


One of the main assumptlons of the random phase approx matlon (RPA)
s the negllglble number of v1rtual partlcle-hole excitations (or mu1t1 qua51-

N }'partlcle exc1tat10ns) in the RPA vacuum state. The va11d1ty of this assump- o

= Recently [5 6) it has been shown that the presence of a ﬁnlte number of quas1— c

~ tion and’ ways going. ‘beyond it have’ been d1scussed by many authors [1 9]«

L partlcles in the RPA’ vacuum produces notlceable and nontr1v1a1 changes in.
-~ some nuclear ‘observables. - An’intrinsic reason: for. these changes is-a v1ola- e

tlon of the’ Pauh prlnclple when a nuclear ground state is. constructed by

: usmg a sxmplest boson representat:on of blfermlon operators, and a phonon

o 'state wh1ch is.a coherent superposxtlon of one- partlcle ‘= one- hole compo- -

/nents is created from this state as a vacuum state. Nonvamshlng number of o
quasxpartxcles 1n the RPA vacuum affects the’RPA state occupatlon numbers
[7] and suppresses a contrlbutlon of. valence two-quas1part1c1e states to the t L
~one- phonon wave function B . T
At first 51ght the v1olat10n of the Pauh prmc1ple in' the RPA should affect
propertxes of ‘hot nuclex even more strongly because of ‘the appearance ofa .
3 great number of multx quas1part1cle exc1tatxons in compound state. To check
‘the vahdlty of the thermal RPA and consequences of the vxolatlon of the Pauli- - i
pr1nclple in hot nuclel we. elaborated a method takmg account of the dev1— o
ation of state’ occupatxon numbers from the thermal RPA prescnptlons We |
. call the correspondxng approxxmatlon scheme as the Thermal Renormahzed
Random Phase Approximation (TRRPA) The main idea of the TRRPA goes
back to papers ‘of Ken-ji Hara [1] and D.J. Rowe [2] In- developxng TRRPA
we use a formahsm of the thermoﬁeld dynam1cs (TFD)[l 1] Some numerlcal
results are given for the SU(2) model [10], - 5 S e :
S - We' start with, ‘the model nuclear Hamxltoman that con51sts of ‘a mean :
ﬁeld and an effectlve partlcle~hole separable 1nteract1on




LT (AB) AB (aA + bB)“ = a"A + b"
5 ‘where A and B stand for .any operators and ‘a b are-c- numbers The as- i S i
terisk” denotes the complex con_]ugate The tllde operatlon commutes w1th— : e e R e E fufmn(ﬂfkyzlmyn 7 ylﬂfkymIn)(ﬂk ﬂl + ﬂlﬂk)(ﬂ+ﬂ+ +\ﬂnﬂm) (4 ),

' the’ hermitian’ con_]ugatlon operatlon and any. tilde and nontllde operators RN 2 ) S

o are assumed to commute or anticommute with' each other For any, system f;; , Note that although the 1n1t1al Hamxltonlan (1) has a separable form, the S

o governed by the Ham11ton1an H the whole Hilbert : space at T#0is. spanned . SR ‘thermal Hamlltoman cannot be factorlzed e
-7 by the direct product of the e1genstates of H and those of the tllde Hamll-: .

Ll toman H wh1ch has the same e1genvalues as-H. The thermal Hamlltonlan
Ry lj'H H = H is the time - translatlon operator ‘and the propert1es of the
e system exc1tatlons are obta1ned by the. d1agonahzatlon of H=r

_:The thermal Hartree—Fock ground state 0(T) 7 of a heated system is .
: _“"»treated to be the ‘so-called: thermal ‘vacuum state.* The latter i is: deﬁned SO
: " that’ the: expectatlon value of ‘any: operator A over’ it equals to ‘a thermal
o 'average of th1s operator over the grand canonlcal ensemble [1 1] w“

klmn '-._

: " The follow1ng commutatlon rules are vahd for the thermal b1quas1part1cle £
.,f‘_;operators ﬂlﬂk,ﬂ+ﬂ+ L oy '

[ﬂ,ﬂk, ﬂ+ﬂ+] = 6,,6 - ,ﬂ+ﬂk—akﬂ+ﬂ

Ca o ﬂ“ [ﬂ]ﬂnﬂlﬂkl = [ﬂ+ﬂ,+,ﬂ1ﬂk] _0 £
ERITE () we. w1sh to follow the quas1boson approx1mat10n, we have to assume- ;1' e
S .,:that the new b1quas1pa.rt1cle operators are pure boson ones. This means’ that
L in the r1ght hand side’ of (6). the terms ~ ﬂ, B -and’ ~: ﬂ+,ﬁk have to be s
i omltted which i 1s equlvalent to‘the assumptlon that the number of thermal\; s
'quas1part1cles in the thermal ground state wanishes.: S T g e e o
' - Incold nuclei;’ as a first step going beyond the RPA it has ’been proposed el

'\ [1 2] to approx1mate the commutators (6) by c- numbers We follow the -
o same 1dea at T # 0 and assume the follow1ng form of the commutator (6)

“_Tr(exp(_g))’—"’r[{i ezp(; ﬂH )] =HF (O(T)IA:IO(T))

_ L The wave functlon IO(T)) Hp 1s "a vacuum for the so—called thermal qua51— ,‘ 2
e /’partlcles ﬂ,,ﬂ, [12 ;13]; P LR

‘ﬂi = ?.’qé = y;ﬁ.-' S
’ z.j&;"’-l-{;,y.'a,}f;, .

*"f{ﬂlﬂk,ﬂ#

—k%(T)WﬂJ%(T) = *

; {and |\I/0(T)) is the wave functlon of the ground state of a hot nucleus whxch to

; }_,be deﬁned below. Note that the expectatlon numbers for ordxnary and tllde -
G thermal quas1part1cles are the ‘same.- Equatlon (7) allows one to 1ntroduce '

i .’che pure bosonlc operatorsm S T : S '

,f':states ln- N

A chemlcal P tentlal /\ 1s
- ;‘,partlcles 1n a system ;



The thermal RPA Hamlltonlan (4) can be dlagonallzed in terms Of ther- : '”lS vahd So tllde phonons correspond to the solutlons w1th negatlve energles, '
‘mal phonon operators whlch are constructed from the boson operators as’ “in agreement w1th the general pr1nc1ples of TFD (11].- s

V ;‘follows P o :7] Now the Hamlltonlan (4) is d1agonal in terms of phonon operators’ L

511(:9): H Ew,(Q Qﬂ'j p) _u)_Zwu(Q+uQ+, Q+,,Q+,,)

‘ ov 1+ au"v A
E'r/’klr’bkk’ = kl;'bkk’f. ’

kKD

Q;A%(T» = 0

The system of equatlons (12 13) is: stlll not complete, slnce the number of— L
thermal qua51part1cles px in the phonon vacuum state i is unknown To eval- ]
:/,uate Pk, ‘we_use, the’ exp11c1t express1on of the thermal ground state ]lIlo(T)) e
. /T_p_ln terms of the bosomc operators b,J, Th1s express1on can be obtalned by:ﬁ['? L
. using the commutatlon (8) and the orthogonahty (11) relatlons and has the L

' z*iform T oo X

i (10) e
VVe label phonon states by two indices for convemence The 1ndex v denotes B
: ‘usual quantum numbers like’ the angular momentum, o=+ Ther meanlng pe

: "ka’_‘of o will be: dlscussed below The amphtudes z,/zkk, ‘and kk, obey the usual
S ;orthogonahty relatlons ,’ : ,' e BNy

(11)

as one can easﬂy check usmg eq (8) The system of equatlons for the amph 1
g tudes 1,[), ¢> and phonon frequenc1es wa,, ‘can be obtalned by the equatlon )
Ry motlon method and appears to be- nonlmear The system has a nontr1v1al
e solutlon 1f w,, 1s a root of the followmg secular equatlon ey

"Ecuklbubkl SR

lel

fto

‘where thé matrix ¢

Then we get the fo‘lloWing,equatlonsk_for; it

~"-'solutlons is tw1ce the number of matrlx elements f.k So the 1ndex T dlf“,;'
~ferent1ates roots with p051t1ve ~and- negatlve values of W Solv1ng equatlons .

o

v :separately for pos1t1ve and negatlve energles

A .Thus to determlne the propertles bof one—phonon‘ states in: hot nucleus P
e ,w1th1n TRRPA one has’to solve the system of nonlinear’ equatlons (12 15) o
Puttlng in these equatlons p, ' 0 : one gets the standard TRPA equatlons
[14 15] On the other hand; “at n,,n,c = 0 or 1 one gets the equatlons f:
renormalized RPA i in c cold nucle1 (1,2 ,-’ff e X

. To’ demonstrate how the TRR.PA works we apply 1t to a sunple SU(2)‘
'model [10] w1de1y used to’ test various, k1nds of nuclear many body theorles
~- . The model cons1sts -of two s1ngle pa.rtlcle levels w1th the same degeneracy Q
“and a d1stance between the. levels E.. ‘At T 0 ‘the low level i is fully occupled s
by,‘N nucleons (i.e."N = Q), the hlgh level is empty The eﬁ'ectlve 1nteract10 ’
is 1ndependent of the state and is: characterlzed by a couphng constant v
For th1s model the set of th \TRRPA equat1 ns i reduced to the’ algebr"

-

+u
ki 2

L Due to- the relatlon (14) whlch connects amphtudes o wave functlom A
i k{‘correspondlng to" solutlons with pos1t1ve and negatlve energles the followmg
‘ ‘_};relatlonshlp between ordlnary and t11de phonons RN S A




: ,
X

v ry'.fourth-order equatlon for w. The equatlon for the absolute value of energy L

- of the thermal phonon w 1s the followmg

Cut {[V(n_ - n+)(N+1) ~ ¢ }w 2[V(n = n+)] (N+1)ew
R LA ) [V(n_~fn+)e] BT (16) e

e vwhere n; is the thermal occupatlon number of the low (hlgh) level

s B 'strength than in acoldone. '~ =

Equatlon (16) has four roots, but we are 1nterested only in pos1t1ve roots
o There are two of them one corresponds to'a value of p > 1 and the other : 2
“to p <1. Obv10usly only the latter root has physmal meanlng In ﬁg 1 we'fj'
. show the dependence of the energy w of the phonon state on ‘the mteractlon,(; T &
-strength V at. dlfferent temperatures T and the same function’ “calculated
. within the standard thermal RPA Ina cold nucleus ‘a collapse of the lowest -
- 'RPA state takes place at some cr1t1cal value of the attractive partlcle holey T
mteractlon strength V- and this collapse d1sappears in‘the renorrnal1zed RPA VL o
":/[1 2] As one can see’from' fig. 1, the same s1tuat1on takes place in"a hot -
-~ nucleus. Wlth mcreasmg T the functlon w(V) appears ‘to be smoother Thlsy i
. ‘means that 1ncreas1ng of T eﬁ'ect1vely weakens ‘a- part1cle hole 1nteractlon T
v;The reason for: th1s can be eas1ly seen from eq.(16) where the mteractlon'
strength V. appears mult1pl1ed by-the. dlﬁ'erence of’ thermal occupatlon nurn—j" L
. bers of the two single- part1cle levels (n_ —»n+) The dlfference is less. than“ T
i unityat T #* 0 and decreases w1th 1ncreas1ng T: So,ina hot nucleus the malng
" RPA assumptlon is valid even for a w1der range of the effectlve 1nteractlon' Ao it e e
v In summary, using' the formahsm of the thermo ﬁeld dynarmcs we ex—,“i;a\-\‘ ot R OOO T ', s TTITT
e tended the renormalized RPA of refs 1, 2] to ﬁnlte temperature thus formu: -
s latmg the Thermal Renormahzed Randorn Phase Approx1mat10n Then the ™ -
e o equatlons of TRRPA - were solved for the SImple S U(2) model to demonstrate |
‘the 1nﬂuence of ground state correlatlons beyond TRPA on the collectlve'j e B

state-in a hot system Strlctly speaklng, ‘the’ SU(Z) model is too sunple to. -

o {‘:jreﬂect a,varlety “of changes 1ntroduc1ng by temperature to the nuclear struc- -
B _i:ture For example ina heated nucleus the number of two—quas1part1cle statesf' :
iappears to. be much larger than in a cold one. ThlS enlargmg of excitation
" spectra is not- reproduced by the SU(2) rnodel Thus to understand morei—:n
. deeply the influence. of the new type of ground state correlat1ons on proper—k“ :
" ties of collectlve exc1tatlons in hot nucle1 calculatlons w1th1n a more reallstlc

"model are needed This work i is'in progress. -
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Fxg 1 The dependence of the energy w. of the phonon state in; SU(2) model T
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