. ER{0IZEY .Sz
NOL/ER/013580~-512

BRE3 004074

VARTATTON OF THE MATTER DENSIVIES OF

44 68
NHUCTETD FROM ')(I;x T ){"/,n

Coony PAPARTCOT AL

Movalen Pert ent

Pl Tuods ot Urbona-COhompaien

Bana, 1tinaets 0180t

i
Mpiverairy F
ATvera iy o

!)-

|
¥
Vil

Poysics Departaoent and baborvalory for Nacloar Sejonec
Hassvhusells Institute nl Technetopny

Capbye idee, Massachusotts 07179y
and

Woouh BUMNER and . S, BLATR

NOQTICE Department of Phyaics

Luiversity of Washineton
PORTIONS OF THIS REPORT ARE ILLEGIBLE & v 1, Washingron 98195
has been reproduced from the best availabis
copy to permit the broadest possitile avails and
ability,

Ao ML BERRSTEIE

Physics Departuent and Iaboratory for Nuelear Seivneo
Mansachoiiet s Tastitute of FTeehnotogy
Combridpe, Massachusotts 021739

PRSSEERSSY
e mmnrt ¢ ¢

INSCLAINEL R o e

PALS INDEX
20000 e
2010 e
25,60 Uy

AR P 27,400+
ol _
27050 4o

AT TR RS R
EXSERR R St P LR

I8

Typrd by Penny Sigler

MASTER DISTRIBEDON 6f iy baoo oot i ,:f»;li;‘{f\',il%



.LEGIBILITY NOTICE

A major purpose of the Technl-
cal Information Center is to provide
the broadest dissemination possi-
ble of information contained in
DOE’s Research and Development
Reports to business, industry, the
academic community, and federal,

state and local governments.
| Although a small portion of this
~report is not reproducible, it is
being made available to expedite
the availability of information on the
research discussed herein.

1




ABSTRACT

Analyvsis is made ol olastic seattering of 42 MV ceparticlos

40 68,
(

from 1Y nuclel frow NLoto anoin tovms of a folding wodel, allowing

determination of matter densities in the noelear sariace region relative

A
o

to Lhat of v Specifically, vatues are deduced lor the vadii at which

XTI

. ) -
the matter density cguals 0,000 yueleon/rm” an well as wmatter RMS radii.

173 ] BN

The relative sizes vary nore slowly than A hotwern Caoad feoand
. , VAR Wi AL . . .

ot rapbdly than & Dodyeon e amud EAEI Mhe overas ! tremd prives dan

, ) NFE! . . . , 0 .

increnoe with A Ber owith o bowing ot bect, The tear cquality ol proton

Amd matter RMS va i o Init oten that e neat ronsprcton radii oare approsi -

mately cnal Lo wilthin cne crrass of Che present analvsis, The ceacdng

arc o reasonable agreoment with those obGaiaod with orhev hadronic prolaes

[l
]

and with calealated Hartree-Fock Bopolinbhov doensic fes,

EEYWORD ABSTRACT L

MRV YA A6 AN he [
N s sree 6L N LIS RS T a0 Vil
NPCLEAR REACT LoNS R ST YT, o,
50,00 52 60,020,064 0 03,05 Oh 06, 62 ) ) .
YU P, YUY UUNG T, YU U ey A2 Mevy

Microncopie Optical Model Analysisy deduced mattor rms radiig

comparison with other reasnlis
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1. INTRODUCTION
The diffractional elastic alpha-nucleons seatlering 18 known o be
sensitive to the surface regions of the opticanl pobential and mattoy
15 o e y . -
density (v 10% of central value). Huclear donstiy parvametors caw be
obtafned through the use of a Foldivg woded; but, white those parametors ave

guite seasitive to small varlations in the scattering data, chely accuraey

o A 6,7 .
1s Tindted by the assumptions of the wodel, ! The dvouracy Fa bevroved

if one studies relative quantitics since then the nodel ervors tend Lo
cancel ., Po g consddoerable catent all badronic prebos are Limdted by

. 8,9 e o . .
model vrrors and the fioad justifdoarion of thebie ane dn extoantins

pattey depsioy volated Gnfoemation Tien dn the consiaroney of theiy

Tesulln,

. I S A .
In the Foldiag model Che prowmnd St it ber deasity 5 O o the

1

target nueleus To velated (o the expovinental data by the postuinto thd

the optical poteonvial, li(:'u), Pvopiven by oo dinewn {olding of 2{v) with o

Tocal effverive a-celeon dntoraction, Vo (= ¥
o f (c

{ . -3

S
e ) o= (b 4 h SV Oy g
Ulr ) ( . i) p()) ety O ]C() 3]

«

- . - 1 ‘
whm e )\t and A, arve empivical functions of the w-pmrticle enerpy whieh
. { )

. 12 e
covreel the Jowest order cxprosston for the aptilceal potential, The Toiding

ansaty ds of course limited In scope and thevelore of vestricted applicability,
T ds a sdwplification to replave a non-local, energy and density dependent
2,12,13 . < . . . C
operatar by the Jocal Interaction U(z;t) piven by (he aiwple folding
1

Integral, Tus applicability io the difraccion vepion of clastie 1hpha

scaltering and at the cuergy yanpe of 35 - 100 MV has been tested hy

v

sueceasfully predicting the obmcvved eress scetions for W7 nuelol’ asing

doensitics determined from eclectran seatieving,



Recently elastic alpha scatlering at backward angles was  {neladed

13 . . C - ;
in the analysia in the bhope of gaining more iaformat fon about Lhe

miclear interior., While scattering in this angelar reedon (s moro
sensitive to the nuclear intevior it ds gt the same tiwe susceptiblo

1 1

Lo teatures ol Lhe reaction siovicn by not sdeguately understond 1

1
¥

"
ant isvametrization, aon locaiity o dewodty depoadenee whifeh obvioa oy
cannol be tandbed b the toldine mndeds SMercorer Jhe contribalion of

mublistep processes Do oxoccted Lo be feiportont b nochyar angles aad oo

ar thedr g (ERLIRE Y MYGE R ! (AN Co Loy riseniaand T ey viiew, in
CHe o prosens i St et CHENS P E A et
N T T B LA SRR SRR ST R ey R R ey ot ieteeny lni!;%k‘.'_ HE
H it H - . ‘ * <. [ h H H TN . oo
R T A I U R O L S I S SN M O T N P AR T I A P
i Paely ey g taied ! ' * (R TR R DAt (R34} il ('lux{i:v! Y
A Y
3 H ' .3 | . N 7 T4 e s R PR .
Fivee eboert e oo vterine data or 67 eV nart st Protw oo henohe
Lt iy
. ' , ‘ . PR . . N L - E .
choantemsCad it e 0 it el o oo thyouod PP L N A RS T A Y
anelveed aain the el ne medo et bt i e b ibe cred ey P he respide o
cent fhab Llae el tective e teon interacs Goay o when toldiod o wich e
44
vegsenvdh by e b o rnovin i ler denes ity o N T A T Ry Uiy Yreiu e g

cpbioal potenrial wiiien Pt coperimonts fhercis e these results are

HUN r gt [ I .
cabibire o enr o mesod . T o cee

of onensitivioe and oo Yiasib ey and ¢ innib e have heon e ol Lhe

Y AT pacleas cwrractare fntorsetion woe present s relotive (o -

oy pove sl ization recorenceds Thic ds oan inherent

-
-
-

cnr provednre bat oon e other Land, prestdes the additional

buncl e of vancelline g ool part of the westematic wmode) cerror.



2} Since the diffracoional scatloerving of alpha paretiecles of a pgiven
energy primavily taikes place at approzfwmately the same densicy
for all nuclei, model dependent m‘x'm'. due to deasity dependence
cancels out,  TFurther, in the recion emphasized here, 10X o the
central density, the covroctions due to density depondenne aroe
erpected to b .‘;H.'ll}.

3 We have verificd that as Lone as one procecdn copsiareatly, using
ef Fective dnteraeiions which are independent of taprpet, the resnlin
for the densitices arve alicred by Tess than the ouered eovrors,

The acsumplion that the of fective intersetion o indepentdont i

t
. . 3 Seopee t I T v jeg
thoe Laryed nu e Gas been Lo e rar N o it tei, 1 18
N . H .. e . P TP P ey . N g .
reassmyons thal e onoon of our oot iy conondoen dnvevn s bos
) \ \ , ) ) N
arc o in reasossable Cecor with Rl oovene it ine fres o cabruelatiogs
and are o very crose to raose toed In phenomeneioeies T gatolyg
o free conusboon seatrvoving,
oo BRUTPRIMTT ARD PRoanhiny
. 4
' i . [ . H Byt et Py oy LR HE K} . 3 . . B . - N N H N
The data JTor the procent enalvadis are Lo o oy carlier grady oo
3 B S : . . v N E . h "v l‘ (/:)
SO c it eng fyess Jutermediare mans nuet el HPEE AR I EA RN AR RO [SF3] y);,-(,“:-_?; n i

supplonento:l by measureronl s Tor iy, CCay and otavpee,

The oxperimenyal procedures followed dn the Jatter weasmrements wore nwis by
identical to vhose of Relo A0 The prdocipal dmprovesont vas fie use of oo

position sensitive devector, 2.7 widey thic pernitiod che wove vapid accaiai-

Lien of data, which was eopecdally mpoviant foy mappine aut the diffrace Lon

minima,  dn the lattor stndy, crose sections were alse wmeasuveed {or threo of

. , . . 40) hE RO .
the nuclel studied previousiy, i, Ca, and Niy Lhe vadii evtracted

(see below) agpree with those we ehtadn frow the carlter measuroments Co

within & 0,02 fw.

. ' . . . . 44
For the Tolding model analyvefs, the watier density faov Ca was asuswmaed

to be twlee the provon densiiy obtained fren an analysis of electron
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16 . . :
scattering data fe terms of a 3-paramcetor Ferwni charge density

(e = 3.7986 fw, a = 0,583 tm, and w ~.18),  The vesalting density s

. 17 ,
In apreement with a wore recoeal result and with Hartree-Focek
, o L8019 , ) . . .
densitios, especially in rhe dmportant surface repion,
Analyses of the data were carvicd out tadependently ot MIT aod ot the
University of Washinpgton (UW) . The two different procedares, both based

on similar principles e ,

(DY The aptical potential was oblained From Eg.o (1) using a

v . 3

. kY . . . te pay

Gausiaian eanucicon dinteraction expleoorer g Fho strength paramctors,
t

. . . C ) . ol

Cand ‘i woere detemdood by oregquivfoas g fic e the data dor Ca, A
v
cabae UL e T e, Uhe e o Ui bverse ranve of Dhe - ooacleon
i-)

futer e ton, Tod to Cioe Dot e bat deviat fenn or 20,05 SV Va o s
ol Girbed esevedod thosindraer seoond YT o Tess taee dincusaion
o noded errorg, Phe warttor densicies ol other nucelei were takoen to hove

fhe Fermd tovm, propevly aorealized, whonse radius aed diffaseness parame der s,
woere Loried to osive oo best it to the meagsred cross sectionas, We have
cxplored the crror intredaeed by tne oo o an anedytical parametocizat fon

4

cf {vd and fonng that this is not Uhe domioatine contribution o Che

model crrar,

W) Ns an Intermiediate woop, rhe dila o were analveed in Lovne of oo
stoandavd tour-pariaeeter Woodse Caxzon potential, bt s tamiliar, however,

that apajvescs of tow cucrgvy, rorward angic Jdata pin dowa only the real

i

$ ¥

poteatial in vhe taii rvegion; specilicalbly, we fonnd here thar the radias

Aowhion the real petestial cquadar =000 Mev, Ry, wan determined toowithin
son it
‘ri
OO T Lredative to v alihoush the ditiasenoss parame!l er was determined

onldy to witndin D 0 L The paraneters el Lhe eitective veauuelean
interaction wore fixed by the reculrement that whoeu this interaction jo

2z,
N . . . ERIRY) . . . .
Fodded with the mat ey density of Ca it - ields the valne and slope of the
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real part of the optical potential at R? E When the effective interaction
0"

was taken vo have the Goussian form, this resulted In the value 0.36

for w., The matter dengsities of the other nueled were then assunnd to have

the Fermi form with diffusencess. fixed at 0.5 fu; the yadius parawmeter © weas

variced so that afcer folding one obtains the correat value o the real part

of the optleal potentinl at l{? , o Typieol fits to data with the MUT and U
AP

procrdures are shown In Figurces 1 oand 2. The vesullis of the two precodures aeroc

Swell within the errors and the averape vidues arce preosented here,

I1T, RESULTS AND ERRORS

The Migpest souree of crrvor in oo vecubts 4n nnl Jae to experinental
Jdwitavions oo ratiher qgue to the dundequaey o Ul phennwesa ooy Gaoded
errov),  The wodel assuwes constant valucn Jogp b o ‘\‘i‘ and o, independon:
of A an well o a0 Formd form tnr ey, Ve have cnclored dhe el corors b

retoxiog thase constraints for several torgets and alpla particle cocrio:

')

I8

and feund I vencral that v did not deevease b wore than 507, The

details of these comnfderations will be pres-ntad dn a Carure publivat ion,

the present purpases we can summarize these findinss by notiuy that o veasousble

catinate of the model! cervor for any Jdeduced guanticy & can then be piven

‘2
by the deviation AL that Juduces an ducerease du v by 500 obhoeve dus wminiaom,

We present in the following fioure and tables the quantitics:

. . . . 3
Y0 016 the radivs at which the deasity s 0.0Y0 nucleons/Tw™ (approslmately
. RS P

10%Z of centyal deasity)s R, ., the vadius at which the real part of Lhe

optical poltuentisl I,'(l',{) takes the value of =2.4 HMeV, aud R, the matter kM8
radius,

T . «’Il\d ]’v

0. 016 2k

The matter densitics are most relisbly specificd in the sorface resion.

AL

More precisely, studies using the MIT procoadure show the uncertainty in
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the matter densivies {s least in the viednity of 10%Z of the central density,

For the best ranpe, w o= 0,30 in 7, the value of v, | ts inseasitive to
- 0.016

the exact range of the el fective interaceion: a chanpe of wore than 700
¢! !

D oowas necessary to produce a change in of + (03 fm, tTherefore,

Y0.016

as oa oweansurce of the matter densioy in Lhe sarface ropfon wo have ovaluat.od

Yo pboth the V% and M7 provedure; with bul one cxeopt {on the
16

aifference o extracied values wite these twe proceduares has not exeooded

.02 dme The same stateaent applics ta Lhe value of R,
S
e estirat e Uil the nneerfalntye i the Tigted vaetnes of p o
: AR
. fii Co . ; \
roelative te that o Cory B it o range o 0HY Fn Pode e
entimaie b the cembine s modded cprors Gwiiieh s Teveos i the 0 b O
coersed by the noecertaionty in the vanye o0 tee intevact iony . opeddo rai b
s . s . - » Gobn :
care wans taben in botho wels ol vnperiment o oo mensar e divurate! s

the sealteringe anedtes and refative bombarding encrpedes) a5 alsensned In

Rederencoe G, vhe uncertalotices in these guand it ios Tondd o an aneertafaty

in difterences oF sorong absarpsion vradii which fnowithin .03 1. When
this is cowmponnded fo guadrature with the wodel orrors one ohtaing © 0,06

a8 the total vrror.

The avetraros abf the valoes of or and R, oblaioed are Fisted in
.46 LA

Table P ofor all 19 melei of this anrvev, I ois dnteresting: to nole fhat

the dillfereoce, R, - 1 in ovssentially constant (2000 0 0,03 iw),

RN .016°
A constant Jilverence iy oexpected on the bhasts of the Yolding sedel aad
roetlects the size of the c-particle Folded with o finfte ranve arvieon
vucleon interact ton,
o

OoRadid

/e

Pt ds possible to oblain X 1> rhe matter BMS radiusy from ooy

kuowledee of 00 ia the smersace veston althboueh such o determination is



BTN

model dependeont. The additional error o this extrapolation, however, i

tess than one wipght at firse think since the iatearand i the Sorpaio o

4
the romvs, radive, v (), is stvongly peaked in the veoion wiero e

density has been best determined, Thuas one Chndss that the valoe o

r cifectively dotermines B for the aueled heve convsidered. bap
0,016 ’

exampley when The densiry o taken 1o hiave the Lwo paraaeseter Foered Tore,
the variation in K oia tound o be oonlsy 2 8.07 tm forv rhe reaonabie ranee
in values of the ditiaseness parancl ey, o oot 00 0% Na, o Yo, aades
Che rather safe aussuampt ton 2hat the nentron Jdens ity does not evbibar bt

eovibiations an overat! ammcertainre of bo o moare Uiy L8 Taoy e e L Vi

vodatbive (o that o or o e roapag,

Pho quest b matarab iy i ey how Jopendont are the raedil Tt
-
N . N 1y o
Pabpe o fhee dener i Sonreg ter R Woeo have tanen! o thoo tin TS
} : 4 N 'i" - - * . i .
U SRS IS O volative (v thene g Cary e cment o by Dby o ont

., 0106 R

o

the fine detaids of the Cocoddensbey s dong o the BMIU radiioe b not b

O the paraseters o the O Jdewtit s are shtored o that RMS oradi s an

changed by 0,02 fw the wadne o or anel R Tor s slie s e
y 0,0l G S

tound to chanpe by easentiatbiy the aome snoant . CThe S{rength ot e

cffective foseraction s recalbibrated to the new deusity by i yoguireent

4

, 1038 . , . . e
et the Co oampalar distvibutdon apain be ity

1/

U

A plot ol v R, and fhe proton R radins, versus A

G.ai6"
is presented du Figoure 35 oand the numerical values are atso listed o
U

Table 1.0 The vesults of accurate muonic X-rav and oleetran soatserinee

Bita have provided vialues For the chiarpe RS radil, R0 We have then
¢

corrected these for che Pinite proton size wvhase RMS charee vadios i

Py
e

0,836 m , “he neutron chavreye form Yactor and olher roelativistic

corrections o obtain the values of B presented in Toble fand Fivure
P
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DISCUSHTON OF RESHAS

Concernine the vesutts shown in Figonre 35 and Tabl

the following pencral trends:

/; 8

1) ixcoeplt For the shitt between Ca o the i
i ltten of oy Cand Roincrease swootbly and monotouice
0,016 ‘
DY Superimpescd on this peperal trend Tsoa Yhowi
, . .o A PEA
the tand il of nueled Trom Ca Lo Hi o tncreane more ol
. . . {‘8 . ¢ . . . ..
vane el oageled Trom Nioto oy Thia Gowing of el
: o N . s to ; g0 ;
I cimitar to what was concloded pyevionsly concernin
¢ bhe bowing ottt wete o it plor oo o
. ]
Par ROt b,
G e owinhrb et s el et e el Hie e i
R A R TN L RO TU N T R T R N ty
T v
tooosere, Bt s gaibe remarkante hew o we T the aatber g
proten radii, This frensd persdsts despite the faer th
- S O
el ren o eNcess ovarbes widely g v move bral, o
Vhie nesn valnes ot R Yor o a tew of the soiddle maedet dd
coannot oeladu, bearinge in mind Che stated uneertoiniy |
that these difforences are siyniffcont, 2 feliows as
Cthe nentroa RMs rada i) Koot within the uneortaint !
5)
P tabte | owe adlse present theoretical valoes foyp
caleutated within the framewors ot Harvree-Fock-Bogoid

(
I )

nsing the Bt Terce ol ooy, These caleutat ions are

o Mthe state of the art” dn omean Dichd aoproasbwat jon
divtribat foas have been repeatodls tested in varfeus o
soattering and fomwl G be e cood aporcoment with ompd

o 1 we

nolLe

isolopes, the

ally,

ny, cf feee! where n

1
i

owly than ip L

Yor mattlter radii

2oatrong: absorption

Coand e ang b
s

At ot doyree o

5.,
il

;
{

A houph

Ko, we

i’

oo Lo

noour antateois,

N3
N

G coroliary Lha
: n

NN

el the analy,

t

1.
*
i

v R, cnd

B0

abov (NLF B0Y Chenay

voepresental ive

1 ey a o
L provton

1 he

hoorien,

choctron

. 4
¢ datin,



The overall apreement with our resalts is good, in most cases being
, 48 | .
excetlent.  fHsutorically, Ca g o case that has preseated problens,
: ; : . . 8 at A0
cepectally fnoview of the carlice DD resuid RO gy RO 2ad 001 1,
N . . . _ ih
Ve oare in di=avrermment wito thia vesulbr amd the I2MF result of O Io bt
2 . 1K
consistent with the new L F0B, cateulations v Decharge aud Ce oy,
v, COMPARTSON WUTH OTHER PROJFOTLLES
")\’ iy
Kecent analyses of the clastie seattering of 008 eV il
Syt H » )
TR 1Y . 1y, 31, 8. , byl
PoGev protons, alnha pavticien pion senttoerbny,
. R i, )
At pion total cress soctions atso vietd aaelear matter aud/or nertren
divtribut tons, We cenctude by hrodetly relatiug these results Lo onn own
Weo Believe that the suand B2y most relevant Por comparizan fa the RS gt Lo
. , ) . an , .
voasiiun, Byoreldative to o that Ca, even tlmn;';l for our case | he SATFE R R I
v , Chdraceterist o o the surfare revion alone, i deternnined woye
Lol '

aeenratedy,

The chain of calelon

In Table T we present the RMS

RKUA) R{A) - R{40)

A

The SROAY valoes extracted

now In pood agrecwment with one anothory

the growth of Ca

arce well within our quotoed respective mnmeertaintios,
. _ - RS . 32 , .
with the recalts of thie 103/ GeV and 79 Mev alphia seattering, experimen

and similarsy are consistent with the

2oy ,

and

. . e G4
seatieriug Prow i Lan

Y

. .
analysis Vol

fnotnpes
matter
obhtaited as

those caleulated uaing he densitye-matr Ix-expansion

the differonce of

har heen explored wmest extensively,

radii dit "erences for these Isoloupen

ing a varicty of hadronic probes as well

] . : .
analyses © of 104 MoV oalpha parvticle

lowever, the value ohtained in this latier

48

O {’() . P )
the Ca auad Ca radli 15 the larpest

. and H.F B0 Dheory, e
from 0.8 - 1,0 GeV proton scattering are
they Indicate lacger vialues Yor
{sotopes than does our analysis although the discrepincioes
We are cousistont
l L
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entry In Tabio @ and appears to '.-iis;ayrg-v with our g resnlt as well
Aanowmost e the other walnes, to within the quoted meertainties,  One
cannet Tail to notice tnat ce-pacticie experiments give the widest scatter.
1 sheald psorhap:s be pointed cul that both in rhe present work as well

ac o that of rev.s 32 endy the diffracticn vepion wos raken bnto consideration

wiriie the anelysis of the H MoV data dociudes the rainbow region ax welld,

) .o . It
The aereement witn the piore tolal crors sect fog sieasarcaent is
: . ) o . . ) , LB .
AEEISTE N Worosi g s roe o wila the «"ll;ll}‘:ii:' ab ot Scal e ix‘.;., it ';.|.=)'u.v."'~t}_-;i
{4
Boolobinson ond Het e which Todicates Lhat the woeasor ot vajoe of
N »'lii':. . j'{}_ . ) , , R . ) )
jre [ B § Choy e et by Uty e ber than that 1»;‘-,‘?1\'1'("3
N | . : : . o 1o
[ R caond Lhicsotere an e eement cwie b b G et foaa,
5 Tt . 3 vy . 1y "“ . 3y . YR o .
S hatsbe D e preesent w{Aay RO TEaY D the ity RMS ried il Tor the
ST . Lot e cvoed ben S e nt botoe B I FT T
oo ltopes, [ R N S R A O I SR L N SO LA S S SRR TSNS yerb ooy i [T SN D R
v . . . : T it ‘)?‘:x! 3, v -
Plose Rt ired VooV rraton ceattering fany NIoLut pessinge
(FOR CPPI . L , . RN
dovint fans oy oo tradaie ob U0 CoV oo seatterine Vo TN
. . .

3 ! '- H )‘.n 1 + e 1 1 ) 1 3 1 . 1
Jondoo 1 Bt iy o ! ) ERE S SR I L0 which oo betwery our vt
O aE I s e D eV o poton value s o b G s
0, 10 YO v, Can dddeeydnge thie aroe of thoe orrog thove does not seom
soo b afonig beant preniem. S postib e JdEonorcemnenl ones T row an

Vo v R C o

et doal sende b vy ip 1oV pion ot bering stvbeh pive s

')2‘: j a3 1 . / =
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Vi, SUMMARY -AND COMCLUSIONS
In this work we have presented the analysis of elastic alpha
scattering data at 42 MeV from 19 nuclei. The analysis In terms

ol a microscopic optical model has yielded information about the

matver density disteibut Lons of these nucled, particalarly in the

surfaee region,  The estracted matter quantities (R U]() are
[N H

13y}
refative to Ca and arve given with weertaintices that prisar ity
veflove the medel errors,

. /60 f::".
An overall smooth menotonie ncrvease bhetweoen Ca o n i

) . a8 an.

observed (except for o oiscontinnous junp betweon RIS i)

characterized by o "bowing offect’”,  Kuclei seen rto prow siower thao the
40 ad ER (3

overall trend from ta to HE oand faster trom NI oto Zn. Ouar
data tadicate that neatvon wacter densitles track the proton diste ihat fonyg
Falrly well despice the wide Finctuatfons of pealron exeess present in
: . [ o . .3 H B
this region of Fhe poriedic rable,
For eleven of (he nuclol we have made comparisons o theoretical
. 14
calceculations based on the tartree-~Fook-Boeol iubov theory.,  An averadl
apreecwent Is present althousl in some cases that is achicved at the
eatreme Limit of our uncertainty.  There fs now genocrally satisyactory
agrueenent between rhe radid o this nass replon uaing varloons hadronic
probes. o particalar there is botter agreement for the importanl .ase

48
Ca than was apparent a Jow years apo, both from an experineatal

of

and theoretical point of view,
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Table 1

Nuclcus R?. A I.() L016 Rmn trer “h

exp.  the. exp. Lhe, R CX e
0, 7.37 4,78 4.79 3,138 3,360 A8 303 by
['2(“,;1 7.41 4,81 4,856 3,40 1004 1,813 1,440 5,49
Ml();z 7.406 4,806 4.9160 3.42 3,441 3,052 3, A4 VAU
Bn 7.51 h.92 5,015 §Lhi 3,491 VARD L alh A4

4,967 3,077 ioao
AR 7. 54 4.5 3,50 J.00a .5
i 7.55 4.98 5, 004 3,50 LS00 ERET I O 5 T B ST
Uy 7.58 5. 00 5,055 1,50 1,536 3570 30903 440
e 7,65 5,00 5,100 {53 3. 969 Tob4Ah b 500 b A
Yiee 7068 5.08 3,44 Loonhd ol
pe 7.75% 5015 3. 60 1030 3,660
By 7.83 5.0 5,272 3. 04 3,679 NP ¥ S SN LU SN
00y /.89 5,28 5,340 3.70 3,70 TR S S DR SN I
07y 7,49 5,38 3,78 3,769 OEGA 3704 4734
LENY 8. 04 5,44 5668 1,83 3,815 ST T R S E S B W 9
3eh s 5,40 3. 79 1888 3. 808
CRT T Y. 5.45 3,89 1008 3820
P 8,04 ) 3,83 3,032 3,857
%, 3,10 5,50 3,86 U553, 874
o 8,19 5,59 3,94 5,970 3,887
I\‘:{.J,l is the radius at which the veal part of the ontical potentini

chuals =2,4 MeV (ervors - L03). 1‘(]. o6 is the radius at which the

mat Lor density equals 0,010 nm'lvuns/t“m.j (erroras 0 L 05)0 BOods the RMS
matber radius {errors U, 07), R, ls the change RMS radias from
reference 20 {ervors @ 0043, Rpy s the proton RMS radii obtalned from
Re using the corrections ol refeveace 20 (errvor & . 0060) o)l radii in Um.

¢

Thoeoretical results ave those of refevence 19 (see tootnoty 237,



Irotopie difrerenresy
Method

It
present
b

79 MoV (o,00) 3
LO4 MoV (,2) ]
DRV ICUN SR 5
L.O GeV (pap) on
1.0 Goev Ip,m) u
.0 eV (p,p) e
1.0 Cev (p,p) 27
0.8 Gev (p,p) 24

(I 16
v, o 1+
Hob o (DI | &
tho I B, (ob) 149
Hokonotorpat 1Y

aquoted error based on

by quoted crror based on
¢) sece foolnote 23
AY these results are dae

in reference 24,

calenlation
rolrerence

tn thls
deseribed in
hase  Approximal fon
(h1)  that

oenerat od

e

(RPPA)Y caleuiation
Lhe

Tabio 1]

matiter RMS radil of the €0 fsotapes, AR

JRO(Em)
42-40 hé--40 hg=40
LO7 oL 07 L4 07 L6 07
U5 LU
LOb 03 L1000 03 .18 i
s 0,08 L9 03 A7 i
oA 06 L0 06 N
R L00 L0 .07 P 0 ik
LO T 0% L0700 03 09 S
AR SLIT § ¢ 7 L0 SO an
O Lo PO 02 S 1 I
LV LUh LR 0
044 U860 c LD
|9
TS 079 RN
038

exper{imentaly Citting and esvimate of model vrroy

cxperimental aad fitting eorrors only.

L I

C . 1 )
fo the theory of Wepole and Vaotherin asouiven

) &
hoth 0 and

addition o
is performed using the

dervivod
Randon

deunsitles of {:a an

but then

are

19 in seltf consistent
same Loree

HoFLRB,

basis,
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FIGHRE CAPYIORS

44)

Fivs obtatocd for our normalizarion nucloeus, Cay by the Lwo

ditferent procedures cuoployed IPF/UW -~ scee text).

vpiendt Fit for o NS4 nueleus obtained by the two variations

of the folding model vaptosed (BE/HPP) see discusstion ie otoext,

Redative vrowth for the extracted deasity guantities. R oand kp

ave the matbter ad proten RMS yadid and LN s Uhe radies
N )

At owhicihr the densivy assomes the value of 0,016 pucleons/in

(see tiabie 1 oand diceussion in texvy, Easily noriceable s

. . . . . 40
the "bowing effcet”t nuelel svem to prow slower from U
1€ 1) \
I L. . . 240, ()d‘
Lo Nioand Taster from Hi oto .,
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