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The single-site energy eigenvalues and field matrix elements of reggeon field theory
are accurately calculated. Using the block-spin approXimation with realistic parameters,
the phase transition is studied in one and two dimensions using different methods. In one
dimension, the use of blocks with one site and one link gives a critical temperature in
agreement with that predicted by the high-temperature expansion. In two dimensions,
the methods with critical temperature around the high-temperature expansion result,
give a critical pomeron intercept larger than 1.0§ in the physical range.

1. Introduction

The phase transition which occurs in reggeon field theory [1] (RFT) has been
studied in several papers. Most of them [2—5] take its lattice version and build the
single-site Hamiltonian and intersite interaction using expressions valid for the bare
pomeron intercept ag >>> 1, or, alternatively, for the bare slope &’ and triple coupl-
ing ro very small. In this way the general features of the phase transition were ob-
tained.

Since the phenomenological applications of RFT [6] are based on the knowledge
of the value of the critical intercept of the bare pomeron, a, it is interesting to
calculate this number accurately. Its evaluation depends on the lattice spacing b,
related to the experimental momentum-transfer cutoff of the triple-pomeron coupl-
ing, and on the actual values of &’ and 7o. An attempt was then made [7] to start
from a more realistic lattice Hamiltonian using single-site eigenvectors obtained from
those [8] corresponding to g <1 through a variational procedure. Though it was
thus possible to calculate the intercept renormalization in the subcritical region
ag < @, using the block-spin method of 2-site cells in two dimensions of ref. [3], the
phase transition could not be reached for the most realistic values of b due to the
breakdown of the approximation for the single-site states. Therefore, the value of
a, could only be estimated by an extrapolation.
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The purpose of the present work is to evaluate «, with greater accuracy. For this
one must first calculate the realistic single-site matrices, and then test different block-
spin procedures for taking the intersite interaction into account.

We were able to solve the single-site problem numerically, expanding the eigen-
functions in power series and demanding the known asymptotic behaviour. The first
and second excited eigenvalues and the matrix elements of the field in the subspace
of the two lowest states turn out to agree with the perturbative values for ap << 1
and with the asymptotic expressions used in refs. [2—5] for ag >> 1.

Regarding the intersite problem, we have compared different block-spin proce-
dures. For D = 1 transverse dimension it turns out that while the two-site cell meth-
od of ref. [3] gives too high a critical temperature compared to the result of the
high-temperature expansion [4], the latter is perfectly reproduced by the trick of
omitting one of the site contributions [9]. In D = 2 dimensions we have tried two-
site cell procedures, omitting or not omitting one site contribution, and four-site
cells, again excluding or not excluding one site term [10]. The critical temperature
obtained with the high-temperature expansion hes between the results of the last
two methods. Finally, we have looked at the influence of leaving the direct terms
arising from the approximation of the gradient as an intersite interaction. This
produces a very slight variation of the value of . The critical intercept obtained
with the more reasonable methods is o, > 1.05, 4 value slightly higher than previous
estimates [7].

In sect. 2 we describe the numerical solution of the single-site problem and give
the results for the eigenvalues and matrix elements. In sect. 3 we analyze the differ-
ent block-spin calculations and we end with a few conclusions in sect. 4.

2. Single-site energy eigenvalues and field matrix elements

The single-site Hamiltonian of the RFT is
Hy= APy + 70y + D)y, M

where Ag = 1 — ag, A = Ag +2Dd//b? and 7 = ro/bP/?. In the above expression we
have included the term (2Dq'/b?)§ ¢ which comes from the direct contribution
produced by the approximation Vy = (Y41 — ¥;)/b. It is also possible to leave this
term among the intersite interactions.

Using Bargmann’s representation [11]

On(z)=©Ole®Iny, Y=a -*% , V=a">z, 2

where a(a") is the annihilation (creation) operator and z is a complex variable, the
eigenvalue equation H|n) = E,,|n) can be written as

Z[p + i(z + %)} %%(Z) = Mabn(2) , €))
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where we have introduced the relevant parameter p = 2A/7 and expressed the eigen-
values as \,, = 2E,,[7.
To have normalizable states ¢,, according to

dzdz* *
% e g, ()2 < oo, @)
27

B ) =/

it is necessary that
¢n(z);5— constant . %)
The condition on the negative imaginary axis eq. (5) allows us to find the energy

eigenvalues. In fact, apart from the vacuum Ay = O corresponding to ¢ = constant,
the only possible expansion of ¢,, is

oo

NOREPIELS ©)

with the recursion relation

~mepy_y ti[(m+1)p — N\, ] ¢y
m+2)(m+1) ’ ™

Cm+1 =

which can be derived from eq. (3). Given a value for p, the corresponding eigenvalues
A, are obtained as those which through eqs. (7), (6) produce the asymptotic behav-
iour of eq. (5).

To apply the spin approximation of RFT we need the matrix elements of ¥ and
Y in the subspace of the vacuum and first excited state. Normalizing the state ¢,
according to

JEE e g @ @ =1, ®)

2mi

since the left eigenvector [11] is ¢1(z "), these matrix elements can be evaluated by
means of

_ dzdz* *
i =g =/ ST )2, ©)
and
A1 = 0lin = 291 =cg . (10)
dz z=0

If we leave the direct term coming from the gradient product among the inter-
site interactions, it will also be necessary to compute the matrix element
dzdz*
2mi

_ *» « d
AFYID =[5 e 61" 2010 - (1n
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Table 1
Single-site results

o A1 Oly 11y KLIPID gyl
5 5.3522885457 1.030 0.343 0.944
3 3.50717910 1.060 0.484 0.894
2 2.6354151 1.092 0.595 0.846
1 1.824763 1.149 0.753 0.769
0.5 1.45299 1.194 0.856 0.716
0 1.11128 1.257 0.982 0.649

-0.5 0.8065 1.35 1.13 0.568

-1 0.5462 1.47 1.32 0.471

-25 0.084 2.24 2.22 0.149

-5 ~104 438 4.8 ~10~2

First-excited level A = 21:'L/r~ and matrix elements calculated with egs. (9)—(11) are shown for

different values of p = 2A/F .

We have calculated 100 coefficients of eq. (6) observing that the corresponding
series ¢,(z) tend to a constant for z on the negative imaginary axis up to |z| = 4
when the values of A, are those shown in table 1 and fig. 1a. The upper limit on
the number of coefficients is given by their smallness for m > 100. Changing the
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Fig. 1. (a) First and second excited levels of the single-site Hamiltonian, eq. (3). (b) Field matrix
elements between vacuum, first and second excited single-site states, egs. (9)—(11).
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values of \; by one unit of the last significant figure of table 1, the resulting series
shows a divergent behaviour for iz < 4. On the other hand the stability of our results
is given by the following examples. For p = 5 and keeping only 20 terms in the
series, all 11 significant figures of A; do not change. For p = —1 the stability is
smaller, since one needs at least 55 terms of the series to reproduce the 4 significant
figures shown in table 1. With the function ¢, so defined, we have performed the
integrals egs. (8), (9), (11), obtaining the matrix elements shown in table 1 and
fig. Ib. The upper limit of the complex integrals was |z| =4 and the significant fig-
ures given in table 1 remain constant if this upper limit is decreased to |z| = 3.
Regarding the values around p = —5, which correspond to the very supercritical
region, we see that the order of magnitude of A agrees with the exponential
formula

1 2 1.2
Ay “EP exp(—30°),

and that
KOl I = KLY DI = ol ,

as expected [2]. In this region A, is still smaller than the limiting value |pl, though
not so small as the value estimated by the semiquantum method [12]. Though accu-
rate, our calculations in the very supercritical region are not as precise as those for
o 2 0 because the coefficient ¢,,, decrease faster for small p — A;.

In the very subcritical region, p = 5, our results can be compared with the
perturbative ones which, taking as the perturbation the Hamiltonian iat(@+a)a
(see eq. (1)), are

2 P 10
xi”=p+;, x52>=2p+7, (12)

as second-order energies, and
Olv=1,  AgID=-2/p, OWID=i2/p,

- - (13)
AP =2, QWD =—idlp, AlgID=0,

as first-order matrix elements. We can see from table 2 that this comparison is sat-
isfactory and at the same time that the agreement with the semiquantum results in
this region [12] is good.

For p > 0 and not too high the present results for A; and for the matrix elements
are in fair agreement with the less accurate values obtained in ref. [7].

From fig. 1a it can be seen that in the region p ~ 0 which, as will be seen in sect.
3, corresponds to the critical zone, A\; — Ag <A, — A;. In addition, from table 1 and
for all the analyzed region of p, it is verified that

AIPYID =~ O IDI? — KL ID?,
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Table 2
Comparison with perturbation and semiquantum approximations

p=15 Present calculation Perturbation Semiquantum
AL 5.3522885457 54 5.3

Ay 11.618395987 12. 114

O 1.030 1.0

i(1g11y 0.343 0.40 0.35
—i0ly12) 0.255 0.28

K21§12) 0.60 0.80 0.54

Ad1yi2y 1.48 1.41

ALY 0.03 0

First and second excited levels and field matrix elements between them and vacuum are com-
pared with second-order perturbative results, eqs. (12) and (13), and with the semiquantum
method based on ref. {12].

showing that the matrix elements (1|{|n) with n > 1 are small. However, from fig. 1b
one sees that the couplings between the states |0) and |2), and |1) and |2) given by
(0l¥12) and (1[y/|2) are sizeable and increase for negative p.

Performing the non-unitary transformation

#0x) = (&) exp[L(x? + 0)?] $(x) , (14)

where z = —ix?, the eigenvalue equation, (3), takes the familiar Schrodinger form

TR SO SUSCIIPS] PPN 15

—22 Ta Y [(07 +0)7 =211 6,(x) = 20dn(x) - (15)
This equation has been analyzed by the semiquantum method in ref. [12] and with
greater accuracy here, giving the results shown in table 2. The ground state of eq.
(15), which corresponds to the first excited level A; has been also analyzed by a
variational method based on the assumption of a ¢ which has the correct behaviour
for x > 0 and x - % and is centered around the minimum of the potential. Note
that for p < —3 this potential develops a second minimum but the ground state is
still centered around the deepest well. The energy eigenvalues are in agreement with
those of table 1, e.g., for p =1 this variational method gave A; = 1.87.

3. Block-spin calculations

To implement a tractable renormalization group procedure for RFT on the
lattice we shall keep only the two lowest levels in each site even though for p ~ 0,
which will correspond to the critical region, the second excited state is not too far
from the first and the coupling between them is not weak. It has been shown in ref.
[7] that, keeping three levels for the first step in the block-spin calculation, the two
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lowest levels of the cells are not very much affected. On the other hand, to keep
three levels systematically would imply handling too many parameters (the 3 X 3
matrix for Y contains 5 non-zero elements as shown in fig. 1b); it is clear that the
two-level approximation is one of the main sources of error in the calculation of the
critical intercept.

Having decided to keep only two levels per site, one must determine whether all
the term &'V{ - Vi will be taken as the intersite interaction or only the non-diagonal
part of its lattice version. We shall consider the latter possibility, which is the usual
choice, in subsect. 3.1 and the former alternative in subsect. 3.2.

3.1. Inclusion of the diagonal part of Vi - V in the single-site Hamiltonian

The Hamiltonian for RFT on the lattice is

T R AT I CH Y A R

where

€=E,, 1<=-b‘-’;(<0|¢|1>)2, ir

=<11w|1>
Oy’

and I denotes the nearest neighbours to site / along the positive orientation of the
spatial axis.
We shall consider the simplest D = 1 case and then the realistic D = 2 situation.

311.D=1.

As usual, we shall take two-site cells. The block-spin calculation including the
energy of both sites and the link term in the block Hamiltonian has been performed
in ref. [3] giving the critical relation T, = ¢/K = 1.15 for |7| = 1. If ¢/K > T, one is
in the disordered phase and e — finite, K > 0, while ¢/K < T, corresponds to the
ordered phase and € > 0, K ~ finite.

It has been shown in ref. [9] that for the Ising model with transverse field in one
dimension the correct critical ratio of parameters is obtained by including only one
energy site and one link in the block Hamiltonian. This procedure has the virtue of
maintaining for the block the self-duality [13] property of the chain.

In RFT it is not apparent that any self-duality symmetry holds. However, the
method of ref. [9] can also be tested in this case, having at least the property of
taking for the block the same proportion of sites and links as in the whole chain.
Therefore we write the block Hamiltonian as

Hy = ecy — K[ogap +T504] (17

where

c=(0 0) a=(0 1) . 00)
01/’ 0ir)”’ lir)”
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Diagonalizing eq. (17) we obtain, apart from the zero eigenvalue which corresponds
to |0y, = |11, the cubic equation

6 — 2+ Kr¥) et + [(e+Kr)? — KX(1 —12)?] e, + eK2(1 —12) =0, (18)
its lowest root being of interest to us. The normalized eigenvector is

A HND + ALt + A58

1Dy = i . (19)
where
Ay = [ep — (e + KT + KP7%(1 - %),
A, = —Kle, — (e + K12, Az=—iKrlep — (e + K],

3 12
=LA

The arrows in the kets indicate in an obvious way the spin up or down states of
each site. We remind that in the corresponding bras one must not conjugate the com-
plex coefficients.

The new energy gap is defined as

A} + 43
a2
To evaluate the new coupling constant we must calculate the matrix elements of

the field operators in the basis [0y, | 1), giving

€ = (1(Hy +ecqy) 1Dy =€ + (20)

0 0
. 21
a, =4 iT(A} + 43) + 4,45 @)
4] 71k

and the transposed matrix for «;. For the matrix elements of the field in site 2 one
interchanges 1 and 2. In this way we obtain
414,

K'=K ,
42

(22)

and 7' as the ratio of the diagonal to non-diagonal elements of the matrix in eq. (21).
One must note that for |7] # 1 the value of 7’ extracted with site 2 is slightly dif-

ferent from that obtained with site 1, showing that the form of the Hamiltonian

is not exactly conserved through the renormalization group procedure. Since the dif-

ference between the two values of 7' disappears for |7| > 1 * and the values of

* ¢.g., for 7 =0.5and ¢/K = 1,7} = 0.56 and 75 = 0.64, whereas for 7 = 0.9 and the same ¢/K,
71 = 0.92 and 75 = 0.96.
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Fig. 2. Critical curves and intercepts (eq. (16)). Dashed curve: D = 1 critical curve in 7, ¢/K plane
for one-site, one-link blocks; dot-dashed curve: D = 1 critical curve for two-site, one-link blocks;
a: D =1 critical temperature from ref. [5]. D = 2 critical curves for different models are shown
together with the extrapolation (two-dot-dashed curve) of the critical temperature A. Fixed
points are denoted by *. Physical lines for constant b are parametrized by the values of p given
on the right.

interest for the realistic parameters are near this point, we have taken the average
of 77 and 75 in each step.

The numerical calculation gives a curve of critical values of T'= ¢/K as function of
7 as shown in fig. 2. It must be remarked that even though the values of 7 are
actually negative, only |7 is relevant for the renormalization group procedure, egs.
(20)—(22).

It is interesting to note that for |[7| = 1 the lowest eigenvalue of eq. (18) is exactly
zero and

, N(T+2) K' = K

€ —e—-——(T+1)2, Tl (23)

i.e., |7'| = 1. This is at variance with the method of keeping both site energies in the
block [3] where, starting from |7| = 1, it turns out that || # 1, being necessary to
enlarge the number of parameters. From eq. (23) it is clear that T/ = T(T + 2)/(T + 1)
so that the non-trivial fixed point is T, = (—1 ++/5)/2 = 0.618. This value is in
remarkable agreement with the one obtained from the high-temperature expansion
[5] which is T, = 0.606.

3.12.D=2

The easiest way to consider the realistic two-dimensional case is to take two-site
blocks and couple them alternatively in either direction [3]. Since in the x direction
there is only one link between blocks whereas in the y direction there are two links,
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Fig. 3. Different block prescriptions. Shaded squares denote omission of site energy.

the average prescription is to multiply the recursion relation defining K’ by /2
(see fig. 3a). When the block Hamiltonian includes both energy sites this constitutes
model (a) and for |7| = 1 the critical ratio of parameters turns out to be [3] T, =
2.87.

When one omits one energy site in the block Hamiltonian, the above method
defines model (b). Since now the two sites in each cell are not equivalent, we may
consider the chains as in fig. 3b, so that all the links are of the same mixed type,
and again a factor /2 must be introduced on the right-hand side of the expression
for K' in eq. (23). Alternatively, if the chains are thought as in fig. 3b’ one has one
mixed link in the x direction and two direct-type links in the y direction. This is
taken into account by replacing eq. (22) by K’ = Kv/4,4,(4% + A%)/1412. The out-
come is that for |7} = 1 T, = 0.93 or T, = 1.08 for model (b) or (b") respectively, and
for different values of 7 the critical curves are shown in fig. 2. Using the high-tem-
perature expansion [5] the result for |r| = 1 was T, = 2.43. The impression is,
therefore, that the method of coupling two-site blocks in alternate directions gives
too low values of T, when one starts from the correct value for D=1,

To avoid this procedure we may consider cells of four sites. We face again two
possibilities {10], either to include the four site energies in the block Hamiltonian
(model (c)), or to include only three of them (model (d)). These blocks are described
in figs. 3c, d, respectively. Both possibilities respect the isotropy of the coupling
between cells. It is interesting to remark that this isotropy would also be respected
if we omitted the energy of both sites 1 and 3, which would give the correct ratio of
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site and link terms in one block. However, diagonalizing the block Hamiltonian for
I7l = 1 and then adding the expectation values of the energies of sites 1 and 3 in the
two lowest levels, these states remain degenerate, it being impossible to define € and
continue the renormalization group procedure. We are therefore restricted to the
two abovementioned possibilities.

In both cases we must write the 16 X 16 matrix of the block Hamiltonian. The
inclusion or omission of the site-1 energy is denoted by a variable x which takes the
values 1 and O, respectively. Through the diagonalization of the block Hamiltonian
we get, apart from the vacuum which corresponds to the four “spins up” state, a
lowest energy, €y, state of the form

o (M e () (Y Y (M s (P (1
“)"””(T¢)+b3(u)+b“(u‘+b5(¢ T\+b6(TT)+b7(T ¢)

/

' v e t1 bt !
+b8(¢ ¢)+b9(¢ T)+b1°(T ¢)”’“(¢ ¢) ”’12(¢ ¢)”’13(¢ ﬂ

T It
+b14(¢¢)+b15(¢ ¢)+b16(i*) (24)

When x = 1 the cell energy gap will be €' = €, whereas for x = 0
€ =epte(b3+b5+b3+ b5+ b1, +bY5 + 035 +b3) . (25)
The new 7 is obviously defined by

o
= E%L:—:;E 26)
For site 1, e.g., we have
wlllay |1y = ir(b3 + b3 + b3 + b3 + b3, + b}3 + bis + ble)
+boby + babiat bobe * biabg + bysbyot byshyy t bibs
= o{lay 11y (27)
and
pOlay 1y = bs = (1]a@;(0), . (28)
The interaction between cells I and IV is
K@y oq +ay'a3 +@g0y + 33057)

as one can see from figs. 3c, d. Note that taking the coupling between cells I and II,
the same expression appears because of the symmetry 2 <> 4 in each block. Thus, the
new coupling constant will be

K' = K(bsbg + bghr) . 29

The eigenvalue €, and eigenvector |1}, have been obtained numerically and the
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Table 3
Critical temperature and critical intercept for D =2

D =2 model Tor=1) o
b=1Gev~! b=3Gev—! b=5Gev™!
(o o)
(a) (o o) 2.87 1.21 1.07 1.05
(e 0)
(b) © o) 0.93 1.80 1.18 1.10
n (0 e)
(b") © 1.08 1.74 1.16 1.09
(o o)
(c) (o @) 3.10 1.07 1.05 1.04
(© o)
(d) (o ® 1.54 1.55 1.13 1.08
.\ (0—0)
@)’ | 2.87 1.19 1.08 1.06
(o—o)
(e) extrapolation 2.43 1.30 1.08 1.06
of ref. [5]

Critical temperature T, = ¢/K for 7 = 1 and pomeron critical intercept are given for different
block-spin prescriptions and values of intersite spacing b. Dots denote sites. Open circles indicate
omitted energy sites according to refs. [9] and [10]. Parentheses show sites forming a block.
Lines between sites correspond to the intersite interaction including diagonal terms of Vg - Vy
as in eq. (30).

critical curves for both models (c) and (d) are shown in fig. 2. For model (c) the
value of 7', eq. (26), is obviously the same for all sites. For model (d) this is only
true for |7| = 1 when |7'| = 1 for all sites. However, the variations in 7’ calculated for
different sites are slight (e.g., for |7| = 0.8 and ¢/K = 1.5, 7} = 0.89, 75 = 74, = 1.01,
73 = 1.05) so that we have taken the average to preserve the form of the Hamiltonian.
We remark that for |7/= 1 the eigenvalue ey, is again zero for model (d), confirming that
when the omission trick preserves exactly the form of the Hamiltonian, the two
lowest states obtained by diagonalization of the block Hamiltonian are degenerate.
Using the relation between p and ag, o, @ and b, a9 =1 —rop/2b + 4a'/b?, and
the single-site results for X\, {0ly/|1} and {1|/|1} contained in table 1, one is able to
obtain the critical value of the pomeron intercept &, for the different methods. This
corresponds to the intersection of the critical curves with the physical one which
gives /K and 7 for each p. We have kept fixed the values of 74 = 0.5 GeV~!and
o' =0.25 GeV~2. Several values of b have been considered: since the cutoff in
momentum transfer is = 7%/b?, the realistic value of b should be in the range 1—5
GeV~L. The numerical values for ., together with the critical T, = (¢/K). obtained
for |71 = 1 (see fig. 2), are shown in table 3. For D = 2 it appears that the 4-site
blocks without omission give too high a T, but with omission this value is too low.
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Since from fig. 2 one sees that all the critical curves are approximately parallel,
we have drawn a line with average slope extrapolating the high-temperature expan-
sion point for 7 = 1, which we have also denoted as model (¢) in table 3.

3.2. Inclusion of the diagonal part of VI - N in the intersite interaction

We shall consider the variation in «. due to this modification using the two-site
blocks for D = 2 in the version of model (a). The block Hamiltonian must be written
as

Hy=¢e(c, tcy) + Licy +cp) — K@a, +@,0), (30)

where the energy gap € is determined by the single-site problem equation, (3), with
p = 2A¢/r. K, & and o are defined as in eqs. (16) and (17), and the new coupling
constant is L = 4a/(1 [y {|1)/b%.

Though the second term of eq. (30) may be obviously added to the first term,
its inclusion in the intersite interaction might be sensible since the term Vi) - Vi
could be smaller than its non-diagonal part.

Diagonalizing eq. (30) one gets as new energy gap

€=3{3(e+L)+2Kr* ~K — [(e+L)Y* +4(e+ L) K> + 2e + L) K
+(2K1? - K)*11/?} . (31
Coupling two horizontal cells one defines again

1

K'=4%k, 1 =1 [(42 - BY) 7+ 48], (32)
where
42 = K*r? B_(K+e'—e—L)A
2K* —(K+€ —e— L)%’ K7 ’

are the coefficients of the first excited cell state |1}y, = AT + AN +iBl{). Ex-
pressions (31) and (32) are analogous to the ones of ref. [3] with € + L replacing €.
The new coupling constant for cells, L', is obtained by building the matrix of ¢ in
the subspace of states |0}, and [1),. In this way

L'=L(4% - BY). (33)

Egs. (31)—(33) constitute our new recursion relations since the two-cell Hamiltonian
keeps the same form as the two-site Hamiltonian, eq. (30). Since coupling two cells
in the vertical direction causes two intersite interactions to appear, we take an
average, inserting +/2 in the right-hand side of the definition of K, eq. (32). This
constitutes our model ("), its blocks being analogous to those of fig. 3a.

As we have seen before in table 1, the matrix element {1y /1) is very accurately
saturated by inserting |0> and |1) as intermediate states. With this approximation
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Fig. 4. Inclusion of diagonal terms of V¢ - Vy in the intersite interaction (eq. (30)). Sections
of the critical surface with constant L/K planes are shown. The consistency curve comes from
the physical constraint L/K = 4(1 — 1-2). Critical intercepts are obtained from the intersection
of the consistency curve with physical lines for each value of b. '

L >~4(1 — r?)K so that if |7| = 1, L vanishes and our model (a) coincides with
model (a) of ref. [3]; but starting from the realistic |7] # 1, three relevant param-
eters ¢/K, 7 and L/K must be considered, so that instead of a critical curve, a critical
surface appears. Its interactions with constant L/K planes are shown in fig. 4. The
consistency curve for physical configurations is obtained by joining points where
L/K =4(1 — 72) holds. The intersection of this consistency curve with the physical
lines for each fixed b allows one to calculate the corresponding critical intercepts
according to ag = 1 — rop/2b.

The values shown in table 3 indicate that the agreement with model (a) is quite
good. The slight differences may be a consequence of the more elaborate way of
obtaining a, in model (a") due to the additional parameters. It seems, therefore,
that both methods are equivalent. Though in model (a) the intersite interaction is
smaller, the energy gap is also smaller, compensating the previous effect.

4. Conclusions

Our aim has been to obtain the critical intercept of the pomeron starting from
realistic values of the RFT parameters.

We have been able to calculate accurately the single-site properties of the RFT on
a lattice. From these it is clear that the two-level approximation may introduce a
non-negligible error in the renormalization group procedure even though it has been
shown [7] that the inclusion of a third level only slightly changes the lowest lying
excited energy in the first step.

Regarding the intersite interaction two problems have been examined: the pro-
cedure of building block-spins and the definition of the interaction term.

For D = 1 it appears that taking the one-site one-link contributions [9] as the
block Hamiltonian, remarkable agreement is obtained between the critical T = ¢/K
for the limiting case |7] = 1 and the high-temperature expansion [5]. On the con-
trary, the normal two-site procedure [3] gave too high a 7.
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For D = 2, coupling two-site cells alternatively in the horizontal and vertical
directions and using the omission trick, or using four-site cells omitting the energy of
one site, give values of T too low compared to the high-temperature expansion.
Conversely, too high a value of T results from a normal four-site block procedure.

A slightly better result appears using the alternative coupling of normal two-site
cells [3], probably because of compensating effects. The critical intercept a, ob-
tained in this way coincides with the one of ref. [7] for # = 1 but disagrees for b =
3 due to the fact that in ref. [7] the phase transition had been reached only for
b=1,

Looking at the possibility of including the diagonal part of Vi - Vi in the inter-
site interaction, which might be sensible since the fields are not expected to vary too
much in the lowest energy states, the results for a, do not change. This method cannot
be considered as better than the previous one because the energy gap decreases
together with the intersite interaction.

In the realistic range of 1 <5 < 5 GeV~! the models which predict T around
the high-temperature expansion value give o, 2 1.05. Therefore, a critical pomeron
theory may be in agreement [6] with experimental data.

We wish to thank John Cardy, whose visit has been supported by OAS Multi-
national Program of Physics, for interesting discussions and valuable comments.

Note added

After the completion of this paper we received a preprint [14] in which the
single-site energies and the matrix elements O|y|n) have been accurately computed
by a method different to our own. The numerical values of A; quoted by these
authors coincide with ours up to the last significant figure shown in table 1. Regard-
ing the values of A, and (Oly/|n), which are given in the figures of ref. [14], the agree-
ment with our results is also excellent.
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