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With the aid of the canonicity condition, we specify a canonical coordinate system suitable
for the adiabatic treatment of “large” amplitude collective motion. We introduce a double
transformation in order to specify a time-dependent Slater determinantal state. This
specification follows that given by Baranger and Veneroni. The utility of the canonicity
condition is shown with the use of an illustrative model.

The time-dependent Hartree-Fock (TDHF)
method is one of the most promising candi-
dates for the microscopic description of large
amplitude collective motion. This method
provides us physical information in a clas-
sical form. Hence, it is necessary to quan-
tize the system obtained by TDHF method in
order to extract all the information in a
quantal form. However, the TDHF method
does not involve the prescription of how to
quantize in its framework. The canonicity
condition introduced by Marumori,
Maskawa, Sakata and one of the present
authors (A. K.) enables us to specify exactly
a certain canonical coordinate system of the
collective submanifold and to adopt the pre-
scription of canonical quantization.”

In spite of this specification, there still
remains the problem due to the ambiguity in
the ordering of non-commutable operators.
We have now two ways to deal with this
problem : One is a way to exclude completely
this ambiguity by introducing the remaining
degrees of freedom, i.e., the independent-par-
ticle degrees of freedom, in addition to the
collective ones. Following this way, we
have expressed any physical quantity in
terms of these two types of degrees of free-
dom and then quantized the quantity so as to
reproduce its original quantal algebra.? We

have obtained, in this way, a boson or boson-
fermion representation of physical operators
in a useful version.¥ The other way is to
suppress the effect due to the ambiguity by
taking advantage of the intrinsic property of
the collective motion, the adiabaticity.”? Itis
expected that the ambiguity will give rise to
the effect of O(1/£2?) on the potential term
(where 2 is the so-called volume), when the
collective coordinate system is properly cho-
sen.

In this short note, we show how well the
canonicity condition works in the speci-
fication of canonical coordinate system
suitable for the adiabatic treatment of large
amplitude collective motion, using an illus-
trative model ——coupled Lipkin model.”

First, we give the coupled Lipkin model:
The Hamiltonian is given as

ﬁ:gﬁo'_zd chgﬁggk ,
ﬁg:2€o§do_%Vo—a(§§++§5— );

o=11. (1)

In the above, we have used the definition of
the quasi-spin operators

Ser= 2Byl V" b, So-=1Sa1]",
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Sor=5 S Ebiunajunt B m b oiom) =
|
Ls=Jot+5, (2)

which obey the algebra of SU(2). The
Hamiltonian Hy is just that of Lipkin model.
In this note, we take up only the subspace
with zero seniority number.

Following the specification of adiabatic
coordinate system given by Baranger and
Venenori,? we start with the following type
of wave packet :

ley= VU0, (3)
ﬁujam|0>: l;ajamlo>:0 y (43)
U=exp[S]; S=32(Seils—I"Ss-), (4b)

V =explS]; S:Zd!( Seelo—Ts*Ss-), (4c)

where the quasi-spin operators So: are
defined in terms of the quasi-particle and
quasi-hole operators

s = 0 ~%

&m= Ua,U", Toiom™ Ubw.de* . (5)
According to the specification of Branger-
Veneroni, we require that the parameters 7',
s, 10} and IDE* satisfy the following rela-
tions :

Fd*:Fd:76€ , Fd*:Fa:iVJO;
ys° and y¢° are real numbers. (6)

Then, the quasi-particle and quasi-hole
operators with respect to |c> are given as
( & Siam
( - )fa*m ﬁdjorﬁ
d5m

(— )jaim [;afam

:VU< >U'V'

°

r<l°Ja* —f/f)(Ug* —Vd*>
Vo Us ' Vs Us

(7)
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Us=cos yvs°, Ve=sinys’, (8a)
Uo‘:COS 7’0‘0 R Vo‘: — sin }’o‘o . (8b)

Now we specify a canonical coordinate
system with the aid of the canonicity condi-
tions

Lcl=id,|e>=0,
ig,)c>=pa; a=1,1. (9)

These conditions give rise to the following
relations: The infinitesimal generators
defined by

Qa=1i0,(VU)-(VU)",
Pa=13,(VU)-(VU)', (10)
satisfy the weak canonicity relations \
<cllQe, Pallc) =idaa,
<l[@a, Qulle>=<cl[Pa, Pellc>=0.  (11)

After some calculations, we obtain the ex-
plicit forms of the canonicity conditions (9)
as

%}ZQgsin 276°:0,,7°=0,
ZUIZQgSin 276°° 0, 7°=—Da. (12)

Then, it is easily ascertained that the follow-
ing is a possible solution of Eqs. (12):

24L H O—fL
7' ="5qa, sin 27 = dea. (13)

The classical images of the quasi-spin opera-
tors, S¢+ and Seso, can be expressed in terms
of these canonical variables as follows:

So‘x:<c|%(§d—+§d+)|c>
=0e/1—(ps/2s) singo,
Sgy‘—‘<0|%(§o‘~_§o‘+)'c>

=—2:(ps/20),
So‘z:<C|§o‘0|C>
— Qv 1—(ps/LQs) cos go . (14)

Here we check the canonicity of these
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variables ¢gs and ps with the use of the Pois-
son bracket

{A, BYon=2(3,,A"3,B—3,,A:0,B). (15)

Then, we can easily ascertain the following
commutation relations :
i{Ss:, Soitam=1i0ccSaixs; &, J=%, ¥, Z.
(16)
Further, we make clear the relation between
these variables and those of usual boson
representation. In the usual boson represen-
tation, the classical images of quasi-spin
operators are given by

Soi=b5"V/225—b5"bs,

So-=v2Q5— b5 bs" bo,

Sa=bc"bs—825. (17)
Then, we define a set of canonical variables
as
do=batba")/VZ, Do=(bs—bs") Vi . )

(18

Comparing the expression (17) with (14), we
obtain the following relations:

- 24v/1—(ps/L20)" *sin go
V11— (po/Q4) *cos ¢o}/ 2 ’
S beo
= . (19)
b \/976{14'\/17_(1)6/95)2‘(:05 ds}/ 2

The above relation is canonical, because of
the relations

{go, bo}amn =000,

{40, @o}iamy= (Do, Potam=0" (20)

Further, the above two types of canonical

" variables have the following simple

geometrical relation: We define another set
of canonical variables from bs and bs* as

expl—ids]=—bs"/ vV bsbs*,
Ps=8s—bs"bs. (21)

Then, the canonical coordinate system (g,
ps) is obtained from ( G, $+) by a rotation of
reference frame, where the quasi-spin is de-
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scribed as a vector So=(Sesx, Say, Saz),
through the angle 27/ 3 about the axis (1/ 3,
1/v3, 1/v3).

Here, we give the classical image of the
Hamiltonian (1) in terms of the present
canonical variables :

H=<clﬁ|c>=%H¢r‘Zd} VeeSe+rSa— ,
Hys= —.QU[Z&N 1—(1)6/.96)2 *COS go
+ Vool Qo—)(1= (po/Q0))sin*a5

—(p6/24)%}]. : (22)

The Hamiltonian Hs can be expressed in
power series with respect to (p+/Qs) as

Hd:%Mzr(lIa)_lbdz

+ Valga)+ OUpo/24)"),
Ms(gs)"'=2¢e6{cos go+ xs(1+sin%qs)}/ 20,

Volgs)=—2e424(cos q6+%xasinzaa),

Xo= VJJ(QJ_%)/EG- (23)

The above expression is nothing but that
obtained with the use of ordinary adiabatic
TDHF method by Holzwarth.®

The exact quantized form of the classical
image of quasi-spin (14) is given as”

SuxtiSmxm—e NG p A e,

§0‘2_ igdx: — eiq'f/zv Q62— eiﬁ"/z,

§ay:—ﬁd; [de, Fol=ids0, (24)
where Q¢ is equal to 2++ % The replace-
ment of 25 by Qs+ + is due to the quantum
fluctuation of the quasi-spin vector S itself.
Therefore, with the use of the present
canonical coordinate system the ambiguity
due to ordering brings about the effect of
order 0O(1/2+°) on the potential when we
simply replace £+ by Qs+ %

In this way, we can specify a canonical
coordinate system suitable for the adiabatic
treatment of large amplitude collective
motion, with the aid of the canonicity condi-
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tion. The above derivation is directly ap-
plicable to a system which can be described
with the use of SU(2) product space. Fur-
ther, we can specify a canonical coordinate
system for more general cases. On the other
hand, we can study the structure of the
adiabatic approximation in the specification
of the collective submanifold, with the use of
this exactly canonical coordinate system.
These points will be discussed in succeeding
papers.
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