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1, Introduction

The magnetic nuclear excitations have been so far an attractive
field for both experimentalists and theorists (see, for example/1/).
The impressive achievement in this field was the discovery of the
1* - state at E, = 5.846 MeV that turned out to be of isosca-
lar nature, It should be noted that this state, firstly_determined
by nuclear resonance fluorescence scattering of linearly polarized
photons , has been investigated since then in other reactions,
namely, in the inelastic proton scattering at E. = 65 MeV’B/
and 201 #ev/4/, proton pick-up reaction 20981 (d, ~JHe) 208py/3,5/
and inelastic electron scattering/6’7/. Besides the transition proba-
bility BOK,O0F | ——> 13g) = 1.6 % 1.5 4, the data have also
shown the value of proton amplitude (1 /2 1h;}/2lw in the struc-
ture of the state ( o = 0.87) and the momentum transfer dependence
of the measured electron-scattering form factor (0.4 < Qorp < 1.5
m=1),

- Among different theoretical calculations for 1"t - excitations
in the nucleus 208Pb, only in two cases »9 the theoretical pre-
dictions for the isoscalar 1+S - state are in satisfactory agree-
ment with the data (the excitation energy with an“accuracy to 300 KeV.
and the probability B(M1)# to a factor of about 2) ., So, the pro-
perties of this state known from experiment can be used to test the
possibilities of different theoretical models and to determine some
parameters of these models. In ref. 10,11 the strength of the ef-
fective isoscalar spin-spin interaction in nuclei has been estima-
ted in the above manner and is found to be weak.

In the present work we consider how the known properties of
the 1}S ~ state in EOBPb are reproduced within the quasiparticle-
phonon nuclear model (QPM)/12-14/. We also use the existing data
for this state to determine the isoscalar spin-spin interaction
parameter in the QFM., )
2. The structure of the isoscalar 1* state in 208
208

Pb

The structure of 1*- states in Pb has been calculated in
both the random phase approximation (RPA) and the approximation
including the interaction between one- and two- phonon configura-
tions., The structure of 1% one-phonon states is determined by
spin-spin and spin-quadrupole components of the effective N-N
forces used in the QPM(13/.

1

Bbbeansetibl RACTETYY
ANeBHET HoCcreAoRINEE
EYDHFISTERA



> = ) (o1)=> > -\t
‘Vt; <F‘1 y) =~ %(&ZM + 3’401 VC“’('_":)PO(M po(rl)(al \{)4'1(61\/0 ){M
(1)

1) 21)->— - ~>
——é<&0(2 M &‘l T1 t?.)Qz(ﬁ) QZ(FZ-)(64X/«)4M(62 y )+

ST

The calculations have been performed with two types of radial %orm
factors of the effective forces Rk(r) : a) R, (7)= rA; b)RA(r)=dU/dr
(U is the central part of the Woods-Saxon potential). It should be
noted that a) is rather a traditional variant of spin-spin forces
with the constant radial matrix element, The parameters of the sing-~
le-particle Woods-Saxon potential are taken from parametrization by
Chepurnov/15/. But the single~particle energies of the main neutron
and proton shells close to the Fermi level, i.e. N=82-126; 126-184
and Z=50-82; 82~126 are taken from ref./16/. In that work, these
energies were found by an iterative procedure inoluding quasipartic-
le~-phonon interaction so as to get the best description of the low-
lying excited states in 207+209py 20Tp .14 20935, It should be
emphasized that these energies are not identical with the mo-called
"experimental" single-particle spectrum (see, for example./17/). The
agreement with the experimental spectrum can be obtained with the
inclusion of quasiparticle-phonon interaction responsible for fragmen-
tation of single-particle states, which leads to the shift of energy
levels and the decrease of their spectroscopic factors compared to
the single-particle values., In this sense we have used & "bare"
single~particle spectrum, as interpreted in ref./18/. As one will see
later, this procedure for finding the single-particle energies is
very important for our calculations,

2a) Results of RPA calculations

The effective interaction (1) contains 4 free parameters:
a&g’: and xéz:) . From the available experimental data, one
canngt determine ail four constants unambiguously.Nevertheless, sin-
ce the spin-quadrupole forces influence very weakly the lowest 1%
one-phonon states in 208Pb the constants éeéb" and 5mey can be
determined quite accurately.from the experimental energies of 1; -
level and isovector M1- resonance ( 1}V -level). It should be noted
that the M1 -resonance in 2OBPb is not well known, The fragmenta-
tion of this state is expected to be strong and so far only a part of

) 2

ita total strength has been observed ( Z:B(M1)T"7 -8 My in the
interval 7'4‘Ex < 7.8 MeV /1/). We have chosen the value of
6&}01) in a way to reproduce E(1}v) = 7,8 Mggshavi?g/in
mind the experimental data for the Mi-resonance in Pb .

Further, some estimations have been made in oxrder to determine
the spin-quadrupole constant, In the case of effective ga?cea wﬁg?
R)(r) = dU/ar it has been supposed that fx:z‘l‘S\&f 1< IZ€(< |
(eee details 1n/20/). In the case of R,(r) = r > the constant
QEsz has been chosen to be the same @s in rgffl 1 . In both
cases the constant Q?” im derived from @, by A - and

) (L)

I-independent relation &, / 3 .

The experimental energy of 1}S ~level and the above mentio-
ned position of the M{-resonancs, i.e, 1;V ~ level, are reproduced

(AL) (AL}

with the relation of comstants &, /2 " = o.os-o.i. The
calculated energies and transition probabilities B(M1, og.s.'>'1i)
for one-phonon 1}S— and 1;V - states are shown in tab, 1.

+ +
Table 1, The excitation energies (Ex) and B(f1,0g.s.-iv12&8
values for two lowest one-phonon 1  states in Pb.
calculated with different types of effective forces,
The B(M1)$ values ars calculated with the effec-

fre
tive 8y - factor equal to 0,8 gsr e .

M, e 13 - state 13y~ state (M1-resonan-
R,(r) 2, /%, 5 ce

2
2
Exs MoV pyq)pl By MoV  BOMD) 4

1/20 5.84 0.99 7,82 19.6
du/dr
1/20 6,02 1.39 7.85 19.2
* 1/10 5,82 1.48 7.87 . 19.1
The value B(M1, O -€>1}S) caloculated with the & ~factors

f‘“‘free
for free nucleons &, ) overestimates the expsrimental value

by a factor of 2,0 ~ 2,5 and the agreemsnt within tg% expg?imentsl
uncertainty can be obtained with standard values 85 = = g5  x 0,8 .
The main components of the wave function for one-phonon state I4IS>

ers nearly the same from the calculations with two types of effective



forces, The amplitude of proton component (1119/2 1hﬂ/2 )cn—

is about 0.84-0,86 and is close to the experimental value extrac-
ted from reaction 209Bi(d, He) 2°CPu, Contribution of the particle-
hole component with Al = 2 .generated by spin-quadrupole interacti-
on is of an order of 0.01%, In the caloulations with R,{(r)=du/dr
are of an order of 0,1%, but in

the components with A n=1
thelr contribution is as small as the

calculations with R,(r) .

components with Al =2,
The correct choice of spin-orbital splitting of the 111.r and

iiy shells pleys a vital role in our calculations. Suffice it to

say that with the sirgle particle spectrum calculated with the para-

meters of Chepurnov 1 one c¢annot reproduce both the energy and
t.~ level. The

trangsition probability to the ground state for 1IS
experimental values of A€S.°(1h“. ) and A€ s.o(1iy )} values
used in our calculations and those calculated with the parameters of
Chepurnov are s8hown in tab, 2, It s8hould be noted that the single-~
particle spectra used in the calculations of other works, where the
properties of the 1*. - state are reproduced satisfactorily,
always have the A& . (thg ) and A&  ,(11y) values very close

to the experimental ones (mee also tab.2).

Table 2, The spin-orbital splitting values Ags_o,(lﬂev) of the
g and 11, -shells in 2%%pb for different

single-particle spectra.

Wooda-Sexon r
exper./ﬂ/ Present /16'5 po}aé’?om Ref./s/ Ref.lg/

AES.O.

work (see
(1ng /51877 /), 5+61 5.31 5.81 5.60 5,57
-1
(1144 21473/), 5-88 6.05 6.0 5.86 5.85

.

2b') Interaction with two-phonon configurations

. A detailed description of the QPM formaliem with the inclusion
of interaction between one- and two-phonon states can be found in

whereas the fragmentation of megnetic dipole resonan-~

reviews
In ocontrast with these

ce has been investigated in the work .

Eoas
.
Al

SN s

works inaﬁead of using the method of s8irength functions we have calcu-
lated the structure for each 1+-atafe. Since the interaction with two-
Phonon states decremses the energy of 1}S - level by about 150 KeV
the(gzlculations have been performed with the renormalized constent

&€,  ®which gives the energy of one~phonon isoscalar 1% gtate equal
t: 6.02 ¥eV (see tabl.1). The inclusion of interaction with tﬁo-
phonon states into calculations redue

1;8 ~level to the experimental valu:B t;e(:iliul?tad TRerey et

. We have taken into account the-interaftigi between 1}3 and

1IV - one-phonon states and 325 two-phonon ones with the ensr—
gy not greater than 15 MeV. The density distribution of two-phonon
states 1s shown in the upper part of fig., 1,

3 P r
3
z
80{

Fig.1. The M1 resonemce in 208?‘:3.
€0} The histogrem of the number of
w0l two-phonon states in the energy

interval of 1 MeV (the positions
201 of the 1p - 1 h states

q ‘2 5 "1 -1
'y . (d44/21833/0), 8nd (1hy 51070 0)
2 are indicated by arrows) is
$| 192 shown in the upper part of the
g RPA figure. The results of oceloula-
101 tions in the RPA and with the in-
0s| clugion of interaction between
one~ end two-phonon gtates are
. shown in the middle and lo-
151 177 wer parts of the figure res-
Q+QQ° pectively.
10L
05}
i —
5 7 9 0 ExMev .

Pig.1 &also shows the distributions of the transition probabilities

+
B(M1,0 caloculated in the RPA (the middle part of Fig.1)

g. 5. 11 )



and with the inclusion of interaction with two-phonon configurations
(the lower part).

The interaction with two-phonon states influences very weakly
the 1}S-state. The two-phonon part of the wave function for this
state does not exceed some percent and the one-phonon component
Q+(1;S)£E° is around 97%. It should elso be noted that the frag-
mentation of the M1 - resonance is, by the results of our calculations
rather weak (see Fig.1). This can be explained, firstly, by the
small density of two-phonon states in the energy region of 7-8 MeV,
and secondly, by the weask interaction between one~phonon states and
two-phonon ones. The maximum matrix elements of this interaction
are about 0,3 MeV (note that thess matrix elements are calculated
in the QPM microscopically /12'14/).The results of other theoretical
models have shown <that this fragmentation of the Mi-resonance 1is
quite stronger 23/. The experimental data (with iargo uncertainty
8o far) have shown also that this fragmentation is Btrong/ ’

208

3. The_excitation of_ the 1}5 gtate in Pb_by inelastic elect-

ron and proton scatiering

In the previous paragraph we have considered the structure of
1;8 - atate oaloulated in Adifferent approximations within the
QPM, Now, we will show how the cross-sections of inelastic electron
and proton scattering from 2OBPb with excitation of the 1;3 - state
can be described with the model wave functions for this state calcu-~
lated in the QPM, Since the interaction with two-phonon states influ-
ences weakly the 1;5— state, all the calculations have been perfor-
med with one-phonon wave functions, However, the interaction cona-
tants ae;x’ have also been chosen the seme as in the "anharmo-
nic" case, i.e. when the energy of ome-phonon
equal to 6,02 MeV (ses tab.1).

The form factor for inelastic electron scattering from
with excitation of the 145 - state [Fy|? , calculated
in the DWBA and the corresponding experimental data from 7 are
shown in Fié. 2. The calculations have been performed with two
types of effective interaction, As one can see from Pig., 2, the
results of calculation with R,(r) = aU/dr describe the data
quite well in the interval Qopp < 1 fm™! . The larger value
of quee » the poorer agreement between theory and expariment,

135 - state is

208Pb

but it should be emphasized that the experimental uncertainty in
this region is also larger.

Fig.2. The form factor [Py |?
of inelastic electron scat-
tering with exoitation of
the 1} -state in 2%%p,
The experimental dats are 10
taken fron’7/, The molid

line is the calculations

with the forces dU/dr;

the deshed line,with the

forces R,(r)= r”,

)~ 4;
eff free, Wl . .

g, = 0.8 &y

2
Il

1

A

The results of calculation with R(r) = r describe the date
poorer. This difference comes from the small components with An =1.
in the one-phonon part of the wave function,which influence strongly
the behaviour of the current transition densities be(fﬂ , especi-
ally, in the interior of the nucleus. One can learn about the

character of such differences from Fig., 3. where the densities f%vﬂ9

of one-phonon 135 - end 13 -states are shown. The current
transition density of the Mi-resonance is changing stronger than
that of the 1;8 -state and the calculationa with R,(r)=dU/dr

give a stronger convectional component of f&46f) .
Rote the ambiguity in the extraction of B(M1) -values from
the (e,e')~data, The calculations with RA(r)u r glve the

B(M1)~velue greater than that from calculations with R,(r)=du/dr

when the situation for the form factor |Fy|° 1s opposite, If
one rencrmalizes geff by the experimental data for ;Fle

the B(M1) -value im increased substantially, and for the case
R)(r) s vt it will go beyond the limits of the experimental un-
certainty reported in + So, not surprisingly, valus of

o~



+
B(MY, Opg ~» 11g) extracted from the (e,e')-data’T/ turns out

to be equal to 1.01 & 0.08u%.

™
;E 10L 208Pb i’
f:’o | l’ 0.8 - l
2 Is "
=t 06| P y  Plg.3.The current transi- !
04l / ! tion deﬁsitiegfyj(r)of ;
0’ ; the 1Ig - and 1}v-
210 i one-phonon states in
A ﬂ l 208pp, The solid line l
5 . b6 17 2 z lé é’/ ;fn1is the calculation with g
02} -0.2 i v/ R,(r) = du/dr, :
04l ) oa \ ] the daahai line with {
‘ Sy : / RA(r) =r’, )
-061 -0.6 (] ’
I ]
-a8} 08} v

The calculations of the ( p,p') cross-msction at E_ = 201 MeV
have been performed in the distorted wave impulse approximation
(DWIA) with the ocomputer code written by F,A,CGareev and S.N,Ershov ;

. The Yo - interaction matrix of free nuclecns has been ta-
ken as a sum of Yukeawa terms es described in 25 . Along with the
central components, the tensor components of the Ty -matrix
have been included into caloulations., The knoek-on exchange effects
have been taken into account exactly by & nonlocal form factor cal-
culated with one~phonon transition densities., The mass and enexrgy
dependent optical potentisl paremeters are obtained from the expe-
:iz::tgl data of elastic cross-sections and analyzing-power measure-

The results of calculations with two types of effective forces
and the experimental data /4/ are shown in Pig.4. The absolute valu-
es of calculated crgfs-aections overestimate the date by factors of
1.4 (for RA(r) = T ) and 1.1 (foxr RA(r) = dU/dr de

de/dft{mb/sr) Pig.4.The oross-section of ine-
T 1aatic proton scattering from
208p, with excitation of thellg~
state (B =201 MeV).The experimen-
tal data are taken from 4 « The
golid 1line is the ocalculation
with R,(r)=dU/dr, the dashed
line with R(r) = r’ The abso-

f\\ lute values of the caloulated
Q1r * ] orosg~sactions are normalized
1 \ to the date.

But the calculation with R,(r) = r) gives a much better fit

to the (p,p')-angular distribution than the calculation with

R,(x) = qu/dr and it romains nonunderstandable from our point

of view. Note, that in the previous QPM-calculations for the ( P,p')

cross section with the excitation of Mi-resonance in Zr isotopes
the angular distributicns of outgoing protons have been repro-

duced quite well. It should also be noted that in the calculations

parformed within the theory of finite FPermi-systens’28/ the theore-

tical ( p,p' ) cross section of excitation of the 1;5- stete

in 2980y £alls with scattering angle & steeper than the experimental

one and undereatimates it by a factor of two 8t O = o° .

4, Conclusions

Tn conclusion we would like to emphasize the main results of
the present work,

Firstly, the imoscalar spin-spin interaction turns out to be
very week within the QP¥, So, the schematic separable interaction
used in the QFPM also has this imgortnnt property as the more realis-
tic effective ln—intoruotions/e’ 1/.

Secondly, the interaction with more complex configurations in-
fluences very weakly the 1;3 —atate and the contribution of the
ip-ih oonfigurationa ara dominating in the 1ES -gtate wave function.

N



This oconclusion, to a certain degree, may be a model dependent one.
Nevertheless, the same result has been obtained in ref,

Thirdly, the empirical values of effective &g ~factors that
reproduce the experimsntal data for inelastic electron scattering
form factor and the quenching factor Q <for ( p,p' ) cross
pection with excitation of the 1}8 -stato are consistent with
‘egech other within the accuracy of the QPM, It seems that the guen-

ching of the isovector MM ~strength (see,/zo’ 27’30/) is asomewhat
stronger than the isoscalar one. But in our calculations the diffe-
rence is not so strong and obvious, The value of Q depends on the
effpctive NN-forcss to some extent and the calculations with more
realistic forces are highly desirable.

The authors are grateful to F.A.Gareev and S,N,Ershov for
providing ths DWIA computer code and help.
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Aao Tuew Kxoa, NonoMapes B.0., Bpoeuw A.H.
H3ockanapHoe cnuH-cnuMHOBOE B3aMMOAEHCTBHE
B KBA3UUACTUUHO-POHOHHON MOAEM

E4-86~198

Mo oakcnepumeHTanbHHM AaHHWM 06 MW3ocKanapHoM 1+-coctoAawum /JE =

= 5,846 MaB/ agpa 208Pb onpeaeneHa KOHCTaHTa MSOCKANAPHOrO .CNUH~CRU-
HOBOrO B3auMMOAEHCTBUA KBA3MMACTMYHO-OOHOHHOW MoAenu AApa /KOM/.M3ockanap-
HO€ CrMH=-cnuHOBOE B3auMoAenicTBME OKA3anock Ha NopARok cnabee waoeekTopHoro,
PECCNMTEHH ceuenun /e,e'/~ u /p,p'/~pacceanma c Bo3GywaeHMEM M3OCKANAPHOIO
17-cocToAnnAa, B yenom KoM YAOBNETBOPUTENbHO ONUchBaeT nosegenve /e,e'/~ceue-
HMA NpU Qaee < 1,0 oM~} u mocnpouseoauT_ero aGCoNKTHYID BenuuMHY npu 3dpdpeKTHUB-
HHX CMMHOBWX FMPOMarHUTHHX $akTopax Ha 20% meHbuwe, 4Yem y cBOBOAHWX HYKNOHOB,
Moseperne ceuenua /p,p'/-paccenHnna npu Ep=201 MaB kak QyHKumm yrna pacceAHuA
onucwBaeTca xywe. Ero abconoTHan senuuuHa B ~ 1,4 pasa npesocxoguT akcnepu~
MEHTaNeLHY®, 4TO cornacyeTca ¢ $aKToOpom nopasneHua /e,e'/-ceueHnna, Baaumo-
AeicTene ¢ ABYXPOHOHHMMM COCTOAHUAMA OYEHb CNAto BAIMAET Ha WM3OCKaNAPHWA 1+~
YPOBEHb . :

PaboTta swnonnena 8 JlaGopaTopuu Teope{uuecxoﬁ dn3nkn OHUAN,

MMpenpunt OGbeaHHEHHOr0 HHCTHTYTa ALEpHBIX Hccnegopanuii. JyGua 1986

Dao Tien Khoa, Ponomarev V.Yu., Vdovin A.l.
The Isoscalar Spin-Spin Interaction within the
Quasiparticle~-Phonon Nuclear Model
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The isoscalar spin-spin interaction constant In the quasiparticle~phonon
nuclear model (QPM? has been determined from the_available: experimental da-
ta.Fof the isoscalar 1% state (Ex=5.846 MeV) in Pb. The isoscalar spin-
Spin interaction turns out to be weaker than the isovector one by an order
of magnitude. The cross-sections of (e,e') and (p,p') reactlons with the
excitatfon of this 1* - state have been calculated. The QPM glves a good des~
cription of the behaviour of (e,e')- cross section at g < 1.0 fm~! and
reproduces absolute value of thls cross-section with thg effective g -fac-
tors weaker than the gg-factors for free nucleon by 203, The description of
the (p,p')- angular distribution of 201 MeVv photon Inelastic scattering is
poorer. The absolute value of the calculated (p,p') cross section overesti-
mates the experimental data by a factor of about 1.4, This s consistent with
the quenching factor for (e,e') cross section. The Interaction with two-phonon
configurations influences very weakly the isoscalar 1% level.

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