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ABSTRACT, -

We show that'in the framework of Reggeon calculus the use
of the "hHigh temperature expansion'" may produce an accurate determi
nation of the asymptotic behaviour of total cross sections;,
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In a very interesting series of papers Gribov andiMigdal(l’ 2)
put forward the theory of interacting Reggons. In principie their ap-
proach is able to predict the asymptotic' behaviour of total cross:sec-
tions for strong interacting particles. Unfortunately the exact solution
of their equations is not known: the difficulties one has to face, are
very similar to'those found in the study of the properties of systems
near second order phase transitions(2), It has been shown that the to
tal cross section increase like (lgs)®, the costant 7 being a '"critical
exponent' of the: model,

The two problems, Reggeon calculus and. second order phase
transitions, are strongly connected: the same technique, namely: the: &
expams-iom(m,, has been used to compute the critical exponents in both
cases(4, 5), However the & expansion for the Reggeon: calculus: seems
to be not very convergent (& =2) and no reliable predictions can:be
extracted from the first two orders in &(6),

It is well known: that the g expansion in not the best wayto
compute critical exponents in statistical mechanics: the only safe me



9.

(M),

thod is the high 1emperature expansion '; it accounts to treate the -
"kinetical energy'' as a perturbation, This expansion has the merit of
being convergent also in the critical region; very high order terms
can be computed: in the three dimensional Ising model all orders up
to the 12th are known(8),

Having these considerations in mind, we propose to use high
temperature expansion to solve the Reggeon calculus for the Pomeranchuk,
i, e, to compute the appropriate critical exponents,

We want to study the following problem: a system of interacting
non relativistic particles; creation and distruction of particles is allowed,
The Lagrangian density is in two space one time dimensions:
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'!P is a complex field a', 1-1VI2 and g are parameters which play the

role of slope of the trajectory, of bare intercept and of three Pomeranchuk
coupling constant, It may be interesting to note that the interaction
Lagrangian is purely antithermitian,

According the analysis of Gribov and Migdal the following for
mulae hold in the region of small energy gap m2:

f( OIT["P (x,t) w+(0; 0)]] 0>-explict+ik. x) dz xdt=s
2) 2 22

= D(w,k,m)=m 24 ¥ p K (;v—, c;,;‘") n=p -1

Some care must be used to impose the requirement
, 4+
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A violation of this condition would imply the existence of two poles

in'the correlation function D: one of them corrispond to particle pro-
pagation, the second to hole propagation, This condition may be easily
implemented adding to the Lagrangian density an appropriate linear term:

(4) - 8 =n(ypt+y)

Using Fe yhmann's path integral formulatic»ri(g), the correlation function



D(x,t) can be written as a functional integral:

Z D(x, t) =fd'(pdw+ exp [_ifaC(x',t') d2 x! dtg’w(x,t) w+ (0,0)
(5)
z =fdwdw+ exp[ i [{(x',t") a? x' dt"]

At this formal level we are allowed to multiply the argument of the
exponent in (5) by i without changing the value of the correlation func
tions, apart from trivial phase factors. We introduce a simple cubic
lattice over space time, The fields @ are defined only at the lattice
sites; ¥ (k) denotes the field ¢ at the point k of the lattice, The interac
tion is nearest-neighbor; the potential is different is space and time
directions,

The partition function can be written as:
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where d,, § x* 0
directions,

y are respectively the unity vectors inthe t,x andy

The functional integrals in eq. (5) and (6) are clearly different,
however in the region where m? is very small and the correlation
lenght is much greater than the lattice spacing their behaviour must
be similar: in particular the equality of the critical exponents for both
systems follows from the celebrated universality princ;ipl;é:(lo'). The same
principle implies that critical exponents are indipendent from the de-
tailed form of the interaction, Further simplifications may be obtained
changing the allowed range of integration over @ or changing the density
function ¢..



We decompose the @ field in its real and immaginary parts:
Py, Po; we impose the constraint that both ¢; and 5 may assume
only the value -1, 0, 1,

We finally arrive to the partition function (7), where the sum
is extended over all possible configurations of the fields P4 and @5,
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B is a parameter which can be varied during the computation; however
its final value must be of order 1, In the limit # =0 the model is tri
vial; formal development in powers of § via the linked-cluster expansion
appears straightforward,

The high temperature expansion (development in powers of f8)
can be used to estirnate the critical exponeénts: the following quantities
may be computed:

9 .
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All these functions must have a singularity at the same value of 8 ;
from the analysis of the singularities the value of the critical exponents
can be obtained, |

A test of the accuracy of the computation of the exponents may
be done checking that the final results are reasonable independent from
‘parameters like a', M2, g.

We do not enter herein a detailed description ofthe techniques
used in'the high temperature expansion: they can be found on many excel
lent reviews, Also in this particular case the computation of the lower
-orders is quite easy; the difficulties increase strongly with the order,
Some care must be used to treat properly the linear term of eq. (4)

which is g dependent; this can be done changing the diagrammatical rules,



We have shown that the problem of finding the asymptotic be-
haviour of hadronic cross section can be studied using familiar techni-
ques of statistical mechanics: the critical exponents of a peculiar spin
system must be found,

Using the same techniques we propose in this paper, critical
exponents have been computed in many spin systems with an accuracy
of 1% orless,

The author is grateful to Prof,B, Lee for the hospitality exten
ded to him at the Fermi National Laboratories, where part of this
work was done. Many thanks are due to the members of the theoretical
group of FNAL for helpful conversations concerning the Reggeon calculus
and to Prof, M. Wortis for discussions on the high temperature expansion,
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