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Limits are investigated in a generalized Lee model without cut off which reproduce
the elementary - composite particle case found in the original model.

1. One of the most interesting problems in particle physics is to find
some answer to the question as to which particles among the vast number of
stable or instable particles are elementary and which are composed somehow
from others. Different lines of attack offer certain types of criteria which might
be especially useful in bootstrap calculations. In a Lagrangian field theory
e.g. Z — 0 limits are assumed to turn an elementary particle into a composite
one. Detailed references concerning these problems can be found in [1].

Former investigations of the Lee model without cut-off (i.e. when a ghost
is present) have shown that there the typical elementary - composite particle
case arises [2], with the consequence that one of the particles is elementary
and the other composite, but one cannot say which belongs to either type.

Here we deal with the question of the kind of limit which produces this
situation. The model which we have chosen is the generalized model with two
V-particles [3], which with a cut-off, has been investigated already from the
point of view of a Z limit [4], where, of course, it gives a different result.

In the Lee model all information arises [5] from a function h(z) having
the form

h(z) = a + bz + 22 G(2)
a, b finite
K dk

203w — 2) )

6() =J1

Thus, reproducing the results of the Lee model means just reproducing the
above form for the corresponding function of the generalized theory.

* De dicated to Prof. P, GomBAs on his 60th birthday.
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2.The generalized model we are discussing is described by the Hamiltonian
H=H,+ H,

Hy = 38, v8 v+ [ olh) (0 alh) k.,

= ' 1)
—_ gi e a‘ gk

H, = = VE J V% ['/’N Yy a*(k)+6; %;WN“(")] dk,

i=1

o = |m2+ k>

We have taken two V-particles, and fixed the energy scale by setting my = 0.
The commutation relations are the conventional ones except for the V-particles,
for which

{'/’vp w:’!;} = 61‘ (2)

is prescribed. §; = - 1 for a normal particle, §; = —1 for a particle quantized
with indefinite metric. m; and g; are the bare masses and coupling constants.
We have taken the convenient form (1) in order to retain the maximal possible
symmetries in the following equations [5]. H is Hermitian if g; is real with
0; = + 1, and pure imaginary for §; = —1. Now we wish to solve the problem
of the N—@ sector. Here a general state possesses the form

|E > = (Za; 0; p% + v} | ¢(k) a*(k) dk)[0>, )

Y,l0> = ppl0> = a(k) 0> =0, <00> =1,
with the norm

<E|E>=Z8ao;+ | ¢*(k) p(k) dk. (4)

The eigenvalue equation
HE>=E|E>

gives

B~ 8 [k

Z“igi_

Van)2w

(0 — E) (k) =
Thus, for real particle states

Z'oc,-
(k) = &

 Vaa V20 (E— ot i)’
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in the continuous spectrum (S wave)

Za; g

1
By =—0k — k) — ~——— 7
#k) k, ( 0 Vaa) 20 (E—w+ic) @
(outgoing waves). Substituting (6) and (7) into (5) one gets
Aoy + Bay =0, (8)
thl + Az az = 0 »
or
Ayqy + Bay, =E,, (9)
Ba, + Ayay =E, .
Here
k2 dk
Ai=m;—E +g?(i)J — >
20(E — o + i¢)
i K dk
B =48, J s
20(E — w + ig)
k S
E; =g E=|m}+ k.
g VZE V 0 0
From (8) the necessary condition for finding real particle states is
A,A4,— B*=0. (10)
For continuum states from (9)
k
Zog = =2 [8}(m, — E) + g3 (m; — E)}(4, 4, — B2y (11)

V2E

Next we distinguish four special cases:

L) my=m,=m. ii.) m; % m,.
a) 8§ = — &5 a) gf = —g,
b) g8 + —g, b) gf + —gi.

In cases a) one of the particles is normal; the other is abnormal by prescrip-

tion.
For the case i. a) (10) gives

(m — E¥=0.
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From (6) and (8) ¢ = 0, namely

A
Loyg =08 — =L

B "t g8y =0.

E=m

Actually, the eigenstate with (for the sake of definiteness)—d, = 8, =1

[E>= —«

v+ iw:;] 0> (12)
8o
pOSSCSSCS Z€ero norm

<EE> =0.
Then from general principles it follows that a dipole ghost satisfying
(H—E)D> =E|E>
must exist. Indeed, replacing
ID> = (28,0, %% + vk | P(k)a*(k) dk) | 0>
and (12), by E = m, one gets

& (_dk )
—V_ 7o D(k) = ma;,
w —_— —_ _.—i—i.
( m) D(k) = Vﬁ_‘. V20 .

From these

am 1
O(k) = — gIJ« w2 dk Vaz V2w (m — o)

2w (m — w)

and the state

D>— [ B2, +( — - —?—ﬂ)w:; +9k ¢(k)a*(k)dk} 0>
gngJ o olm — o) o(m — )

Obviously ¢E[D) # 0. Choosing # and

[+4

= 2 dk
af B

2 w(m—ow)
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one can appropriately prescribe
<DD> =0, <ED>=1.

Similarly from (11) one can see that there is no scattering S = 1. These two
interactions of equal strength distort the two bare eigenvectors into a complete
dipole ghost situation. It is interesting that only the dipole ghost is surrounded
by a meson cloud, otherwise a compensation has occurred which is, of course,
trivial.

For the other cases it is most convenient to introduce the function of
the complex variable

(m; — 2)(my — 2) " K dk
h(z) =— . 13
&) gi(m, — z)+-g3(m, — 2) * J 2a(w —z) (13)

From (8), (9), (10) and (11) by standard methods one can see that the dressed
particle eigenvalues are given by

hE)=0, (14)
and the N—Q@ scattering S matrix is

S—1_ ink, _ h(E — i¢) . (15)

h(E +ic)  h(E + ic)

Furthermore, the norms of the dressed particle eigenvectors are (for E real)

<EE> = 0;lo;i* [g}(my — E) + g2\m1 E)] - K(2):=E, (16)
K dk
m;—E-+g
f 20(E — w)
igkj, de. i=1j=2 o i=2,j=1.
Now, without cut off, h(z) with
() _J‘ kK*dk
2 0¥(w — 2)
i.b) h(z) = a + bz 4 2 G(%),
g _ ™ J K dk
Ceitg ) 2er ] (17
b— 1 +J K dk ,
8t + 88 20
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ii.a) h(z) = a + bz + ¢z* + 22 G(3),

. m, m, kak
321’('"1 - m2) 20? ’
y _ mtm, K2 dk (18)
gi(my — m,) 208
1

gi(m; — m,)

ii.b) h(z) = +a + bz + 22G(2),
0 — %
g _ Bim +gim, Rde 1 JkMk
(8% + g2 f2w2’ 8 + g2 20t
( 2("‘1 ))2 E — gim, + gim, (19)
bl 0 — — .
(g% + g3)° & + &

All (real) constants a, b, ¢, 4, E, are kept finite. After fixing them a model
theory is defined. From the forms of b we see also that in cases i, ii, b) one or
both of the V particles must be quantized with indefinite metric. h(z) in the
case of i.b) corresponds completely to that of the Lee model implying the same
results, except, of course, that the two real states are produced now by two
bare fields. The real particle state structure of ii.a) is the same as that of
the Lee model; the structure of ii.b) corresponds to the model described in
[6] implying three real V' particle states.

3. Let us now turn to the problem of what type of limits reproduce the
results of the original Lee model. From case i.a.) there is no transition, of cour-
se. (17) corresponds to the Lee model as it stands, (18) requires ¢ = 0, (19)
A = 0. On the other hand, the elementary composite particle case can be attri-
buted to [x(E)? = 0, = 1 or 2 with k(E) = 0. The connection and difference
between this condition and det Z — 0 can be found in [1,4]. Therefore let us
study the behaviour of ;. Since ( E|E), h’(E) are finite |x;[? is essentially deter-
mined from (16) by the factor

K2 dk
mj_E—""gjz'J
e 20(E — ) with h(E)=0.
/ gi(m, — E) + gi(m, — E) ’

Since in all cases we are discussing here a field theory with indefinite metric,
|oc;? is not restricted to 0 < |«,[? < 1. Actually, in general, it diverges. Anyway
|oe;[* vanishes if and only if B; = 0. Using (13)
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_ gi(m, — E)" |
[82(m, — E) + gi(m, — E)J?

(20)

Here we are dealing with divergent quantities. Therefore, double care is ne-
cessary. These are the same as in the original model; the constants in equations
(17), (18), (19) are kept finite, also the divergent integrals by cut off at w; fi-
nally @ — + co. But then one has to treat the cases separately.

In case ib)
7 " k2 dk
Bj:Tg—ﬁ:g%[b_J 3—).
(83 + &%) 2w

Therefore, |«;[* vanishes if gf = 0; i.e. from the beginning there is no interaction
at all with one of the particles. For case ii.a)

2(m; — E)2
B= S =V agsim, — .
giltmy, — m,)?
From (18)
m k[ [ B

2 w?
2 2
Lol (LRl e
R 207 20
therefore from ¢ = 0, |«;> vanishes for the particle with g? > 0. That is, the

remaining one has to be quantized with indefinite metric.
For the last case, from (19)

_1+)V1—4D  , 1F)1— 4D

2 LI S
&= 26 ’ 82 = 26 *
1 k2 dk
m“_m“ZY?PAJ‘mwj_E“
p——2t | gop- [EE
(ml-—mz)zG, J- 203

Then A = 0 leads to a particular g;, let us say g,, equal to zero, |a,[? = 0 as in
the first case.

4. We have seen that the original Lee model without cut off can be ge-
neralized to the case of two V' particles. The theory requires quantization with
indefinite metric. Case i.a) is quite different from the Lee model; m; = my,
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g2 =« —g5 reproduces the results of the original model without requiring the

condition
"xi(Ej)l2 = l <0=1/)1141Ej> ‘2 = 09 j = 1, 2. (21)

When (21) is required g; must be zero. m, < my, g5 = —g3, ¢ = 0 and m,
m,, g% S ——g%, A = 0 correspond to the Lee model. In the first case g?;f—- 0
at the beginning, in the second case one of the g; is equal to zero giving
|lz; (E;)[2 = 0 for one i and all j in both cases.

It is interesting to notice the various behavioursof the different variants
of the extended model. It can also be seen that the most general case (19)
with its three real particle states can be produced from an appropriate model
with three free V fields.
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MOJIEJIb JIH KAK Z-TIPEOEJ
K. JI. HAOb

Peswme

Hccnenyiorest mpenenn B obumeii mogenn JIu Gea oTpesa, KOTOpbIE BOCPOH3BERYT CAYy-
Yyaii, aNneMeHTApHHI + COCTaBHOH yacTHLb, HAaHAeHHbIi B OPHrHHaJbHOH MOJEJIH.
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