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Introduction 

The available HG isotopes offer a possibility of stud:ring the 

properties of this element across the whole valley of stability, from 

the proton drip line to the particle unstable neutron-rich isotopes. 

Relatively high intensities (,..., 10 3 part/sec) of very neutron-rich He 

isotopes are presently available at some research c-enters (e.g.,. CERN, 

Berkeley) and this allows one not only to study the decay modes of 

these isotopes but also to measure their elastic scattering /1/. 

These beams are mainly produced as a result of spallation or frag

mentation reactions s.t high energies. He isotopes are also obtained 

as rare events in ternary fission /2/. From a theoretical point of 

view, for these few-nucleon systems level sequence calculations can 

be performed and different hypotheses and potentials can be tested 

with the aim to see what happens at very high N/Z ratios. 

In Table 1 some properties of He isotopes with A~ 4 are given. 

One can see that while even isotopes (except 10He) are nucleon stable, 

the odd isotopes are unstable with respect to neutron emission. The 

addition of a pair of neutrons increases the stability of Bne as 

compared with 6He and brings the unstable 7He closer to stability 

than SHe. This does not hold true any more in passing from 7He to 9He 

and, considering the calculated mass value for 10He, also in moving 

from ~e to 1°He. It seems that going away from the p -stabili ty 

valley in the region where these isotopes have a binding energy 

IE I ~ 1 MeV, the pairing energy makes the even isotopes stable while 

for the odd isotopes where this energy is absent, quasistationary 

states (nucleon unstable) still existo The appearence of such states, 

as suggested in /3/, is probably determined by the presence of a 

centrifugal barrier for the last ~~d neutron. Thus, going from 

an even isotope to the next odd one, the ground state dives into a 

continuum and becomes a quasistationary one. The width of these stat

es (see Table 1) increases when the system becomes more unbound. As 

for the known excited states of heavy He isotopes, they are all 

nucleon unstable and, generally, their widths follow the same trend 

as those of quas í stationary ground states of heavy odd He isotopes .• 

Another interesting fact is that ~e has N/Z=3, the hi~hest 
known ratio for a stable isotope across the chart of nucli~es. 

(Higher values are observed only for a quasistationary state in 
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Table 

The ground-state properties of He isotopes with A = 4 

Mass excess r Decay energy
Isotope Decay(MeV) (MeV) (MeV) 

5He 11.4 0.6 4He + n 0.89 
6He 17.6 4He + 2n -0.97 
7He 26.1' 0.16 6He + n 0.44 

~e 31.6 6He + 2n -2.14 
9He 40.8 E1Ie + n 1. 14 

10He 49.4* ? 9He + n 0.52 

BRe + 2n 1.66 

*Ca1:culated vaLue, 

6H /3,40. In this given case alI members of the T~2 isobaric multi 

plet may be studied /5/. In connection with 8He it should be also 

mentioned that, due to i ts high Q value for the /J -decay to 8Li 

(10.65 MeV), new interesting decay modes like )6-delayed triton 

emission /6/ can be studied. The decays of excited states of heavy 

He isotopes by multineutron emission are also interesting as they 

offer the possibility of looking for the clustering of few neutrons 

during this emission. If present, such a clustering will manifest 

itself in the observed phase space structure. 

In the present study, the ground and excited states of He isotop

es with 5 '\~ A ""9 are populated in the heavy ion J'eactions: 11B + 7Li, 
11B + 9Be, 14 C + 9Be, and 9Be + 9Be. 5He, 6He , 7He, and ~e are 

obtained in different exit channels of the first reaction, 7He in alI 

four reactions and ~e in the first and fourth ones so that some 

comparison of production cross sections can be made and conclusions 

can be drawn about the role of the reaction mechanism. A separate 

study /7/ was devoted to the direct observation of 10He with a high 

experimental sensitivity. The main characteristics of these reactions 

are listed in Table .2. Since the studied reactions have very amall 

cross sections, measurements were performed at only one (very for

ward) angle and at one bombarding energy. Although this fact makes 

the theoretical interpretation difficult, the concept of kinematical 
matching (an optimum Q value, Q t) 5till can be used. The evaluationop . 
of Qop~ was done by using the model proposed by Wilczynski /8/, in 

which the dissipation energy was taken equal to zero. 

A brief description of the method of the measurement and of the 

experimental setup is given in the next section. The obtained data 
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Table 2The main characteristics of the reactions 

studied in the present work 

Measure-Reaction El a b Exit channel Q-valuement angle(MeV) (MeV)(Lab)
 
11B + 1JC +
7Li 88 8° 5He 9.56 

12 C + 6He 5.98 
11 C + 'lHe 

10 C +87 8° 8He -23.74 

11 B + 13N +9Be 88 8° 7He -11.0 

+ 11 C +9Be 9Be 106.7 5° 
7He -U.62 

íOC + 8He -24.62 

14 C + 16 0 +9Be 152.6 8° 7He -6.56 
14 0 +158 8° 9He -33.32 

are then discussed in the third section. Some conclusions are formulat

ed at the end. Partially these data have been reported at the Inter

national Summer School in Brasov - Romania (Sept. 1-13,1986) and at 

the AII-Union Conference on Nuclear Spectroscopy and Re-actions in 

Yurmala, USSR (April 1987). 

2. Experimental 

The method adopted in the present study was to use a binary 

heavy-ion reactio~ for producing a stab18 product in the exit 

channel. The energy spectrurn of this produst contains 

information about its partner. Even if this partner is nucleon un

stable, its quasistationary states still can be observed and their 

corresponding widths determined. Indeed, when the partner is nucleon 

unstable, the observed spectrum will correspond to the available 

phase space distribution in the given energy interval of the recorded 

product. Possible deviations from this phase space description can 

be used to identify the existence of a grouping of particles in the 

exit channel. In some cases this can be unambiguously connected with 

the existence of quasistationary states in the nucleon unstable system 

being studied. The reaction products were analysed using a stepped

pole broad-range magnetic spectrograph (MSP 144 type /9/) that has 

a straight focal plane, positioned at 5° ar 8° with respect to the 
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beam. As a focal plane detector, a position sensitive (~E,E) ionisa

tion chamber was used. The resolution capabilities of this detector 

were: cfx= 0.7 mm, Ó(t.E)/.I1E :: 3.2%, .s~ :: 2%. A s cherne of the experi
mental setup and a more detailed description are given in /4,10/. 

The Li targets were prepared by vacuum evaporation of a 99.2% enriched 
7Li isotope on thin (..., 10 ...ug/cm2) organic backings and had a thick

ness of ,... 350 pg/cm2• All subsequent handling was done in a vacuum. 
The Be targets, also prepared by vacuum evaporation, were deposited 
on a copper backing that subsequently was etched off with nitric acid. 

Their thickness was ---230 }.lg/cm2• The beams (including radioactive 
14C) were delivered by the U-300 heavy ion cyclotron at Dubna. 
Typical beam currents on target were ....~ 0.5 jJ.A (e Lect r-í.oJ ; at this 
beam rate a pulse pileup in the aquisition system is unimportant. 
The beam energy was periodically controlled by measuring the elastic 
scattering on a thin silver target and corrections were made in the 
measured spectra for the observed energy drift. The resolution in 
mass determination in the test reaction 9Be(11 B, 12C)8Li was 
r' 300 keV /10/ 

3. Experimental data and discussion 

3.1. The 7Li(11B,1Jc)5He reaction 

This reaction represents a pn transfer from the target to the 

projectile. It leads to the closed proton s shell in 5He and closed 

p3/2 subshell in 13C and has a rather large cross section. The energy 
spectrum of the recorded 13C is shown in figo 1. One can clearly see 

the peak corresponding to the ground state (g.s.) of 5He at an 
excitation energy of (0.92:0.3) MeV in the 4He + n system. The cross 

section under the pe~k is ~ :: (12~3) pb/sr and the width 
r:: (0.82:0.3) MeV. The continuous line represents a phase space 

calculation for the three-body breakup in the exit channel: 
13C + 4He + n. This calculation was normalized to the data obtained 

at E(1 3C) ::89.2 MeV where no other .channels can contribute. Downward 
from E(1 3C)::89 MeV, a number of excited states of 13C start to contri 

bute. They give a phase space distribution of similar shape super

imposed over the g.s. one. This fact makes the determination of the 
total phase space curve ambiguous and consequently is not shown in 
the figure. Nevertheless at E(13C)::87.4 MeV, a large peak ShOWB up 
Dver ~he background; its decreasing left edge makes impossible any 
confusion with the phase space. Besides, no excited leveIs of 13C 
lie in the region of the peak (see arrows in figo 1). Moreover, a~ 
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Excitation energy in sHe system 
8 4 O 

I I~ r-~ 

7Lj(11S,13Cl5He
4He+n E= 88MeV 

200 8=80 
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100 1 

90 
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Fig. 1. Energy spectrum of 13c ions for the 7Li(11B,13C)5He 

reaction. The full line ~epresents the phase space distribu
tion for the (13C+4He +n) exit channel; this calculation was 

normalized to the data obtained at an energy of 89.2 MeV. 

a result of the rather large positive Q value of this reaction as 
compared with those of tLe 12C and 160 contaminants (-6.5 and 

-2.05 MeV respectively), the measured spectrum of 13C is free of 

contributions from these contaminants in the 84.2-95 MeV region (i.e. 

they start to contribute at ene~gies below 84.2 MeV). The correspond
ing excitation energy o.r. 5He is (5.22:0.3) MeV but the cross section 
under the peak is difficult to estimate as it is flanked by 13C 
leveIs. By drawing a smooth background under the peak one may deduce

1f-:: (60±1O)pb/sr. The width of this peak is r= (2.0±0.5) MeV, 
i.e. somewhat smaller than the value (_ 4 MeV) quoted in the litera
ture /5/ 

The higher cross section for the population of this first excit 
ed state with ~ = 1/2- as compared with the g.s. (d~ ::3/2-) may be 

explained as follows. For this ~eaction Qopt=-1 7.2 MeV, i.e. about 
27 MeV below the real reaction Q value. Tbis indicates a big momentum 
mismatch and then one should expect a preferential population of'excit 

ed states of the reaction products. Therefore, it is possible that at 
these bombarding energi~s, the transfer proceeds with a significant 

prabability through a single ~tep (deuteron cluster transfer) after 
previously exciting one of the p3/2 neutrons in 71 i to th~ p1/2 orbit 
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(which leaves the proton and the neutron necessary to form the 
deuteron ih the same p3/2 orbit). In this case, after the transfer 

5He will remain in its 1/2- excited state. 

3.2. The 7Li(11B,12c~6He reaction 

This one-proton pickup ~eaction leads to the filling of the p3/2 

orbit in 12c and has a rathe~ large cross section. Fig. 2 shows the 
12 

energy spectrum of the recorded C. Two peaks, corresponding to the 
g.s. of and to the first excited state at (1.8±0.3) MeV ar~6He 
observed with cross sections ~ = (320±20) and (270±30)jUb/sr, 
respectively. The width of tne first excited state is almost equal 
to that of the g.s. (stable) peak. Assuming that the experimental 
resolution function has a width of ~ 600 keV ohe may expect for the 
excited leveI a width of ~< 200 keV. Thís leveI lies some 70 keV below 
the 5He + n threshold and 0.825 MeV above the 4He + 2n threshold. 

Consequently this last decay is the only one energeticaly possible 

but the simultaneous emissioP of two neutrons is an unlikely process 
(it has a small available phBse space) which would lead to an increas

ed lifetime. For this reaction the calculated Qopt is-l0 MeV, i.e. 
16 MeV below the real Q value. Though this difference is smaller than 

for the previous reaction it still indicates a momentum mismatch and 

this is reflected in the cross section values: they are sm~ller than 

the typical v~lue of ~ 1 mb/s r for lp transfer reactions in this 
energy range /11/. One noteS the almost equal cross sections for 

ground state and first excited state populations. This seems to 
indicate that the Q 
window is wide enough to--- --l
 

t.OQl Excilolion ene'W 01 6He 
4 2 o comprise both leveIs. 
~I~ 

7Li(I1B.12C)~ I If not, this feature 
E= 88 MeV ' distinguishes the present8= 8' 

soo reaction from the previous 

one. 

V> 

z ~ 

~ 
o 
u 

100 

Fig. 2. Energy spectrum 

92 94 of, 12c ions for the 
86 DF 12C (MeV) 7Li(11B,12C)6He reaction. 
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3.3. The 7Li(11B,11C)7He reaction 

This is a rea~tion of a charge exchange type. Its negative Q

value leads to small values of cross section (see fig~3). The area 
under the peak corresponding to the g.s. of 7He at '(O.5±O.3) MeV 

excitation energy in the 6He + n system represents (4.8±O.5)jUb/sr. 

The width of the peak, as in the previous reaction, is close to the 
experimental resolution. So one may expect that the real width of the 

leveI is ~ 200 keV. The full line represents a phase space 
calculation that takes into account the g.s. and the first two excit 
ed states of l1 C in the three-body breakup (ll C + 6He + n) in the exit 

channel. Other variants also have been considered, for example, the 
five-body decay: 1.lC + 4He + n + n + n, and the fit was less success

fuI. The phase space analysis does not allow one to draw any conclu
sion about the existence of the following decay channels: lf· C + 5He + 
2n and l1 C + 4He + 3n which would start at 1.87 and 0~97 MeV excita

tion energies, respectively (if the binding energy of the multineutron 
systems is taken equal to zero). If the reaction is assumed to be a 
multistep process, then it will proceed through an exchange of nucle

ons in both directions, breaking the closed p3/2 neutron subshell in 
l1 B and"completing the p3/2 proton subshell in l1 C and the reaction 

cross section is expected to be small. At the present energies the 
one-step charge exchange reaction is probably not yet accomplished. 

Since the calculated Q t (-19.5 MeV) is close to the reaction Qop 
value, the g.s. population is kinematically favoured. No other leveIs 

are seen in the present experiment with obvious statistical 

significance. 

'li (".,"c)'.. 

Fig. 3. Energy 
:JOO 

apectrum of 11C iona 
for the 7Li(11 B, l1 C) 
7He reaction. The CfJ..
phaae space corres Z 
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ponding to the three O 

body exit channel 
O
 

11 h...-~ • 11
( C+-He+n) wí.th C 
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'He •.•. 

i ..,.... 
~ 

-(.ee..' 
,.s" 

a 64 • • lO 71
 
shown by a full line. ENERGY 01= "clMeVI
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3.4. The 9Be(11B,13N)7He reaction 

The energy spectrum of 13N measured in this reaction is shown in 

~ig. 4. The peak ~orresponds to the 7He g.s. at (0.5±0.3) MeV excita
tion energy and has a width comparable with the experimental resolu

tion (see previous reaction). The cross section under the peak is 
~ = (29±5) ).Ib/sr. The full curve is a phas e. space calculation for 

the three-body breakup in the exit channel 13N + 6He + n, that 

reproduces the' data rather well. There was no need to introduce 
either the contribution from three-body channels with groupings of 
neutrons like 13N + 5He + 2n ar 13N + 4He + 3n, or from exit channels 

with more than three particles which would have a much steeper 

increase toward smaller energies. Moreover, the excited states of the 
recorded prod:uct (13N) made no contribution (within s t at-í.s t l ca L 

errors) to the phase space yield measured. In the reaction, two 

protons are transferred from the target to the projectile. If it 

proceeds in two steps, then, in the first one, a p3/2 pair in 9Be 

should be broken to complete the p3/2 orbit in 12C while, in the 

second, the rem~ining unpaired p3/2 proton should be trarunerred to 
the p1/2 orbit in forming 13N• The g.s. population cross secti~n is 

about 6 times higher than that in the previous reaction though the 

kinematic matching conditions are similar (Q t:L18 MeV). The twoop 
reactions differ in the way the nucleons are exch~nged: in both 
directions or only in one direction, if they are considered as two

step ,processes. The 'last situation in the studied 'case has a higher 

probability. One cannot neglect 'also t he st r-uct uraL ,particularities 
of the reaction products:e.g. 
the 1/2- g.s. spin of 13N 

7He g.5. implies transferred angular 
9BeI I1B. 13NI7He 1 momentum 1 ~ 1 while for the
E-88MeV '6t-te+ne-a- 1 reaction on Li, l~ O. In this

I I
 
lJl
 
... 

reaction, as in the previous 
~ 

one, no significant evidence~ 
:o for other excited states of .:J.IO' 

c: 7He was observed. u 
W 
~ 

Fig.4. Energy spectrum of 13NN'" 
U 

ions from the 9Be(11 B, lJN ) 7He 

reaction. The three-body 
phase space contribution of 
the (13N+6He+n) exit channel 

is shown by a full line. 
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3.5. The 9Be(14c,160)7He reaction 

The energJ spectrum of 160 is shown in figo 5. The full line is 

a phase space calculation that takes into account the three-body 
breakup in the exit channel with the 160 in the g.s. and in the first 

excited state. A better agreement with the data may be obtained if 

one includes a contribution from the "exotic" three-body channel 
160 (g.s.) + 5He + 2n• The latter starts at 1.87 MeV excitation energy 

(dotted line) if we take zero binding energy for 2n• This better 

agreement does not prove the existence of the mentioned decay channel 

but rather suggests the possible ex~stence of a final state inter

action in the 2n system and req~ire~ a more detailed study by a 

correlation measurement. A careful analysis of the spectru~ shown in 

figo 5 reveals the presence of at least two peaks. The first one 

observed at an excitation energy of (0.5±0.3) MeV in the 6He + n 

system corresponds to the g.s.of 7He.The cross section under tho. peak 
is ~ = (5±1) ~b/sr. The second and the most prominent peak lies at 
an excitation energy of (3.4±0.5) MeV and has a width of (1.5±0.5)MeV. 

The cross section for the population of this excited unbound leveI is 

(84±15) )Qb/sr. The rather high uncertainty comes from the uncertain 

assessment of the phase space. One should note that for this leveI, 

the decay channel involving the emission of three neutrons 
(7 He* _ 4He + n + n + n ) ié energetically possible and therefore 

offers the-possibility to study this new type of decay. For this 
purpose, correlation experiments are necessary. 

EXCIT~TION ENERGY OF SYSTEM 61ia.n (MeY) 
Fig.5. Energy spectrum 10 a 6 4 2 O' 
of 160 ions for .the 
9Be(14C,160)7He reaction. 

ea.('c,180/",
The phase space corres

E·152.8 MeV
ponding to the three

body exit channel 
(160 +6He+n) with the 160 
in the g.s. and in the CI) 

first excited state is 
~ 

Z 

shown by a full line. 

e_ao

0100 
:J 

The dashed line repre o 

senta the phase apace if 

one includes a contribu
tion from the exit 

16 142channel ( O (g.s.) + 130 134 13& 

5He + 2n), ENERGY ~ "o(MeV) 
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The reaetion involves the piekup of two protons onto the p1/2 

orbit that leads to the elosure of the p proton shell in 16 0• The 

enhaneed populat.ion of the first exeited state in 7He as eompared witl \ 
the g.s. may be explained by the faet that the reaetion proeeeds at a I 
rather high energy. The ealeulated Qopt for this reaetio~ is - 24 MeV, .~ 

indicating a large momentum mismateh and preferential population of \
exeited states. In order to aeeommodate this energy exeess the system 

may go to the p1/2 orbit with one of the unpaired neutrons. In this 
x -

case the exeited leveI would have Jf = 1/2 and neeessarily partial 

waves with angular momentum l~ 1 would be responsible ~or the transfe: 

In the region of the observed peak, eontributions may appear 

from leveIs popu~ated in the reaetion on C impurities in the target. .~ 
Though the 12C(14C,160)10Be reaetion was not measured separately, the 

observed peak is very unlikely to be due to' this reaetion. Indeed, thl 

reaetions on Be and C are of the same type (2p piekup) and have 

similar kinematic eonditions (for the reaetion on C Q=-4.85 MeV and 

the ealeulated Qopt = -22.37 MeV). Consequently, apart from the 

strueture partieularities, the eross seetions for the most intensivel, 

populated leveIs should be eomparable. Then, taking into aeeount that 

the amount of ç in the target is about 10jUg/em2 (as the analysis of 

the Be+Be reaetion will show below) the assignment of the observed 

peak to the reaetion on C would lead to eross seetion values of more 

than 2 mb/sr, i.e. two orders of magnitude large~ than the referenee 

value /11/ for this type of reaetion. Therefore we have disearded 

this possibility. 

j.6. The 9Be(9Be,11c)7He reaetion 

The energy speetrwn of 11 C measured at '5° in the laboratory 

system is shown in figo 6. The reaetion proeeeds with a two proton 

piekup to fill the p3/2 orbit in 11 C• Arrows in figo 6 indieate the 

position of the peaks eorresponding to the 7He g.s. at (0.5±0.3) MeV .~ 
and to the exeited states of 11 C at 2.0, 4.32 and 4.8 MeV respeetive

~Ily. The small peak at the right of the 7He g.s. is due to the reaetio 

on C impurities in the target. The energy speetrum of 11C from the 

reaetion 12c(9Be,11c)10Be taken with the same speetrograph setting 

and with a 12 c target of 100pg/em2 is shown in figo 7. One ean 

elearly see peaks (marked with arrows) eorresponding to the g.s. of 

the reaetion produets and to exeited states at 2.0 and 3.6 MeV. While 

the peak at 2.0 MeV may result from the population of 10Be * (2.15 MeV 

and/or 11 C* (2.0 MeV), the peak at 3.6 MeV is due to the population 

of an exeit'ed state of 10Be and has a smaller eross seetion than that 
~. 
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Fig.6. Energy speetrum of 11 C ions for the 9Be(9Be,11C)7He 

reaetion. The upper arrows indieate the 11 C energies 

eorresponding to the g.s. of reaetion produets (marked 

7He) and to different exeited states of 11 C. The arrow 

with an asterisk, ~ndieates the energy of 11 C for the 

g.s. produetion in the reaetion on 12 C impurities in the 

target. The full line repr~sents a three-body phase spaee 

eontribution (see the text). 
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for the g.s. population. The g.s. peak leada to a cross section value 
of"., 140 ,;Ub/sr. By comparing it with t he small peak in figo 6 after 
normalization to the corresponding monitors one can obtain an evalua
tion oi C build-up in the Be target that amounts to ,-. 12 ,;Ug/cm2. 

The 7He g.s. peak in figo 6 corresponds to a cross section value of 
(39±3) flb/sr. The reaction on Be has a rather small phase space 
contribution, as demonstrated by the deep valley at E(11 C)=90.5 MeV. 
At 11C energies smaller than this value other peaks appear and make 

the phase space determination rather ambiguous. Therefore the thin 
line in the figure shows it only as tentatively normalized to the 
point at E(11 C)=90.5 MeV after subtraction of the background from the 
reaction on C. In this reaction the above excited state of 

7He has not been observed. However one should note that the yield in 
the region around 3.4 MeV excitation energy(E(11 C) around 88 MeV) is 

rather high even if both the phase space and background contributions 
are taken into account. 

The two reactions (on 9Be and 12C) are ~f the same type and the 

kinematic conditions ar~ also similar. The calculated Qopt values are 
-24.3 and -22.7 MeV, respectively, and the Q value for the reaction 
on 12C is -11.91 MeV. The difference between the g.s. population 

cross sections is most likely to be due to the structure particulariti 
es. 

3.1. The 7Li(11 B, 10C)~e reaction 

This is a complex rearrangement reaction in which nucleons are 
exchanged.in both directions (one proton pickup to fill the p3/2 orbit 
and two-neutron stripping), and which has a large negative Q-value. 
At an excitation energy of 2.1 MeV, ~e becomes unstable with respect 
to the decay into 6He + 2n so that at this energy value a continuum 
of states described by the phase space distribution starts to 
contribute. Because of the poor statistics in the excitation energy 

region between 4 and 7 MeV it is difficult to normalize the phase 
space curve to the data and therefore, it is not shown in ~igure 

8. With so small cross section values, reactions on impurities may 
give contributions that can alter the measured spectrum. Therefore, 
in a separate run of experiments using a thick (100JUg/cm2) carbon 
target these contributions were measured with the same spectrograph 
setting and with a current integral on target ten times smaller than 
in the measurement on the Li target. In this way account was taken 
of a càrbon buildup of about 10 pg/cm2. The results of this run are 

shown in figo 8 by black blocks. The oxygen contaminants in the target 
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Tq 
l' 

I 
I 
I 
I	 make a very small contribution. Indeed, the g.s. peak for the reac

tion on 160 lies at the 10C ener~y of 64.7 MeV while at E(10C.) = 

'I	 = 53 MeV a multitude of leveIs may contribute. However, at this 

. j	 point, a very low background is observed. The spectrum in figo 8 
clearly exhibits the presence of two peaks. The first one, at zero

I , excitation energy, corresponds to the 8He g.s. formation and has 

. a cross section á~ =(57±7) ·nb/sr. The second one appears at 
I 

(2.6±0.3) MeV ex~itation energy in good agreement with /12/ and has 

a cross section ~ =(93±25) nb/sr and a width r-=(1.0±0.5) MeV. . dS}.
The large uncertainty in the cross sections here is connected with 
the uncertainty of the phase space determination of the background 
under	 the peak .

•	 The events observed in the excitation energy region from 1 to 
2 MeV cannot be explained either by the impurities, or by the phase 

space contribution and, consequently, we are inclined to believe 
that an additipnal leveI is present, though it is difficult to say 
something more definite (see 3.8). For this reaction the calculated 

Qopt = -26.58 MeV, ~.e. quite close to the reaction Q value and the 
ground and the low-Iying excited states are populated with almost 
equal probabilities. 

I;
EXCI TA TIDN ENERGY DF 8He (11eV)
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~.
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~'t> 'o
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':0 ~S 50 55 

ENERGY OF'«t (M'V) 

Fig.S. Energy epectrum of 10C ions for the 
7 11 10 R..Li( B, O)-~e reaction. The arrowa indicate the 
10C enorg1oo oorreeponding to the g.s. of reaction 
produoto (markod ~e) and to the excited state of 
~OC. Tho bl~ok blooke are rneasured eventa from 
tho 120 (" n, ' OC) ' Jn reaotion. 
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3.8. The 9Be(9Be, 10C)~e reaction • I 

In this reaction, which has the same products in the exit 
channel as the previous one, two protons are picked up from the 

target and one neutron is stripped from the projectile, i.e. again 
nucl~ons are exchanged in both directions. The energy spectum of 10C 
is shown in figo 9. Despite the low statistics one can clearly 
distinguish peaks corresponding to ,the ground and excited states of 
the reaction products. The g.s. population cross section is 

(275±40) nb/sr. The peak at 3.35 ~eV excitation energy corresponds ~ 
to the formation of 10C in its first excited state while the peaks i 

lying at excitation energies of 1.3, 2.6 and 4.0 MeV should be 

attributed to excited levels in 

last peaks are equal to (92±20) 

~e. The cross section under these 

nb/sr, (49±15) nb/sr and (160±50) nb/ 11 
sr respectively. Note that the width can be determined only for the 

exc í.t-ed state in E1re at 4.0 MeV (r = (0.5±0.3) MeV), for o t he r two 

states with energies at 1.3 and 2.6 MeV the width cannot be extracted 
due to the poor statistics. At E(10C)=74 MeV another peak appears but 

its left edge is determined by the registration energy domain of the 
focal-plane detector and therefore it was not considered in the 

analysis. The carbon impurities in the target cannot account for the 
observed peaks, as demonstrated by the spectrum of 10C measured under 
the same conditions on a thick 12C target (see figo 10). The events 
appearing in the 10C energy interval from 80 to 92 MeV correspond 
to a carbon build-up of less than 10 pg/cm2• 

T~e level at 1.3 MeV is nuclear stable while the one at 2.6 MeV 
may decay by two-neutron emission and the one at 4 MeV even by four
neutron ~mission. The observation of the peak at 1.3 MeV, though with . J 

poor statistics, is also supported by the study of the previous t 
reaction. This leveI is the first excited state in A~ 5 He isotopes 

which is nucle~n stable and i t may be helpful in testing different I J 

structure calculations. ~ 
In a previous work /13/ where E1re 

in the(4He, ~e) reaction on different 

has been observed directly 

t ar'ge t s , this Leve í is not 
\ 

reported. It lS not clear if the scanned energy did not encomp as 8 

it or simply it was not observed. In some cases, leveIs of the 

complementary product in the exit channel may also mask the observa
tion of the 1.3 MeV leveI in 8ge in the cited work. 

The preswnable :J1i. for this levél is 2+ and then, the one at 
2.6 MeVõ will probably have ']1C =0+ (from .she L'l occupancy considera
tions) • 
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4. ConclusionIn an isobar diagram for A=8 /5/ one can see \hat only in Sge '1 
~ level is observed above the first T=2 state; their difference in 

The main results obtained in the present work are presented in energy is quite close to 1.3 MeV i.e. the difference between g.s. and 
Table 3. They can be summarized as follows:first excited state in SHe and this fact may be taken as a hint for 

- The width of the first excited state of 5He obtained in thisthe T=2 assígnment for that level in 8Be . ' 
work is substantially narrowor than the value given in the literature,The excited state at 4 MeV in ~e offers the possibility of study

indicating a longer lifet1ma.
ing the exotic decay by emission of four neutrons. Again, the phase
 

- The exc~ted stata of ~Io at 3.4 MeV ia reported for the first
space of this multibody decay may provide 'evidence for grouping of
 
the neutrons. time and a tentativa aasignment of3 X a1/2- i8 made.
i
 - Excited leveIs at 1.3, 2.6 and 4 MeV in SRe are observed, two 

3.9. The 9Be(14C,140)9He reaction of them for the first time and the ona at 2.6 MeV in two reactions 

and with improved statiotics tiS comparad with the previously reportedThe energy spectrum of 140 is shown in figo 11. The Q value for I!
 works /3,11/.
this reaction is very low and it is natural to expect low values of 

A deviation from the phase apaca distribution in the 9Be(14c ,cross section. The full line is the phase space calculation for the 
140) reaction is interpreted as the formation of a nucleon-unstablethree-body decay in the exit channel (140 + SHe + n). One can observe 
9He nucleus. an enhancement over the phase apace with the corresponding cross sec

tion '~.- 0.1 j.l.b/sr. The width of this enhancement is large; one 
Table 3 may presume that with improved statistics it may split into more 

Results of the measurements carried out in this study
distinct levels /14/; Arrows indicate the zero excitation energy and 

Observed level Cross
the 1.S MeV excit~tion energy. The obtained cross section is rather Iso~ope Reaction energy (MeV) r (MeV) section 
uncertain because the normalization of the phase space curve to the . ! (pb/sr) 

data is somewhat arbitrary. The obtained .mass for 9He corresponding 5He 7L i ( 11B,13C ) 0.9~0.3 0.S±0.3 12~3 
to 
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A substantial decrease in the cross section is observed when the 

Q value decreases. At a comparable Q value~ an exchange of nucleons 

in both directions leads to decreased values of the cross section as 

compared with the reactions in which the transfer occurs only in one 

direction. Kinematical rnatching expressed by the Qopt value plays .an 

important role in the relative population of states. This is illustrat 

ed by the fact that only in one of four reactions the excited level 
of 7He has been observed. 

The smal~ cross section values of some of the studied reactions 

prevented us from making angular distribution measurements and also 

in such cases the statistics are rat~er poor. However, in order to 

correctly assign quantum numbers to the observed states the measure

ment of angu~ar distributions is imperative. 

From some of the observed levels, interesting decaymodes are 

energetically possible like two- and four-neutron decay, the study
 

of which needs special experimental efforts.
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Ben03epOB A.B. li ~p. EI5-87-733 
HCCne~OBaHHe H30TonOB renHn C A ~ 5 
B pe axuaax C TS'DKenblMH HOIIBMH npH 3HcprHH 

E/A - la M9B/HYKnOH 

BbUlH uccnenoaansr 'l'mlccnblo H30TonLI lia D cnI3AYJ0w,HX gEYX
TenbHWX peaK~HRX: 9 llc+ Ono• 11 n+7L i , 11 ll+9 Bc, 1~C+9Be. H3
MepeHO cexeuae 3aCCnOJlHH ocnonuor-o 11 H030Y)I<PtCUlloro COCTOR

HHli. Bncpnue o15J1apYJl<6l1bl D03C5YJl<ACIHIIlIC CüCTOHlUut B 7 UO H °Ee 

Pa60Ta asmonucua D JlaOopo'l'OPHH HAOpllblX pua~UHA mUIH. 

Ilpenpaar 06'beAHHel-IHOrO HHCTHTYTR anepnsrx uccnenouanaâ . .uy6l1u 19B7 

lt 

Belozyorov A.V. et alo EI5-87-733 
Study of Be Isotopea with A > 5 in Heav1 
Ion Reactions at E/A - 10 MeV/Nucleon 

lleavy lIa itiotOpcB are Btudicd by measuring the energy 
tJpectra of thoir Btablc purtnürs in the cxit ChUllllCl of 
different two-body direct reactionH: gB~+gBe, 11 B+7 Li , 
1.1B+9Ue and 1l.JC+UBe . Tho populat í on cr088 sec t í.ous for 
ground and exc í t ed atatc s have bucn meusu r cd and the widtlu 
of nucleon ullBtablc Htutea háve bccn uxtracted. Ncw exci
ted Btatea of 7 He and °Ua have becn found. 

The investigation has been performed at the Laboratory 
of Nuclear Reactions. JINR. 
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