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A Reggeon-field-theory model is proposed for secondary Reggeons interacting with a Pomeron which has a 
rapidity threshold related to the onset of diffractive efTects, Under the assumption of a critical Pomeron, a 
solution is found with the aid of renormalization-group techniques and the model is successfully tested against 
the experimental total-cross-section difference.

I. INTRODUCTION

Reggeon field theory (RFT) tells us how to deal 
with í-channel unitarity corrections to the Pom­
eron' and to secondary Reggeons.^ However, some 
of these corrections turn out to be divergent and 
therefore any phenomenological application re- 
quires the introduction of an unknown cutoff. An- 
other difficulty of RFT appears when dealing with 
a critical Pomeron since in this case the inter- 
cept renormalization 6^ cannot be calculated per- 
turbatively and the use of an integral representa- 
tion must again be supplemented by the introduc­
tion of a cutoff.^

In the case of the Pomeron it is possible to reg­
ulariza the theory in an alternative way realizipg 
that this singularity needs a threshold in energy 
to manifest itself.'* This method has proved use- 
ful in predícting the pp total cross-section rise in 
the Fermilab and CERN ISR range without modi- 
fying the critical behavior of the Pomeron.* Here 
a fundamental role is played by the nonperturba- 
tive 6p which is simultaneously regularizad by 
the introduction of the above-mentioned threshold.

In this paper we shall show that when this Pom­
eron with threshold is coupled with a secondary 
Reggeon the resulting RFT is  also finite. At the 
same time this threshold w ill let us obtain a f i ­
nite nonperturbative Reggeon-intercept renormal­
ization and w ill provide, as in the Pomeron the­
ory/  a rule to select those diagrams which con­
tribute at any given energy. This modified RFT 
defines therefore an alternative approach, giving 
a physical amplitude finite and exact at each en­
ergy, as opposed to the coupling-constant expan­
sión of the usual RFT. This property, tc^ether 
with the fact that there is no need for an e expan­

sión, makes our proposal a model of obvious phe­
nomenological interest. It must be remarked that 
we are not assigning any threshold to the second­
ary Reggeon in accordance with the traditional 
arguments of duality. As we will argüe later on, 
this implies that no flavoring effects are present 
for this singularity.

The techniques of the renormalization group will 
enable us to give closed integral expressions for 
the relevant quantities of the theory even though 
the existence of two coupUng constants implies 
some technical difficulties.

To show how the model works, we analyze the 
p singularity in the total-cross-section difference 
Aa = . It is by now well known that a
puré p Regge pole does not give an adequate de- 
scription of wN charge-exchange (CEX) data not 
only because of polarization phenomena, but also 
for two other reasons®; (a) There is no simple 
compromise pole that simultaneously fits Aa and 
the rapid decrease of da^y,/di¡¡^o at high energy, 
and (b) Aa needs a greater effective p intercept 
at low energy than at higher energies. In the RFT 
we are proposing, the renormalized singularity 
behaves quite sim ilarly to a simple pole, though 
it presents a decreasing effective intercept in 
agreement with experimental data. This decreas­
ing behavior is  a straightforward consequence of 
the posiüveness of the Reggeon-intercept counter- 
term.

In Sec. n the RFT model is defined through its 
Feynman rules and the necessary integral repre- 
sentations are derived, whereas in Sec, UI we 
make the approximations which allow us to find 
a consistent solution for them. We also give here 
the asymptotic behavior of the model amplitude 
which is of the same form as for the theory with-
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out thresholds. We compare the prediction of the 
model with the p-exchange amplitude in vN  scat- 
tering data in Sec. IV, and finally the conclusions 
are sutnmarized in Sec. V.

II. THE RFT MODEL AND INTEGRAL REPRESENTATIONS

The RFT we propose describes the interaction 
of Pomerons and Reggeons with number conser- 
vation for the latter and autointeractions for the 
form er in the spirit of AS (Reí. 2) but with a Poni­
eron with a threshold A  in rapidity according to 
Ref. 4, The theory is defined by the Feynman rules 
listed in AS (whose notation and conventions we 
adopt) except for the Pomeron propagator that now 
reads

(1)

where aiter any loop integration is meant to be 
Wick rotated to the physical valué A, whereas 
we maintain the usual form for the Reggeon prop­
agator

with

S = a „ ( 0 ) - J

(2)

(3)

as obtained after a gauge transformation (AS). 
Since in our scheme Reggeons cannot be created 
or destroyed the Pomeron turns out to be the same 
as that of Ref. 5 and we need only study its influ- 
ence on the Reggeon. One immediate consequence 
of this influence w ill be that each diagram has a 
rapidity threshold given by the rule of Ref. 4|With 
zero threshold for the Reggeon.

As an example of the way the theory is regular- 
ized we can easily calcúlate the second-order Reg­
geon seK-energy (Fig. 1)

4ir (a ' + a ' )

it has a branching point at <S =0 with the usual 
slope.

We start our renormalization-group analysis by 
statii^ the normalization conditions for the ver- 
tex parts which define 6p and the renormalized 
quantities Z, a ',  and r  for the Pomeron^;

= 0,

3£
q =0

(5a)

(5b)

3q
= - a ' ( £ ^ ) ( l  + A >  (5c)

5̂ =0

T'(1.2;0)(C' F  n \̂\ - l í E j i l .) • • • ) •'̂ 3) 43
q,=0

(5d)

where A^=A£^. For the Reggeon ones, Zg, 
a'a, and A, the conditions quoted in AS are not mod- 
ified.

From these last relations and following the steps 
of the Pomeron case,^ one immediately obtains 
for the Reggeon intercept counterterm

6 ; , = s ( 5 , r ) U (6)

As for the Pomeron counterterm, this expres- 
sion cannot be evaluated perturbatively as we shall 
expücitly see later on. We therefore seek a re ­
normalization-group calculation for Z^.

If j3, y, and J (Pg, y^, and a) are the standard 
renormalization-group functions fo r the Pomeron 
(Reggeon) depending only on the dimensionless 
quantities g, g^, v, and A^, it is straightforward 
to get the integral representation

x £ j
. V a í + « «

-p" (4)

which is now seen to be convergent (in two dimen- 
sions) owing to the presence of A. For finite A

Zgig,gji,i^ ,A^) = exp r r
- H i g - o t  - J  ’

(7)

( E.íf)

U . f )

FIO. 1. Second-order contribution to the Reggon se lf-  
energy.

where the dependence oí g  in Ej  ̂is  given by 

g^=go^m^go^/gr^),

with go = ^ o / io ’oE^) and g^, the zero of is the 
function of given in Ref. 5. On the other hand, 
the gg dependence on Ej  ̂is  obtained from the inte­
gral representation
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V, A j = Z , ^ ( 0 „ f ^ ( g  = 0), P(g = 0), A ,)exp[_^ (8)

with íf i/  = 2XoV[(aí + a^^)£:jv], where and V are 
the solutions to the coupled differential equations

(9a)

and

dv a (g ,g „ , l> ,A j  
dg í3(#,A^) ’

with the boundary conditions 

for g = g .
V = u '

(9b)

(10)

In principie one needs an equivalent expression 
for V = v(E^}. However, we shall in a short while 
give arguments for leaving v aside.

ni. A SOLUTION TO THE RENORMAUZATION-GROUP  
EQUATIONS

In the preceding section we set up the integral 
representations for 6  ̂ and the other relevant quan-

J

tities. To proceed further we calcúlate the Reg- 
geon renormalization-group functions

, ^ 8 lnZ„
rR Íg ,gR , ' ' ,^ s )  = E ^ - ^

P ji ig tg K !  ~

•‘̂ v’

(11b)

<^ig,gR,l ',^y)=Eí
dv

r ,X  , c c \ a l  >0 O O Rq N
(lie)

by solving perturbatively Eqs. (5) for Z^, g^, and 
V.  To second order

a  = -

where

Stt 1 + 1/ A«J

(12a)

-gR (h^C ,g^^C^gg^^C ,g^^ ),  (12b)

1 V
, (12c)

1 + 21/
‘ 64;r 1 + Ajy 1 + ’

2;r Í 2 ( Í T 7 )P | 3 - i/

C = - ^ 1 ^  
^  4;rj 4

2 -

(13)

The critical points correspond to the simulta- 
neous zeros of /3, and a. It is easily checked 
that an infrared-stable zero is obtained for the 
positive root, g¡¡ , of Eq. (12b), u = v̂  = 0, and of 
course the zero of (3.

In order to simpHfy Eqs. (9) we assume that the 
solution for V does not depart too much from its 
critical valué = 0. Since for this v valué a van- 
ishes, Eq. (9b) is satisfied. (Note that this equa- 
tion would not even appear i f  slope renormaliza- 
tions were not taken into account.) To make the 
remaining Eq. (9a) easily solvable, we note that 
a numerical evaluation of Eqs. (13) gives a C3 
valué much sm aller than and (| +g^C^) in the 
range of interesting E¡  ̂valúes and we can there-

fore neglect its contribution to /3̂ . Within these 
approximations, the solution to Eq. (9a) is readily 
found to be

- g A / g i^ -g ^ V '  ■■ (14)

which verifies the initial condition, Eq. (10), and 
goes through the critical point ¿¡¡ (g , )  =gR̂  ̂ where 
now the zero of simplifies to

S’B i= (i+C iá^ i*)/ (C j^ i). (15)

With these valúes oí v and g^ we obtaln finally
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y 2 - y i _______ ^«1

(16)

with

yR̂  = rR (g R j ,

Sg '

~gRgl ~  ’

As a check we remark that a series development 
oí this expression in lowest order of g¡  ̂ gives

8tt ■gR (17)

which coincides with a direct perturbative calcu- 
lation using Eq. (4). By the way, one sees that 
the corresponding perturbative calculation for 6 ,̂ 
is not allowed. In fact substituting Eq. (17) into 
Eq. (6), one gets

6  ̂= lim G 2£ i(€ A ), (18)

with G“ = \oV[4;r(aíJ + a5j )], which diverges. Note 
that since A  acts as an ultraviolet cutoff, it cannot 
regularize this inírared divergence.

According to Reí. 4 one is quickly convinced 
that the amplitude’s asymptotic behavíp; is of the 
íorm

>l(s ,0)~s“ü™>(lns)‘ ’’'*S

as in AS, but now with = -g,^ V 8t7 ^ -  0.11. 
[This number resuits from Eq. tl5 ) with = 5.86 
as in Ref. 5 and the remaining parameters in the 
inírared lim it 1-̂  = 0, A^ = 0.]

rv. A TEST OF THE MODEL

To find out how sensible the model is from a 
phenomenological viewpoint we shall compare it 
with experimental ttN  data. In order to do this, 
we assume that the full partial-wave amplitude 
is well approximated by the two-point Reggeon 
& een ’ s function'' (an asymptotically valid state- 
ment), and therefore the total cross-section dif- 
ference is given by

where Y=\a{s/m^í) with m (¡i) the nucleón (pión) 
mass and is the purN coupling. Here

ir'o-'>:i>(JS,0) = S - r ( 5 , 0 )  + 6^,  (20)

where the nonperturbative 6 ,̂ is calculated using 
Eq. (6) and we take 2(<S,0) from the second-order 
perturbative calculation, Eq. (4). We obtain

A (r“ ' ( y )  == _  ^2 U i(5 ^ A )-£ , (6 ^ r ) ]r  + 
t

;-0 r ^
e(y-ú) (21)

and for K <  A , the Acr behavior is governed by the 
bare pole aij¡ = 0 ^ ,(0 )+ 6j¡. Note that near A, 
this expression simplifies into

--ÜO p
1 - c ^ - —  (K - A ) 2e ( r - A ) (22)

which gives a correction identical, except for the 
sign, to the oíd multicluster models result.“ As 
is well known, the minus sign here comes from 
the dominance of absorptive effects in RFT.®

We have chosen for the asymptotic Reggeon in- 
tercept the conventional valúes a j¡(0) = 0.5 and 
a í = 0.3 G e V “ and «^^ = 1 G eV * for the Pomeron 
and Reggeon slopes, respectively. The valué of 
A  is determined by the assumption that Pomeron 
effects appear at the same energy of the incoming

partióles independent of the particular reaction. 
Taking into account the valué adopted for pp scat- 
tering® a^=2.7, we here have*® A  = 2.7 + ln(m/fx)
= 4.6. This implies that Eq. (21) is exact up to 
K =2a  or 650 GeV/c. We also take from 
this last reference the same bare triple-Pomeron 
coupling r^.

The coupling G was determined in such a way 
that together with the fijj resulting from Eq. (6), 
it gives good agreement with act experimental 
data all over the range 3.62<p i^<  240 GeV/c. 
With“  G*=‘ 0.06 one gets 6jj=a0.05 and the predic- 
tion of Fig. 2. As seen in this figure, this inter- 
cept renormalization provides a very adequate 
effective p-pole intercept to match the lower-en- 
ergy data** while allowing the steep decrease 
necessary for the Fermilab región. In fact the 
effective intercept, given by
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p, ( 6eV/c ) 
la b

FIG. 2. Model prediction for = 
(Eq. (21)1. Data are  from Ref. 12.

‘ .ff

x [£ ^ (5 ^ A )-£ ^ (5 ^ r ) ]e (r -A ), (23)

decreases by ~0.03 in the experimental data range”  
as seen in Fig. 3. However, the prediction of this 
model for Acr almost coincides with the simple 
pole at 0.48 of Ref. 14 from 20 up to 240 GeV/c, 
whereas our model and the simple pole appreciably 
diífer below this energy where our model still 
provides very good agreement with data. Besides, 
the low-intercept behavior at high energy lets us 
íoresee a satisfactory prediction for dcr^^^/dí¡ 
a long-standing problem in irN scattering.®

It is Ínteresting to note again that we are able 
to reproduce Act in the whole range 3.62</>i^<240 
GeV/c with just one extra parameter G (the thresh- 
old valué A is fixed hy pp total-cross-section be­
havior ̂ ). Had we introduced pair-production } 
thresholds or considered nonleading corrections 
in Eq. (19), we would have been faced with a 
wealth of new parameters. From our analysis 
this is apparently not required.

FIO. 3. The soUd-line represents the p effectlve 
trajectory Intercept as a function of rapidity [Eq. (23)1; 
the dashed line represents the asymptotic limitmg valué.

V. CONCLUSIONS

Within the framework of RFT we havc Jiscussed 
the coupüng of a critical Pomeron with a secon- 
dary Reggeon when a threshold in rapidity is as- 
signed to the former. Aided, as usual, by re - 
normalization-group techniques we were able to 
find a consistent solution. Similar to what happens 
in the Pomeron sector, this threshold is enough 
to regularize the selí-energy oí the Reggeon, the 
only (ultraviolet) divergent quantity of the theory. 
Simultaneously it provides a threshold for each 
RFT diagram, thus allowing one to easily select 
those contributing to a fixed energy. Both facts 
are essential for making contact with experimen­
tal data below the transition energy, just where 
data are available, a property which is not 
evident in the usual RFT.

We have found that even though the Pomeron 
threshold eliminates the ultraviolet divergences of 
the theory, the surviving infrared ones did forcé 
US to make a nonperturbative evaluation of the 
Reggeon intercept counterterm. This fact played 
a very important role in explaining the decrease 
of the effective p intercept in nN from its low- 
energy valué [qír(0) + 6jj] to the asymptotic lim it 
Ojj(O). It is worth noting that precisely the same 
Pomeron with threshold has been shown able to 
give the effective intercept needed to fit the pp 
total-cross-section data.® There are, however, 
some points to comment on in this connection. In 
pp the Pomeron threshold produces® a rising term 
6p(K -  2 A p )e (i'-  2Ap) and the one-loop correction 
does not enter until 3Ap, i.e., above the experi­
mental data points. For p instead, there is no 
rising term and the first correction comes from 
the loop and starts at K= A, well inside the ex­
perimental range available. The absence of a 
linear term in 6  ̂ is due to the fact that no thresh­
old has been assigned to the Reggeon propagator, 
Eq. (2), a hypothesis supported by the duality 
argument that p behavior appears, at least on the 
average, at the lowest energies. If one sticks to 
the argument of Ref. 15 in the sense that a term of 
this type should be associated to flavoring effects 
due to pair production, one concludes that effects 
oí this kind are here unnecessary or negligible 
because of the above-mentioned duality hypothesis. 
In fact an intent of building a flavored^® p has 
been proved^’' to be inconsistent with 
data unless a fa irly large absorption is introduced 
by hand resulting in a very different effective in­
tercept behavior.

Summarizing, an R FT model for secondary 
Reggeons has been solved which explains the non- 
Regge features of currently available data on the 
ir*p total cross-section difference. This was
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achieved through the introduction of a rapidity 
threshold for the onset of Pomeron behavior while 
the results have required none for the secondary 
Reggeon. The loop correction then turns out at 
much lower energy than that required in the Poni­
eron case, and consequently secondary Reggeons 
seem to provide a better test ground for loop ef- 
fects at present machine energies. In particular, 
we have seen that this correction is responsible 
for the observed decrease of the p effective inter-

cept in ttN scattering.
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