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Semimicroscopical description of the simplest photonuclear reactions accompanied by excitation
of the giant dipole resonance in medium-heavy mass nuclei
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A semimicroscopical approach is applied to describe photoabsorption and partial photonucleon reactions
accompanied by the excitation of the giant dipole reson&B€R). The approach is based on the continuum
random phase approximatioditRPA with a phenomenological description for the spreading effect. The
phenomenological isoscalar part of the nuclear mean field, momentum-independent Landau-Migdal particle-
hole interaction, and separable momentum-dependent forces are used as input quantities for the CRPA calcu-
lations. The experimental photoabsorption and partiay]-reaction cross sections in the vicinity of the GDR
are satisfactorily described f&¥Y, 4%Ce, and?°®b target nuclei. The total direct-neutron-decay branching
ratio for the GDR in*®Ca and?®®Pb is also evaluated.
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I. INTRODUCTION mean field (including the spin-orbit termn and the
momentum-independent  Landau-Migdal particle-hole
A detailed description of the familialisovector,T;=0) interaction, together with some partial self-consistency
giant dipole resonand&DR) in medium-heavy mass nuclei conditions;
is a long-standing theoretical problem. A number of macro- (i) a phenomenological account of the spreading effect
scopical, semiclassical, and microscopical approaches havtat is due to coupling of particle-hole-type doorway states
been used to describe the photoabsorption cross section, th® many-quasiparticle configurations terms of an energy-
latter being proportional to the energy-weighted isovector di-dependent smearing parameter.
pole strength functiof1]. Continuum random phase ap- However, it was found in Ref.8] that the GDR energy
proximation (CRPA) -based microscopical approaches haveand also the photoabsorption cross section integrated over
been developed during the last two decades to describe thiee GDR regiongls, are noticeably underestimated in the
E1 strength functiof2-5]. However, partial photonucleon calculations as compared with the respective experimental
reactions accompanied by the GDR excitation have not beevalues[]_]_]_ The experimental value @fi(gtDR7 which exceeds
studied in these approaches. Experimental data on these fige  Thomas-Reiche-Kuhn (TRK) sum rule, ot
actions(mainly on the neutron radiative captiiare usually  —go (Nz/A) MeV mb, can be reproduced in selfconsistent
described within the direct semidirect capture model. The cajculations provided momentum-dependent forces are taken
model was originally proposed by Browi6] and substan-  intg account. In Ref{12] we provided a satisfactory descrip-
tially extended by the Lublyana grousee, e.g., Refl7],  tion of the experimental GDR energy i#%b and some
and references therginWithin the model a number of phe- 4rtia) 29%p(n, 5)-reaction cross sections in the GDR region
nomenological quantities are used to parametrize the energyy incorporating separable isovector momentum-dependent
averaged reaction amplitude and, in particular, a rather larggyrces with the intensity normalized to describe the experi-

imaginary part of the GDR form factor is used without a mentalo'™. - value and without the use of additional adjust-

. . .. . GDR
clear physical understanding of the origin of this part. able parameters.

Partial photonuclear reactions accompanied by GDR ex- In the present work we extend the approach of Re2]

citation are closely related to GDR direct decay into the re-, s follows. First, we use a simpler phenomenological realiza-

spective nucleon channels and carry information on the GDF,?on for the spreading effect by introducing an eneray-
structure. Therefore, the CRPA-based microscopical ap- b 9 y 9 gy

proaches, which are able to describe direct-nucleon decays gfependent smearing pargmeter d|_rectly_|nto the CR.PA equa-
the GDR(see, e.g., Ref5]), can be extended to describe the tiONs. Secondly, we take into consideration also the isoscalar
partial photonucleon reactions. part of momentum-dependent forces in terms of an effective
An attempt to use the CRPA-based semimicroscopical appucleon mass. Thirdly, the photonucleon-reaction cross sec-
proach to describe partial photonucleon reactions accompalons are calculated for a number of nuclei and the results are
nied by the GDR excitation was undertaken in R8f. Later =~ compared with available experimental data. We also make
the approach was extended and applied by Urin and capredictions for several partiahf(n)-reaction cross sections
workers for describing the direct-nucleon-decay properties o the vicinity of the GDR in?**®b and, consequently, cal-
a number of charge-exchan¢jsovectoy and isoscalar giant culate partial direct-neutron decay branching ratios for this
resonances¢see Refs[9] and[10], respectively. The ingre- giant reasonancéGR). The total branching ratio is also
dients of the semimicroscopical approach are the followingevaluated for the GDR irféCa and compared with recent
(i) the phenomenological isoscalar part of the nucleafe,e’n)-reaction dat413].
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Il. BASIC EQUATIONS A1)

The CRPA equations are given below in the form adopted R R

from the Migdal's finite- Fermi-system theofit4]. Similar Kf A(r,r’;w)L(r’)dr’f L(r)A(r,r";w)dr
to Refs.[8,12], the isobaric structure of the GDR can be =—
simplified by using the quantity,=2>.d,(a), with d,= 1+KJ C(OA(r,r @)L (r")drdr’
—1703)z as the z-projection of the dipole operator in the o

limit (N—2Z)/A<1. The photoabsorption cross section, (5)
o,y(w) (w is the gamma-quantum enejgys then propor-
tional to the dipole strength functio®(w):

2F'
V(r;w)=r+—2J [A(r,r";o)+A(r,r" ) V(' v)dr’,
r

0x(w)=BoS(w) (1) (6)

with B=4m2(e%/%c). Within the CRPA the strength func- "f LIDACrF@)V(rw)drdr

tion is determined by the effective dipole operathf ),
which differs fromd, due to polarization effects caused by
the particle-hole interactioh= 3, ,F(1,2). Together with A
the momentum-independent isovector part of the Landauwherex=8n#%«'/3mA, and the operatdr(r) is defined in
Migdal interaction, F| _y(1,2)=F'-(7172)8(r1—r,), we (€rms of spin-angular matrix elements as follows:
also use translationally invariant separable momentum¢(N)[[L(r)I[(N"))=(d/dr)+[Buyor/r] with (\)
dependent forces: ={ix:h Bonyoy=[h(x\+1)=Iy (I, +1)]/2.  Further-

more,A(r,r';w)=3(A"+AP), where ¢r') 2A%(r,r';w) is

the radial part of the free particle-hole propagator carrying

Aw)=—

. (D
1+;<J L(r)A(r,r";o)L(r")drdr’

. 1 .. - the GDR quantum numbersyEn,p). The propagators\®
_ 2 ’ 2 . .
Fin-d=~ 2maA < [xot k' (7172)1(P1—P2) can be presented in the following form:
__ Mg s, K 7 (BB AY(r,r'w)= ) 112n?
2m < p1t 2mA122 (1172)(P1P2),  (2) ( MZ()\) [t ] N

X[xa(Ngiy(rr'se, +w)xu(r')
wherem is the nucleon masg\ is the number of nucleons v rNOe (T Te — )Y
. . ’ Xu (1o (r' rie,—w)xu(rl,. (8
andxg andx’ are the isoscalar and isovector strengths of the a o . g
momentum-dependent forces, respectively. The approximatghere p={e,,(u)} is the set of quantum num-

excitations are analyzed within the limiN¢ Z)/A<1.. :<()\)”YL”(M)>/\/m is the kinematic factofthe defini-
The use of momentum-dependent forces approximated byon of the reduced matrix elementé\)|| Y, | (1)) is taken
Eq. (2) allows one to in accordance with Ref15]}, n,=N,/(2j,+1) is the oc-

(i) obtain simple expressions for the ef{ective mass,  ypation factor K, is the number of nucleons occupying
=m/(1— k), and also for the sum rule''= o (w)dw

N int level u), rfl)(,‘j(r) is the bound-state radial wave function,
= (1= ko) (1+K") o7Rk; - and (r')"'g(,y(r.r', ) is the Green's function of the
(i) use the following expression fat,(w): single-particle radial Schdinger equation.
A realization of the optical theorem follows from Egs.
(1)-(®):

- 1 i
Gu0)=— 5™\ V(riw) s+ A)p. (3
Tl @)= 2 0000 @) Tunal @) =M 0 a(@)|%

n(N)a
. . . : . . 9
Having separated isobaric and spin-angular variables in

the CRPA equations, the following expressions$w) and T N 1/2 1) (+)a
the components of the effective dipole operator within the M )a(@)=| 3 Bony t(x)(ﬂ)f Xs(0) (NIV(r, o)
above-mentioned approximation can be obtained:

+A(w)L(r)Ixa(r)dr. (10)
_ 2 . .. . , In Eq. (9), o, is the double partial ¢,N)-reaction cross
Sw)=- §Imf AT @) AL @) V(s o)drdr”, section, ancc={u(\)«a} is a set of channel quantum num-
(4) bers. Thereforeg, ,(w) =20 .\ (@) is the partial cross
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section corresponding to the population of the one-hole state TABLE |. Model parameters), and «’ used in calculations.
w in the @ subsystem of the product nucletsnly nuclei

without nucleon pairing are considejedin Eq. (10),  Nucleus m*/m Uo (MeV) &'
r~x{()" is the radial scattering wave functiégnormalized aoy 10 53.3 0.53
te the & function of energy with the escape-nucleon energy 0.9 58.0 0.38
givenbye=e,+w. , _ . loce 1.0 53.7 0.56
The formula for the cross section of the inverse reaction 0.9 579 0.39
(nL_JcIeon radia_tive capture by_ clesed-shell nucisiderived 2080 10 53.9 0.56
using the detailed balance principle: 09 58.9 0.42
“8Ca 1.0 54.3 0.48

mU(w) (wZ/ZmCZE)O'C(w) InU E inv

& Ou(Na>

(1D that the fluctuational part of the cross sections is neglected.

where ¢ is the kinetic energy of the captured nucleon. InCross sections ,,(w) determine the partial direct-nucleon-
deriving these formulagin which botho's correspond to ~ decay branching ratio®,,, for the GDR according to the
the same compound nuclguse neglect the difference be- relation:

tween the effective dipole operators calculated forAtend

A+ 1 nuclei: this assumption is expected to be valid with an b =& (w)dw/ J P (@)dw
accuracy ofA~ 23, Also, we note that the quantities, ), pe pex a
should be calculated by settimg, =1 in Eq.(10), as follows ) o ]
from the consideration of kinematics of tha, ) reaction ~Where integration is performed over the GDR region.
on closed-shell target nuclei.

The amplitudesM ), in Eqg. (10) also determine 89Y
the anisotropy parameters,,,, in the gamma-quantum 8004
angular  distribution: 4 (do’;./dQ)(e,0)= a'“”(s)[l
+a,,P2(0)], whereP; is the second degree Legendre poly-
nomial. The expression far,, can be presented in the form:

=307 X iNTIVWI(2j11j,50,1)

MQ)

(14)

Xt (M) * M / M@
where W(abcdef) is a Racah coefficient andc’ 5
=a,u,(\").

We emphasize that the above-mentioned expressions fa=,
the reaction amplitudes and cross sections are obtaine®
within the CRPA. To calculate the energy-averaged ampli-
tudes accounting for the spreading effect, we solve Ejs.

(8) and (10) with the replacement ofv by w+(i/2)l(w).
The form of the smearing parametéfw) (the mean
doorway-state spreading widtls taken to be similar to that
obtained for the imaginary part of the nucleon-nucleus po-
tential in some versions of the optical modste, e.g., Ref.
[16]), namely

800 - 12 16 20 24

l(w)=a(w—A)?[1+(0—A)%/B?], (13

wherea, A, andB are adjustable parameters. A reasonable
description of the GR total width was obtained in Refs.
[9,10], and also in Ref[12] by using the parametrization
given by Eq.(13). The approach described above allows one o (MeV)

to calculate the energy-averaged photoabsorption Cross sec- _

; FIG. 1. The calculated photoabsorption cross sectiogs,for
tion o4(w) and reaction amplltudeSM m;rhe part!al 8y, 14%Ce, and®%Pb (heregfter the so[I)id and dashed I?r?es corre-
photonucleon-reaction cross SeCt'o'mﬁa’ ma and anis- spond to calculations withm*/m=1 and 0.9, respectively
tropy parameteraw are determined by the averaged ampli- The experimental datéblack squares and circlesre taken from
tudes in the same way, as given by Eq4€)—(12), provided  Ref.[11].
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TABLE Il. Spectroscopic factors of the valence-neutron states inngredients of the approach and the smearing procedure.

90y, 141Ce, and?*Pb (taken from the Ref[7]). As in Refs.[9,10], the nuclear mean field is taken as the
S » ~ sum of the isoscalafincluding the spin-orbit term isovec-
n 'Ce b tor, and Coulomb terms:
)% S, i S. i S, L L
197 0.6 2fsp 0.8 3y 0.9 U(x):Uo(r)+Uso(r)5r+§r(3)v(r)+ S[1- 3U(r),
2d3/2 0.7 :|h9/2 1.0 297/2 0.8 (15)
hyy, 0.4 Ti s 0.6 4sy) 0.9
ST 1.0 3pas2 0.4 s, 0.9 with Ug(r)=—Uofywgr,R,a) andUgy(r)=—Ugdfygr)/
3dg 1.0 3p312 0.4 1152 0.5 rdr, where fys is the Woods-Saxon function witiR
2f5) 0.8 Tigap 1.0 =ro,AY3 ry=1.24 fm,a=0.63 fm, andU,,=13.91+2(N
29gp 0.8 —Z)/A] MeV fm2. The symmetry potential(r) in Eq. (15)

is calculated in a self-consistent way(r) =2F ' p(*), where
p{7)=p"—pP is the neutron excess density, aRtl=300f’
MeV fm? with the Landau-Migdal parametdr =1.0. The

The experimental data on partial photonucleon reaction€oulomb part in Eq.(15) is calculated in the Hartree ap-
accompanied by the GDR excitation in medium-heavy masgroximation via the proton density”. The isoscalar mean-
nuclei are very scarce. Only available are two sets of thdield depthU, is chosen to describe experimental nucleon
experimental data on the neutron radiative capture with GDRseparation energies in the nuclei under consideration and de-
excitation in 2°%Pb[17]. and in 8%y and “%Ce[18]. Before  pends on the choice of the effective massparametekg in
going to the results of the semimicroscopical description ofEg. (2)]. In our calculations we useh* =m and also the
these and some other data, we would like to comment on th&ealistic” value m* =0.9 m. The extracted values &f, are

Ill. CALCULATIONAL INGREDIENTS AND RESULTS
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FIG. 2. The calculated partial cross sections at 90° multiplied by  FIG. 3. The calculated partial cross sections at 90° multiplied by
47 as functions of neutron energy for neutron radiative capture talw as functions of neutron energy for neutron radiative capture to
the ground state and to all the single-particle state$% and some single-particle states iff®b. The experimental data are
141Ce. The experimental data are taken from R&8]. taken from Ref[17].
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FIG. 4. Calculated anisotropy parametgrfor some partia?®®Pb(n, y) reactions. The experimental data are taken from Réfl.

listed in Table 1. The proton pairing if°% and *%Ce is
approximately taken into account within the BCS model to
calculate only the proton separation energy. In these calculz
tions the pairing gap is determined from the experimenta
pairing energies.

To apply the smearing procedure, we calculate the
w-dependent single-particle quantities in E¢®). and (10)
(Green'’s functions and continuum-state wave funcliars
ing the single-particle potential  U(X)
F(i2)l(w)fwyr,R*,a). The cutoff radius is chosen as
R* =2R in calculations of the Green'’s functiofise., in cal-
culations of the effective dipole operator and, therefore, the
strength functioh and R* =R in calculations of the partial
reaction-amplitudes. Such a choice ®f makes the model
more consistent in the region of the respective single-particl
resonance. The parametérs-3 MeV andB=7 MeV in Eq.
(13) are taken to be the same as in R¢®10,13, while
parametersr=0.06 MeV andx’ from Eq.(2), are chosen to
describe the experimental total width and the energy of tht
GDR, respectively, in the nuclei under consideration. khe
values are listed in Table I: as can be seen from the table, tF
model parameters used in our calculations are rather stable

The quality of description of the experimental photoab-
sorption cross sections can be seen in Fig. 1, where the ce
culated cross sections,(w) are shown for®®, 140Ce, and
208pp target nuclei. It is worth mentioning that the use of two
adjustable parameters’ and « allows one to satisfactorily
describe three GDR parameters, namely, the energy, the tot
width, and the value of(hg.

47d7dQ (mby/sr) ™

404

30+

20+

20+

w (MeV) '

The energy-averaged differential partial cross sections for FIG. 5. The calculated partial cross sections at 90° multiplied by
neutron radiative capturelcr'““/dﬂ are calculated without 4+ of the (y,n) reaction with population of some single-hole states
the use of any new adjustable parameters. Each calculatéd 2°/Pb as functions of photon energy.
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TABLE IlI. Calculated branching ratios for direct neutron decay of the GDRfRb.

m*/m Final single-hole states
3P 2fg, 3Pap Ligap 2f 7 lhgp,
b,u 1.0 2.0 4.4 3.4 1.3 2.5 0.7
(%) 0.9 1.8 3.6 3.1 1.0 1.8 0.4

cross section is multiplied by the experimental spectroscopisimplify the calculations of the energy-averaged reaction
factor, S,,, of the final product-nucleus single-particle statecross sections and also to account for the nonresonant back-
populated after the capture. The fact8sare listed in Table ~ground. This method can be only used to describe highly
Il. The calculated cross sections at 90° and the anysotropgxcited giant resonances within our approach.

parameters,, are shown in Figs. 2—4 in comparison with (i) The isoscalar part of separable momentum-dependent
the respective experimental data for the nuclei in questionfOrces is also taken into consideration, and results in the
We also calculate some partid’®Pb(y,n)-reaction cross difference of the nucleon effective mass from the free value.

sectionsd;M/dQ, at 90° with the population of single-hole It is also seen that the use of the a “realistic” effective mass

. . . .~ does not improve the description of the data.
states in?°’Pb (Fig. 5). The direct-nucleon-decay branching = .. -
ratios,b . , for the GDR in2%%Pb are calculated according to (iii ) A reasonable description of two sets of the rather old

A ; A - experimental data on the partial,(y) reactions for medium-
Eq. (14) using a spectroscopic factor of unity for the final heavy mass nucldil7,18 is obtained. Possibly the use of a

. _ . 07 . .
single-hole states iR°’Pb. Theb,, values are listed in Table more elaborate version of the approafiby taking (N

Ill, and the total branching ratib=2,b, s estimated as —Z)IA corrections into account, the use of realistic

14%. .
. . . momentum-dependent forces, é¢twill lead to better de-
To a certain degree, the branching ratios of Hgl) can scription of the photonuclear reaction data.

be considered to be independent of the GDR excitation pro- (v) Our consideration of predictions for partial
cess. The semimicroscopical approach is also applied tQOBPb(y n)-reaction cross section has been partially moti-

evaluate the total direct-neutron-decay branching ratifor !
the GDR in %ca: this value has be)én deducgd f:cfr?n thevated by the advent of new facilities, such as SPrings&ed
48 , : : : on the use of backward Compton scatteyingapable of
Ca(e,e’n) reaction cross sectidii3]. In the analysis, the . . ] o
E1 strength function, deduced from the,¢')-reaction in measuring photonuclear reaction cross sections with high ac-
9 ’ ' curacy. Such electromagnetic probes are more efficient for

Ref. [13], is used_ to determine the parameter (T‘F’.‘ble D.‘ studying the nuclear structure. From this point of view the
Unit spectroscopic factors are also used for the final single-

hole states 7/2, 1/27, and 3/2 in #'Ca. The calculated ;ee(;]e;gtaexgggrr;)e(gtna:l :jeata on the,¢'n) reaction[13] repre-
value ofb=27% is comparable with the respective experi- 9 pie.

IV. CONCLUDING REMARKS The au_thors are gratefL_JI to Dr. G.C. Hillhouse for care-
fully reading the manuscript and many useful remarks for
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results allow us to make several comments on capability ofian Fund for Basic Resear¢RFBR) under Grant No. 02-
the semimicroscopical approach in describing the simplesd2-16655. V.A.R. would like to thank the Graduiertenkolleg
photonuclear reactions accompanied by the GDR excitatiortHadronen im Vakuum, in Kernen und SternefGRK683
(i) The use of the &+ (i/2)] method” to take into ac- for supporting his stay in ‘Thingen and Professor A." Bler
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