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Inttednction

In tveent yeare, 1 1. roentity of arectate
clattic soatteging Aoty frg pretLan fa e iun o §eavy
eyl have loen ol e d, Try Yave Laan need ta de-
duie varinos sty of jreten e dras cptical = el fara-
reters Vo2, Fat nentiops, elainie seattesang, data age
Ters nussrnasy and actuiate 1598 for pretaaa, A, snst
of the mracurecents Lave Vi made at 109 wentton ener=
fies whete the cocpeund elastic enctiitetion carnct be
teplectal, 3a aaditien to this Jare of duta, tany fra~
tutes of the pptical =le]l coom te Ye o stal) un-tear for
neutiong, remely the enet)y b the drecnin depeadece
hl the paraetits®y In onter 1o {-jteve the vy tand-

B 6l weutran-nnelins ceatteriag we tave undertalen
U-r ctody of #lovtie and iredastic tvattaring of neu=
trees Tiom tle oaticted jengepes Tiup, Ro, ”‘*-.- ¥
evet the prutten cetpy donge b 1o 1D MY,

There me sevetal roasans vhy a study of these Se
faotores is of pasticalar intirest, llrkl!y, for the
four separated Se fantnjed, the (onepin &opemdeme of
the t-ptiral el p'ia'u!o*lﬂ can L in‘.'qlsl'ir,.ile'_l e p
A relatively large tange of the R-% asyretiy teram

(0165 DLIMAY. Do vombly, these i‘:\'lupes bave neutton
purlers betveen 42 and 44, that s Jurt belew the clu=
wed Bhell at 2 » S0, 1n this vass topion, Lave ¢t al,d
Bave pointed wot that sow shell elfects ray induce a
strung deeieane in the mignitede of the Dhaginary part
of the wptical potential, Tinaly, this eferent is dn a
1ofivn of splectical nuclei whore the defornation ef-
facts a1e low and theyefore vhare the optical rodel
[1\.'1:!. A pood devcription of the shapes rlastic scatier-
ing.

Se

Erpeafrental procedure

Diflrsential rioss sectinn reasurrtsnls were per-
formued eaing the veotion tire-of -fligte farility of the
Centre d'Ftudes de Bruydies<le~{hite), The erperitental
art-up 35 ertansively desciited eluovhore® and thete-
fote only a l-tu-f dns-rnpnun wvill be given here.

The D{d,n) Mile roartion reasuied to atoduce the
incident neutions at B-MeV eneigy and at 6- and 10- He¥
crerpies, the jncident peutrons vore produced fiom the
T{p,n) - Fe reaction. Devterona ar protons were aceeles
1ated by the tanduia Van de Cranff aceclerator, The beam
vag pulted and banched ao that | ns butsts at a fre~
quency of 2.3 MHr wvere available, The average bLeam cur=
Teats were appioximately Jp A both for deaterons and
for pratnns,

The savples were povilers of notallie iautupically
tnrirked Se isotopes, weighing alout 30 g cach, on loan
froa Ragsia, They vere contained {n polysthylune €ane
of diaveter 25 me and leight 50 cem, The cell-to-sample
distance was about 12 ¢m,

Scattered nevtrons vere detected fndependently
by four detectors. Eaeh of them was composed of a %8713
Yiguid sciotillator, 2.7 co in Jiam by 5 cw thick,
onunted oo 3 fasc photomltiplier {XP1040), kach detec=
¢ FreseniL addressilniversity of Xentuchy,lerinpten, Hy.

Leh 10 MoV [ raoanpped ¢ (O) 5

A Fall o aalgsis

dedi vl apliral-~odel pardretess

1 wot Yogund in Laavy ahield of palyetbylone aad Jesd
Latdnd a 15 aleap soldic vt of jataltin denled with
Tithinm aund Yevone Foar JO am-Jong unrl chedow bats
Lith tuspeten Lips 10t ed the badriead cansed by dij-
vent wratters cening frem the tatget. To prevest Jine
o rvants, we drplesed pules -V agpe disrrivintien,
The tHight poth Tergth vas B e fer the ahaie dneidont
aention ebrtgict, The measurerents e nafe using
shandazd tioe sof=(1ight tectnigees, In the data seduc-
tien process, the tire-of-fUight sprctea vete sntted
wfl Yine for miutiop-enetly thried fdds of 15 HeV m
beoand S-MeV wentton energies aml wf 2.3 MoV at 10- 'Y
Clrt gy

The enrsgy dependerer of the nention diotertor of -
ficiiney vas ressurid by tva indeprndeat eothiads, in
the (itst one, »e rounled directly ranvencipetic neu-
trens from the tatget produesd by the Ml n) ‘Br yeac -
tien, In the weond cae, a (n-p) scattering eryperineat
was perfotred wiing & polyetbylene aaweple () ondian,
by & emcheight).

An auxilisry liguid scintillater vith oo ¥ diecri=
rinition was usrll. -.-lth the tiewrof-flight sethed, for
ronitering the privaty neatton beam, The aveotson (lux
war teaaured with a proton cecoil sounter telvscops,
placed at 0, which Wod the sawe solid suple as that
afl the sample. .

The ueakuteennts wete cottectnd fut finite saple
effocts using both an analytic wetlid and a monte catio
tathed ; the cotrected valves vere consistent within
Y per cont. SThe overal) accuracy of the measuropcnts
ranged f1em 5 to 20 1,

Besults and discussion
-

fifferential cross -.ut(inns fos twentron olastic
and {nelastic scattering fion $ge, OBMSe and #7sc
vere 1eagured at 3-MeV imidvnt neulu-n ehetpy and fiom
Theo and 575¢ ac 6= and 10~ HeV incidint energics. Mea-
sutrcents vete completed over the angular rvauge fron 20
to 150° at 16 0 24 augles in either 9° or 10° steps,
with %% ateps taken at the winira of the cross section
curves, Incident seutron=cneegy spreads were between
180 LeV at 6~ and 10~ Me¥ neutson wanctpiva and JO0 beV
at B MeV, They vere swall enough 1o ensnte pood wepara-
tion at the firet eacited Tevel but large emuph to al-
Iow enerpy-averaged 1easatenents. The elostic seatter-
ing data at 6, B, and 10 Me¥ are sheen in figs.1,2,]
respectively. IL is scenm that, ot vach of theee eper-
pies, the large angle bc-‘lliv‘l"hb inrirases vith the
meuttun nupber of the isotope. On the ultwr Land, the
inelastic cross se¢tions to the fitet 2% levels (lml'.
shim here) were abrerved to be cxartly the sape for
T6%e and B25¢ at G~ MeV fncident coeigy and very siri-
tar for all four isotepes at 8 ¥eV. e observed dike-
ness of whe fnelastic scartesing to the first ascited
level in all the {sotepes tay seflect the fact that the
four isatopes have sicilar deforrubilitivs, Since this
effect was observed aL 6= and 8= HeV vivrgies, we may
assume that channel coupling has a very small contribu=-
tion to the alastic and foclastic acattering and thac
ihe deformation effects are low.



Thar paeboinn ed bl o argmen obiaer 2l a0 the ol
tie sattering cross soetions wre then dlaarly intog~
rrtatle as e wifect of Faospin ters fn the svattor-
B votentiale, Theee offortas Yave taey «2utisd, hers,
by 1> fitting of the optival u'el pagaatets to the
(AT FINE arpular dirtridoticons, Pot this e,
e have subtracted Lian the difforintial c1ard wertions
the s elurthe comteibution, iy Jast conteitne-
tien hos been caleal stell on the Lunis of the (n,n'i)
teoetiaon stolies for welenion "-'!--]-u-'. 1egettedd (R AT
shete dn the o jrovemtin, s,

In the aned pais of the optical =tdel porareters,
ve have afoptid Tired atwgpes ol the poetonticls ond
placed seme coastzaints upean the juteavtors, e roal
potential vas avsgent ta be of the Songn Yoty whape,
and L iripineey amd the spintorbit pateptioly e
taten to be of the Sa.on Pucde devivative rlagpes, Mares
wert, ve hase chosen to flo values for the pro- ctricnl
pararsters as fullovy ¢

Radif 3 R"Hs'-nh-ko A

Dil{usivenrry @ .\-a“‘n.w fm,

¥

fm. R ~1.2% fm,
4

The sdupled value for the tadif io that which is
the wast frequontly usedls O e o ter hand
Holioywist and ¥ied) g 2 have shawn that the 1eal dif~
furive rss folometat 168 evaattially —ass 1 de e tulent
spd ernal to 0.6 - 0L01 fa, Yith puis Ficed o etry
v aveided seee gorielated aohiguitivs, pe b oas the
wellrtcan VR ane (Y teing the tesl ;ml.-utia] dipth ),

T dwmigivary diffusensss A, wan not bept con
stwnt, Previows sgste-oatic studies of fast netion
vlastie aattering have yioldid reng very Jiffetent
satues [ s Fanging Frem 0.% to 0,67,

Theosvtival coasidetations prodict enerpy and
janepin depeatence for bt the 1ol and rapinmy
poetentiale. The fipst depradee i o comceguenoe af
the nonclocality of the nor tear tor, vs?, The secund is
Yased up the axpectative that the oprical potential
contains an feevector tetn Jeading to a depeondence un
symwity nusher H-Z,

A

The seutton eal ond imagicary potenti.nls vere

assumstd to be of the [orm 3

VeV ~KE -5z V
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vhere € it the incident lahotatory newtion ensrpy
Vo, Vo M e and W ocunstants to he determined,
the spin=ariit p?)l-ntial depth was suppored real and
withtut any dopedence.,

The vptical-model code SPL wog uwed to fit, vith
search routine, the vsperierntal data, Oprimea para-
meiers tate oblained by petforziog series of subsear=
ches on groups of Jess than six petimeters. The main
fuaturen vevealed in the present analysis are as fol-
lovws

= The atrength of the real potentinl V_ was de-
tereined to an accurdcy ol less than ) eV § its val=
ue 1 49,0 is consirtent vith those q,-hl.ahwd for adja-
cent nucled and the same value of RY,

= A lincer.variation of the rea) potential with
the neutron caeryy E vas assuzed, In most cases the o
corfficiont has been Pept [ix amd vqual to the cormon
value of 0,32, Wi this parareter vas lat free, good
everall fits te the ¢ata vere vbtained for % from 0,25
to 0.36. The value of 0,32 has been sdopted,

= The real part of the isospin putential ¥V, wvas
found equal to 9.3 1 1,8 eV, This valuc is conrider-
ably lover than these obtained by 2ecebetti and
Greanlees?’ (24 MeV), and Dukarevieh ot als (1722 HeV)
but consistent within the unecrtaintivs with that re-
ported by Holmqvist and Wiedlingd (13 4 6 MeV).

= The completeness of the #xperivental data

mrindy At Lande -.I-l angben Lan afluatd an g arate e
forcination ol 1% spin cebit potential stroagih, e
Al value, £,0 boy,s o, v, iy g 1r st tlint
teguted by Borcterti wad Greenlees? (5.7 V) although
the valew s of Fooowre daffogent in the tee sits al op-
tivalosmate] jaratetera,
© FYur o, varging feen DAL to DLT oy e have de-

od % aplirisd salaey fa1 W8 nd ¥ sleg with the
e ting ?7 saluet, Bl tetilty e presented do
fig, &, 3% othet pateretets owe beon aithen bept fia
1 fomnd grarly censtonts The ity of the £t to the
woba da owldr ont the s Tor as tatwoon 2T aud LG In
Ta thia tepge, B Doori s with a, voogbat U ay i
tatly repst ot trdoner, in the Shale teige for 5.
the 1atio Wo¥, te-ains o Meriratcdy cont ot and
eoial 1o abaat 3.2, The dedaced salues far ¥, are in
fen! apteeront with toee provieasty e uited paiticun
farly vith that of ref.7 (Wym13 4% vith 5,70.%4 (a).
The phigic st veandeg of e Doatuios wild be diarug-
sed in e conclusion.

= %o evidenee for any definite cpergy doprbence
of the absorption pote dial ¥ Las Leen foad (€, -0),
The {itting procedutes indivated cither 4 conctancy of
Wwith & as Bt was provieasly propred by fesen ol
al.10 or a slight dncrease of W with ko qoalitarively
consintent with that used by Mani et al, ‘4

In the wdjustow-at proecedures oo bogicaty volore
polentiat wes used at & and E= MV weutton cnergies ;
pred everall fite o the dota e nhtained fur solu-
w absuzption potentiad strenpth of 0,75 3V Jur 1080V
data.

+

Cone fusion

Al the opticalosentrl paraseters detuced fton this
study ate consistent with thowe from previous systenat-
ic studics cveept far wte of them, the 1waapin depens
dent faaginary petontial ¥, Tn senjuwntion vith an
abaurptiom soughly peoportional to the product Yo.eg,
we hdve deductd the conslancy of the ratio M) ovet a

Takge rvange for ag. This roestant { 1.2} iuw" anewa=
Tonsdy Bigh in corparizan to that reported by Kevchetti
and Greonlees? (0.92) of by Dubaievieh ot al,? {1.0),
This dinapreerent fay Lo apperent and due ta the nen-
tron nurbwery of the Se isotepen which are cluse to the
magic mnber Ku50, Tt may be argued, as it vas eapee-
ted Iy Lane et a1.3, thst ¥ has not only 4 smoath de-
prwdence on ¥ and 2 but also a strong dectesse noar
nagic minbars, This hypothesis has been picvivosly
establislwd by two eaperivents for the douwbly clored
shells at A = 40 and A = 208, iolwgvist and Wiedling?
have reported that the nagnitude of € for Ca, found in
their ntody, deviates frem the tineoar de pemdence of

¥ versusli~TLas they observed for other cletwnis, On
the other hand, Vonoeh ot al.}3 have presented sone
evidencr for a mwinimum in ¥ neav the donbly elored
shell ot A = 208, ¥We muy then conclude that the large
deduced value of H), inducing 4 low value of W, re =
fleets the inflaence of the aratron shell closure at
f » 50 on neutton optical-madel absorption,
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