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Abstract Andyzing power8 and d珊brential cros8 8ections haⅣe been measured

for el硝tic scattering of 22 MeV polarized protons from 40Ca，160 a11d 12C，and dif_

ferential cr∞B Bections for iⅡel龃tic Bcattering 0f 22 MeV protons from 3一(3．736 MeV)

and 5一(4．491 MeV)state8 of 4uCa have alBo been me胡ured．The experimental data

for pol盯ized protoⅡel柏tic 8cattermg hdve been analyzed with a phenoInenological

叩tical potent“parameter8，the experiment8l data and theoretical values are in good

agreemem．I丑如e theoretical丘姗e of micr08copic sjng】e 8catterjng model，traⅡsitj彻
den8ities extracted from electron inela8tic sca七terinR and M3Y and Halder80Ⅱ’8 e如c．

tive intera“ionB haⅣe been utiIized to an“yze the experiInentaI data of 22 MeV proton

inel舾tic 8cattering from删Ca．Overall，it see衄that Halderson’8 efkctive interaction

can better d曲cribe the expermntal da七a than M驯7 although the degree of a寄eement
between experiⅡ址Ⅱtal and theoretical、ralue8 need8 to be iInproved．
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1 INTRoDUeTIoN

Proton inelastic scattering is an iD砷ortan_t tool to study nnclear structure aⅡd ef-

fective nuckon-nucleon(NN)缸ter8ction．Mu出Wofk has been d蚀e to try￡o extract

alnlost aⅡ血d。pendent obs盯讪ks in nudeon-nudeus scattering with the help of polar-

ized beams，p01甜ized targets and even coincid蛆ce teclIniques betweeⅡscattered肌ckon
and decayed—r-rays．【1～3]H粥many indepeⅡdent observables硒possible c011ld be ob—

ta缸ed，va工ious aspects ofn_uclear stlllctlⅡe and e矗色ctive NN interaction c01lld be studied

in more detail．IⅡthe studies nke thi5，p01arized ion souce，w1Iich provides polarized

beams，is one of the most ess蛆tial devices：A pol撕zed ion s011rce has been developed

for”缸s in chjna hstitute of Atomic Energy(cnE)，this is the缸st time to try to use

it in an expe劬ent．
E船ctive NN血eraction in肌deon—nudeus scatte血g h粥been a subject of interest

for a long time．hl high energy re舀on(>100MeV)，seVeral eff色ct}ve in七eractions arP

s“ppotted h the Nati0Ⅱd Natur以scieⅡce F0undation of GhiⅡa under GMnt(19575032)
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widely used in the analysis of肌ckon．nucleus scatte血g jucll as LF【4J，N泸】and PH【6J：

correspondiⅡgly，M3Y[引，ATB坤】，HKT【91 aIld CEG[10]are efFective inteTactions used in

low钮ergy region(<100MeV)，ofwldchM3Yjsthemost耐delyused．Onthe otherhand，

the most extensive eⅡlDirical work{br efkctive NN iIlteraction has been done fbf incident

Imcleon ener舀es血excess of 100 MeV【11J；at the 10wer energy 0f interest here，very few

empirical studies have been performed【1列．At present，in general，observables ofnucleon．

mlcleus scattering in hjgh耵energy region can be described more success舢y than in lower

energy region【1 3J．As one 0f the efforts to iIIlprove the situati0IL，the stu曲of e丹bctjve

NN interaction is stiⅡ证terest血g subject 1lp to now．Recently，Halderson constructed a

t缸get·dep叽dent e乳ctive NN interaction for 10Wer mddent eIlergy region【14j by s01ving

Bethe．Goldstone equation．Reid soft．core potential was used as the b缸e NN血teraction

and a p弛scription fbr Bt村ting en盯gies w越det蜘[nined by c伽叩aring the results of

translationaⅡy i玎Ⅳariant，contiml啪sheⅡmodd calclllation8 withⅡucleon．scatter洫譬da土a

fbr A=3 and 4 tarP．ets．40Ca is a spherical nudeus，its reaction meclI训血sm is relatively

simple血nucko口PImdeus scatte血g and also its肌clear structure has been weⅡstudied

both experiⅡlentally姐d theoretically．Therefore，as a target，40Ca is a 900d clloice for

studyinE eff毫ctive NN interactioⅡ．One of 011r aims血the present study is to test the

abiHtv 0f Halderson’s effbctive iⅡteraction to describe the experimental data．

2 EXPERIMENTAL

The polarized ion sollrce developed in CIAE is a L卸1b．shm type．hI the present

e】rperiment，the 22】堰eV polarized proton beaIn current on tarEet was about 10nA with

a pol龃ization of 36．77％．The beam polanzation w硒me铀llred via 7L“p，d)4Ⅱe reaction

with a LiF polarimeter，whidI consists of a LiF target aIId a pail-0f Au．Si surface barri盯

detectors．The thjdkⅡess 0f the LiF target was about 200pg／cm2，the enlitted n．p缸ticles

were detected by n塘two Au．Si surface barrier detectors，whjch were placed at 450 sym—

Imtrically 0n opp08ite sides of the incident proton beaIrl axis．The 47Li(p，a)4He reaction

w船fo衄d to be an exceUent proton polarizatjon analyzer试the既盱gy ralIge丘om 9

to 26 MeV W王th stable l缸ge口oss section and re甾onable 1arge analyzjng pawer(o．7～
o．95)【15】．In a11r e印盱jment，the pol盯izati0Ⅱ血ection(spjn up and spiⅡdown)of pr0-

ton beams w铀reversed every 30 seconds，arId the pol缸ization w∞measllred at the

be一仰jnz and at the锄d ofthe唧盯i瑚nt，which Wa8 stable withiⅡkss th蛐2．5％．The

40Ca t盯get u弛d w∞a natllrally ablnldaⅡce caO t缸get With thicl【ness of 154 pg／cm2，

deposited on a c缸bon矗lIll．Scattered protons were momentm analyzed by Beij血g Q3D

maP皿etic spectrometer in IⅡ．13 tandem accelerator laboratory at CIAE and recorded

by a foc以plane detector which is c饥nposed of a single-wire position sensitive detec—

tor X，a gas proportional detector△E aIId a tlIicl【sciⅡtiⅡatioⅡdetector曰．△E—E

p对tick discriⅡ1ination technjque was used． Data acqujsition system adopted w粥the

xsYs 8ystem tT姐spl强ted丘om Tri姐gk universjties Nude缸Laboratory(TuNL)．An·
aly暑ing po、憎8缸d difr盯蛆tial cr08s 8ections ha聃be明measured fbr elastic scattering
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of 22 MeV polarized protons矗om 40Cal 160 and 12C，aⅡd dif南rential cross sections for

iⅡelastic scattering 0f 22 MeV protons from 3一(3．736 MeV)姐d 5一(4．491 MeV)isoscal盯

natllral—parity states of 40Ca have also been rneasllred iIl the 1aboratory scattering an91e

range of 20。一90。jn st印s 0f about 5。．ExperimeIltal spectra obtained fbr proton e】astic

and inelastic scatter血g were analyzed by a spectrum矗tting code ALLFIT【圳．System．
atic error mainly st删d丘om negration beam cmrent，soud angle孤d the target

tllid(ness，in whi出the unc盯t血nty in the measllrement of target thicl【ness and unifor．

Inity is of the order of 5％a丑d constitutes the lar卵st sollrce of error．We beHeve that

the total estimated systematic uncertainty is 1ess thaⅡ10％．The systematic error due

to uncertainty in the canbration of the beam pol缸iIllet盯is about 3％．h Fjgs．1．2 oIlly

DreseⅡted are statistical errors．

3 ANALYSIS

h Fig．1 are shawn the e卸eri如删1tal analyzing powers and di矗毫rential cross sections

of 22MeV pol面zed proton elastjc scattering丘0m 40Ca，160柚d 12C elem眦t5 and the

theoretical curves based upon the phenomenolo舀c“optical potential paraIneters given

by Fabrici et以【17】The degree of agreementbetween the experinlental and theoretical

values for the three ekznent8 is very satisfhctory．Because our a洫is not to obtain the

best optical potential p甜啪eters，the optical potential paraⅡleters used盯e not adjusted
fbr best 6tting to experjmental data．Fbr 12C，due to the unknown thic|【ness af carbon

substrate，absolute experi功越tal djfrerential cross section data c啪ot be obtained，so

the e】【Derimental di矗宅rential cross section data a茁e no皿ahzed to theoretical values fbr

comparison．GompadsoⅡbetwe锄experimental and theofetjcal dj矗毫rential cross sectjons

for 22MeV proton ind狮tic 8cattering丘om 3一(3．736 MeV)and 5-(4．49l MeV)states of

4uCa is plotted in Fig．2．The theoretjcal姐alysis has been carried out usillg a rnicroscopic

singk scatteriIIg modeⅡ18]with the computer code LEA．口9】The optical potential param．

eters were token from Ikfll71．The empirical proton tr姐sition densities extracted from

electron scatter血g【2Uj f缸the two isoscal缸excitation states weTe adopted to m砒工Ilize
lmcertainties iⅡtrodllced from sheⅡInodd wavef、mctions．Because of the charge syⅡlIrle．

try and N=Z，the neutron tr姐sition densities fbr the two isoscalar sta土es can be reUably

set equal to the empirical proton transition deⅡsities．Tl帕eH套ctive NN interactions used

in the present theoretical analysis are M3Y e疗ective interaction andⅡalderson’s e艉ctive

interaction．

As can be seen丘Dm the theoretical results shown血Fig．2，the calculatioⅡs for

3一state reproduce acceptably the shape of d珊bential cross sectioⅡs，but overestimate

the magnjtude by a factor of approximately 2．Fbr 5一state，the theoretical reslllt can

overaⅡreproduce the ma髓itude of the【liHkrenti缸cross sections，but cannot reprodllce

the 8hape of the experimental data．m a word，the theoretical reslllt8 cannot satisfhcto．

r丑y describe the experimental data，l讧oreaver，it should be noticed that iII the present

theoretical anabses there are no fhe parameters．As to M3Y and Haldersonk e丑瓷c虹ve
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interactions，the two e竹bctive interactions provide siIIlilaT predications fbr the dj矗毫rential

cross sections of the two excitation states，and the ma911itudes predjcted by M3Y are

somewhat hjgher than Halderson’g efrective interaction．Overall，it seems that Halder—

son’s eⅡbctive interaction can better describe the exDeri埘创1tal data than M3Y．We have

co瑚_paIed nIe various c啊11ponents of the two e珏色ctive int盱actions and found that the

sma肛difrerence in magnjtude predicted by the two e珏bctive interactions is mainly caused

by the di艉rence 0f triplet-even c∞1p0Ⅱents(TE)0f the two e仃ective矾eractions．Ob．
viously，the degTee of agreement betweeIL ej卫eriⅡlental data and theoretjcal predictions

fbr inel柏tic scattering shollld be improved．A8 jⅡdicated jn R出．[18]and[21】，additional
work瑚【ustbe done to gain a擎eater衄derstanding of the coⅡlpoⅡents of the rnicroscopic

sin舀e scattermg model，includhg effbctive NN interaction，for nucleon-Ⅱudeus scattering

at energies belaw 100 MeV．
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Fig．1 E1perimeⅡtal data of diff色rential cr088

8ection8 and analyzing powers of 22 MeV

Pol村ized proton e1羽tic scattering from 40ca，

160 and 12C．So廿d Jines r8Present

opticaI-model prediction8
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Fig．2 ExperirneⅡtal data of di艉rential cros8

sections of 22 MeV proton inel硇tic scattering

from the 3一(3．736 MeV)and 5一(4．491)8tates

of‘oCa．SoIid(d∞hed)Jin船represent the

rnicroscopic 8ingle 8catteri王lg calculatioⅡs

with M3Y fHaldersoⅡ’s1 effective NN

inter{lction

hl slumary’we have measlⅡed the姐&lyzing powers姐d diffbrential cross sections

for elastic scatterjng of 22MeV p01缸ized W0t。ns丘om 40ea，160 and 12C，and di艉Ten-

tial cross 8ections fbr ind稿tic scattering 0f 22 MeV protons丘om 3一(3．736 MeV)and 5一
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(4．491 MeV)states of 4”ca The experimental data for poladzed proton elastic scattering

haVe been analyzed with phenomenological optical potential parameters，the experimen—

tal data and theore“cal values缸e in good a伊eement．T1le empirical transition densities

extracted from electron scatterillg and I证3Y aⅡd Halderson’s e矗bctjve jnteractjons haⅣe

been utilized to aIlalyze the experirnental data of 22 MeV proton inelastic scatterill只矗om

40Ca．OveraⅡ，it seems that Halderson’s eⅡbctive interaction can better describe the ex—

perimental data than M3Y．However，it is clear that the degree 0f agreement between

唧盯iIrIental and theoreticd values for the inelastic scattering needs to be improved．

Systematic analyses for proton scatteriIlg from 4。Ca in a wider span of 10wer incident

enl3rgy are iIl progres8 iIl order to gain a greater understa工lding of the components of

the i11icroscopic single scattering model fbr nucleon—nudeus scattering at energies below

100】ⅥeV．On the other hand，it is iIllporta皿t that the present study also shows that the

polarized ion source in CIAE has been ready to be used in the fhtllre physics experiment
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