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both methode--at bao been called 5077 resonatinge- sroup method with
a complon- concvator-voorndnate techniane. It 1s hasically a RGY in
which the =atrix clemmnts are svainated in the sigpler manner or the
GM rather Than a-1ny the forzer cluster-coordinate technigue, thus
making thoe laf arising from the complete antisyvmmetrization ot -
mch o= 1
Manv of
calculation:
than wa< thoai=e

in technrique have now enabloed
tems Cviae many sore nuclcons
dr0. Some examples 0f such

catoula? i Trour= are presently work:
1 this 4. Goavr o Tabans oo 3tine nrasress, and 1t 15 untoerta-
patedy oo iRl gm o thore Lery reatrreted grvey toa pive adeqguate
Tt M LILEES o I
il o taavsd g ovecaal orele inothe reatm of the -

Cro=vegsie - La=to 1 seaeaci. iromoa hpstoarical vicwroanpt, they were im-
portant when the srailasico rtechraaues restricted most calenlation- to
the 1nter- oo 0 To s he ] mncdor, thuy o ting these studioes
Tt osvaty U T e ey Feee 0 TR e TosTriction 1 owa
I RS B S N T GO caioaEatians . ot only o to TSt ot
mivto o oot T g and r s ey ey e teon avstens ) tat gl sy
AS wmas Tt TN TS HLNES LR *ooosarr a oceneral e dor-
stadss Ut T Tt 0 s ar e e atdd he Lonlied to more
Bmas~3i: - Y T o e e T s b e e STt oS we e Nl Nract -
Cal. N oTrooant o ar G b Ut AT whe e we hate o reasonab v ocoad,
thow ' oot Lot s ot e, e et ot e rastiens e
nucle-r - A T R AT A S R oy Yoar oaarple, Lat
culats o T L ' B T oL M alTe g e e v
Test o) Lo . RN L SR A R § 1Y avonanLe ey o) A

o vhos Vo RO A T A L LTSS MCRENES S SRR AN
iment T : teoiaerotarcans s tar oAb wh commar-one Sar
Tl ot ot T s R LA S L Y V. 7L and N 1oa-
cleos- e v Socr s ter e entatyos o Taat watn b o |
R ] R RRE SN S SacecsTron e are o cade Tor o ratare wors an thil s area,

FOUR-NUCTEON SYs T v

The d-nucleon v te os the Fipghtest svsten which has heen
studicd Sovrene b sttt e cende clusrey odet ) the T aed 3
nucleos sy ters cnovie e therr can o snecial methods of Stadvs Vo
ber of saemiticant caloalations on Ticht wvstems gn the Tow-vrer oy
repion e hecs done v the #80n eronn 27 0 asinge the compntor oo
developed byorhe Tate H 1 Hackenhrodich, Toese calealation o

rather conplete racleen nucleon torce containine a4 central conponent
with a soft vepul-ave core’” and tensor and spain-orbit conpo-
nents. ot addiaon, several channels are often inciuded, md o
Jastrow-type correlation s handled in an approximate manner.  This
group uses the hohn method? T to obtain their solutions.  An cxample '™
of theiv work s erven e Yiee 1, which shows a caleulation of dit-
ferential cross sections tor net scattering compared with experinen-
tal data. " Tt i seen that this caleulation viclds quite reasonable
results,  An interesting teatnure which emerged ffrom the caleulation
was the existence of a4 signiticant amount of iP.-‘P, coupling, which
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calvaiations thar iz verificd by the data.

1llustrates an important

=inimer 1n the cross section
fnersases: Such behavior as
In the
15tertersace hetacen a

for-

4 backward-peaied exchanse ampla-
the cxchanse amlitude arises
naturally i ot
tre fesl wave

«oealeulatjons
tunstion.  Thus, thoe
that, as the enerev in-
respect to the

Fivure 3 shows that a

cross seotions” oanel ovecotor
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low-oneroe recien, AU Niohor

enerpics of about JO-50 'V,
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were sahiceted to

amadvaas usine the on-

Crey parancterication o the
R-matrin formalisn and o
code developed at the Lo

Alamos Scientitic Laboratory
by b, C. Dodder and G M.
Male. """ Partial
through <7 were allowed in
the clastic channel, aaud ab-
sorption throuph =0 was in-
corporatced in the unitary
formalism by includine dapp
and d*+pp as two-body chan-
nels,  Singtet-triplet and
tensor couplines through ¢ -2
in the clastic channel werve
allowed after the initial
phase of the scarch. No s or
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Fig. 4. Phase shifts throush (-3 vs
lab encrpy for ps He scatter ne,  The
curves show the resalts of an enerov-
dependent phase-shitt analvsis, and
the points show the results of o
resonating-proup calenlation mwsine a
purcly central aucleon-nncleon force.
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the calculated and emnirical
phascs, but calculations with
norncentral forces clearly are
needed in this enerey ranoe he-
fore anything more can be said.
Next, | mention <ome conse-
quences of a1 recent experitent by
b. Fick and collabovators, -7
vho nscd the polarized triton
peamé9 at the Los Alamos Scienti-
fic Laboratory to measure vectar
analyvzing powers and Jdifferential
Crors scetions rar ten eattering
in the c.m. enerey ranye 1, 26-
3.71 McV. ihis work was stimula-
ted by Nackenbroickh's coments =°

3
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Fig. 5. 'i";_, and “'r; vhose chift. or the sensitivity of the low-

at low enorooes T et C gty - chersy pet ohase shyfes o Muogh”
ing. The oot 0 -~ LALDANenTE 0 the nuciesnonzs oon
the T -7 0l 07 AT Tarce (covecitally, it oan cars, o
Povele, o e Ty o oy e odd- . tensor roreed. In oria,
Rofs. 2= o0 . ol T S owe choy the Pyoand Py rhases
the resal: T SO VR S cxtracted Crom othe Aol Two

both waty 1o 00 oo dors: Sluster sonded catculation S e
(«olrd cor N A T alzo shown o The solind o i1-
(doeoted o . lustrate the recalzc wrin *pe

odd-1 tenvor Yorce 1e s inded and
the dotted carves show e rewnbo

whore 1t 4 e Too o dtiviny st o sentioecd i clearly seey

the troc, o0 e Do Toalataon Je o welY e rerradncine the ermieg.
cal ophoos LTl s e that fhee s vtada s wad e abiie T oy
vide im0t oo avanccr oot ot e nuclear force, P Nt
comment oot e s e s e 1t wi o be discnsedd!

1IN DOre Col iy DT L e venterenee,
In convludne tig cection on the d-pucioon svstem, 1 ow: bt
point out . voovvoree st aloaiatioan tron RNV n by e s, By, \sdop

hamp, and e s rch they take anto accouat Gl oposaitle ova
body fras= ntat v cr e PG v ey nanc by et e B, et e
They anclode vortral wvco s rhreeneh -1 whitch resalts dnoa T oS
matri. hev commare with exterizent obaorvab e oy plger s oo

tering an all three Chomnels and Do the reactions fhipyns el

ol . ‘ v - . .
THOd,pY) T v the asthors diecas - there are same Short cosos oo
the calculation, hut the avreement with exper.mont s oeencrallv oo,
and 1 conader thr o calenlation a tour-de-torce in the area orf micro-
scopic cluiter mo ol

‘1'|| AND 3llc INTERACTIONS W "uc

The study of the interaction of “He with mass-3 nuclei (1 or
Ie) has been very fortile gromumd for the microseopie cluster model .
The fact that the two interacting nueler difter by only ence nucleon
has interesting consegquences--tor exanple, exchange etffects are



particuiarly stronp in this mass-7 svsterm." .55 This <.stem las also

been uscd extensively to study those features of the nucleus-nas tons
intcraction which mipht have some general relevance to heavier s -
tems. I will first give o short historical review of cluster ¢ [ou-
lations fcr this system, will then seleet some specific ~xampics for
more detailed discussion, and will compare =ome new data with a cur-
rent calculation.

To my knowlvdue, the first cluster-model traatoen

3 scatticring sv<tcn was the RBCYM calvulatien an 193 B
and Kildermuth.®” ‘They pertformed o one-charnel calos peoaw
all the mass-7 calculation: | wili o ntion: el vy rrrg!

nuclcon-nacleon force, with the furtner cisnlifis o oo vr 0 e

ranges (bat not tie strencthe) o rpe 2insl ot m taei et
were equal.  The parameters of the potontint o = o oo o0 0 e
chosen to fit the nuclveor-nrucican, low-cnerey  catterin: dat: oo w1
as possible.  Some adjustment in the exchanse «ivrure oy tic not n-
tial was mide to fit the .-< averared encr oar e cPe s a1y s
bound status of “Be--this resulted 10 neariv oo osber evshoe o mge-
turc. The exchanoe terms involuy: orrld e
lecs~d in this catwnidaiton.  The arroene Tl has L sTalned et tie
avai.able differential crocs <ections and phase =Rt v very en-
couragin: .

Five yvears later, a modest apdate and oxtension of 1hia a0
calcuiation was pubii=hoed by Brown and Tanc.- o 000 | oray drore s wo-
mentarily on a persoral note, that taper sorved dworv inrriation nto
the ideas of clustor models and the R0V T wa: convertod om0
ly, becanse ceven an eaporimentaliot oas Lo conld osee tne nac il
ties in a theory that 1 lowed one
force to the interaction: bhetnedn oo
trized and translational ]y invariontd wav wrth o cor e oo Ty we
form of <holl-model portential aton: the wav, oo vhat oo e b
nor improvements were moade in the dntrinals wopve Tapor o 0 b
mass-3 and mass- ) clasrera, brancico the T N ST
most rocent clectron-«oattering <o rin ot U Sveter el e
MeaHHe were treated to elher Wittt are e oo, the onis
difference beine the Coulonb interassd Wy d et e e loon-
nuclcon vxc?nnn@r_aix!xHWn as mentioncad above, the  Toand de Poeand
state cnerries ( averaved) vere Tt oto wrthiin e Len A orouch e
timate was made or the offect o the specyCic di=tortion o the as
ymptotic =huape of the mass-3 clusters while e the precaon of wtrone
interaction with the “ile.  oThe term "specivs distortion™ v naea 1o
distinrui<h this Jistortion from that alro oy coptajeed o e ‘
Iation 'y the action of the Pauli exclhucion proaci oo T was Soend
that specitic distortion probably would not cone any mador chan =
in the results, T should wention that the adiustment ot the eachan o
mixturce compensates to some extent tor the lack of aliosance tor oo
cific distortion in the caleulation. "7 Probably the most siveidie
cant finding reported in that paprer resulted from our ctady ot ¢dvee-
tive potentials between the ‘He and the mass-3 nuclei. Such ctadies
had been done previously for the e interaction’” 7 and had re-
sulted in an understanding of the teatures of the pheromenoloerical

[SESESTERD I I AN A B S WA U S LA A PR
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potcntiul:—:,ﬂ . c=pevially their anonlar-momentam dependence, enerpy
independence. and zhort-ranse repulsion for low anrular romenta.  In
our mass-" sindy woe te o md the cven-: potentials te he quite siwilar
to those for the v sveem, However. the odd-» potentials were
found to be anite J from and =1:nificantly more artractive
than the ceven- o - : We o terted this oan Modd-even effocel”

It is produ i b ohanee hernele, cind bonee arises from the
Pauli princinic.  The add-even offest is stritinely illustrat-d when
the phase shitts dre nlotted vs orhital aneular momentun 7, 4% was
done in Rei'. vi. The ahirts ot sxhibat oa distinet cigraw
pattern., Tt was oo deoens T.o6b that 11 the odd-even
stroctare i tho rhnase abiot and renlaced with o <mpoth
dependenes o 0 tren fne laren o

3 riie on o the differerntial
Cross e l:ol ot pboav=-. By mos tie -even ortect has boen ne-
ticed in many - om0 7 Top <omie the Sven- - interaction g

stronger thap i odd-., ond often =10 e oscillaror-model arpu-
ments " can o he osod te decide which wiil occur. The effect is Lrewn
to be strese when Toe e ey oo otadien s in the two Interacting ols-
ters g onerivo ot co. v and Pt has ats oricin in the so-called
COTL-CNCy e Lo,

Further imoroves e Gere nade in the mass-7 caleu!ation in o

paper by Foori oo L] \new nucleon-nucioon potential oonre !ty
centraly, potoential Lot Fevs TRl was useds This notential aiiows
tho ranges tn o the triviet and sinolet crates ta o he Jirferent, and
hence 1t 4t e b ey o v oot dean gt botter chan 1|
the previoas sttt o Do nucivar part ;'ii 2T tha~ IRDrosed poe-
tentoal is vrven b -

: - . r
S C NS FY DR R U I Y LU U I £ VPR S S e A I
11 (2 1Tt o ij 51'!' - RN (2)

r .
where l‘” andd B are spin-oand spacesexchanpe operators, respec-

1]
tively, and \l and Vo denote the triplet and sinelet nucleen-nucleon

~

potentials, respectivelv. These latter potentials are cgiven by

Vo o ‘\Otvxp('"trij]'

= -\ - 7
v \O‘;cxp( srij" (3)

. . - ?a . .
The constants ju Ig. (3) are chosen’™™ to fit the nucleon-nucleon of -
fective runge parasceters; they are found tuv he

Vog = 66.92 MeV, v = 0.415 fm™,
Voo = 29.05 MeV, »_ = 0.202 fm™", (4)

Os

The quantity u in Eq. (2) governs the exchange mixture, with u=l .
giving a pure Serber force.



Another improvement in this calculation was the inclusion of the
exchange terms associated with tne nucleon-nucleun Couromb interac-
tion. This Couloub-cxchanee farce was found to bhe quite sienificant
here. In addition, account was taken of the fact that the m= radii
of e and *I are different. Finally, an imavinary potential con-
taining a deperdence on the relative-motion parity was inclwded to
providce absorption iu the elastic scatterina. Jurther discussion of
absorption cvffects will he piven helow,

When the exchance constant u in Eq. (27 was adiusted to it the
7Li and 7Bc bound-stuate eneraies, a value of 0,953 was found to it
them to within 13 kebl., This 1=mrovemen® nver the drevieus value of
60 keV is due principal!y to + 0 inclnsion of the Coulonb-ovohinr o
interaction. Calculuted diftferentinl cross ~octions for THos g
scattering were compared with cexperiments 7 - over a broad cnorey
range. At cach eneroy twe paraneters

LML were adiusted to obtain the hest vis-
3Hg+a ual fit--these weore the <trencts and
parity denendence or the rroieit oo
potenticl . A sode of some o e
resnlts is shown in Fiol ¢ whero con-
— p;lri::o:1§ are rade oat ooum, oenor e
s ffrorm top to bottom, of el 1.5,
B and 11,3 Mev. To indicats thoe arent
E of absorption necded in Plel o, 7 mon-
~ tion that the calealared total revo-
6; T1ON Cross sectiens ave 900 D70
~ H17 mb, in orde- of incrons i cneroy
b It is seen that the caloalation Soes
rather well in renrodiucrc b dat,
10 and ip pnYrjcnlur The rro ment gt
the rise in tae cross wec ior voond
packward hemisphove Sndieetes tigr oy
[ — chanoe processcs 7 re acoount i for
F in a reasonable ranner.
[N Y S | An intripuin: prvdiv!inn"'qx Ay
O 40 80 120 160 the various =moss-7 RGYT calosiations
2] (deg) was th:l_r _i_n A neasurement o Fi‘;‘ AR TSNS
cm. anple differential cross section vs
Fig. 6. Differential cross encryy there should oceour o resonance
sections (c.m.) for ‘Hes. effect, which ove micht torn an o
clastic scatterine at ¢.m. change resonance because 1t vanisnes
cnerpics {from top to bot- in the calenlation when the exchance
tom) of Iu.ll, 2.3, and terms are omitted.  This resonance
44.5 MceV.  The points show structure was predicted to be rather
data frem Pefs. T9-81, and broad in enerey but to be observable
the curves are trom the RGN only in the anpgular rance ot about
calculation of Ref. 77, 7The 105°-180°.  (Farlier, Temmer™ Nad
dashed curves illustrate the suppested the possibility of reso-
best fits obtainable when nance transter processes in nucled

Coulomb-cxchanpge was oritted.  based on the known occurrence of such



I | I o transfer of clectrons in atom-
140 |- 5Ho+a -T ic scattering. tHowcver, thut
was cxpected to be a forward-
120 anglec effect, and its conncc-
- B tion to the present process is
" not clear.) An experiment was
B 100 |- perforined®? on the Ouk Ridpe
e cyclotron to test this predic-
- B8O tion. A “He pas target was
a; bombarded with a variable en-
— 60} ergy °He beam, and the recoil
b “He particles were detected in
40 |- a magnetic spectroaraph at a
lab angle of 5.4°. The result
20 of the measurement is shown in
Fig. 7 as points labelled hy
0o the 3He c¢.m. ansle of 173.2°.
o A clear structurc i< evident.
£ (MeV) Also shown arve data 781 4t
.m. 155° to illustrate that the
Fig. 7. Differential cross sections structure i< auite bachward
(c.m.) vs c.m. cncrpey for CHe+n peaked.  The curves are from
scattering at c.m. anwvics S The the calculation just described
points show dura from Refs. 79-81, of Koepke ¢t ' .77 Because
83, and the curves are tfrom the the amount of absorption to
RGM calculation ot Ret. 77. usc in the calculation is not

precisely detemined by the
data, there is some uncertainty, of rouchly : 20%, in the calculated
cross scctions of Fie. 7, however, the general trend should be as
shown. [If no ahsorption had been included in the eolculation, then
the curve for 173.2° would risce to a peak value _1° about 160 mb/sr at
about 23 McV. %" The cxperimental confirmation of this exchange er-
fect predicted by the RGH calculations 1s very pleasing to me, and
for that reasen I have described it here, even though the experiment
is now 8 years old!

The latest addition to this series of mass-7 calculations was
made by Furber,®" who has added a nucleon-nucleon, spin-orbit force
while retaining the other features of the calculation of Koepke ct
al.?7 (Wurster-Kancllopoulos™® has also reported a calculation for
this system emploving a nucleon-nucleon, spin-ovbit force.j The
spin-orbit potential Vii(so) used by Furber is given by

>

- s > _-» > _-» o2 Ay - 1 _ 5
Vi;(50) = (V¥ T ) (T ) x(p-By) - (340 (M Nexp (Al ). (5)

Equation (5) is to be regarded as an effective noncentral potential
for 1p-shell nuclel and not as the true nucleon-nucleon, spin-orbit
potential. The recason for this is that the important, more compli-
cated, nucleon-nucleon tensor interaction is not taken into account;
and it is desired that the spin-orbit potential of Eq. (5) help to

10



compensate as much as possible for this omission. Therefore, values
for the constants V). VAT’ and X in Eq. (5) were obtained by fitting

(1) the ?P; 2-2Py ;2 bound-state splittings in Li and 7Be and (2) the
p+ 'He scattering data below the reaction threshold. Item (2) was ac-
compiished through a RGM calculation like the one described in Ref.
44. The following valucs were chosen as a good compromisc to re-
quirements (1) and (2):

= - = ! -2 -2
Vx 50 Mev, VAT 27C MeV, ) fm <, (6)

Some calculations using this spin-orbit potential will bhe pre-
scnted below; however, T first would like to discuss briefly the ex-
perimental situation. For Slle+“He there is a copious quantity of
differential-cross-scction data.8¢ Until just recently, the only
significant amount of polarization data for this svstem was that of
the Rice group57 and the Rice-Caltech collaboration,®™ who measured
analyzing-power cxcitation functions using a “le beam incident on a
polarized SHe target. farlier work™P» %% used double-scattering tech-
niques. The recently operational polarized He beam at the Univer-
sity of Birmingham now has been used by Lui et al.?% to measure ana-
lyzing-power anenlar distributions rfor *He lab cnerecies from 18 to 32
MeV in 2 MeV steps, thus greatly increasing the data buase for this
auantity.

For 3I+4le the nvailable differential-cross-section data are not
ncarly as plentiful as for Silc+%He scattering.®® The principal pub-
lished work in this area is due to Spiger and Tombrello, ®! 1vanovich,
Young, and Ohlsen, °? and Chuang.?3 The published nolarization data
are sparsc. Therc is the carly Los Alames work-*" "¢ using double-
scattering techniaues and more rceent work®9:°7 using the Los Alamos
pelarized triton beam. At present there is a project underway at Los
Alamos “®7 190 t5 measure differential cross sections and analvzing-
power angular distributions in the triton cnergy range of about 5 to
17 MeV and to phasc-shift analvie the data.

In Fig. 8 I show some of the recent data compared with calcula-
tions using Furber's RGM computer code.?*  The 3H+"He data are from
the recent Los Alames studies®?»190 and are at 9.09 MeV (¢.m.) [E(TH)
= 17 MeVv, lab]. The Me+YHe data are at 17.09 MoV (c.m.) [E(?Ho) =
30 McV, lab], the differential cross section is from Ref. 79, and the
analyzing power is from the recent Birmincham stu/y.?? A phenomeno-
logical imaginary potential iW was included in the calculations to ac-
count approximatcly for absorption. It has the form”’

W= (1+C P U(D), (7)

T . . - G

where P is a Msjorana operator which exchanges the position of the
c.m. of the “Hc with that of the mass-3 particle. When a partial
wave cxpansion is carried out, Ey. (7) results in an absorptive term

of the form [1+CI(-1)Q]U(r), which depends ir a simple way on the

11
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for it. This has often been done by the K8ln proup in their low-
encrpy calvulations.  However at hicher encrries this becomes im-
practical, and other methods are needed if one wishes to obtain rea-
sonable Gyreement with experimentat data.  To date, these method:
have been to incorporate phenomenolosical imivinary components nto
the microscopic calealations.  lFor exawple, in a CCM calculation of
160410 scattering, Canto' < has included an absurptive kernel pro-
portional to the GCM nucledr-interaction bernel and has found appre-
ciably improved agrcement with experiment.  Instead of usine imaci-
nary Kernels, the Hinpesota proup has added imaoinary notentials of
Woods-Saxon torm to the direct smelear potentials. It was arisinal-
ly hoped"™ that, because the rodd part of the cluster-cluster inter-
action is reasonably well understood from the microsconic calou. -
tions, some detailed intormation on the imaoinary poteatial conld be

found by fitting experinental data.  This Lope has pot yet been borne

out; however, one interesting proposal has arisen rom these studies,
1t was found, first in a study of p+o scatterine * and later for
other systems (sce el 770 for exannle), that the inclusion of a
Majorana component in the imavinary potential, oo oeiven dn o, 070
was very helpful in obhtainime better tits to experimentat Jdata,
This Majorana component results in an odd-cven, orbirtal-naeniar
momentum dependence ol the imaeinary potentizl, and henee 1t inte
duces o nonlocal effect soncewhat tike that produced by the veal-
interaction kernels. 1t has to be admitted, however, that e vern
convincing independent cvidence exists for this form of 1naginary
potential.,

Some weasured total reaction cross soctions for Tieht wyaros:
have been used to cheeh the amnowmt of abserption wsed in clo ter
model calculations.  PFor p+o it was tound
cross scction frop the calculation ot Ret. 1
ample 88 mh compared to 120 wmb at abont BEMAU (e e However, !
absorption here is swmall enonpgh that 1t wies possible to ohtain ooy
as pood a it ax bhetore to the pre seattering data wivibe renrodue

that the total reaet oo
1=

3owas too oanallojron

the measured total reaction cross sccetions,  For ded the toral oo

tion cross section has been measurcd P50 at 1705 MoV (Tabi by oo oo

the partial reaction cross sections.  In bFieo T is shown a corpary

son of Jdud differential-cross-section datas ! with a RGY calenla

tion!!™ <imilar to that of Ret. (15 ,obut which ineludos Conlord o

change.  The total reaction cross scctions from eapertant and ool
|

Tation ave chown o and are in reasonable acpresnent. N U R L TE
tal reaction cross scetion has been measuved s 0 o0 MoV oL,
again by summing the partial reaction cross secetions, The realt s

showtt as o solid civcle in Fig, 12, along wi y!\ crocs o osections ctran

gles) piven by two phase-shitt analvses TP peing complon phuvaes,
The result from the RGM calculation of Ref. 77 i< displayed an bie.
12 as a shaded region, which gives some idea of the accuracy to winnch
it was folt the fits to the diffferential cress scections coald dedor
mince the total reaction cross scections,  The measoured value (a0
mb) docs not aerce with the "REM value™ (OS50t mb)y ot 15,90 Mev, bae
it docs arrce with the hivher cnerey values at which the calculations
level of . The points indicate that the pencrat shape ot the cross
section from the RGM work is reasonable, but that the energy region
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CONCLUSITON

In this discussion T have re-
viewed sclected topics concerned with
the application of the microscopic
cluster model to few-nucleon svstems.,
We have scen how the interplay of
thcory and experiment has led not
only to a gencral nnderstanding of
interactions amone light nuclei, but
also to improvements in the calcula-
tions. Information vained from «tu-
dyinpg lipht systems has helped in
understanding coftfects in heavier sys-
tems, such as the role played by the
Pauli principle.

As for future work in lipght nu-
clei, there is certainly a need to
improve the caleulations further if
we arc to understand these svstens
in the detail we woula like, For in-
stance:  more realistic nucleon-
nucleon potentials with tensor and
repulsive-core components should be
usced in all cnerpy regions, theorei-
ical puidance on how better to in-
clude absorption would be most wel-
come, the treatment ot rmualtiparti-

100

o (8) (mb/sr)
o _

10]

o.l

0.0l

Lo Lo cle breakup should be investieatoed,
0O 40 80O 120 160 and practical techniques for anplying
these microscopic caleulations in ihe
ec‘m.(dGQ) intermediate cnerey recion wonld be
extremely usceful.  On the cxperimen-
Fip. 130 Differential cross tal side, hipgh quality data arce al-
sections (como ) for péeoscat- wars valuables however, it appears
tering at inheated com. on- to me that there are much useful data
crpics.,  The boints show data available below about 10 MeV, and it
from Ret. 1190 the curves are is in the hicher e¢nerpy recion where
from the RGM calealation of futurce effort might prove most
Ref, 118, profitable.

1 have benefited immeasurahly
these past TH vears from the friendship of Yo €. Tang.  lis paticnce
in initiatine me ante the Ddeas of the microscopic cluster model and
his continued help and wdvice have been more valuable than words can
CXpPress.
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