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Tlie damping of the collective excitations in atomic imclei is of greatest importance for 

th~. understanding of the ener~ di~sipation in, Ferrnl systems. Two damping ~ech~~is~s. ~re 
.known to be responsible for the conversion of the energy of the collective motion, into e~cit~ti~~ 
en~rgy of intrinsic degre~s of freedo~. The first one is ofquantu~ ~e-chani~l o~igi~ ~d h~ 'to . 

do with the fragmentation of th~ transiti~n strength among the infinite~mnbe;, of excitati~ns 
of more-simple structure which act as a basis forth~ c~ll~ctive mod~. This i~ the "Landau_". ~r 
"meanfield" damping 1) arid is a well ~stablished phenomenon in macros~pic Fermi liquids like . 

3He or electron gas 2). In the RPA ("collisionless dynamics") Landau damping. is combined 

with nucleon emission to the continuum ("esc~p~ 'width") [ref.3)J .. , 
. . The second damping m~chanism' which reflects in th~ so~ called spreading widths arises from , 

the coupling ~f the simple states to m~re co~plex configurati~ns [refs. 2:4 ) ]. In the language of the : 

microscopic theory it means that lp-lh states are coupled to more complex 2p-2h configurations . 

which in turn can couple to 3p-3h configurations -~~ to the co~tinuum,. The coupling to 'more'. 

complex states can continue ,till finally the energy is equally divided among the nucleons '.and , 

the equilibrium .is reached. Classic?-lly it lo()ks like if the quantum particles tend t?. equalize 

their velocities byfrequent collisions ("collisional.dy_namics") [ref.3)]. To describe the collisional 
damping it is necess~ry to gobeion'd theRPA. and 't~ 'take into ac~~unt ~ot only.lp-lh b~t, 
also 2p-2h excitations of the static ground st~te (second RPA) [refs,4:-:

7
)]: ,The ~orre~pondi~g 

schemes are very complicated and it is. difficult t? obtain ,nurrierical-_solutions of t~e SRPA 

equations, especially in heavy nuclei. That's why several approximate procedures have been 

developed [refs.2- 11)]. 
·' ··' 1 ,. ..::• • 

In this paper we will follow a semiclassical framework to go beyond the one-body theory 

introducing the effect of two-body collision -through a relaxation time• approach' used in' an 

~xtended form which accounts' for all the conserv~tion la~s .. We will apply, the procedure t~ · 
the study of monopole gia~t resonances in 20~Pb. , , , , · 

In sect.2 the semich1ssical approach ls shortly disc~s~ed, with particular emphasis on the 

extended r-approximation., • ~ • I 

' ' 
In sect.3 the dispersion equations for monopole frequencies are derived. 

' ~ . :- Of' ~. 

Results are presented in sect.4 and finally in sect.5 sonie conclusim:is are drawn. 

' I ! ' <I~ ' ~ ( .. ' . ~ '•,•! 

' ·, ; ! • • · ; 1 r • : • , ~ ; , i . l - \ ' ' l : ; · ' · • ! ; 

2. Semiclassical Collective Dynamics: the method of phase-space moments 

A natural procedure to work out a semiclassical th~ry o{ nuclear c~llective motions is to . . 
study the Wigner transform of the density matrix. An RPA equation in phase space can be 

.. '"'".,.,.,_ .. -'1"····-.........--···~~~- .. "'': 
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easily derived, e.g. [re£.1°)] and refs. therein, and various approximate approaches have been· 

introduced to get solutions, which in general retain many transparent classical interpretations; 

The method of phase-space moments of Wigner distribution function (WI)FM), developed 

in Dubna 12•13), is quite convenient to go beyond the RPA.scheme for analyzing both damping 

. mechanisms a~d the interplay between them .. 
To take into account the spreading widths of the collective excitations 'we want to describe 

in our scheme, it is Iiece'ssary to add to the right hand side of the ba.Sic eq~atio~ for the density 

rfiatri'x the ~orrei~ticn1:te~m 13): It'SWigner transform describes the changes i~ the distribution 

functi.',ri f(r;J;, t) due to the 'coupling to more complexstates and is known as a "collision" 

integ~al having ln mind th{analogy with the kinetic theory 14
). 'F~llowing further the same 

analogy':we.imp'ose on the'collision integral to conserve particle density, linear momentum and 

ki~etic ~nergy, i.e. 1(!) ·obeys: ··. 

·jiu)'dp= o

II(f)p;dp= 0 (i = 1;2,3) 

t I~(f)p~djJ = 0 
i=l 

•and·the equation for·the Wigner.distribution function becomes 

8/(r,p,t) ~~~in [~(\7~.\7~ _ \7~'.\7!)]H~f +I(!), 

(1) 

(2) 

. . . 
where Hw is. the Wigner transform of the self-consistent Hamiltonian derived. with. realistic 

Skyri:ne type interaction 1•
5
): 

2 . 

Hw = :m +,U(r, t) + ~v,(r,p, t). (3) 

U(r,t) and W(r,p,t) are the local and non local parts of the mean field potential 
3
): 

U( ~ ) 3 ( ~ ) . · • 2 + cr ( _ )"+ 1 
r,t = 4ton r,t + -whn r,t 

W(r,p, t) = 3t1 + ~t2 [n(T, t)p2 - 2mj(r, t)p + mP(T, t)] 
1611. . - '' ,-, . ... ' - : 

5t2 - 9tl '<"72 (- ) ·+ . 
32 

v .. n r,t 

and to, t
1 

, t
2 

, t
3

, cr- are the Skyrme force parameters. Here and in the following we make use· 

of the moments of the Wigner distribution function: 

·•"' 

2 

~~ 

~ 

I. 

n(r,;) =]f('~,jj,;)dp~·p(T,t)' 
. , . ·m·. 

JI(r,iJ,'t)Pdff _ J(r,t) 
ii(r,t) = ~(r,t), - n(r,t) 

/ 

P;;(~, t) = ~ j(p; ~ mu;)(p; -·mu;)f(r:p, t)dp · 
,· .· . ' . ' 

,., 
') 

P;;k(r,t)= ~2j(p; :-:- mu;)(pJ- muj)(p,;-'mui,)f(r,p~_t)dp · 

>(4) 

P,,. •• 1 ,., •> ~ ~,_. J 1~. ~ .,;,,,, i . IP•. - :..,w.P. ~w . • .... 
The physical meaning o(the first three morru~nts is ~uite clear; ll(r,-t)~nd p(r, i) are pirti~l~. 

and mass densities, respedively; u(r, t) is the coll~Ctive velbcity;field a~d P;j"are the'(;ti;updn~~t~ ·. 
1'' '' •• ·- J' ' ,. 3 ~. .: '·f·:' ;~- ._' i, "· •• -,-~ .. ~ .- 'l.'_, : .... ·,-~. 

of the pressure tensor:P(r,t)=L;=1P;;(i",t). P,h: .. :;~ are the components of the-generalized 
pressure tensor of rank n which appears in the theory. . : '- '• · ., .. ' . ·_:· 

The method as d~scribed in previcihs papers [refs.12
•
13

)]' c~nsists in takirig" ~omen't~ bf the 

Wigner .distribiitionfunctlon in the v{hole phase sp~c~ iri ord~~ to~btai~ a ~et of'diffeiential . 
equations (vi rial theore~~) for the time d;ri~ative~ of a munbe; of ~hosen integral chlmicteristic~· ~ ·

such as electric and magnetic multipole moine~ts. Foll~wing the usual pi-oced~ie'but ·~'QV: wlth' 
' - <o ' 

collision terms it is convenient to write for the variation of the collisioni~tegralb'/(f) ._ 
; ' 

'o!(f)"=atf~j(o)) .,,, ..... 
' • '. • < • • • ' ' •• ! ,\ ' ·'' '' . ,' j i' / . ' '·' ,'• • ·, ~· ·, ... : :·_, ,--1., <: . . 

~ 
' . 3 [Jf(O)(- ;;'\. 3 . a2j(O)(~ ;;'\ .... : .. a~j\0)(-,;;'\.] .. 

+/1 bof(Ol(r,P)+Lb' , -~'P'+Lb;j . r,p'+:' .. +l:)r~i ... r,p, ; (5) 
.. , ·-- •. 'i=J····_: ap, . •i,j:l:, .. !ap,8p);_,;;~:·. '·'[n)···-· 8p,,.,.ap,n' ··-:."• •:; 

. .. : ' . ' " . ' . 

whe~e j<0l(f,pj i~, the ~Ji;tfibu'ti~n. function ofthe' statio'nary' '(g~'Qo;u}'dj' ·~t'at~."-'fl~r~~ft~r \V~ 
use "(~)" 'to' denote staiioiiary' valuei: The se~se 'of tl~e p~r~n;~t~r '/1 will i:i~ ;~xpi~i~rid latte~:
The .sum in (s)'h~ris' ove; -~n J>os~ible ·sets' of indices.· ·Ii;· cl~s~i·~ai'·~~;e· th~:-~~err;cicni~"a 'iri~
brnJ depend ori coordinates and on time. In quantum mechanics th~y''a;~ ft~iidio;tals'ofth{ 
-yariations Sf= f- J<0l and c;ontain ~11 the informatiop abcmt'the formation. ("prehistory") of· 

J ; .. , ... ,,, •• ''t;,. } . .-:" • ., '.~. ~ ~ ·---"' • ··" ' I ;,>~ :~ ',' , .. · -·· ' . ,,-· 
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the system. Besides, as the collision integral obeys the conservation laws (I), these coefficients 
have to obey the following relations . . · . ' 

· hn' 
bo =-a n(O) 

n 
b; = ar.n n(O) u; 

.. -~ ~ (0)_ ' 3 . [c 3 3 ] 

~b., -. 2n(O) n(o) ~ P.. ~ hP .. (6) 

Only terms of the first-order change (with.respe.~t'to the gmund'state) of the density, velocity 

field and pressure tensor have been kept in (6) as a linearized version of our method is used in 

present work. We analyze the spreading widths assuming a= -~ = mnst, bo and b; to obey 

eqs (6), b;; ai:e supposed diagonal, i.e. 

. [ 3 3 ] 
b;; = b;;h;; = t~) ~~) L P.~l - L hP .. 

, . n n -'=t , "=t , 

and all the o,ther coefficients b[n] = 0 . This app~oximation is a '.'corrected': (in s.ense that the 

~ollision integral conserves density, momentum and kinetic energy) relaxati~n time ~pproxima
tlon widely used in literature (re£.16 )]. Whe~ the. parameter. /1 i~ zerowe have)heus~al r .. '· ' ' . . ' . . . . '·· ' , .. 
approximation. 

Due to the relations (6) one can express all the coefficients in terms of. the first one and the 

mai~ p~oble~ is t~ determine the. ~elaxatio·~. ti~e. ,In present calculati~ns we ~se a relax~tion 
time e~~luat~d ~icros~pically in [refs: 8:9 )J f;o~ th~ equilibr~tio~ of' a :d.istort~d ~ome~tum 
~li~tribution in a ki~eti~ ap~roach, as discussed l~ter. ' . ·; . . .. . ' ' 
., ( ; : '. ' ! '·'' ' 

'I 

3. Dispersion equation for monopole freq~encies 

How both damping mechanisms can be described by our method is demonstrated on the ex

ample of o+ excitations, analyzed ina sche~e in which all the deformations up to hexadecapole 

in"configurati~n and momentum ~pace~'aretakeninto. acco~nt. This all~ws us to obtain not 

only the sprc:ading widt~s including collision terms, but to see also .the, t;ffect of the higher defor

mations which reflects in the Landau damping. The parameter r is supposed to be the same for 

all mode~, 'The velocity field u(r, t)a~d the corresponding displ~~e~ent .field ~(T, t) = u(r, t)ht 
~;e para~etrized as follows . . ' . . . ' . . . ' 

" .·. ' . · .. 
3 3 3 

u;(r,t) = L;(t) + L i,",;(t)x; -f- L L;,;k(t)x;xk + L L;,;kt(t)x;xkxt (7) 
j=l j,k=l jkl 

4 ' 

) 

-~ 

~· 

3 • 3 ' ... 3 .. 

e,(r,t) = L;(t)+ L L;J(t)x; + L L;,;k(t)x;Xk + l:Li,jkt(t)x;XkXt 
j=l j,k=l jkl 

where L's depend on time only and the dots over_'them signify time derivatives. Due to the 

continuity equation the displacement e.( r, t) of the elements of the nuclear fluid changes the . 

nuclear. density by hn = -div(n(). So, the cltanges in the nuclear integral cltaracteristics are 

associated with the displacement field and the complexity of the flow (7) determines the type 

of excitations we can describe in our scheme. 

To see the nature of the collective variables, whose dynamics are determined by the equations 

for the moments up to four, we use as usual the tecltnique of irreducible tensors of the rotational 

group. The different cartesian tensors of fourth and second rank which appear in the corre

sponding virial equations may ,b~ represented (re£.17 )) as linear co~binations of pseudoscalars, 

tensors of first, second, third and fourth rank.· In spherical nuclei the virial equations split into 

five separate sets of equations for the te~sors of different sy~met~y describing o+' 1 +, 2+, g+ and 

4+ excitations. We are interested here in the equations for pseudoscalars only as they describe 

the o+ excitations. These excitations have been excluded in previous paper (re£.18), where the 

tensors of fourth rank have been considered in the collisionless variant of the method, assuming 

the nuclei to be incompressible. The was~ed up set of equations is quite cumbersome: 

3 _ 3 I 3 au<o) 
:Ev. .• - :Ehrr .. +h n :Ex.-a-dr= 0 
•=1 •=1 

1 
• .s=l ,. · X" . 

(8) 

3 - 3 3 . . 'I 3 au<o) 
:Ev. ... ;-:Ehrr;:-2:Ehii~!+h n:Ex•ax. r

2
dr=O 

r,.s=l r,.t=l r,•=l · a=l . 

(9) 

3 • I 3 • au<o) . . . 3 

LhJ:.l$.+2 n:Ee. ax. dr=a(I,-:-t'):Ehrr ••. 
•=1 •=1 . •=1. ~ ' 

(10) 

(; .1: 

. 3 ' 3 ' ; . 3 . . '• 3 . . . ; 

L hii;: - 2 L hiT~ .. - 2 I p<oJ L (..x.dr- 4 I L P.<~>(..x.dr 
r,.s=l <; , r,.s=l . f ·' ,.=1 . _ i: r,.s=l· .. · J 

·. "3 -~ 3 ~ .. , 

+21n :Ee~8~(0) r2dr= a(I·:~:n L hrr:: 
.t=l x. .s,r=l" 

(il) 

'S 



3 3 . 3 . 3 

£;1 an~:- 2 .~1 an~.~- 2 J p~~~~t~~~.d~-:: 4/ -~1~!2l{rx.dr 

J 
3 • . 3 auc~l· 3 - . 

+2 n L:erx; ~::>·a-dr= a L:can~:- ~an:) 
> : • .• _ • • ·r=l - , · · •=1 _x • ( ,. ~,r=l · · <; > 

3 "• • ._,, ., 3 ' . • ·' 

"" aiir "3 c5II t p(o) "" (- 1 {)aU ~ L..., ro•- .lJn=1 rru + ) L...,Xr {r +--0 )dr 
r.s=l . r=l m x,. 

3 ' 

J "" p<oJ ( - . 1 aou) ~ 
+2 L .. Xr. ~·+-;:;-ax. dr 

r,.s= 

,1' 

1 J 3' au<ol: 3 . ;. 3 : • au<ol : 
+- (L xr-

8
- L 8P •• + 2 L xr-0 -8P._)dr 

m r=l x,. .s=l ,.,.,:::::::1 x, 

"2 J 3 aau<o) ~ 
---

2
8 nL:xr-

0 02 dr· 
4m · Xr x, 

r,.s=l 

3 ' . ' 3 • 

=a L .sn~ .. + a(1- {3) j b (~rP;2l + 2~.Prl2l)dr 
r,,=l · ,.,,::::::1 

' 
~ · 4 .j· ~: auio> - ~o1 · --~~~ · ~ 
L .snr ... +. m L OXr (8Pr .. + P •• e.+ 2P .. {.)dr 
rs=l r,.!=l 

"2 j 3 . aau<oJ 3 
-2 :·n 2.::: e.ff7i2dr :=a L: .sn; ... 

m . : T,s=l Xs x,. r,.s=1 -. 

(12) 

(13) 

· vn (O) ~ 10 vn {O) ~ • ( c 3 p{O) c ' ) 

- a(1 - {3) j n!Ol r~ Prrudr- Jm j -;:Jol(n(o) P - aP)dr (14) 

\.i~re and in the following we ~su~e that there i~ no collective flow .in the ground state, i.e. 

u\01 and consequently P;~02 are zero. ' 
. 3 

The equations (8-14) can be written in terms of the following variables (scalars): LV. .• , 

3 3 3 _· \ ' 3 . . 3'' '·, 3 -- • •=1 

L V..,... , L .sn .. , L .sr:i~: , L t5ll~! , L 8n~.. , L .sn ..... The flrst two variables 
r,.!=l 

:.· t. 
s=l r,_.s=~ r,.s=l r,&=l ·r,s=l. 

:6 -

Js 

w 

v· 

seem quite natural· in our method as the variatio-n of the integral characteristics 'we· want to 

deso;ribe are directiy expressed as a linear combination of them. So, the· variation of the citean 
. . . . ' .. 3 . ' ' " ' ' . 3 .. ' 

square ra:dius a < r 2 ; is proportional to LV.,. and the variation a_< 'r4 > to L·v,.:r••· 
' · ; .~ s=l · .;~·· ~·~ ' .. ··. ,~..._ r,.s:::::l : 

There is one-to-one correspondence between the comp~ne~ts. of the cartesian tensors of second 

V;J := mj n(r,t){;(r,t)xidr, 

and four rank 

'ViJkz' d, mj n(r, f){;(r, t)XjXkXtdr '' 

and the 'parameters L(t) of' the v~locity' fiCld in expa~sions (i) (is~e Appendix):' Th~' rest fo{i~ 
scalars containing variations of pressure tensors . 

in;j =J 8P;jdr, 

'all~j = J XkxlaP;jdr:· 

8nlik .= J x,8P;ikdr, 

_._·8~;jki_= I8P;jkld~ 

}::--: '"" :. ~ 

,,, 

play the role of new integral, characteristics needed for the correct description of the evolution 

of the density moments of multipolarity I = 4. They reflccUhe;fact that in nuclei having finit'e 

size the deformations of the Fermi surface aredynamically,co_upled with those in configuration 

space. In the simple scaling approximation [refs.19
•
20

)) only quadrupole distorti~n; of the lo~al 
Fermi surface has been taken into account. 

To express all the qu11:ntities appearing in equations (~h(14))n terms of discussed variables 

and thus to close the system we suppose by analogy with the parametrization (7): 

8P,i = n<0>(~ [ D;i(t) + ~ D~j,k(:)xk + t
1 

D,1,kt(t)xkxl]' 

8P;~k = ;:;0 l(r)[D;ik(t) + t D,ik,t(t)x,] 
1=1 ' 

~', • If • 

8P;jkl =: n<0l(r)D;ik;(t) 

.•: 

(15) 

··'L .• 

The expansions (15) are multiplied by the ground state density n<0lto garantee that the 

variations of the pressure tensors become zero outside. the nucleus. 

7 



• The coefficients of the equations obtained depend only on the ground stat~ properties. They 

are integrals over nuclear volume of different powers of the ground .state particle densities, 

kinetic energy den.sities P;~0l , P;~011 and their gradien~s. Any feasi~le description of the ground 

state ( Thomas-Fermi, Hartr~Fock, 'square density) 'ca~ be ~sed in calculating. them. I~ 
present work the ground state density is assumed to have a Fermi shape distribution: 

(0) no n (r)=-- --
1+expr~R 

(16) 

with R=L115At- 0.53A-t, a=0.568/m [21). rfo isfixed by the condition j n<~ldr=A. The 

ground state values P;~O) and nm, are connected by the vi rial equations in the state of~quilib-
rium: 

1 J au(O) · • h2 .!' · fJ3lj(O) . 
{0) - - -- (0) ' ~ - (0) ~ 

flijkl - Xt( a pjk ),Jkdr + 2 n Xt a a a dr m x; 4m x; Xj xk 
(17) 

( •• • );;k means symmetrization over ijk. In spherical nuclei it is natural to suppose: P;~o)=6;;P;~o) 
and if we have P;~o) the condition (16) may be used to express the ground-state value of the 

fourth -rank pressure rr!Jl, in terms of kno~n grou'nd-state valu~s. We suppose rr!n1 diagonal in 
7 

each tWo indices and proportional to (n<0l)3" by analogy' with the Thomas-Fermi approximation 
5 

P;~o)=-y(n<0l) 3" and then eq.(17) gives the pr9portionality coefficient 74· 

Assuming a harmonic time dependeiice.exp(i!1t) of all the amplitudes V;,;, ciT;;, etc. we 

obtain dispersion equation for' the eigenfrequencies. The presence of collision terms leads 

to' complex frequencies !1 = (E +i~) Jh and the tirrie dependence of the eigenmodestis 

exp [(iE :__ ~)k]. So die cent~oid of the excitation is E=hRe!1'~nd H~ width is f,;;2hiritn. 
: ' , l ' ., • ';-

4. Results for the monopole mode in. 208 Pb 
,j 

We use the Sky~me type interaction Sf( M* (re£.15
)) which gives a nuclear matter compress

ibility coefficient [( = 20qMeVJsoft nuclear equation of state): The density parameter n0 , 

eq.(16), comes out to be 0.17 fm- 3 • Let us discuss first the case.without collision term. 

If we consider only quadrupole deformations in momentum and coordinate space we came 

biu':k to the scaling approximation 3 ). Th~ velocity field is linear in rand the variations of the 

pressure tensor do not depend on the position in space. We have only tensors of second rank 

and ~e get ~nly one solution of the equations t:>f motion (9-14) with eigenfrequency 

E(GMR) = 13.31 MeV : l~' 

.8 

·)l' 
·.g· 

I 

I 
j 
liJ 

which exausts the monopole Energy Weighted Sum Rule (EO.-:- EWSR). When we include 

also hexadecapole deformations we have three non· zero solutions, the lowesi of these states 
exausting the most part of EO - EW S R: 

Et = 10.99AfeV; S1 =7 97.87 
E2 = 29.59MeV , S2 = .8.13 

~ = 33.14MeV S3 = -6.00 

wli~re E gives the energy and S the corre~pbricling fraction of the EWSii. The n~gatlve ~alue 
obtained for the highest energy state comes from some numerical uncertainty for the ~o:>iutions 
which correspond to a very small strength. . .' ' ' . ; ., ' . ' 

' The centtoid freqri~ricy, com ph ted using a:s weights the rruinopol~ t~arisiiion p~obabiliti~ bf 

each state is ~ery ~lose to the "scaiing" result, obtained when ~~iy quadrupole defoini~tions 
are included. In agreement with fully RPA calculations (refs'.2•23•24)] we ·g~t 'a ve;y sfuall fi~g
mentation of the monopole strength: . this is a clear indication that the collisionless damping 

(Landau damping) should pla; a little.;ole·f~r the giant m.:~~o~oi~ ~od~. . 

In order· to analyse the role of collisions on the monopole spreading width we have performed 

the full calculations including the .relaxation time terms, always with the maximum allowed 
' . \ 

deformations (up to the hexadecapole): 

The relaxation time has been mic~oscopically evaluated solving the Landau Kinetic equation 

in momentum space for an initially di~~orted momentum distribution. An average quadrupole 

deformation has been chosen corresponding to·the centroid frequency of the monopole., The 

relaxation time is computed from a clear e~ponential,decay of the collective energy18). A 

parametrization of the free nucleon-nucleon cross.~section has been used and the Pauli blocking 

rearrangement at eacli time step has_,~een carefully taken into account. We get a value T = 

267/m/c. 

With collisions the three states discussed .before acquire some width which is actually 

very much dependent on the imposition of the conservation laws eq.(l). Indeed in the T

approximation ({3 = 0 case, oniy the first term of the expansion eq.(5)) we get for energies and 

widths: 

E1 = 10.99 MeV f1= 1.04 MeV 

E2 = 29:59 MeV f2 =..:.0.55 MeV 

E3 = 33.14 MeV. T3 =0.23 MeV 

where again we have some unphysical negative values for states corresponding to a very small 

strength; With' the indusion of the addiiioml.l terms in the expansion' eq.(5) ({3•,;, 1 case) we 

liave: · ~- ) . 

·9 



E1 = 10.98 MeV f 1 = 0.67 MeV 
E2 = 29.78 MeV f 2 = 0.51 MeV 

E3 = 32.95 MeV f 3 = 0.59 MeV 

It is impressive the strong decrease of the spreading width for the first monopole state, which 

almost exausts the EO- EWSR, where our results are certainly computazionally correct. This 

is a nice indication of the importance of conservation' laws in the relaxation time method: if 

we use the simple r-approximation we are overstimating the damping due to the two-body 
- ' . .:.. ,. . . . ..· - . 
collisions. , 

. Of course the' final monopole widths will be"' very m~~h depending on the chaise of the 

relaxation time parameter, while the energies will not' be much affected. This can be easily 

see~· fro~· the. table where we report energies ~nd widths of the three ib monopole states for 

v~rio~s'values of the relaxation timer: 

Table 1: Energies and widths of the monopole excitations in 208 Pb 

T Ex. r 
[/m/c] [MeV] [MeV] 

10.72 1.94 

50 29.94 3.91 
32.64 . . 2.35 . 

.r 
10.91 1.17 

100 29.82 '1.78 
32.88. 1.32 

10:95 0.90 

150 29.79 1.10 

32.93 0.93 

10.97 ' 0.77 

200 29.78 0.76 

32.94 0.74 

10.98 0.69 

250 29.78 0.56 

32.95 0.62. 

In principle it could be possible to proceed like in [refs.9
•22)] and to. use the experimental 

widths to fix the parameter r. However it is clear that this will not be working for the monopole 

10 

case. Indeed in order to reproduce the experimental spreading width in Pb which is of the order 

of 2 MeV25) we can see fr~m the t·able
1 
th'at we need avery. short and unrealistic relaxation 

timeT :5 50/mfc. It seems.then that also' the effect of c~lli;ions is not la~ge enough for the 

monopole vibrations to accomit for the experimental damping width. 
~( 

5. Conclusion 

We have shown, that ihe se~idassical method based on the e<i~.ations of motion of the phase

space moments of the Wigncr distribution function is suitable for studying various sources of 

damping of nuclear collective states. Indeed the inclusion of higher order moments naturally 

leads to a possiblefr~gmcntation of the colledivestrength ~nd therefore to the study of the 
~ 8> • ~ - ~ • " ~-

Landau Damping. 'Moreover the collisional dissipation ca~' be easily introduced througth a 

relaxation time approach. In this way the interplay between the two damping mechanisms is 

also automatically accounted for. 

Using realistic Skyrme forces an application is shows to the damping of the giant monopole 

resonance in 208 Pb, including phase spac~ distortions up to the hexadecadupole moment. 

The relaxation time is evaluated fr~m a microscopic solution of the Landau equation for a 

distorted Fermi distribution corresponding to the collective energy. For the mode which exausts 

the largest part of the EO - El-l/ S R, corresponding to, the first frequency, we get a negligeable 

Landau Damping and a very small'effcct from the c'?I]isional damping particularly when the 

correct conservation laws arc imposed within the r-approximation. 

since the escape widtl;· seems· ·als'o :to be quifc., sn\.all 3 ), rrom our results we can deduce 

that the damping of giant monopole vibnitions,should he related ~o effect outside our RPA-like 

picture, like quantum fluctuations of the refe~ence state .. 
';.1 .\!: '\ t 

More work is in progress on this line. 
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APPENDIX 

For spherical nuclei we have the following relations IH'twecn the component of the tensors 
of second and four rank and the p~ranwters in the expansions (7) and ( 15).···· :•.• ~ ;•, ''' • 

,<' . _,.. iq 
3 3 . . 3 ., .. 

4
; m L L •.• c= c1(r) LV ... + c2(1·Y L ~~~T~.:>\ .. 

.s=l ,' .f=l '\ , r.-'=},;;:~ ~;t :~: 

\ 
'<' 

';.: it. I rt! 

II 



i. where 

4
. 3 . 3 3 
71"' 5m L Lr,ru =.c3(r) LV. .. + C4(r) L V. .... 

r,A:=l .s=l r,.s=l 

3 •3 3 ' 
L D .. = cs(r) L srr:: + es(r) L srr •• 
•=1 r,.s=l s=l 

3 3 . 3 
L Drr,u = cr(r) L srr:: + cs(r) L srr •• 

r,.s=l r,:.=tJ .!::::::1 

3 1 3·. 3 3. 

L D ..... = -(eg(r) L srr:: + cw(r) L srr •• + + L orr~:). 
en r,.s=l , r,.s=l .s=l r,.s=l 

. h(3) h(2) 
c1 = -,c2 = --,c3 = c2 , 

Ct2 CJ2 

h(l) h(l) h(2} 
c4 == -,cs = -. -,es = --,. 

Ct2 Ct3 Ct3 
3A 

cr= --.-
47rCt3 

· h( 1) · • 471" c7 
c8 = 3-. -, eg = --(c5 h(1) + -h(2)), 

~3 3 5 
' 471" Cg '· "'. 871" · 

Cto = --
3 

(esh(1) + -h(2)),c11 = -h(2), 
5 ' 15 

en= h(1)h(3)- h(2)2 ,c13 = 47rh(1)2 - Ah(2) 
,,, 

The following radial integrals appear in c;: 

h(i) = j n<0lr(2i+2ldr(i;=' 1,2,3). 

"! 
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llpHHHMaeTCSI ncmnucKa>Hil npenpHHTbl; coo6meHHSI 06he,l\HHeHHOro. 

HHCTHTyTa ~epHhlX ncCJieAoBaHuii n <<KpaTKHe coo6meHHR OIHUb. 
Y CTUHOBJieHa CJieAYIOlUUSI CTOHMOCTb. llOAllHCKH. Ha 12 MeCRUeB Ha H3AUHHSI 

OH.SUI, BKJIIOlJ.aR~nepecblnKy, m> OTAenbHbiM TeMaTntJeCKHM KaTeropuR~: 

11HAeKc TeMaTuKa 

·~" 

1. JKCnepUMeHTanbHUSI !J>u3itKa BbiCOKHX ::mepruii. 

2. TeopeTutJecKaR !J>n3HKa BbJCOKHX :mepruii 

3. 3KcnepnMeHTanbHaSI ueiiTpoHuaS!·q,uaiKa · '/ 

4. TeopeTutJecKaR !J>u3nKa HH3KHX 3Hepruii ·· 

s; MaTeMUTHKa 

6. ~AepHUSI CneKTpOCKOllHSI it paAHOXHMIISl 

7. <l>H3HKU TSIXenbiX HOHOB 

8. KpuoreuuKa 

9. YcKopuTenu 

10. ABTOMUTH33UHSl o6pa60TKH 3KCnepUMeHTanbHbiX AUHHbiX 

11. BhltJHCJIHTenbHaSI MaTeMaTuKa u TexuuKa 

12.' XHMHSI 

13. TexHuKa $n3HtJecKoro 3KcnepuMeum 

UeHa noAnncKu . 
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