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ABSTRACT

Inclusive cross sections in the triple-Regge region are

calculated using a version of the ABFST multiperipheral model that

amounts to an extension of the Deck model. Even though almost no
parameters are available for :adjustment, presently available moderate-
energy data are described in a qualitatively satisfactory manner.

Predictions are made for future experiments at higher energies, and

the various triple-Regge couplings are extracted from the model. It

is found that vertices corresponding to high-lying trajectories are
suppressed. In particulaf the dimensionless parameter nPPP that

characterizes the ﬁripleQPbmeranchgn vertex turns out to be S 10_5.
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I. INTRODUCTION

The new generation of acéelerators will exploré the region of
phaée space where a triple-Regge éxpanéionl is expected tq be useful..
It is, therefore, of interest to advance theoretical estimates
concerning the magnitudes of cross sections; the reliaﬁilitj of a
triple-Regge expénsion and thevrelative_sﬁrengths of the various
>trip1e-Regge‘coﬁplings;l This.last=p§int:is esﬁecially important if
one is interested in resolving a sbecific vertex like, say, the triple-
Pomeranchon.

Triple-Regge formulas have been kﬁown'for some time to
researchers investigating multi-Regge models;g It, therefore, seems

natural to use a specific and reasonably realistic multiperipheral

model to deal with the questions raised above.

We have employed a modified ABFST modelB’h to attempt an
ansﬁer. It will be apparent later that, in this parficular application,

7 To

our multiperipheral model amounts to an extended Deck model.
gain some confidence in it, we have also calculaﬁed inclusive distri-
butions at presently accessible acceieratorrenergies and obtainea
;atiéf&ctory fe;uits:8

| The remaining séctions are brganiied as follows:.'Séction_II o
describes the model, including some of the technical details; V
Section III'preseﬁts the resuits at moderate and high energies;
Section IV discusses. some of the prdpertieé of the friple-Regge

vertices in this model; and Section V attempts to summarize the

results and draw conclusions.
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II.  THE MODEL

We are interested in calculating the double-differential cross

\ T a2
section (d70)/(ds'd|t|) for the inclusive experiment

a+b - c¢c+X,

where

o ey - p

we also define

]
!

2
(pa + pb) .

The inclusive cross section may be obtained by summing over the
exclusive ones.. For the latter; we use a multiperipheral model of

the type discussed in Ref. 3 and schematically represented in Fig. 1.

Since we are interested in the region where s/s' >>1 and t/s <<1,

we allow the scattering represented by the leftmost blob of Flg l to
take place at high energies as well as low.

As explalned in Refs 3 and 5 multlperlpheral models yleld a
very 51mple result for the one partlcle 1nclu31ve cross section

Y

d o _ . 1 3 455 dpc dx de a(x2 - s
ds'd|t| 2>\;’~(s,ma sy )

5)

TOTAL Jf“ &= C(Sl’t)]
7] z
e =)

1
X 2>\2(83;u fmy %) o

Koo =) o(s" - 5" g, 4y - p m k- K) ()

4.

Z indicates a sum over the three charge states of the pion,
T -

d e 1 -
dp. = - and similarly for dk
c 2 2 5 3
2(p, + m ) (2n)
2
Sl = (pc + k)
) . 2
St = (p, - )
2
u = (p, - p, - k)
2
1 - -
s" = (p, + B, - P,)
Ax,y52) = % + ye ‘28 - 2xy - 2xz ~ 2ygz.

Formula (1) is represented schematically in Fig. 2. Depending on the

_quantum numbers of particles a, b, and c, it may also be necessary

to add contributions like the ones shown in Fig. 3. In our calculation

of p+p-p+X (see Sec. III), such terms have to be included.

The reader will recognize in Fig. 2 an gxtended Deck model.7
In previﬁus abplications Qf Such a model'the total cross gection on
the right was reétriéted to a given iéSOnance'-(e.g., .A _of o),vin ‘
our case we usé fhe totél cross section for Aﬁy eﬁergy.. .

The detailed éfructure of the ﬁuitipériphefal chain is never
used. The only featufe required is the capacity for geﬁerating a
realistic total cross section. The details could be much more
complicafed than the simple modél of Ref, 3.'-

If the limit s' -, s/s' -»w is taken, one obfains,lo

assuming that high-energy scattering is well described by Regge poles:



d20 1 *‘
as'alt| RIS  act acj
a (t)4ay(t) '
1 (0) .
X (—) SRCHOLIC (2)
where'_ - o
. ° d 1l 2 .ai(f)ﬁjj(t)
o/t o
X Bﬂni(Png,’u:t). Bﬂnj<pn2’.u?t) Bﬂﬂ'k(u)u;o) . xak
X (t)+a (t)(z) 3 . -A3)
1 _ - .
’ ch g - {(t/u)2 x chq = e 2~ ;
sh q ' 2(ut)?

8 . denotes a factorized Reggé:residue,>.;,_é'signature ﬁactor, ,In'-“

formula (3), the fact that one of the pion.masses is not pﬂz- has

. been exhibited explicitly. We will have more to say about this later.
The normalization of the residues is such thaf the contributions

~of a pole 1 to the (a,b) total cross section and to the elastic

differential cross section are:

together with -isospin invariance. TFor the elastic amplitude A

A]’(N") HN(S’t)A= N—)‘J‘[N
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: o, (0)
cfozgl(S) = -I____lé___§_ B ) 6 _ (0) s 3
s )@(S,ma oIy Y  aai vbi
a0, olst) L
i,ab 1 .
’ = At (t (%
at Lo (s,m.%m0) 'Bm_( ) Byps (t) clg )|

The factor.i in . formula (3) reflects the three charge states of the

pion. It is correct if the trajectories i+ and j have the quantum
numbers of the vactum;l6
In our calculation of p + p —p + X by means of formula (1),
we have used the experimentally observed (x,p) total cross sections
N— =N’
we have adopted the following simplifying prescription,
(s,0) "™, Tis form is fairly accurate for
small t, even in the resonance region, when 7y 1s taken to be
o : . )
2 < e I . .
‘h(va/c) ~.. Fo AﬂN_’nN(s,O) we used the tabulation of Ref. 17

Off-shell corrections to the N elastic amplitude and #N

’total -cross section have been 1ntroduced to. prov1de the necessary

Tcut-off in the 1ntegrals ‘over the v1rtual plon mass " We have used a

form factor of the type suggested by the ABFST 1ntegral equatlon D
_ : (a+1)
2y Yo
AHN(s,t,u) = AnN(s’t’u': Mo ) - l( 5  u ;t.)
) Yo 2 _uﬂ 27
» uo o+l
o ylo) = o ysu=u®) {20t
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ThevABFST model suggests that the asymptotic behavior of the
residue 8, of the pole 1 is (-u)cti+l as -u ~»w. Since, for
low energies, we do not use a Regge pérametrization of ¢ or of

_ Total
A » we cannot incorporate this result in a simple manner.
wN- N
Motivated by the perturbative approach of Refs. (4) and (10) we have
taken an average intercept Q = 0.7.

The form of the off-shell corrections given éboye has been
shown to provide an adequate fit to numerical solutions of the ABFST
equation even in the low-virtual-mass region if uy = 1 GeV2-.15 We
have experimented with other cutoff procedures, such as "reggeizing"

the pion, and found that the results do not change signifigantly.

Thus our model contains almost no free parameters.
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III. RESULTS AT INTERMEDIATE AND HIGH ENERGIES
Figure 4 shows a comparison of the predictions of the model.
for the process pp — pX with the‘experimental.results of Anderson
et al.6 The following aspects of the experimental data afe satis-

factorily reproduced:

(i) Energy dependence:  one of the striking features of the

‘data of Ref. 6 is & rapid decrease of the average cross section with

increasing beam momentum. This éffect, indicative of the weakness
of diffractive excitationin this energy range, is well reproduced by
the model. |

(ii) Missing mass depenﬁencei Given that we cannot expect

to reproduce the full resonance structure, we consider our results

‘satisfactory. The calculations yield bumps in the missing mass at

the appropriate léce.tionsll but with insufficient strength..
(iii) Absolute normalization: This point is sensitive to the
cutoff procedure adopted for the integration over the momentum

transfer u in formulas (1).and (2). This is the problem of off

mass-shell corrections mentioned in Sec. II. It may be seen from

Fig. b that our normélization is_béﬁter for high missing.masées,;ﬁhefe
rééonances are not-expected to be.importanﬁ. : | | ‘

Another interesting fesult from our calculations is the
importance, at intermediate energies and small t, of.pipn éxchange,
in the sense of Fig. 3b. TFor high missing masses, this mechanism

accounts for about 50% of the cross section at = 20 GeV/c

_ P1ab
and t = -0.04 (GeV/c)g. The importance of diagram 3b has also been
8,9

recognized recently by other authors.
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Figure 5 exhibits the 1t dependence of the double differential

cross section for a fixed value of the incident energy, at various
values of the missing mass. Comparison with.the data is again
satisfactory. |

The broken curve in Fig. U4 shows that a triple Regge expansion

with the'vertices predicted by the model {see Table.I) provides a

_ reasonably accurate approximation to the more exact calculation even

19

at low energies.
Figure:6 shows what we expect to observe at higher energies
on the basis of this model. Dominance of the triple-Pomeranchon
component would give a flat,.energy-independent, cﬁr?e in Fig. 6.
The broken  line at the bottom of the gfaph is What"gPP,P. alone

contributes to the double differential eross section. It can be seen

that, for the ISR energies, this contrlbutlon can amount to about 50%

of the cross section in the approprlate m1551ng mass range
(s" ~ 10-50 GeV' ). Thus it mey be possible to extract the value of
gPP,P by means of a fit to the data.

Figure 7'shows a comparison.of the reeent results of. the

* CERN- IHEP boson spectrometerl (contlnuous curve) w1th a. trlple-_; -

'vRegge expan51on with the vertices predlcted by our model. It can be -

seen that our expansion yields a very satisfactory missing mass

dependence and. energy dependence.
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IV. TﬁIPLEvREGGE VERTICES
Tzzle I exhibits the values of the varlous trlple-Regge
vertices as predicted by oer model._ Not that the gij,k
are not dimensionless. - The Velues we give are to be used in an

expansion like formula (2),‘where the energy scale parameter is

= Gev.

Accordlng to’ Table I, all the coupllngs are of the same order

of magnluude There is, however, a deflnlte trend. The higher the

Vintercept of trajectories i and Jj, the smaller the coupling.

The rough equality of the vertices derives, in this model,

from the comparsble values of the couplings of the P and the P’

to the ﬁni system, as extracted from total cross sections. The

relation between the strength of the vertex and the height of the

intercept can be understood most easily by writing formula (3) for

t =0
0 s
. . (0)+a, (0)-2-c (O
L0 @ & 2 e ? - w100
%13, 165° @, (0) + 1 S
a0 o, R B
X ( u) nni(u’pn, ’o) ij(u:'uﬁ ':O) Bq“k(u:u;o). : (h)

s
or, letting u =0,
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' (0 -
f1,(0) @ i613 (Oi 1 du('u‘)al( iy ()1
’ L ak +

(O)ﬂx (O)+2

u
0
X 8.,1(0:0,0) 8 5(0,0,0) 8 _,(0,0,0). — E)
. . ' 0o .2

. < u, '>°‘k'(o)+1 N
)( TR . (&)
0
.In (4') we have exhibited the expllclt form of the off- shell corrections.
The 1nfluence both of the traaectory intercept and of the
magnitude of the couplings of the trajectories to the xx - system is
exhibited in (4) and (4'). Note that we use the appropriate velues
for the trajectory intercepts in the form factors. Since we have
‘singled oﬁt a specific set of trajectories we do not have to use an
" average intercept as we did in Sec. II.
The effect of the trajectory intercept can be traced back’
to kinematical limitations on the minimum momentum transfer u between

-theﬂtwo blobs of Fig. 3 when s, - and s are large.

1 3
The reader may have notlced that the only secondary. tragectory
included in Table I is the P'. As already discussed in footnote 16,
the o and A2 trajectories are not important for the ‘p +p-=>p +X
aﬁd gp 2 X + D experiments.in the kinematical regions that we have
been considering; However, the absence of the m' coupling is more
serious. ©So long as we restrict-ourselves to .n exchange, the w

decouples. This circumstance can be interpreted either as an

interesting consequence of the x-exchange model or as a disturbing

-12-.

violation of the cherished,'and empirically well supported, notion of

exchange degeneracy. Note that, 1f degeneracy is assumed, the

extraction of gpé P from experimental fits becomes easier because
2

_nondiagonal terms of the form (PP',k) are approximately cancelled

by terms with P' replaced by w.
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V. CONCLUSIONS

The existence of the pion pole in connected parts together

with the pole factorization theorem implies that the triple-Pomeranchon-

vertex cannot vanish.z0 The question is then whether the contribution

to the cross section from»ﬁhe region of phase space dominated by the

"pion pole is a significant fraction of fhe total. We believe that

the results of Sec.” III show théﬁ therpion p@le*has Sdmethingfto do -
with the observed.cross seétioné. We have not attempfed té fit thé
data but rather to_show that the gross features could be reproduced
with a very simple model. Section IV, however, shows that thé

triple-Pomeranchon vertex is 50 small ‘as to be almost unobservable

. except at extremely high energies.

The dimensionlessparaméterlo ﬁPPP that determines the
displacement of QP(O) from 1 is, assuming o = 0.5 (GeV/c)-2
. _ . |
&p p(0) b 12

= ~ 5X 10 .
k22 204,(0) K
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low values of the energy.: When s' >> m o+ t the variables
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' ‘suggesting the use of this variable.
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Table I. Triple-Reggé vertices.a

t’(Gev/c)2 il pp,p | PP',P|P'P',P PP,P'% PP',P'| P'P',P'
0 0.299 | 0.745 0.2362 0.488 | 1.21
-0.05 0.293 0773h o;2hh§ 0.523 1.31
-o.lo: 71 0.285 0.75uu,'o.2h7§ 0.547 | 1.0
-0.15 | 0,275} 0.733 :b;éuéi_o.sse 1.8
-0.20 0.263 1 0.731 10.240 1 0,569 | 1.55
-0.25 0.251 | 0.726 0.2312 0.567 | 1.61
-0.30 0.257 | 0.719 0.2192 0.559 | 1.65
-0.35 0.223 | 0.709 0.2065 0.546 i 1.68

Values of the triple-Regge vertices as a function of t,

assuming that .Bp(t)» varies as e''?" and that BP,(t)

is a constant. The magnitude of the coupling of the P

to-the nx System has been obtained via fﬁctorization'

assuming that the asymptotic ‘aN and ~nr  cross sections

are 23 mb and 38 mb respectively. The P' was assumed

”:>to.couﬁle:to_the  ﬁﬁVvSys§em'ﬁith the same $trengfh as the . -

‘P,ﬂrihié'i§;empiiiballyJwell supportéd (see f&f'éxample, a

) Ref?'lh). The cbuplings given above are to be used with

form factor has been taken to-be Uy = 1 GeV2.

. and expansion like Eq. (2). The scale parameter in.the




Fig. 1.

Fig. 2.

Fig. 3.

Fig. k.

Fig. 5.

Fig. 6.

'Expectations at higher energies.
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FIGURE CAPTIONS
Schematic representation of the exclusive matrix element.
Schemstic representation of formula (1), If the detected

particle is a pion other diagrams having a pion coming not

from the leftmost blob mey have to be considered. The

contrlbutlon of these other terms 15 not 1mportant very

close to the klnematlcal boundary.

Other terms that may have to be 1ncluded dependlng on the
quantum numbers of particles a, b, and c.

Comparison of our results,wlth the data of'Anderson et al. The
diamonds (O) correspondvto_the experimental values, the

smooth curve is our calculation and the oroken line is what

a triple-Regge expansion with the couplings of Table I

predicts. In 4 (a-d) we have plotted the same quantity as heve

the authors of Ref. 6 for "fixed" t and varying energy'(see

thé relevant footnotes in Ref.-6).

CombariSon of our results with.the t dependence of the data
of Ref. 6 at three different values of the m1351ng mass :

(8), (s7)

The normalizatlon of our results has been adJusted to‘

1.
3 1 L Gevs (b),(s)e—l 7 cev; (o), ) () s, 9GeV

coincide with the datae at the lowest value of t.
We plot
zn{s'(dzd)ﬂds'dtﬂ versus #n s' at t = -0.0k4 (GeV/c)g.
The triple-Pomeranchon componedt, if'sufflciently strong;
would be evident as ao almost flat, energy independent,
The flat broken-line at the bottom

section of. the curve.

of the graph is the contribution of the triple Pomeron. The

Fig. 7.

:Table I. We have taken t =

t] ‘varies between 0.17 (GeV/c)2

-20-

curvature at small s' is due to the use of the variable

v = s' - mbz'- t

Continuous lines are. the resﬁlt of calculating with the

instead of s'. See footnote 19.
complete model; broken lines correspond to the triple-Regge

expansions. The reaction is p+p -»p + X,

jThe experimental results of the CERN-IHEP boson missing-mass
'f'spectrometer (contlnuous curves) compared w1th the predlctlons

: _of a trlple-Regge expan31on w1th the vertices glven in

-0.25 (GeV/c) . The experimental

‘and 0.35 (GeV/c)2.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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