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Work en a siniple r::�c.el of cluste! ; in light nuclei is outli.�ed.  

T..'ie idea of "the model is cesc!"-ibed ale:.; wi 1:h methods for selecting the 

The nodel is then developed further to ta�e 

account of effects arising frcm i.�"trinsic spins of the constitt.ent 

clusters and results for alpha particle and trinucleon cluster states 

in several nuqlei are presented. 
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1 . T:-ie �!odel 

:.rJ work over the last few yea.Y'S on the clus-cer str"..1ctures ·of lig: : 

nuclei. 1he calculations have been perforned with several collaborators 

whose nanes appear in the refero-nces. 

The original ideas cane from a consideration of the experimental 

results on three and four nucleon transfer reactions induced by heavy 

ions at incident energies of 10 MeV/nucleon . 1 ) Such reactions are

believed 1:0 favour the pcpcia'tion of high spb states , but the extremely 

high selec-:i·v.i�/ )bserv-ed i:-1 the .;;pecn�a suggesi:ed tha": the prefe::-errt:.ally 

exd-:ed s-:3::es :.."'l the :.=:iria.: nudeus might have sc:r.e :;:'3r':::.c·.:.:.ar:y si:-:; ::.e 

wrri.�11 ::he light cluste�, in its grou:1C s--:a-ca , :rbi-:e:. -:he cc:� or 

target cluster, which also re1nained i., its ground state. It was ho;ied 

that the relative rr.odon of the cluster and core coul,= :::e described by 

m=ans of a local attractive potential between the ccr.stituent nuclei. 

This picture seems very reasonable for the high spin states with large 

angular rrorrent"..im ')f relative nntion since the centrigugal barrier will 

tend to hold the clusters apart; the two nuclei will then have little 

overlap , makir.g it plausible that their internal structures are not much 

perturbed. 

We have gradually coma to realise that this very simple m:xiel is a 

rather good descripticn of ma.�y observec states and �ot �nly for :hose 

with high spin. Ever.t'..lally we saw that .:he sam= t"jpe of ccn.figurai:ion 

could be used to explain entire bands of states in various m.:.�:::.ei , a 

band being defined as those levels related by having the sane value ,:Jf the 



global · quantum number Q = 2N + L, whe� N is the number of nodes in the 

relative motion wave function and L is the angular roomentum. The node 

number N is , of course_, a neasure of the radial vibration energy in a 

two-body state. Thus for L = Q we have N = O ana we recover the

original picture of a state with constituents held apart by centrifugal 

effects. But if now we keep Q constant and vary N and L we clearly 

_define a band of states with L changing by two units from level to 

leyel and as L decreases the radial vibration energy increases. 

Calculations show that this actually leads to an increase in the RMS 

separation of the clusters. Hence we have an explanation of the success 

of the roodel for low spin states also. 

To turn the above picture into a calculable m::>del we need- two 

ingredients : u, soma way to fix the value of Q = 2N + L which defines 

a band, and (ii) a choice of potential to describe the cluster-core 

interaction. The first is disposed of by a simple recipe. We assume 

that our cluster states will have appreciable overlap with shell-m:>del 

cluster configurations in which three or four nucleons m::>ve in low 

available shell orbitals above the Fermi surface of the core nucleus. 

2!7 

If these orbitals are labelled by i ,  then each nucleon will carry (2ni + 1i)

quanta of excitation so that the total number of quanta in the cluster is 

given by 

Q(shell) = 
3 ,4 
t (2n. + R. . ) .

i=1 i 1 

If we now suppose that, in the relevant states , the nucleons correlate 

so as to fotm a cluster structure with zero quanta of internal excitation, 

then all the excitation goes into the m::>tion of the centre of nass of the 

cluster relative to the core. It is now reasonable to identify Q(shell) 

· with the quantity Q = 2N + L of our JOOdel. Alnost needless to sey, it is 

very .difficult to make this shell-m::>del �t rigorous since in 01.,r 
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pi� the cluster is a real triton or alpha particle and the core is 

also rroving around the camon centre of mass of the dinuclear system. 

Thus a shell-m:::xiel expansion of our states would require very many snall 

components of higher orbital configurations to describe the tight 

spatial correlations and to make the mean separation of the centres of 

mass of the clusters larger. In addition , the shell description would 

need to include core excitations to take account of the displacement of 

the centre of mass of the core nucleus from that of the system. Ha..-ever, 

there would have to be very large single cornponen-cs of hieher configura'tio."ls 

in the shell-model to give a different effective Q = 2N + L in  the 

dinuclear rrooel. 

In the earlier work2 )  we made use of the folding rrooel to construct 

� effective interaction between the cluster and the core . 'This method 

represents 'the effective nucleus-nucleus potential by a double folding 

of the nuclear densities with some assuned internucleon force , i . e .  

In light nuclei this gives a rather gauss.ian-like sroc-ch shape to 

the potential and we left the depth as a free parameter to be fitted to 

the cluster-core binding energy of sane selected state of a band. In 

later work3 ) we have parametrized the potential. shape , using a symretrized 

Woods-Saxon form given !,y 

... R -1 V(r) a [cash(.:..) + cosh(-) ] , a a 

which is indisting.ri.shable from a Woods-Saxon potential for R/ a » 1 ,  but 

becomes similar to the folded shapes. when R is less than or of the ord.er 

of a. The potential depths required ar,e quite large and lie between 100 

and 200 MeV. 



The curious t,".:::.g abciut these potem:ials is that they give rise to 

al.Irost perfect rota-:icnal band spectra.. That is , all the bound states 

and many of the resonance energies fall naturally into bands of levels 

according to the fannula 

ECN ,  L) = f( 2N + L) + B .LCL + 1) , 

where the function f(Q) gives the spacing between bands and the nment 

of inertia parameter is the same for, all bands , i .e.  S is independent of 

Q = 2N + L. We have nav made conside:::,able progress in understanding why 

this should be so, but that is another story. Whatever the reason, it 

is exactly the speci:rum we need t� fit t11e obser.ved dinuclear level 

energies. 

Our later work has been largely to elaborate on and identify these 

basic rotational level sequences in various nuclei , taking into account 

roore and more secc:ndary effects arising from intrinsic spins of the 

cluster and core nuclei . We have aimed .at giving a unified theoretical 
. , . 15 16 18 18 19 20 explanation of many levels in the nuclei N ,  O ,  O ,  F ,  F, Ne 

and 24�,g in teililS of alpha particle or trinucleon clusters orbiting a 

core nucleus and, where possible , to calculate other observable quantities 

such as et-widths , nuclear m::ments and y-decay rates . 
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Before describing these calculations I should briefly mmtion that 

,:::r:nsi.kable work has been done to justify the above model in ioore fundamental 

terms., in particular to attempt to derive it from the resonating group 

fannal.ism. Friedrich, Wheatley and I4 ) gave an ansatz which reduces the 

:resonating gr,oup eqµa� !":c � oro.i.tlaty Schrodinger . equation with an 

effect:i\le l!Y'-al ��t:Lat. ,m �:h sha..s that the lcwest bands required 

by the model � jusc tile first states alla..,ed by the Pauli principle. We 

then derronstrated that a local gaussian potential , independent of energy 
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and angular m::mmtum, will fit 'the phase shifts for a-a scattering and 

reproduce the properties of 'the o+ resonance in 8ee. 

Friedricll5 )  h� also �hewn how to construct effective local potaitials 

fran the energy $urfa�s of the generator coordinate nethod. Finally, 

I.amitz6 )  has developed a method of expanding matrix elem:mts of many-

body operators between antisymretrized cluster states sucll that the 

first term is just the ansatz of ref. 4> and the higher tenns necessarily 

involve internal excitations of the clusters. The conclusion see'ins to 

be that the effective local potential m:xiel ,  with appropriate clloice of 

quantum numbers , will give results equivalent to the resonating group 

nethod whenever it is reasonable to consider that the clusters remain in 

their ground states . 

2 . Applications

In this section I will review our work to date in order of increasing

caiq:>lexity in the effects arising from spin interactions. The cases we 

have looked at so far include examples of the folla,ring canbinations of 

, cluster and core spins : 

J (cluster) J (core) � 

0 0 20Ne = a + 160

0 , 19r = a + 15N.,.
, 0 19F = t + 1601 

0 1 18F = a + 14N

, i 180 = t + 15N1 

In addition to these we have perfo:rned calculations for systems 

in whicll ate of the constituent clusters itself has a ground state 

rotatiooal · band,  e .g. 



These examples require the solution of up to nine coupled channel 

equations for a given J-value of the clinuclear system. The last case 

is rather speculative , but gives interesting results . 

The first applications of the model, to the well known ground state 

band of 20Ne and the excited 4p - 4h band of 160 = · a + 12c(g. s) , were
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done in collaboraticn with Dover and Vary. 2 )  In 1:x>th systems the constituent 

clusters have zero spin and the rotation spectra shoo up very cleanly. 

In Fig. 1 I sh.c:M t:he model bamis of 20Ne which have 2N + L = 8 ,  9 and the 

corresponding experinental states .  As irentioned earlier, the calculated 

levels actually have a m:Jre accurately rotational spectrUm than the 

observed states and, for example , the a+ level is found to be much lower 

than the predicted one. A likely explanation is that the alpha particle 

strength is split between two states whose centroid would be near the 

calculated energy. A similar phen�on shows up in 19r (see belCM) .

Many of the states are above the alpha particle separation energy 

and so have to be calculated as resonances in the continuum. The sane 

calculations give va.l.1.Es for the a-decay widths wpich agree rather well 

with experirrent under the assumption that the states are entirely a + 160 

onf. . . he • 1 · · 2 >. c igurations , i . e .  t o.-spect:roscopic amp itudes are unity. 

It is also possible to calculate RIB radii for ground and excited 

states .  The grour.-:i state radius agre�s with observation and the excited 

state radii act·Jal.:.y decrease with increasing spin. 'This shows that the 

!:"'adial vibration motion is more effective in separating the clusters 

than the centrifugal effects. Finally, we have calculated the ?!E2 )  

y-ray transition strengths connecting the rotaticn levels and find good 
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ag:ree:ient with � data using an effective charge J11uch smaller than that 

required in the shell-rrodel (see Table 1 for results on a-widths and 

BCE2 ) values) . Very similar results are found for the 2N + L = 8, 9 

bands in 16 0.  

In the above reference2,-we also presented tentative calculations ?f 

levels in 15N which we thought might have the configuration t+ 12ccg. s). 

There seems na., to be sooe evidence that our assignmants were largely 

correct and the comparison of calculation with exper.irrent indicated the 

presence of an appreciable spin-orbit canponent in the interaction of 

the triton with .the 12c· core nucleus . But the occurrence of spin-

orbit effect3 is Letter discussed in connection with 19r where the 

evidence is much clearer. 

In the next 3?plication. of these ideas by Buck and Pilt2 ) we begin 

the job of sorting out the canplicai:i."'l.g effects coming from intrinsi c 

spins of the clusters. In the nucleus 19F many la., lying states and 

also some highly excited states populated in nrultinucleon transfer 

reactia,s may be described by the she11-rrodel confi�tions (sd) 3 , Csd)2 

(fp) , Cp)-1 Csd)14 and Cp>
-1 Csd) 3 Cfp) . In terms of our rrodel the

first two caifigurations "WOuld be the lowest shell-components of states 

represented as trito� clusters orbiting 160 with 2N + L = 6 and 7 

respectively, while the second two suggest descriptions as an alpha 

particle interacting with an 15N core nucleus and having 2N :t- L = a 

or 9 .  In the first pair the triton cluster has spin ! and in the second 

Tu'O examples the ground sta1:e of 15N has spin l ,  so in all cases we expect 

to see spin-orbit effects in all cluster states with non-zero L of 

relative motion. 



TI-le basic cluster-core interaction potentials needed to fit the 

absolute energies and �tational spacings for the tritan and alpha 

' 1 l 1 . 19F ' . F' 2 particle c uster eve s l.Il are given in ig. . These shapes are

both of the parametrized form mentioned earlier with , of course , 

different values of R and a. Also shGm is a canparison of the 

analytical shape for the alpha potential with the folded potential used 

in the calculations of 20Ne = a +  160 .  

shape and depth. 

They are very similar in both 

The next diagram, Fig. 3 ,  shows the ground state rotation spectrum 

of 20�e alongside -:he levels of 19F which we treat as et + 15N(g . s ) with 

2N + L = 8 .  The state wi�h Jn = . ;- is the first excited state of 19F

at 0 . 11 MeV. The picture clearly indicates -che spin-orbit splitting 

of the rotat.ion levels caused by the spin J1T = f of 15N ground state .

Furthermore we learn from this comparison that when the heavier core 

nucleus carries spin t�e effective vector spi.n-crbit fo::::-ce appears to 

be rather small. I do not know any simple explanation of this , but in 

later work we have consistently assuned that vector spin-orbit inter­

actions of the heavier cluster are small, and this seems to be supported 

by the results . In Fig. 4 I give a more canplete alpha cluster spectrum 

for 2N + L = 8 and 9 along with experimental data on spins and parities

and en levels seen appreciably in alpha transfer reactiops. The m::xjel 

cle.arly ;;irovides a theoretical candida-ce for every level seen in the 

transfer experi..'!EI'lts. 

The bands of lev�.ls :ir, 1�F w:rich we represent as tri ton states with

2N + L = 6 and 7 are illustrated in Fig. S along with data on states seen 

in triton transfer on to 160 .  The level with Jrr = }+ is the ground

state of 19r. The diagram also shows the. expected positions of bands ·

with 2N + L = 8 a11d 9 ,  but there is no experim:mtal evidence for these . 

223 
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To fit the observed spectra with 2N + L = 6 ,  7 we need to introduce 

an appreciable tritoo spin-orbit force , of the same sign and magnitude 

as deduced fran tri ton elastic scattering studies .  Tiri.s i s  , of course , 

easy to include in the m:xlel, with the results shown in Fig. 5 . The 

main complicating feature is that , experimentally , there are two low
+ • 

lying �3 states , while our model predicts only one, which happen� to 

lie at the centroid of the observed states as measured by the transfer 

strengths. Possible reasons for this splitting are discussed in our 

paper. 3) 

In the frarre�rk of this _m:xlel of two nuclei in their ground states 

orbiting each other it is straight-forward to write dcwn expressions for 

the various electrmagnetic operators in terT!IS of the masses , charges and 

intrinsic magnetic rr..::m:mts of the constituent clusters as pictured in 

Fig. 6 .  For exar.;,le , tr.e magnetic dipole and electric quadrupole 

o;erators are given by the fonnuias 
2 2 A1 z2 + "''" z1 

� = u0C g1 �1 + g2 !!2 + A;: �<A
1 

+ �) .!::J '

2 2 
U Al Z2 + JS 21 2 ). " 

.,-._ CE2 , ).) = r Y Cr) 
(� + �)

2 2 - . 

Fran expressions like these and the relative motion wave functions 

provided by solving the radial Schrodinger equation for the given 

pot�ntials , it is easy to calcu1��= various elect�ic and magnetic static 

manents and y-transition strengths . As illustration , results for 
1 9  1 9  

sever:l static rrarents of states in - F and ... :·!,e a..v-e given in Tables 2 

and 3 and canpared wit.'l available data. Similar good agreemmt is 

folDld for y-decay rates . 3 > 



Encouraged by the success of the m::xiel for 19r,  Friedrich, Pilt

and I 7 > attempted next to construct a similar m::>del for the states in 18F

which are repz:::sented in the shell-mcxiel by the co�figurations 

(p)-2 ( sd) 4 , i .e .  4p - 2h states . The lowest level of this nature is

the fairous intruder state with JlT = 1 + at 1 .  7 �V excitation. In our 

description we assune these states to consist of an alpha particle , in 

orbits given by 2N + L = 8 ,  bound to the nucleus 14N in its 1 + ground 

state . In this band we have L = O ,  2 ,  4 ,  6 and 8 which in 18r gives

rise to the intruder state with quantum numbers L = o ,  JlT = 1• , while 

the coupling of the spin 1 core to higher orbital states of the alpha 

particle clearly leads to a series of triplets such as e .g. L = 2 ,  

ir = 1+ , 2+ , 3+ etc. Many of these states can be identified quite well

in a-transfer studies and the experimental levels are shcwn in Fig. 7 

which provides SOUE evidence for the existence of the lowest triplets. 

We are now faced with the problem of accounting for the pattem of 

triplet splitting observed. The first thought that canes to mind is the 

possible presence of a vector spin-orbit interaction between the core 

with .§. = _!  and the orbital angular narentum � of the alpha particle. 
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But we already have evidence from the system 19r = a +  15N that spin­

orbit effects are sma.l:'.. when the spin is carried by the heavy core nucleus. 

Even rore to the point , a spin-orbit term �-.§. would give the wrong 

splitting pattern , i .e .  with the usual sign for such an interaction the 

levels for given L would have spins J = L + 1 ,  L ,  L - 1 in order of 

increasing excitation energy and the splitting would increase markedly 

with L. Hence we must assi...me that the vector spin-orbit interaction is 

very small and seek an alternative explanation. This , however, is quite 

easy. to find since a spin 1 particle can also have a tensor' interaction 

with its partner nucleus of spin O .  
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It is in fact possible to construct three different interactions 

each of which is a scalar product of a second rank spin 

tensor and a second rank tensor constructed from just one of the 

follc:Ming quantities - the relative coordinate of the centres of mass 

of the two clusters , the.i.r relative linear rorrentum or their relative 

angular nonentum. 'The third one is sometiires called the quadratic spin­

orbit term and we neglect it essentially on the same grounds as for 

neglect of the vector spin-orbit interaction. It is difficult to make 

distinction between the first two tensor interactions since they have 

very similar matri� elements . However, a simple microscopic model we 

are currently working on shows that only the interaction constructed 

out of the core spin §. = .! and the relative coordinate of the clusters

is likely to be appreci�le (in our calculations the other two te:rrrs 

vanish identically) .  The model consists of calculating the matrix 

elerrents of a nucleon-alpha in�eraction using the states of an al�ha 

particle orbiting a core state with two holes in the p-shell. 

'The surviving tensor interaction has the form 

"' 2 2 VT = [ (§_.!_) - 3J F(r) ,

;i..,. S 1 ' he ' f 14N d ,,.. ' he di . f h 1 haWu:::re = is t spin o an !. is t rection o t e a p 

particle relative to the core. The function F(r) is a calculable form 

factor, but in the first calculations we have taken the radial matrix 

elements to be independent or u and have assuned that VT dws not 

couple different L-values strongly. These assumptions rem:ri.n to be 

checked by means of roore detailed work. 

The resultant splittings of the rotational energy levels are given 

by the expressions 



J : L + 1 

-y J = L 

L + 1 y 2L71 : J = L - 1 ,

with t he  radial natrix element y left as a single fitting parameter. 

With positive y in  each triplet t}:le fonm..ll.a. predicts that the state 

with J = L rooves down and the other two states rove up µi rather good 

agreenent with the available data shcwn in Fig. 7 .  

We have also calculated the energies of a band o f  states in 180

which we represent as 180 = a + 14C(gs )  with 2N + L = 8 and which has 

some exper:iJrental support frcrn a-transfer s,;udies.  This example is 

much simpler than the case of 18r since the 14c ground state has spin o .
Hence we see a clean rotation band as in 20Ne . In Fig. 8 I have 

collected the results of calculation for a-bands in 180 ,  18F,  19r and 
20Ne to show that the underlying rotation spectra are very similar in 

all four nuclei when spin effects are allowed for. 

As yet another example of the complications caused ·by spin effects 

Pilt and I8 )  have considered the trinucleon cluster states in mass 18

nuclei which in the shell-JOOdel are described by (p)-l (sd) 3 

configurations . We have used the cluster structures 

18 15 0 = 3H + N; T = 1 only , and 

with T = O ,  1 respectively. The cluster nucleus ground states have 

spins �l = �2 = .i and we have the possible presence of the interactims :

c.27 
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(i) Spin-Spin !1 ·!2
(ii) Spin-Orbit �-!1 ' �·!2 .

( iii) Tensor [ 3(!1 ·!:) <!r!:> - !i -!2 ] , 

each with its own radial fonn factor and there is also the usual central 

interacticn responsible for �he- fundanental rotational $tI"Ucture. of the 

spectrum. 

A suitable set of basis states may be constructed by first coupling 

together the cluster spins to total spin � and then coupling this to t'"ie 

relative orbital angular marentum � to give the final J-value , i .e .  

I J  M : L S(s1 s2 ) > .  This yields a rich spectrum of negative parity 

states based on the L = 0 ,  2 , 4 and 6 levels of a trinucleon band with 

2N + L = 6 and the states of definite total angular momentum J arise from 

the coupling of S = 0 .or 1 to the above L-values .  Taking account of 

the various interactions listed above we are able to reproduce much of 

the low lying negative parity spectra in 18F(T = O )  and in 18o(T = 1 )  

very well. The mode l  also provides definite theoretical candidates 

for roc,st of the higher excited states which are seen strongly in three 

nucleon transfer on to 15N .  

As before we have neglected the coupling between different L-values 

induced by the tensor interaction and spin-orbit effects arising from 

the spin of the mass 15 core nucleus. But we have included the spin-

orbit coupling of the mass 3 cluster which mixes soire pairs of the basis 

states given above. With these assumptions we can reproduce the level 

positions in both nuclei with essentially one set of four pa.rarreters 

which are the rotational level spacing and the radial matrix elements of 

the form factors of the above interactions (which we assume to be 

independent of L) . 



This fit is achieved even though the negative parity level 

oroerings -in 18F and 180 are quit� different. The observed 

rearrangement is entirely reproduced nerely by changll1g the sign of the 

spin-spin interaction on going fran T = 0 states to T = 1 states or, 
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in other words, multiplying this interaction by an isospin exchange 

operator. I have not been able to think of any simple reason for this , 

but the result itself is certainly very striking. It is also interesting, 

and necessary for the consistency of the model, that the rotational level 

spacing parameter and the mass 3 spin-omit strength nun out to be very 

similar to those for the triton states in 19F. 

The final results for ne�tive parity spectra in 18F and 180 are 

sha.m in Fig. 9 and 10 along with the definite and tentatively as�igned 

observed states. I should also mention that for both the alpha particle 

and trinucleon states in mass 18 nuclei the model gives an excellent 

account of experimental data on Ml and E2 y-transitions . 7 •8) 

I have not time tc go into great detail about the applications of 

·the model to systems in which one of the clusters has itself a rotation band,

but I must at least briefly mention the results . A graduate student ,

C. Wheatley, has �uted the states of the model for .the system 
160 : 11 + 12cco+ , 2+ , 1/ ) ,  where the alpha particle rroves in the defo:rned 

quadrupole field of the 12c core nucleus. 9) For a given J-value of the 

system the calculation involves the solution of many coupled channel 

equations for the bound and scattering states. This yields a much 

richer spectrum than the simple 11 + 12cc_gs ) model for the excited rotation 

band of 160 which begins at 6 MeV. In fact , the calculation gives 

alm:>st the en�ire low energy T = 0 spectrum known up to about 14 MeV 

except only that 0- states are absent in the model. Wheatley has also 

generated phase shifts for the scattering of alpha particles by 12c 
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which agree well with experiment. All this is achieved with 

essentially only two paraneters - the depth of the central potential, 

chosen so as to position the levels correctly, and an effective 

deformation parameter to describe the quadrupole coupling. 

The code developed to obtain the above results can be used with 

trivial modifications to treat a roodel of 24Mg represented as 
16ocgs) + 

8eeco+, 2+ , 4+) .  This may seem a somewhat exotic idea , but 

the results soown in Fig. 11 indicate that it should be taken seriously. 

The calculated spectrum is at least as good as the shell-model results 

also given in Fig. 1i. 

To sum up, the ideas described here give a remarkably simple and 

unified account of a wide range of experimental data in light nuclei 

and rreny other applications are possible. It would , for instance be 

instructive to reinvestigate the spectrum of 15N described as 
12 + + + t + CC O , 2 , 4 ) • The rrodel can be extended to even lighter 

nuclei such as 10s and 11s and a start has also been ma.de on nuclei 

in the region of 40ea. 
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J1T 

6+

8� 
-

1 
-

3 

5 

7 

TRANSITION 

4·t + 2
°'

6+ + IJ+

a+ � 6+

TABLE 1 

ALPHA WIDrHS IN 
20

Ne 

r�(keV> 

0 . 11 

0 . 035 

> 0. 013

8 . 0

141

280

GAt-lMA DECAYS IN 20Ne 

BCE2)
EXP 

57. 3

71 .0  

66 . 0  

24.0 

2 II 
UNITS : e . tm ·  

rcalcCkeV} a 

0 . 21 

0 . 108 

0 . 021 

6 . 7  

81 

183 

B(E2 }
1H 

57 . 3

'/1 . 9 

60 .0  

34 . 6



TABLE . 2  

CHARGE RADIUS AND QUADRUPOLE MOMENTS IN 19r 

QUANITIY 

<R2>l 

Q 

Q 

STATE 

GS et> 
tr s+ J = 2 
'IT 3+ J = 2 

CALCUlATED EXPERIMENT 

2 . 90 2 . 90 

-8 . 83 ±(11 ± 2 )  

-6 . 51 -

� -

MAGNETIC DIPOLE MOMENTS IN 19F AND 19Ne 

LEVEL CALCUI.ATED EXPERIMENT 

!
+

, 0 . 0  MeV 2 . 98 2 . 6 3  

1+ , 0 . 197 3 . 70 3 .61 

t, 1 . 554 -1. 14

,+ , 0. 0 MeV -2 . 13 -1. 89

1+ 0. 238 -0. 85 -0. 742 ' 

1+ 1 . 536 .2 . 432 , 

rn UNITS OF µ
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= eh/2Mc 

23.3 
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DISCUSSION 

M. V. Mihailovic : Are your results stable to mixing different
fragmentations , for example :· � + 

14N and d + 
160?

B. Buck: I expect . that there would be relatively little mi­
xing between different cluster configurations unless the ener­
gies of states of the same spin + parity o! the different 
cluster representations happened to �e nearly the same. In 
this sense the model is quite stable .  

Y .C. Tang: In l9F the spin-orbit splitting of the 5/2- and 
;;2- levels which have predominantly an � + 15ri cluster con­
figuration is expecte4 to be much smaller than that oi the 5/2+ 

and ;;2+ levels which have predominantly an t + 
160 cluster

configuration. This is so , because the relative orbital angu­
lar momentum has to be shared among all 15 nucleons of the 
l5N cluster and the intrinsic spins of the nucleons in 1�
are paired off to yield a total spin angular momentum of on­
ly 1/2. 
Now, I have one question. In your °"' + 1� calculation , you
choose your global quantum number to be e. What is your re­
ason for not choosing this number to be ?? 

B. Buck : If the global quantum number were chosen to be ?
instead of 8 it would imply that one of the nucleons of the
cluster, . would occupy the hole  in the p-shell of 1�.  It
would not then make sense to think of this nucleon correla­
ting stron61Y with the o�her three nucleons in the ( sd)  shell .
We would have in fact the closed shell or . 16o nucleus as
core and the resulting configuration of three nucleons cluste­
ring outside this core is just the t + 160 model that I have
talked about .

H. Horiuchi : I have two questions concerning the 24Mg calcu­
lation.  The first is about the large observed ex -spectroscopic
factor of the second o+ level . I think the shell model calcu­
lations including the excitation to pf shell hsre not succeeded



240 

to reproduce this � s2-factor and also recent multi-cluster mo­
del has not succeeded. So I would like to know how is your wa­
ve function of o;. Is it not difficult to get the � amplitude 
because you are adopting the 160 + 8Ee model ? 
The second question is how to treat the Pauli principle ef­
fect when excitations of the clusters are allowed. 

B. Buck: l) I have not brought wits we the details of the stru­
cture of the states of 241,g produced by the model so I cannot 
answer this question.  
2 ) I have not thought about this very much but I would guess 
off-hand that excitation of one or both of the clusters would 
lead to more extended Pauli blocking effects so that the lo­
west allowed values of the global quantum numbers would have 
to be chosen different . Also· of course some of the excitation 
quanta would be lost to the relative motion of the c entres of 
mass of the clusters. 
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