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Recently, the new experimental data on 200 L,ev proton inelastic 
scattering at forward angles for many nuclei have been publiohed/ 1/, 

In all nuclei prominent resonance structures with a width r:::: 1+3 MeV 
have been observed at excitation energieo Ex"" 8+10 J .. eV, An angular 
distribution showed them to be caused by the 1+- state excitation. 
These results are of great interest especially in view of a rather 
unclear situation with the :t\1-resonance in heavy nuclei. A point of 
view on its quenching in medium and heavy nuclei has been formed un­
der the influence of the slow (e,e')-scattering at backward angle ex­
periment/21. In these (e,e')-experimento no strong peaks caused by 
the 1+-state excitation were observed in nuclei with A")100, So, a 
question arises: is there any contradiction between the (e,e')- and 
(p,p')-data, and what are the causes. It seems to us the answer lies 
in a reaction selectivity. That means one should exurnine excitation 
probabilities of states with different J~ in a reaction. Such an ana­
lysin of the (e,e')-data has been carried out in papers/3/, The RPA­
calculations with a separable effective spin- and spin-isospin in­
teraction showed that the ~1-contribution to the electroexcitation 
crons section in heavy nuclei was reduced, as compared to the },;2-con­
tribution, by the reaction mechanism, Thus, it in rather difficult 
to diotinL~ish the U1-resonunce in heavy nuclei under the conditions 
of experiment/ 2/ because of a masking effect of strongly excited 2-­

otates. In medium nuclei a part of the 1;1-strength can be lost in 
the background separation. These calculations allowed one to conclu­
de that the ~,1-quenching is caused by the reaction mechanism rather 
than by +.he effects of the nuclear structure. It seems useful to cal­
culate the excitation cross section of different magnetic resonances 
in the (p,p')-scattering in the framework of the same theoretical mo­
del. Such calculations for 90zr are preoented in this paper • 
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To begin with we discuss shortly the theoretical aspects of the 
(p,p')-calculations. The nuclear state structure is described in the 
quasiparticle-phonon model, the basic features of which are presented 
in the reviews/ 41. The model Hamiltonian includes the mean field for 
protons and neutrons, the pairing interaction and effective separable 
forces by means of which phonon excitations with different J1i are ge­
nerated. For example, 1+ states are generated by 6{1 -forces: 

., r. ... ~ _ 1 ( .... -10 ou o u --
v (1"'1> '~)- 2 ~() + ~1 '("1 'r.z.) ~ ir ... 6"'16">.' 

where U is the central part of the average potential; a:., and ~1 are 
the constants of the isoscalar and isovector interactions, respecti­
vely. The ground state of the even-even nuclei is assumed to be a 
phonon vacuum and the excited state wave functions are the superpo­
sition of different numbers of phonons. In the RPA the interaction 
between configurations with a different number of phonons is neglec­
ted, and so the excited states become purely one-, two-, ••• phonon 
states. In these calculations we take into account only the one-pho­
non states because the process of a direct excitation of more complex 

configurations is strongly reduced. 
The inelastic proton scattering is described in the DWIA. Now­

days, this aprroximation is well accepted for the scattering of par­
ticles at intermediate energies (Ep = 100-800 MeV). The effective NN-

the free NN t-matrix. For the free t-matrix we use a parametric form 
(a sum of the three Yukawa potentials) with the parameters from 
ref./ 5/ obtained from the N-N scattering amplitudes at 210 MeV. Ex­
change effects are treated approximately by means of the pseudopoten­
tial. In addition to the effective N-N interaction, an optical poten­
tial describing a projectile scattering in the nuclear field should 
be introduced. In the calculations we use two sets of optical para­
meters. First of them (OP1) was determined from the elastic proton 
scattering at 201 MeV on 90zr (ref/61). The other (OP2) corresponds 
to the energy dependent Nadasen potential/7/ evaluated at 200 MeV. 
The (p,p')-cross section is calculated by the DWUCK program/

8
1. Let 

us turn now to the results. In the RPA the M1-resonance in Zr con­
sists of two one-phonon states with Ex~9 and 11 MeV. The main con­
tribution to their structure comes from the configurations 
(1~/2 1~;2 >~ and (1~;2 1~;2 >T , respectively. The existence of 
the proton configuration is due to the pairing correlations in the 
proton system. It should be mentioned that the 1+-state withE ~11 X 

MeV is characterised by a less value B(M1t) and hence its excitation 
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probability at small q is weaker. Besides, it is strongly fragmented 
due to the interaction with two phonon states/9/. So, the main atten­
tion will be paid to the 1+-state with Ex-9 MeV. 

The first problem we are going to touch is an absolute value of 
t~e M1 excitation prg~ability in the (p,p')-reaction. The first es­
t1mations of it for Zr have been obtained in ref./1°/. But these 
results were criticized in comment/ 11 1 for an incorrect assumption 
concerning tl1e energy dependence of optical-model distortion effects 
used in calculations. Some estimations have been done by the autho 

• /1/ rs 
of the (p,p )-experiment , the M1-resonance in 9°zr in this work 
has been described by the pure neutron configuration (1v~ 1g ) t -';J/2 7/2 'Y • 

I was shown that an attenuation factor N= OeJ<.p /~lv can vary in 
broad lind ts by optical potential parameters: the value 6'th. obtained 
with OP2 is approximately 60% larger than oth. obtained with or1. Our 
calculations confirm this statement. Moreover, we have found that the 
factor N is in a strong dependence on the ru1-resonance structure. 
While we get N=0.39 for the configuration (1g 1g ) with OP1 · 9/2 7/2 'i I 

the correlat1ons lead to an increase in N. Under the ~0 -forces a 
large number of other 1p1h configurations is mixed with the main con­
figuration (1~; 2 1g7; 2), • The contribution of these configurations 
to the M1 resonance wave function is weak, but their influence on the 
B(M1 )- and 6'tM. -values is sizeable. We have calculated B(M1) and 6:: 
for different values of the parameter '/..= <1../a?1 which is the ratio 0~ 
isoscalar to isovector strength of the ~ tf -interaction. The results 
are in table ( g:ff=O. 8;ree). For the pure isovector ~ ~ -interaction 
( ae. =0) a noticable contribution 

'X= deo 
(1~/2 1~/2), Ex, B(M1't) I ele,.p N= 

a'1 contribution MeV fo" ()~'"'"' 

o.o 84.6% 8.5 4.8 0.754 
0.5 96.3% 8.9 6.5 0.597 
0.9 98. 3)'~ 8.9 7-4 0.542 
1 .o 98.4% 8.9 7.5 0.543 

aeo= ae1 =0 100.0% 6.8 9.8 o. 391 

(N10%) comes from the configuration (1~/2 1g712 )T. If we take into 
account the isoscalar component of the 6-6"-interaction ( Ta--.J )-corre­

lations are reduced. As a results the (1~/ 2 1~; 2 )~
0

contribution in­
creases. With the parameter :X =1, the ( rr-v )-correlations vanish, 
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and the 1+ state with EN9 MeV becomes n purely neutron state. Toge-
x 

ther with the parameter ;K , the attenuation factor N changes from 
0, 75 to 0.53, but even at X =1 its value is far from !1=0. 39 obtained 
for the pure (1~/2 1g712 )~ configuration. The results show that in 
this case an admixture of a large number of weak components may gre­
atly influence on the final results. Thus, the exact value of the 1i1-
quenching in the (p,p')-reaction can be obtained only within correct 
microscopic calculations of 6"' t"- • From this point of view the a ttenua­
tion factors N from ref/ 1 ' 61 should be considered as preliminary 

ones. 
As VIe have mentioned earlier the main aim of this work is to re­

veal the contribution of the states with different iii to the (p,p ')­
cross section under the conditions/ 1 •6/, At very small angles only 
the AL =0 transitions (this means the 1+-state excitation) define 
the (p,p')-cross section, At a zero angle the M1-resonance is excited 
by 200 MeV protons 130 times stronger as compared to the M2-resonance 
(Under the l\J1-resonance excitation we mean a sum of excitation pro­
babilities of all JT -states from the resonance location interval) • 
The M2-resonance in 9°zr is formed by 10-15 one-phonon 2--states in 
the interval 8. 5'Ex~ 14 MeV. When 9 increases the 111-exci tat ion pro­
bability flows down, and the M2-excitaUon probability increases. The 
behaviour of 6" ~~ ( e ) and s ~~ ( 9 ) is shown in fig. 1. '.Che calcula­
tions have been done with 1 =0.9. The experimental points are from 
ref./ C,/. The behaviour of o ~~ t tl ) is in goo a. agreemeno w~ •n •ne 
experiment. Fig. 1 also shows that the 2--state contribution to the 
cross section is small up to the e ~ 6°, the contribution of the 
states with J 7 =1-, 2+, 3!, ••• from the interval 6<Ex<14 MeV vanishes • 
The detailed spectra of the M1- and M2-state excitation for two va­

lues of e =4°, 8° are exhibited in fig. 2. 

Our calculations show that the experimental conditions/
1

•
6

/ are 

suitable to a large extent for the predominant excitation of the M1-
resonance. The contribution of the 2--states to the (p,p')-cross sec­
tion becomes important only at 9 ~ 8°, where the M1-formfactor appro­
aches its minimum. Thus, there is no contradiction between the (e,e')­
and (p,p')-experiments/ 1 •21, on the contrary they are supplementary. 
The first one is suitable for the investigation of M2-states and the 

second for the investigation of M1-states. 

The authors are gratefUl to Prof. V.G.Soloviev for interest in 

this paper. 
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Bo36y*AeHHe MarHHTH~x peaoHaHcoa a Zr 
B peaK~HH Heynpyroro pacceRHHR npOTOHOB 

E4-83-497 

B HMnynbCHOM npHfiflH*eHHH MeTOAa HCKa*eHH~X BOflH paCC4HTaH~ BepORTHOCTH 
B036Y*AeHHR OAH~OHOHH~X 1+- H 2--COCTORHHH RAPa 90Zr B peaK~HH Heynpy­
roro pacceRHHR npoTOHOB c 3HeprHeH 200 M3B Ha Ma~e yr~. noKa3aHo, 4TO AflR 
yrnoa pacceRHHR 0 <6° ce4eHHe peaK~HH onpeAenReTcR HCKn~4HTenbHO aoa6y*­
AeHHeM M1-pe3oHaHca. CAenaH B~BOA o AOnonHHTenbHOCTH AaHHOH peaK~HH peaK~HH 
Heynpyroro pacceRHHR MeAneHH~x 3neKTPOHOB Ha 6onbWHe yrn~, rAe npeHMe~ecT­
BeHHO soa6Y*Aa~TCR 2--cocTORHHR. 06cy*AaeTCR senH4HHa noAaaneHHR M1-pe3o­
HaHca, cneAy~aR H3 AaHH~X W,p')-peaK~HH. 

Pa6oTa B~nonHeHa B na6opaTOPHH TeopeTH4eCKOH ~H3HKH OHRH. 

OpenpHHT OuoeAHHeHHoro HHCTHTyTa RAepHwx HccneAoBaHHH. AY6Ha 1983 

Ponomarev V.Ju. et al. 
Excitation of Magnetic Resonances in 90Zr 
by the Inelastic Proton Scattering 

E4-83-497 

The excitation probabilities of 1+- and 2- -states in 90Zr in the 
inelastic 200 MeV proton scattering at forward angles are calculated in the 
DWIA. It is shown that the main part of the (p, p') -cross sect ion at o < 6 o 

is due to the Ml-resonance excitation. So, the (p, p') -scattering is a 
supplementary tool for the magnetic resonance study in comparison with the 
inelastic slow electron scattering at backward angles, in which the M2-sta­
tes are excited predominantly. The Ml-quenching factor is discussed. 

The investigation has been performed at the Laboratory of Theoretical 
Physics, JINR. 
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