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Summary.- We construct a multicluster model for frN ^  amplitude in the 

forward direction which, in contrnst to conventional p-Regge 

models, reproduces within error bars the data for and
TT p  TT p

do^^^/dt for 3 P1 3J5 £  60 GeV/c and fairly agrees with preliminary 

Batavia results. The model for the imaginary part shows an oscillation 

around a traditional P-pole valué due to the onset of one large rapidity 

gap intermedíate states. We propose that this oscillation, which fits 

well into Serpukhov enliancement, is the counterpari: of similar threshold 

effects in and arising at much higher energies. Absorptive

corrections between clusters are considered to add consistency to the 

model.
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1.- Introduction.

A  very remar]<able feature of the highest energy experimental ttN data 

is that the charge exchange amplitude still seems to be qualitatively descri- 

bed by a !Linear p-Regge pole. Hcfwever a closer amlysis of the data gives 

quantitative discrepancies which suggest a more conplicated structure of the 

p-singularity even at t=0.

In the first place, regarding the difference of total cross-sections 

Ao = a fluctijation of the effective p-trajectory intercept
IT p TT p

around its traditional low-energy valué a(0) = .55 is apparently necessary.

(1)
In fact the Brookhaven and SerpuMiov data need an increased valué around

(2)
.67 whereas the preliminaiy Batavia results indícate a decrease towards

the original .55. On the other hand, the da^^^/dt behaviour which is

c o m p a t i b l e ^ w i t h  a(0) = . 5 5 u p t o  Serpükhov energies seens to decrease

(2)
even more with the preliminary Batavia data . Clearly all this information

is not understandable in t e m s  of a puré pole amplitude. This is also transpa-

rently seen in the decreasing energy behaviour of R = Re F^~Vlm ,

obtained using the relation 32 ir da^^^/dt = (Aa) (1 + R^), which falls

( 2) (4 )
below one for Serpükhov and Batavia energies ’

The purpose of this work is to show that a model based on cluster pro- 

duction is capable of fitting all the available high-energy experimental data 

within their error bars, in constrast to conventional canbinations of poles 

and cuts. This is possible because the imaginary part of the amplitude given 

by the cluster model can be thoughtof as that of an effective pole whose 

intercept oscillates around a mean valué ~ .55, being compatible with .67 at 

Brookhaven-Serpukhov energy and decreasing below .50 beyond the ronge of the 

preliminary Batavia data. Eventually the model predicts an extremely slow 

increase, starting at formidably high energy, towards its mean valué.
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Consequentely the real part does not follow the imginary part behaviour 

since the above mentioned steep decrease of the latter gives, through 

dispersión relations, a ccmparatively smaller valué for the former in the 

high-energy experimental range, i.e. R not greater than one above 20 GeV/c.

The above mentioned oscillation in the imaginary part of the amplitude 

is caused by the threshold effect for production of one large rapidity gap 

intermediate states which t u m s  out to be the relevant one in the available 

energy range.

Next Section is devoted to a discussion of the dispersión relation 

which will be used to calcúlate the real part of the amplitude from different 

inputs for the imaginary one and to a description of the handling of data.

In Sect. 3 it is shown why conventional ccmbirations of Regge poles and cuts 

fail to explain data. In Sect, 4 the multicluster model is proposed and 

results are presented. In Sect. 5 corrections due to rescattering between 

clusters are used to improve the model.

2.- The choice of the dispersión relation.

For the different models to be discussed later, the procedure is as 

follows. A fit to Aa is performed in order to fix the free parameters of 

the models. These are used as input for the iraginary part of the amplitude 

beyond the experimental región, to calcúlate its real part through a dispersión 

relation (d. r j .  In this way da^^^^/dt and R can be evaluated.

Latest Batavia data are not included in the fit due to the preliminar character 

of their errors. We have therefore chosen to conpare them with the predictions 

of the models in the corresponding range.



The most coirmonly used d.r. are the unsubstracted

m  tü, 00 (_)
Re \a)^) = 16 ---h--- + -i- o) ^  , (i)

0)^-0)^ TT y 0)2 - ü)2

where Ug = - y^/(2 m), with m  and y the nucleón and pión mass respectively, 

and the twice-substracted one

_ r. . y . 8 tth) , , 1 6 - f 2  m . L ( c o 2 - y 2 )
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Re ) = (1 + (a, - a„) o,, -
m  o .. -1- ci L3 U  ̂ ^ (y2 - 0)2) (0,2 _ ,̂2)

(2)

As noted in Ref. (5), the latter is not approptriate to predict the 

high-energy real part because of the increasing influence of low-energy 

experimental data errcxrs. For instance these authors obtain a vanishing 

real part for laboratory energy between 5 and 20 GeV and nega- 

tive thereafter using a valué of s-wave scattering length (a. - a„) derived
-L O

í 6 ̂
frcíTi the same d. r. . Though a relatively sroall real part in the above 

range could help us to solve our puzzle, this extreme result is in obvious 

contradiction with a rough P-pole dcminance.To save this deficiency, size- 

able Coulomb corrections were introduced and important variations in the 

right sense were obtained^^\ However, it is well ]<nown^^^ that the sub- 

tracted d. r. is also very unstable against sirall variations of the low- 

energy parameters due to severe cancellations among its three terms^*’'\ 

already above 1 GeV. Moreover in eq. (2) the high-energy model is strongly 

suppressed, the high-energy real part being mainly determined by the low- 

energy input, so that its use is obviously inadequate for our purposes.

On the other hand, the unsubtracted d. r. is suitable for studying 

the influence of the high-energy model since it picks up more balanced



contribution frcm low, médium and asymptotic energy regions with no cancel- 

lations. E. g., variation of and inclusión of Coulomb corrected data^^^ 

up to 300 MeV is seen not to influence the results in the región ^  5 GeV.

In what follows we will therefore use the d.r. eq. (1 ) for calculating real 

parts.

3.- Conventional models.

As discussed in Seot. 1, we shall describe quantitatively the impossibi- 

lity of reproducing within error bars the experimental data for the total 

cross-sections difference^^*^^ and for the e x t r a p o l a t i o n ^ ^ ^ t o  t = O 

of dâ n£.ĵ /dt, with a simple P-model.

If one takes a P-intercept .673 which gives the best fit to Aa data
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in the Brookhaven-Serpu]<hov región, using eq.(l) an encsrmous da|^j,^/dt
t=0

valué t u m s  out above 5 GeV/c as it could be expected ('Fig. 1).

If we now make a fit to Aa for p-|̂  ̂> 3.6 GeV/c, where smooth behaviour 

starts, we obtain instead a(0) = .603. This fit still goes through the error 

bars at Serpukhov energies but predictions for d a ^ / d t  and R are clearly 

above them already above 5 GeV/c.

In order to obtain a good fit to the differential cross-section up to 

50 GeV/c a still lower valué a(0) =.55 is needed. However the prediction for 

Aa falls below error bars at SerpuMiov energies and the valúes of R stay 

above them. Incidentally, this intercept agrees with preliminar^ Batavia data 

on total cross-sections difference but the prediction for da^^/dt in 

this región is well above the corresponding experimental data. This will be 

shown in Fig. 5. Table I shows the Regge parameters for the three possibilities 

discussed above.

The usual refinanents to P-pole model do not improve the situation. In 

fact the inclusión of a second P ’-pole is useful for a Aa fit provided



the P-intercept is chosen high enough to fit the high-energy región where 

the P ' contribution has already exhausted but in this way the corresponding 

da/dt turns out to be obviously bad. If one fixes the p-intercept at a 

low valué compatible with da/dt data, the tl^ro-pole fit to Aa rejects the p '. 

The absorptive p-P cut correction, which gives a negative contribution 

s“(0) ^/£n s does not improve significantly the fit to total cross- 

sections difference since its influence is to increase the effective inter- 

cept more in the low- than in the high-energy range, just opposite to the 

mechanism needed to understand the Brockhaven-Serpukhov enhancement. 

Therefore, though in a limited range of energy it is possible to obtain^^^^ 

an effective intercept greater for Aa than for da^j,^/dt due to absorption 

stronger in the imaginary than in the real part of the non-flip amplitude, 

agreement in a larger energy región needs the assumption that, e.g., all

('>1 q ■)
Serpukhov Aa data are systematically high . Either, if one insists in

. (14) ~  ̂ \
a correction like - s /(í,n s) , we obtain the outrageous

valué X : lU for a fit in the range 10-60 GeV/c with a^(0) = .46; moroever
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it disagrees strongly with data below 10 GeV/c and the prediction for 

dücEj^/dt is bad in the Batavia range.It seems more reasonable to think 

that the absorbed one-pole raodel is not valid beyond a certain energy where 

diffractive dissociation effects become relevant^^^\

This analysis shows that there are no conventional P-models capable

^ . . (s'íj’íí:)
of explaaning amplitude problems , unless unknown systematic errors

vitiate the above arguments. We choose to consider that the contradictions 

emerging fron experimental data actually exist, even though we alleviate than 

by taking the largest error available data in the Serpukhov región.



4.- A  multicluster model.

We now propose a model based on the speculation that the relatively 

slow decrease of Aa in the Brookhaven-Serpukhov región is a physical pheno- 

menon of the same natrure as the increase of pp total cross-section at 

NAL-ISR energies.

Following Pokorski and Van Hove^^®^ we take the view that uncorrelated 

cluster production is a general feature of high-energy hadronic reactions.

If, moreovear, the production of clusters of partióles is assumed to follow 

a multiperipheral scheme, one ends up with a model of the type of that of 

Frazer, Snider and Tan^  ̂ for the vacuum exchange. In this model, asymptotia 

is reached far beyond the presently accessible energy range and the rise of 

pp cross-section is explained through threshold effects^^\ The most impor- 

tant of them comes frcm the threshold for production of one high-mass cluster 

well separated in rapidity from the leading partióle. This contribution adds 

to that of the bare pomeron which corresponds to final states with no rapidity 

gaps greater than a characteristic valué A = 2 - 3. The output Regge singula- 

rities, which g o v e m  the true asymptotic regime, appear through the contri- 

butions of final states v?ith arbitrary number of clusters.Since clusters are 

produced, this model admits an expansión in powers of the 

small triple pomeron coupling and, up to ISR energies, only a few terms are 

significant.

For tt p TT°n, we start extending these ideas by classifying every 

intermediate S t a t e  according to the number of rapidity gaps greater than A 

Whereas in the pp case the links betv/een eluatsrc are assumed to the true 

pcsnerons, in one of them necessarily is a true P-singularity and the

other a true P as the most relevant exchanges (Fig. 2). Here, the no-gap 

contribution gives the bare P-pole while those with one or more gaps switch 

on as soon as the energy grovjs above the corresponding thresholds, to build 

the structure of the true P—singularity.
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These ideas can also be interpreted in the frame of Harari’s two

( 21 )
ccmponents view of multihadron production amplitudes : a multiperipheral 

M, and a diffractive one D. In this scheme the p-contribution to the 

elastic TTN amplitude, through the optical theorem, arises frcm: i) t e m s

• • 9
contained in "M " corresponding to exchange of p and P' quantum nurabers

between neighbouring rungs, which prefer a uniform rapidity distribution

and should therefore nainly go to the no-gap contribution, i.e. the bare p;

• • 2
ii)those terms contained in "D " with pomeron exchanges in different places 

in each chain, which go to the two or more gap contributions since the 

effect of each pomeron is likely to be noticeable only v/hen the corresponding 

subenergy is large; iii) those interference terms "M D" giving rise to 

exchange of P quantum numbers, which should be assigned to the one or more 

gap contributions.

There is another important difference between pp and models. For

pp a distinction is made among low- and high-mass clusters. The first ones, 

mainly dcminated by resonanccs, should be dual to P*. In the high-mass ones 

the role of P' is taken over by the poneron in its bare v e r s i ó n ^ s i n c e  by 

defimtion no rapidity gap is allowed in the subenergy corresponding to the 

cluster. In the low-mass clusters must obviously be assigned to the

bare P while, since there is no counterpart for the pcmeron, there are two 

alternatives for the high-mass ones: either a) they contribute negligibly, 

or b) continué to build the bare P-singularity. In both cases, Fig. 3 

should be the dual equivalent to Fig. 2: nevertheless the energy behaviour 

of the model depends crucially on the alternative chosen.

According to the simplified phase-space calculation of DeTar^^^\ the 

contribution of the N-clusters diagram to Aa is of the form
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(Aa)
N

Oq -I
® s / dx^ / dx,

o A ^
. /

A
dx2N-2

• /  d x 2 j ^ _ i  5 ( Y - E x . ) , ( 3 )

V 7 h e r e  Y is the total rapidity and x^ are the sizes in rapidity of clusters

or gaps. The rapidity of partióles within clusters have been integrated

over - the slope of all exohanges are neglected - giving the bare p-pole

factor s , In alternative a) the integrations extend over all the available

phase-space, while for alternative b) the upper limit for the size of a

cluster is a snall number L.

If we consider that intemal charged or neutral clusters are equally

probable, there would be 2^ ^ t e m s  like eq. (3) for the N-clusters contribution, 
the

On other hand it is an experimental fact for pp that internal cluster^ are

(18)
inainly neutral . Assuming that the same thing occurs for and keeping

only neutral internal clusters - it is clear that the extemal or leading

clusters may be charged or neutral with the same probability - we only have

twD tenns for each fixed N. In this case we obtain after integration 

a - 1
Aa = 2 3 s { 1

+ 2 I G 
N=2

2(M-1 ) ( Y - (N-1) a) 2(N-1)

( 2 (N-1) ) I
0(Y-(M-1) A) }, (4.a)

for altamatiye a) or

a - 1
Aa = 2 6 s { 1

+ 2 J G 
N=2

2(N-1): ( Y - (N-1)a)
N -2

(N - 2) ¡
e (Y-(N-1) A) (4.b)

for alternative b ) , where 3 and a, ar^ the bare p-pole residue and intercept



and G is the triple PPP^ coupling constant whlch is presumably small due 

to its relation with the internal pomeron coupling. The step functions O 

determine the threshold in rapidity at which every ■ M-clusters diagram 

sets in,

An important consequence of the snallness of the pión mass compared 

to the nucleón one is that the first threshold effects will appear at re- 

latively lew energy provided the rapidity gap A is universal (this should 

be true for intemal clusters but probably an approximation for near to 

leading ones). Thus, while in pp scattering they show up at MAL energies, 

the corresponding effects for ttN should be noticeable at Serpukhov 

or even below according to the above choice.

The results for the parameters of the models given by eq. (4.a,b) are 

sunmarized in Table II. The set identified as Solution is the one 

capable of reproducing the available experimental data within their errors 

as will immediately be discussed.

For model eq. (4.b) one could in fact expect its inability to solve the 

difficulties of the P-singularity because the high threshold ~ 2 * for the 

first correction term prevents the imaginary part to decrease rapidly enough 

after the Serpukhov región. This is confirmed by Solution (b) which is a 

most favourable (steepest) fit within errors in the 3.6 - 60 GeV/c región 

and gives a A valué in agreements with the assumed universality^^’\  The 

real part obtained from this parametrization through d.r. is too large and 

consequently at 50 GeV/c,e.g., da/dt = .073 mb/GeV^ and R = 1.31 

clearly above error bars.

In contrast, model eq. (4-.a) has better chances of giving good results 

because its lower threshold for corrections allows a decrease of Acr after 

an enhancement in the Brookhaven-Serpukhov región.However a simple best fit
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to Aa, Solution (a^), is not yet satisfactory: though it provides a better 

X^-value than the best Regge pole fit a(0) = .603, it does not improve the 

predictions for da^^^/dt above 5 GeV/c. The ratio R turns out to be 

still considerably greater than the expected valúes even though it shows 

a decrease with energy due to the mechardsm already discussed.

At present it seems however more sensible not to look for a best fit 

to one single piece of information but rather to find out a model which 

can predict all the available experimental data within the quoted error 

bars. We have already seen that there are no conventional Regge models 

capable of doing this. Note that the inclusión of Denisov et al. (1973) 

data, which essentially reduces the errors of those quoted in the Compila- 

tion^^*^\ emphasizes the discrepancy with a simple pole model. As said 

befare we chose the largest errors in order to put in evidence the necessity 

of a more canplicated structure of the p-singularity.In this spirit we 

see that Solution (a^) for the model eq. (4a), which provides the steepest 

fit to Aa up to 60 GeV/c inside error bars, gives very good predictions 

for da/dt and R in the same range (Fig. 4). We point out that the 

extreme Solution (a2) slightly misses from below foijr data point bars of 

the Denxsov et al. (1973) set (not shown in ths figure). Nevertheless, a 

pretty small change of the parameters of this solution allows to find a 

new one with increased valúes of both Aa and dCTĵ j,̂ /dt which passes 

through them all.

Most remarkable is the fact that Solution (a^) is also the only one 

which predicts valúes in agreement with preliminary Batavia data (Fig. 5). 

The oscillation of the model around hundred GeV/c fits well into the data 

and explains the quick decrease of Batavia valúes for Aa. This oscillation 

is caused by the canbined effect of a strong dcminance of the first correc- 

tion t e m  ~ (íln s)2and the low a valué which takes over immediately after
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SerpuJ<hov energies. The same effect allows, through d.r., to obtain valúes 

of da/dt Glose to the experimental Batavia data though complete agreement 

is impossible since there is a clear misrnatch with the Serpukhov trend 

probably caused by uncertainties in the extrapolation to t = 0. We add 

finally that the only new valué for R which can be evaluated at 100 GeV/c 

is also <1 , though with a large error.

It is interesting to point out that the rise of the poneron contribu- 

tion to due to diffractive dissociation corrections should
TT p TT p

manifest itself at an energy y/m times lower than for pp; however this 

effects is quite surely masked by the decreasing contribution of P' to ttN.

It has moreover been noted that corrections to bare pomeron need at least 

onehigh-mass cluster so that the corresponding threshold in rnpidity is 

twice as big as that for P; consequently, whereas for the latter the first 

threshold effect is already decreasing in the Batavia range, this is clearly 

not the case for the pcmeron.

The asymptotic behaviour of model eq. (t̂ .a) is not as simple as a Regge 

pole. In fact this is true with a renormalizejd intercept a(0) = + G if 

one neglects the threshold factors in the Y power expansión. Rut in general 

conplex poles appear in addition and the oscillation in Act could be a 

manifestation of them. In any case the validity of eq, (U.a) at ultrahigh 

energy is very dubious since the effects of considcnring the slopes of the 

Regge exchanges probably start to be relevant at ISR e n e r g i e s c h a n g i n g  

the behaviour in powers of Y to powers on ¿n Y.This change would be favou- 

rable in our case since, while in the experimental range the expression of 

Aa in powers of Y is a good approximation, the relative decrease at higher 

energies will diminish the real part.

Fortunately the ultímate asymptotic behaviour is not too important at 

present. The valué t u m s  out to be small (|) and therefore suitable for
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a perturbative expansión for all accessible energy. The only relevant correc-

tion to the bare pola in this región canes frcm the first term ~ (í,n s )2 in

eq. (U.a); it amounts to ~ 50 % of the total cross-sections difference at

the position of its máximum (p.,̂  ̂= 30-50 GeV/c) and to 80 % at 1000 GeV/c

where the secorri correction ~ (£n s)̂ * reaches its máximum with a 10 % contri- 
(#)

bution . This property determines that,beyond the required enhancement in

the Brookhaven-Serpukhov región due to the first threshold effect, the beha-

viour of Aa corresponds to a slowly decreasing a(0) much smaller than its

ultimate asymptotic valué + G.It also follows that the convergence of the

exact sum to this limit is extremely slow; in fact it turns out for our

parametrization that only after Y = 500, where 170 terms must be included

in the sum, a(0) starts to increase.

Note that it is likely that another threshold effect ia responsible,

together with diffractive dissoci“.t.ion, for the increase of pp total cross

—  , (25)
section: the NN production . To be produced a nucleón pair needs at 

least a separation in rapidity frcm each leading particle Ap which may be 

estamated to be of the order of A . Therefore in the correction to the 

poneron, both threshold effects of one large^iass diffractive dissociation 

and one-pair creation start at a total rapidity Y = 2 A. In contrast, for 

^^CEx correction to the no-gap t e m  due to one-pair creation is of the 

form

a - 1
(Aa)i^ = 2 3 8 °  Gp (Y - 2 Ap) 0 (Y - 2 Ap), (5)

which must be added to eq. (4.a) and where Gp is related to the coupling 

stre^gth to produce one pair. It is clear that this correction will appear 

now much beyond the diffractive dissociation threshold A and will consequently 

give very slight improvement to the results already discussed.
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To cióse this Section, we renark that there exisisa model, Solution 

(a2), which solves the p-contradictions within experimental errors. However 

it is clear that we have chosen an extreme solution favourable for our 

purposes. This is evident in several aspects: one in ths sense that the 

fit to A0 is the steepest possible; another concerns the charged internal 

clusters which have been canpletely left out (the inclusión of them in 

any sizeable amount worsens the results but only slightly since they do 

not modify the first correction term) 5 and finally in the smallness of the 

bare intercept a^, an unesthetical but irrelevant feature since the a ^ -  

behaviour is nowhere seen in the smooth Aa región.

These extreme characteristics may however be attenuated if the slopes 

of Reggeon exchanges are considered and/or absorptive corrections are 

taken into account. We shall only discuss the latter.

5.- Absorptive corrections.

We have up to now considered a model with t-channel iterations.

Probably s-channel iterations are also necessa3?y to obtain a correct solu-
(2 1) (26)

tion for the amplitude ’ . It must be clear that t-channel iterations

are essential since rescattering corrections alone lead to an absorbed

P-pole model which we have already seen cannot solve the troubles.

We shall see that absorptive corrections due to the s-channel itera-

tion of pomeron exchange between clusters is able to decrease the effective

intercept, in Aa, beyond Serpukhov canpared to that of model eq. (4.a).

This feature is in the right trend to reproduce data even starting fron a

more realistic bare intercept a^.

Our analysis is based on a similar treatment of absorptive corrections

to diffractive dissociation contributions to total cross-sections by Ciafa-

(77)
loni and Marchesini
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We liinlt curselveE to corrections to two-cluster graphs, 

as shown in Fig. 6. Corrections to higher order graphs are likely to be 

unnecessary since, as we have seen, truncation of the model after the term 

~ (£n s) does not change things appreciably.

We consider all possible pomeron exchanges between pairs of interme­

díate particles in different clusters and assume that the distribution of 

particles can be approximated by a continuous one inside each cluster so 

that the exponentiation procedure can be used. In this way the correction 

factor to be inserted into the integral of eq. (3) is, neglecting correla- 

tions,

A = II n ( 1 - - exp { - / d^v^ f d
i=l j=l

V.
R

' n (v^) TI (Vĵ ) T (v^ - )
'R (6 )

where the impact parameter-rapidity differential is d^v = dy and

^^R^ nuniber of particles in the left (right) cluster. The density

of particles in a multiperipheral chain building the bare p-pole is

exp { - b^/(4a^ y) }
n (v) = (7)

y
o

where g^ (g^) is the coupling in the lower (upper) link of the chain and

is the slope of the output

between particles v. and is
J-j K

is the slope of the output bare P -tmjectory. The pomeron propagator

T (v
R

 ̂ exp {- <b^ - bĵ )̂  / _L, (yĵ  - y^)_ }

Ij
TTa*

P yR -

(8)

where is the slope of the pomeron and Yp its coupling to a partióle.
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Integrating out the impact parameter variables, we obtain

, (g. go y. Y 
A  = exp {---------- ^  / dy / dy ------------i----------------

° ^2 “¿ %  *

To calcúlate Aa , two extreme altematives ar^ considesred

. ( 9 )

1) :

a - 1  ^ Y-A Y-A-x.
Aa = 2 3 s ° { 1 + 2- C/ / dx^ / dXg ( Y

Y

Y + X.

Y - x„ + X. e(Y-x„) Y - x„ + X. e x .
(------ 3---- 3 ( --------------- 3---- I j  .

Y - X, Y + X.
( 10)

2) f  ̂ ? 
“P ~ “o

Aa = 2 e s { 1 + 2 G
Y-A dx,

,2 J  1
Y

-|-x>+l -|~x.+l
^ ^ - (A + x^) ^ ^

Y 1 ^ 1 x^ + 1
}. ( 11)

2
For O < e = (g^ Y^) / (iT a^) ^  1 a negative correction is 

obtained which is more important the greater the energy is, This new para­

meter is related to the triple P cx>upling squared which is not 

necessarily as small as since in the former the poneron is elastically 

coupled whereas in the latter the intemal inelastic coupling appears.

The more realistic approxojnation Op «  gives stronger absorptive 

corrections. For this case and the parameters of Solution (a^) the resulting 

predictions for e = .8 are shoi^ in Figs.4 and 5. Regarding Aa , this 

obsorbed model gives a very good ccmpromise for all data including Batavia 

(This is true also if Denisov et al. (1973) data are considered).
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and R, on the other hand, predictions are not as good 

as Solution (a2) but are quite cióse to them with the advantage of having

a more reasonable valué a = .304.
o

6.- Conclusions.

We have seen that a multicluster model seems to be an adequate frame 

to get consistency among experimental data on Aa = and
•rr p  TT p

_|._g up to the highest available energy. In contrast to the simple 

P-pole model and its conventional modifications, our mcxiel for Acr can be 

interpreted in terms of an effective energy dependent oscillating intercept 

which enhances Im  ̂ in the Brookhaven-Serpukhov región and depresses 

it immediately above it to give agreement also with Batavia data. (See Fig.7 

where a schematic plot is given for the behaviour of the model referred 

to that of the average pole corresponding to a(0) : .55). In this way the 

real part for ^ 1 0  GeV/c, through d.r., gets two compensating corrections, 

a positive one coming from the enhanced región and a negative one due to 

the depressed high-energy tail, resulting in a simple .55 behaviour.

As the energy increases the negative correction takes over giving a real 

part monotonically decreasing with respect to .55 for all reasonable energies. 

This structure determines that d a / d t | s t i l l  continúes to almost coincide
I u -U

with the .55 prediction up to the energies where the corrections to the 

real and imaginary parts cancel each other, i.e. ~ 50 GeV/c. From there 

on, it will start to fall ccmpared to .55 in agreement with preliminary 

Batavia data.

This mechamsm is all due to the threshold for production of one large 

rapidity gap and closely resembles that originating in complex poles appipoach 

(See G.F. Chew, Ref. (20) ). The amplitude should therefore be a pro­

per laboratory to test the oscillation which in pomeron exchanges should



shcjw up at much higher energy due to thresholds in rapidity twice as big as 

for P . Provided one assumes similar rapidity behaviour of the oscillation 

in both exchanges and taking into account mass differences it can be expec- 

ted, on the one hand, that a s m l l  wiggle associated to P-exchange appears 

at ~ 50 GeV/c for uN (precisely the one we are seeing in and

correspondingly at ~ 300 GeV/c for NN, whereas on the other hand a máximum 

of the total cross-section associated to pcmeron exchange should be obser­

vable at ~ 10^ and ~ 10̂  ̂ GeV/c for ttN and NN respectively. Noteworthily, 

this last prediction agrees with the results of the fit of Ref. (28) to pp 

and pp data and with the general considerations about a universal half-lejigth

f  o q
~ 4 an rapidity for total cross-sections .

Absorptive corrections between clusters have been shown to improve 

the model in the sense that they allow to start with a more reasonable 

bare pole intercept (even though still fairly small) through a further 

depression of Aa at high-energy. Still another improvement may be obtained 

if the slopes of reggeons are taken into account in the raulticluster chain. 

This changes the (£n s)̂ " asymptotic behaviour of the diffractive dissociation 

graphs to a (í,n í,n s)^ beyond the present experimental range, emphasizing 

the depression of Aa shown in Fig. 7.

Hopefully, from a more balanced scheme of s- and t-channel iterations 

a solution will emerge valid in the "second asymptotic" región^

We finally remark that an extensión of the model to t O ought to be 

perfomed to check its consistency with the angular distribution of itN„_ 

differential cross-section.

s’í  *  *  5’:  it  i ¡  í :  it  it  it  it  it  it

We thank heartily Luciano Bertocchi for many valuable suggestions 

and remarks. Useful discussions with Naren Bali and Carlos García are also 

acknowledged. We express our gratitude to Dr. U. Amaldi and Roberto Odorico 

for their sending us the preliminary Batavia data.

-  18 -



-  19 -

Table I : Parameters of simple Regge pole models.

Pole 1 is the best fit with Aa = 2 3 ĵ Q q^v/c <

< 60 GeV/c and Pole 2 for 3BGeV/c < < 60 GeV/c.

Pole 3 is a best fit to up to 48 GeV/c. 

Batavia data <^e not included in the fits.

a(0) 2 e (mb)

Pole 1 .673 5.13

Pole 2 .603 6.64

Pole 3 .551 7.47

Table II

Parameter's of multicluster models.

Solution (a.) is the best fit to Aa for 3.6 GeV/c < P, , < 60 GeV/c 
J- lab

with eq. (4.a).

Solution (3 2) is the steepest fit in the same región.

Solution (b) is the steepest fit to Aa with eq. (M-.b) truncated 

after N = 3; redefined parameters 2 g (1+2 G^ L̂ ') and 

{ G^ /(I + 2 G^ L^) are quoted.

Batavia data are not included in the fits.

a0 2 6 (mb) G^ A

Solution (a^) .304 11.39 .107 3.02

Solution (a2) .106 17.82 .222 3.38

Solution (b) .459 9.24 .147 2.34
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Figure captions

Fig. 1 - Fits and predictions with a single Regge pole

-----a(0) = ,673,-----------a(0) = .603, «(0) = .551.

Re F^~^ is calculated with eq. (1). In a) Denisov et al. (1973) 

data^^^^ are not shown in order to present the most favourable 

situation for a pole mcxlel. In b) the experimental points o are 

the most trustworthy data according to Refs. (U) and (11).

Fig. 2 - An N-clusters graph for •

Fig. 3 - An N-clusters contribution to the renornalized P-singularity 

propagator obtained dualizing the clusters in Fig. 2.

Fig. 4 - Fit and predictions with multicluster model.

------- Solution (a^) and ------ Solution (a2) for eq.(4,a),

---  — Absorption corrected irodel eq. (1 0 ) with parameters of

Solution (a^).

Fig. 5 - Predictions for the Batavia range.

Extrapolation to t=0 of differential cross-sections if performed 

by hand for Batavia data.

Serpukhov data; ^  Batavia preliminary results.

----- Solution (a^); ------- Solution (ag);

Absorbed model

Pole 1 ; Pole 2 ; Pole 3

Fig. 6 - Absorptive corrections to a two-clusters graph.

Fig. 7 - ScheiTHtic behaviour of the multicluster model referred to average 

Regge pole with a(0) = .55.

Arbitrary units are used to show an effective intercept behaviour.

--- Im (f^"^ - F^"^ T 1 r,-------Re ÍF^~^ - F^"^ , ) :
av. p o W  '' av. pole ■' ’

t=o •
, „ - da T /dt
t=0 av. pole
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(*)  ̂ stands for the usual difference of tt p and ir p forward 

amplitudes with the normlization I m F ^ ^ = q / s  Aa, where q

and /s are the c.m. momentum and total energy respectively.

(9) 2
(**) In fact, using Hóhler valúes for the coupling constant f = .076

-1
and (a^ - a^) = .271 y we obtain for ^  5 GeV a real part 

much greater than the imaginary one.

(***) This assertion is based on an analysis of extrapolated experimental 

data to t = 0. The relative freedom of th5_s extrapolation allowed

/ r N
Berger cand Sivers to introduce unitarity effects to bend the

P-trajectory^*^^’ (17)^ . 55 + t, near t = 0. However the

curvature thus obtcained was not enough to accoinmodate the data and

the extrapolation failed to pass through the P mass at a = 1.

(t) The relevance of threshold effects for the pp rise, in the frame

of multicluster production,has been stressed by several authors^^^\

(t+) Incidentally, this agrees with the idea of Ref. (23) of extending

the popular (¿n s)^ parametrization to with an energy
K p

threshold considerably lower than for pp.

(S) We remark that the mcdel was truncated after the t e m  ~£n s in 

order to limit to four the number of parameters redefining the 

residue as 6(1 + 2 L^) and the squa3?e of the triple coupling 

as {G^ L^/ ( 1 + 2 L^) which are the valúes quoted in

Table II. This truncation introduces no alteration of results in 

the available energy range.

(í) In this context it is remarkable to notice the similarity of 2 G^ 

with the equivalent parameter 6  ̂of Ref. (2M-) where a P-bootstrap 

within the multiperipheral model is attempted without any reference 

to clusters. In this model the renormalization of the bare singula- 

rity t u m s  out to be of the same order of magnitude as ours.



(#) This explains why results changed only slightly ( ~ .1%) when the

o

sum eq. (4.a) is truncated after the first correction ~ (£n s)

-  22 -
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