RAPID COMMUNICATIONS

Hot giant dipole resonance with thermal shape fluctuation corrections
in the static path approximation

PHYSICAL REVIEW C, VOLUME 62, 01130R)

Ahmad Ansari-? Nguyen Dinh Dang* and Akito Arim&"3
Lnstitute of Physics, Bhubaneswar, India
2RI-beam Factory Project Office, The Institute of Physical and Chemical Research, 2-1 Hirosawa, Wako, Saitama 351-0198, Japan
3House of Councilors, 2-1-1 Nagata-cho, Chiyoda-ku, Tokyo 100-8962, Japan
(Received 17 September 1999; published 20 June)2000

The giant dipole resonancé§&DR) of 2°Sn are calculated in linear response theory incorporating the
thermal shape fluctuations within the static path approximai®&®A). This is the first application of such an
approach to the GDR in a realistic nucleus at finite temperature and angular momentum using a model
Hamiltonian with a quadrupole-quadrupole interaction. The results obtained show that thermal fluctuations of
quadrupole shapes increase the GDR width only by about 15%=a MeV compared to its value &t
=0. The effect of angular momentum on the damping of the hot GDR of this nucleus increases the GDR width
by ~22% atT=2 MeV andJ=69% compared to its value &i=2 MeV andJ=0. A combined effect of
temperature and angular momentum leads to a GDR energy that is nearly independent of the excitation energy.

PACS numbds): 21.10.Pc, 24.10.Pa, 24.30.Cz, 24:6R.

For about a decade there has been extensive experimenfdb,16. They also find that inclusion of pairing correlations
as well as theoretical studies of the decay properties of théor T<1 MeV is important for better agreement with ex-
giant dipole resonance§&DR) formed in heavy-ion fusion perimental data for?’Sn[16]. In the PDM, a model Hamil-
reactions at high excitation energig$ (temperature§ and  tonian including a coupling between the GDR phonon to all
spinsJ) [1-5]. It has been concluded experimentally that thePh. PP, and hh configurations afT+#0 is used and the
GDR width in tin isotopes increases sharply when increasing"€ngth_function is calculated directly in the laboratory
the excitation energ* up to~130 MeV and approaches rame without any need for an explicit inclusion of thermal

a saturation at higher excitation energies. In the recent Smalfl_uctuguqns O.f shapes. . .
. . ; . This situation requires further studies towards a consistent
angle inelastic a-scattering experiment$6,7] only low

angular-momentum states are populated. They show that t microscopic theory of thermal shape fluctuations in the hot

increase of the resonance width with the excitation energ)( DR. We notice that, so far, the studies within approach |
X . 4,10,17 usually incorporate the effects due to thermal fluc-
for 2°%Sn and ?%%Pb is due mainly to the thermal effects. 1 y D

. , : tuation by averaging of thg-absorption cross sectian(E,)
Recently it has been argued that there is no saturation of thg o, 41 possible quadrupole shapes using a Boltzman weight

width up tpT=3.2 MeV beyond which the GDR width can- factor, e F/T, whereF is the free energy depending on the
not be reliably extractefB,9]. quadrupole deformation parametgs y and temperatur@.
Theoretical studies of the behavior of the GDR describgn the calculations of Refd4,10,11, the dipole strength

the width’s increase either as an effect of a direct adiabati%nction is Computed by a simp|e deformed harmonic oscil-
coupling of the GDR to thermal shape fluctuatiéapproach |ator (HO) model, whereas for the thermal averaging a free
), or due to coupling of the GDR to all possible incoherentenergy is used corresponding to the macroscopic-
ph, pp, andhh transitions at finite temperatuf@pproach  microscopic Strutinsky shell correction approach in combi-
Il). Approach I(see, e.g., Ref$2,10-132) proposes that the nation with a parametrized expansion following the macro-
isovector dipole oscillation couples adiabatically with thescopic Landau theory of phase transitions. Hence, a
quadrupole degrees of freedom with deformation parametefsarticular, specific Hamiltonian has not been employed for
B and y that are induced by thermal fluctuations and highthe calculation of every quantity.
spins. The adiabatic coupling model describes the increase of On the other hand, the thermal averaging can be per-
the GDR width up toT=3 MeV in 2%Sn and?%Pb well  formed in a consistent manner following the static path ap-
[11], but the GDR shapes generated using the strength fung@roximation(SPA) for the grand canonical partition function
tions of this model differ significantly from the observed hot where every quantity can be computed using the same
GDR shape$13]. Recently, within approach I, the authors Hamiltonian. The SPA allows one to include the angular
of Refs.[14,15 have proposed a phonon damping modelmomentum effects rather easily following the standard
(PDM) which is quite successful in reproducing the width cranking approach. Thus, thermal averaged valy@sand
[14] as well as the shapes of the hot GDR'ffiSn and®®®b () can also be computed at a given temperature and spin.

Such a scheme was proposed recently in Fdf.where only

a model calculation was carried out using an HO model
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The aim of this Rapid Communication is to present an 1.2 - - T -
attempt to make a calculation of the hot GDR incorporating 1L _
thermal shape fluctuation effects within the SPA for a real- 8
istic situation of*2%Sn with a standard effective quadrupole- et 1
guadrupole interaction Hamiltonian: u 06F .
° o4l .
.1 A
H=Fo~3xo2 (~1Q-,Qu. (D 02 ]
0 1 1

N . 5 10 15 20 25 30
whereH, stands for the spherical part and the quadrupole E, (MeV)
operatorQ,, is given asQ,, = (r?/b?)Y,, with the usual HO

) . . 12
length parametelb2=ﬁ/mw0, and ﬁw0=41A71/3 MeV. FIG. 1. y-absorption cross sectian(E,) of the GDR in %Sn

at various temperaturésand angular momentud= 0. The solid,

The '”Ei';? ction strength paramEth N take_zn asxq dashed, solid with crosses, dash-dotted, and dotted curves corre-
=120A7>"; MeV[17], yvhgrefc IS a' core polarlzat!on fac- spond to the results obtained®&t 0.5, 1, 2, 3, and 4 MeV, respec-
tor (f.=1) taken as unity if there is no assumption of an gvely.

inert core. Effects of pairing correlations and higher multi-

polarities are not included at present. As is well known, cor4ate ground state shajj20]. Here it is important to add that
requndlng t(,) the Hamﬂtomaﬁl), a one-body mean field with a basis space larger than two major shells @1@
Hamiltonian is essentially af, y)-dependent Nilsson-type interaction is not quite realisti21] and leads to a too large
Hamiltonian. The spherical single-particle energies are caly o4 field deformationg,. In fact, even in a two major
culated using the spherical Nilsson pote_nua_l With shell calculation Baranger and Kunf@1] had to reduce the
A-dependent Nilsson parametgas]. AssumingN=2=28  ,,aqrupole matrix elements of the upper shell by a factor
inert core, the space of the single-particle basis consists of 5 o+3/2)/(N+3/2), whereN, and N stand for the total
negative parity and 86 positive parifyotal 140 orbitals  yincinal quantum number of the lower and upper shells,
extending the basis space upNe-6 major shells. With such  ragnectively. In the present case without such a factor we
a choice we have a large number of active partitiemd for — oniain g 0.5, However, after introducing such a factor
collectivity) in a quite reasonable basis space. The number ith No=3 we find B,=0.104 for the HF minimum aT

the basis states is more than six times the number of active W?]ich is close toothe.experimental value of 0.120]
protons, and it is more than three times for neutr¢f2 With the smearing parametey=2.0 MeV in the linear

particleg, with important highj orbitals like th;y, and response matrixsee Refs[5,19)). the GDR width atT
Oi13p, included. The GDR cross section(E,) within the =0F)5 MeV is al))(outS MeV,[clos]; to the experimental value.
SPA according to Re{5] [see Eq/(20) therd is The crosses on the curve for=2 MeV indicate the exact
values ofE,, at which numerical calculations are carried out
from 5.5 MeV to 30 MeV in stepAE=0.5 MeV. The
(- ap?l2T) curves show some increase of the GDR widithas T in-
JdD(,B,y)e Z(B,y,w)o(Ey,B,7,0,T) creases. Fitting these curves to a single Lorentzian shape
= ) leads to the values df =4.85, 5.00, 5.28, 5.49, and 5.57
f dD(B,y)e(—aBZ/ZT)Z(B,%w) MeV, respectively, foif=0.5—-4 MeV. The increase of the
width atT=4 MeV is only by about 14% compared to that
(2) atT=0, whereas it is found experimentally to become about
twice as much at =3 MeV. The value of they-ray energy
where  the  metric dD(B,y) is equal to Egp,that corresponds to the maximum of the cross section
B*dBlsin 3dy; z(B,y.0) is the kernel of the partition func- shows a small shift towards lower valuf§] with the in-
tion within the SPA that is given by Eq5) in Ref.[5]; @  crease ofT. The thermal averaged values of quadrupole
= (fiwg)?/ xq . The integration is carried ovgt from 0to,  shape parameters are found to (83=0.143, 0.188, 0.231,
and overy from — /3 to 27/3 (if w#0) or from O tow/3  0.244, 0.250, and(y)=26°, 25° 25° 26° 27° forT
(if w=0). More details of the formulation are given in Refs. =0.5—-4 MeV, respectively. Thus, the average shape is a

o(E, 0,T)

[5,1_2]. _ good triaxial one ifw=0.

Figure 1 shows our results for the GDRabsorption Displayed in Fig. 2 is the dependence of the resonance
cross sectionr (the peak valuery normalized to unityas a  shape on spinJ at a given value of temperaturd
function of y-ray energie€, at several temperaturdsand  =2.0 MeV. TheJ value is defined as the thermal average

angular momentund=0 (i.e., cranking frequencyo=0).  (J,)=J at each value of the cranking frequeney The ef-
The dipole interaction strengtly is reduced by 25% as fect of orientation fluctuations is not included as it is ex-
compared to the value used in R¢L9]. Then the GDR pected to be negligible for the cross sectioi3—5]. How-
energyEgpr becomes about 16 MeV roughly close to the ever, we would like to check for this in future calculations as
experimental valueEZ z=15.5 MeV. For the quadrupole it has not been tested in SPA. At a given valud dhe value
interaction strengtlyg, we have takeri.=1.75 such thatin  of Egpg shows a shift towards higher values©f with the
a Hartree-FockHF) calculation we obtaiB~0.1 for a pro-  increase of angular momentum. The average vglsbows a
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FIG. 2. y-absorption cross sectian(E,) of the GDR in*2%Sn FIG. 3. y-absorption cross sectian(E,) of the GDR in*?%Sn

at various angular momenthand T=2 MeV. The solid, dashed, at various angular momentd and temperature§. The solid,
solid with crosses, dash-dotted, and dotted curves correspond to tldashed, solid with crosses, and dash-dotted curves correspond to the
results obtained at=0, 26, 55, 69, and 88, respectively. results obtained atT(,J)=(0.5 MeV, 6i), (1 MeV, &), (2 MeV,

16#), and(3 MeV, 2h), respectively.
strong angular momentum dependence. We find that
=25°, 12°, —6°, —14°, and—21° forJ=0, 26, 55, 69,
and 83;, respectively, with 8)=~0.23 for all the] values. In
the literature we do not find anyone reporting on the averag
value ofy as a function ofl andJ for Sn isotopes. Here it is

to be noted that our convention of the sigmois opposite to . .
that of the Lund group, as indicated above for the limit of themcrea_sed the value of the smearing para_metm_f 2.2 M?V
group (10% increase compared to 2.0 Meahd findI" increasing

v integration(see also Ref{5]). In our casey=—#/3 im- X ) 0 -
plies a noncollective rotation about the oblate symmetry axisl© 6-18 MeV, again an increase of only about 6%. Thus, it is

Thus, at very high spinéy) goes in the right sector of 0° to clear that in the present approach, at least to the extent that
—60‘:. The value o =5.28. 555 6.14. 6.49. and 6.96 the numerical computations have been performed, the effect

MeV for J=0, 26, 55, 69, and 88 respectively, shows a of thermal fluctuations of the shape parameters on the GDR
width are turning out to be quite small.
In conclusion, we have studied the GDR properties of
%Sn with thermal shape fluctuation corrections within the
SPA theory. This is a microscopic approach that facilitates
the investigation of the dependence of the resonance shape,
width, and averaged shape parameters on temperatang
angular momentund in a consistent manner, employing a
standard many-body Hamiltonian. The presently obtained re-
sults show that the effects of thermal fluctuations of the
uadrupole shapes lead only to a slow increase of the hot
DR width with increasingl up to 3—4 MeV. The width

tain (8)=0.330, an increase of about 35% compared to the
revious valug0.243, but it leads to an increase bf only
y about 6% to 6.08 MeVcompared to 5.76 Me)/ Then at

the same temperature and spin, keepipg 1.75, we have

slow but almost linear increase with the increase).ofit J
=69 the width increases by about 23% compared to the,
value atJ=0. We note that the angular mometum leading to
fusion in tin isotopes has been found experimentally to satu
rate at a value- 634 [22]. This trend of the width increase as
a function ofJ is quite consistent with the earlier results of
Ref. [5] as well as with those of Refll]. The averaged
value (8)~0.23 found in the present work is rather small
compared to the one reported, e.g., in Ré&f]. But our
basic ingredients are very different, and, moreover, there i
no mention of the averaged val(i¢) in the above reference.

Shown in Fig. 3 is the combined effect of temperature an Ecre?hsets only _by alt)o#t 1;’% -ﬁt:d4 TI;]/IeV],cfl.et., ;nuch Iless
angular momentum on the GDR. The cranking frequencie an that experimentally observed. ' h€ efiect of angular mo-

are chosen such that the values of the angular momenta Cc{g_entum on the hot GDR width is slightly stronger than the

responding to the given values of temperatures are roughl_zgﬁnaL effebct. t|t2|20c/reases thedw;dtr:h’ékzl Me\/t ?r:'d‘]
equal to the values extracted in the inelastiescattering y abou o compared o the valué at the same

experiment7]. It is seen that the downward shift &spr temperature and=0. On the other hand, it is the combined

due to temperature effect found in Fig. 1 and the upwarOEffecf of temperature anq angular momentum that yields the
GDR'’s energy almost independent of excitation energy.

shift due to angular momentum effect as in Fig. 2 aImOStHowever this combined effect also shows only a small in
cancel each other, yielding a nearly constant valu& ; . ; o i
y g y &hr crease of the GDR width as a function of,(0). This first

=16 MeV at various excitation energies. The GDR shape licati f the I th . uncti ith
becomes nearly a single Lorentzian centere&@ig. This appiication of the finear response theory in conjunction wi

combined effect off andJ is a very interesting feature seen the SPA to the calculation of the_ GDR in a reallst[c hot
for the first time in a microscopic theoretical study. FHor nucleus opens a scope of furth_er_mprovgments, V.Vh'Ch can
—0.5, 1.0, 2.0, 3.0 MeV with the corresponding valllues Ofbe done employing more realistic interactions and including

J=6. 8 16. and 26 the values of’ are 4.86. 5.03. 5.37 other effects such as thermal fluctuations of the pairing gap
and 5 7,6 M('eV respectively T T and of hexadecapole shapes, orientation fluctuation effects,

As seen above, within the present model space the ave(ra-tc'

age value of is not becoming large enough even at high A.A. gratefully acknowledges the hospitality of the RI-
temperature and spin. Taking the core polarization parametdream factory of RIKEN, where the major part of the work
f.=2.0 instead of 1.75 fol=3 MeV andJ=20%4 we ob-  was done during his visit.
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