026e2fm? rule and the cluster sum rule, respectively.
In Fig. 8, momentum distributions of neutrons,§ and of
®He (pg) in the 8He rest frame are presented. Results of the

Quantity  Z{(E;—E;))B(EL;i—f) (€*fim? MeV)

Monte Carlo simulations described previously are shown by Sont 0.50+0.14
the solid curves in the figures. For the Coulomb dissociation, SR 22
E1l

the decay energy was assumed to be partitioned between 2.5

®He and neutrons according to the three-body phase space CHe-2n

064311-7
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Assuming that théHe has a clusterlike structure, i.e., a  In Ref.[35], the effective charge of thE2 strength for
bound dineutron system coupled to®#e core, one may p-shell nuclei was calculated to leg=0.3%, about 10 times
decompose the total energy-weighted s8fj} for the elec-  the recoil value. By using this, we obtain ti2 strength
tric dipole asSEr=S;'+ S5l +SEL  whereSt!, SEY, and BsE2)=1.4e*fm*, and the calculated Coulomb dissocia-

E1 He He-2n He tion cross section is shown by the dot-dashed curve in Fig.
SﬁHe_2n refer to the sum rule for the core, the dineutron, and7(c)_ As seen in the figure, we may say that 2 strength
the relative motion between the two clusters, respectivelys insignificant; most of the excitation is attributed to &
[33,34. Assuming the individual clusters are not excited, thestrength as discussed previously.
total sum for the electric dipole is attributed to that of the
relative motion of the two clusters. Using Ed@.0), the sum V. SUMMARY AND CONCLUSIONS

. . ~F1
rule for the relative mOtlorSGHe—Zn can be evaluated as We have performed kinematically complete measure-

ments of the dissociation dfHe into ®He and two neutrons
e 9 42 N2nZ§He atE/A = 24 MeV. Those measurements allowed us to pro-
ore.on Am 2M A A 2 (11 vide crucial information on the reaction mechanism and on
en 41 AAspe the presence of thE1 continuum excitation in th€He dis-
o ) ) ) sociation.
This limit is also listed in Table I. The experimental sum First, we have confirmed the sequential decay mode,
Stxpt IS 20£5% of the cluster sum. On the other hand, thesHe_,7He+ n, in the ®He dissociation. A clue to this mode
model! predicts a sum equal to 27m?* MeV for the struc-  was found in the relative energy distribution of tRide-+n
ture °Li+2n for *'Li, and the datd11,13 are consistent system. With the B-removal cross sections extracted from
with this value. This comparison supports the idea thd¢  inclusive and exclusive data sets, we found significant se-

does not have &He core. guential decay—approximately 6010% for the Al target
and approximately 4620% for the Sn and Pb targets. A
B. Contribution of the E2 Coulomb excitation peak atEg_, =0.4 MeV for the Al target was reproduced

; . . ) o . i
In order to evaluate the contribution &2 strength to with a Monte Carlo simulation assuming 60% sequential de

o i
Coulomb excitation of the 2 state of®He, the strength was cay and 40% direct decay.

: . . . . Further evidence of the sequential decay was found in
estimated by the single particle calculation. Since the Statﬁeutron momentum distributions determined from e
has the configuration of () “1(1py)?t, the E2 strength

for the single particle transitioB,(E2) is given by +n coincidence data with the Al target. These distributions
S were also reproduced with 60% sequential decay. In addi-

5 1 112 tion, we found that the calculated neutron momentum distri-

B E2)= 4—e2< ii 520{ i f§> (lr?in?, (12 butions according to the COSMA wave function with the FSI
& of "He reproduced the measured distributions. We therefore

wherej (=3/2) andj;(=1/2) refer to spins of the initial and concluded that the main part of the dissociation may be at-

the final state, respectively. For a neutron transition, a recoﬁrIbUted to the sequential decay process Uite.

effect of the rest of the nucleus was considered. To estimatﬁa'g‘ Spjakégtit/heeo(iet%aeyken';?,\:gyﬁ(rjslftg)?;ifg ;E[);t;ggsnéarget
the order of magnitude of the effect, the effective charge 99 '

. recoil_ 5 . the other hand, the distribution for the Pb target has a rather
fglve? byezE; ;h(Z/'? )e, tvr\]/as used.t_\NltT tget COSC'\,Q,A Ev;ave broad structure, indicating1 excitation into the continuum.
Egcoltl);e[zfrg"‘ e strength was estimated to B&,™(E2) By assuming that thE1 photonuclear cross section function

. . . L og1(Ey) is parametrized with the Breit-Wigner function, the
By using thisE2 strength, the Coulomb dissociation Cross yeasred decay energy distribution was well reproduced.
sectiondo./dEy can be calculated. The shapedif./dEg

) ) : The best fit to the measured distribution yields the param-
was determined by Eq6) for with E2 replacingEl and

i the BW h | ooE T Th eters of the functiorES®'=2.1 MeV andI'$*"'=1.0 MeV.
with the type photonuc ear cross sectiog,(E,). The With these parameters, we have deduced, for the first time,
parameters of the BW function were taken to lbg=1.46

) . : .___and for the first 2—3 MeV of decay enerdy,, the decay
MeV and F:O_.SO tc_) d_escnbe the f|_rst excne_d state. Slnceenergy distributiordo . /dEy, the photonuclear cross section
the Coulomb dlssomqnon cross sectibn, /dE, is related to oe;, the dipole strength functiodB(E1)/dE, and the inte-
the E2 strength functiord B(E2)/dE, by grated valueB(E1). Insignificant energy-weighted strength,
3 compared to the cluster sum rule, indicates tHé¢ does not
dB(E2) _ 7_5<@) 1 i & (13) have the®He+ 2n structure. Instead, agreement of our mea-
dE, 4\ 7] ng(Ey) Ei dE, sured distributions with the five-particle COSMA model is in
favor of the structuré'He coret4n.

the magnitude oflo./dE4 was determined so that the inte-
gration of Eq. (13) yields the calculatedE2 strength

Bi*®(E2). The result is shown by the dashed curve in Fig. We thank V. Zelevinsky for helpful discussions;
7(c). We see that th&2 strength is more than 3 orders of J. Yurkon, D. Swan, and J. Vincent for their technical

magnitude smaller than tHel strength. assistance and R. Fox for his support of the data acquisition
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