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ABSTRACT
A particularcase of a Mueller formula deséribing the absence of
1ong-range two-particle correlations is used to predict double-pomeron
cross sections from available data on single-diffraction dissociation.
Although success of the formula in this application would immediately

verify the double-pomeron hypothesis, the converse is not true because

" the formula may be invalidated by prominent low-energy resonancés (such

aé_the ' a&xinthe pomeron-pomeron totél cross section. Low—statisticé
experiments at s = 200 and 400 GeV2. are in . order of magnitdde

agreement with the formula.

| There now exists ektensivevexperimental information on single-
particle ihciusive cross sections of the type A+B~>A~ XA' illus-
trat;d by fig.la, in the region Mi /s £ 0.1, s -being the square of
the total center of mass energy (1-%). Events in this region are often
characterized as singly diffractive_("diffraciive dissociétion" of
particle B) and many of their properties have Been e1ucidated throuéhx

the concept of pomeron exchange (the squared mass of the pomeron being

* ' , o : '
This work was supported in part by the U. S. Atomic FEnergy Commission.

t . . 1 ,
On leave from the University of Paris VI, Paris, France.
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t Tt will soon be possible to study two-particlé inclusive. cross

A
sections of the type A + B~ A+ B+ X illustrated by fig.1lb, in the
region ﬁhere EEEE. Mi /s ggg Mi /s are small.* ’Such events may
tentatively be charac%erized as "gouﬁle-pomeron éxchange", but it
remains uncertain whether their distribution and energy dependence
will foilowAthe detailed rules of double—pomeronrfactorizafion (4) .
This paper examines the consequences of a simple Mueller formula giving
the two-particle inclusive cross section of figlb as a product of
single—particle ineclusive eross sections. This formula.does not
: depend on_(double) factorization of the two pbmerop 1inks exhibited in
fig. 1b but rather on (single) factorization at the central vertex.
Nevertheless, to the extent that the Mueller formuia'turns out to be
valid in the region where both Mi /s and MiB/s are small; one
verifies double—pomeron factorizat?on--becauée of the recently estab-
lished experimental fact that within each of the two single-particle
inclusive cross sections in the Muel1er formula a factorizable pomeron
plays a major role (1—3);

Even if valid only in order of magnitude and not in detail, this_
formula pfovides a concrete baéis for the design of expefiments.Seeking

evidence.concerning double-pomeron exchange. We shall argue that the‘

formula has useful predictive power for the exclusive measurement

M ,
In this region, which for convenience we refer to as the "double-
pomeron region", Mi /s %1 - [XA |, where X, p are the Feynman

S Xap ,B ’
longitudinal-momentum ratios. The two-particle inclusive experiment

measures a fourfold differential cross section with respect to the

.variables tA’ tB’ MXA, MXB.
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A+B->A+ B+ 21 in the double-pomeron region, the experimental
study of which has recently been reviewed in Ref. (5).

We begin by recalling the variables introduced in Ref. (5),

Zy 5 = fn—— ] (1)

A,B Mi

A,B

and by identifying the two-dimensional single-particle inclusive

differential cross section corresponding to fig. 1a:

A
dOAB

- dt, 4z,
The notation for the corresponding cross section when B is the
observed particle is obvious. The formula we propose to use for the

th-particle inclusive cross section corresponding to fig.lb is then

AB S B

dUAB . 1 dOAB. doAB | . (2)
dt, dtp dz, dzg Oth dt, dZA dty dzg

This formula is a special case of one proposéd by'Mhelier'(é),'
which describes an absence of two-particle correlati0ns and which is
usually'supposed to become vélid when the rapidity gap between the two
observed particles is large. In the double-pomeron region (ZA and-,ZB‘
both "large"), however, justification of formula (2) requires a more
delicate consideration of the dependence ¢n the ceptral vertex in
fig. 1b,

This central inclusive vertex, which may be described as
proportional to a "pomeron-pomeron total cross section' (4) at total

P-P center of mass energy M&, is presumed to have a Regge expansion

for large M&Z with a leading factorizable term proportional to



o (0)-1 _ | | |
(M ) } '_£‘ Formuls, (2):éan,6e éhoﬁn'toff@lioﬁ'ioztheeextent'thate*'
such a factorizable tefm, taken alone, is a reasonable approximation . .
(7) . Now, as will be shown below, for all double pomeron experlments
in the foreseeable future the mean velue of M 2 will be < 1 GeV2
at first sight not large enough to Justify pomeron dominance of the
inclusive central vertex. ‘ |

Two considerations may nevertheless.be_invoked to support the
oonjecturevthat formula (2) will be useful throughout a douole-pomeron
region‘defined as ?A’ZB > fn 10 without regafd for the magnitude of

M 2. (1) Dash and collaborators-heve discovered that a single

X
factorizable effective (or "bare") pomeronvwithvintercept aP(O)'z 0.85
is capable_of representing a large vafiety of diffractive data, both
inclusive and exclusive, down toefemerkably low energies (8).
(2) Dual-resonance models suggest that the (inclusive) pomeron
cOntroiling the 1arge—Mx region may be dual to resonances in exterhal-
pomeron cross sections and thus may give a reasonable average approxi-
mation at low M (9).

It can be shown (7), that in a rough statistical sehse_
(z+z) _ '
M x se (3)
»and henceforth in this paper the_éymbol M& is to be understood as
meaning the quantity given by eq. (3).* If one wishes to improve
formula (2) for low values of Mx so as to.include the effectvof

resonances such as the fO’ one may add to the right-hand side of this

* The actual cluster mass, as illustrated in fig. 11 of Ref. (5), lies

somewhat lower.
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formula'an.appropriate Mx—dependent factor. At the present time,
hoWever, it is unclear how much alteration is required of the low—M%
extrapolation of the presﬁmed smooth and factoriéable behavibr at
large M&--gn extrapolation implicit in formula (2).*

To simplify analysis of the implications -of formula (2), let

us fix the two variables t and t the limits on which in the

A B’
double-pOmerbn region are almost independent of . s, ZA’ and ZB, and
concentrate on the latter three variables. As shown in Ref. (5) the
allowed region of ZA and ZB at fixed s 1is approximately the
triangular domain of fig. 2, where the parameter 5o has been estimated
from the mean_transvefse momentum of produced particles to be

*% v
s, ~ 0.14 GeV2. The double-pomeron region, by our definition, is

0
the inner triangle where both Z, and 2, are larger than - ¢n 10.

A B
Formula (2) makes detailed predictions about the distribution
of events within the inner triangle which it will be important to |
verify. We confine ourselves here, however, to discussing the integral
over this triangle. | |
It has been experimentally established that within the double-
pomeron region the single-particle inclusive cross sections on the

right~hand side of'eq. (2) are slowly-varying functions of ZA’ ZB’

and s. To estimate the integrated magnitude of the double-pomeron

* As emphasized in Ref. (7), an immediate indication of the breakdown
of formula (2) would be given by the existence of a correlation between
the azimuthal angles of the leading final particles A and B.

*# .
Formula (3) implies that 59 is the minimum value of Miz.
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cross section we therefore take the observed values at the centroid .of

the double~-pomeron triangle,

Zy ZB Z(s) 3 ¢n 5 , (4)

and multiply by the area of this triangle

We thus have.

doﬁg(s) Lo App(s) oy

T a © tot Gyp (85ty) GABB(S’tB) ) (6)
A"'B oyp (8) .
with : :
N A )
do |

A ) AB -
GAB_(S’T'A) = Gﬁ) _ . (7)

ZA=Z(s) _

If we roughly parametrize experimental information on the

single-particle inclusive cross sectibn by the (large ZA’ small tA)

form

. A . . o
Cpp o o Pasha | (8
T Az, s |

A 9%y AB

adequate for pp collisions in the range 100 eV < s § 1000 GeV2,

252,55 0<t,s0.50eV, with ¢z 0.5, b, E 6 GeV ™2,

C._ =23 mb GeV-Z, then
PP

_ | e/3
G 'A(s L) & C ‘/__SQ_ ebABtA
. A.B : ’ A - AB\lO S

Integrating the form (8) over the triangle, without using the centroid-

average approximation, gives in place of (6) the result

(9)



AB, ' _ €

ddAB(s). _ CA CBA ebABtA+bBAtB 1 < )28 i (SO)

dt, dt_ tot 10 S
A "B OB

[1 + ¢ n ifﬁ??;;] . : (10)
With a factorizable t-dependence as in the form (8), the integral
over ‘tA and t; 1is a simple multiple of the value at t, = tg = 0,
the energy dependence reﬁaining the same.* Figure 3 shows the predicted
total doublé-pomeron cross section on the basis of formulas (6) and (10),

If one of the incident particles is not a proton, one expects

from factorization

dot <Ap"'bpp>t -
—~% ‘2“ ® —Be | | - (11)
Cop o
and

tot

o C »

pA N pA . : (12)
0tot- Cpp : -

pp

For example, if particle A is a pion, formulas (11) and (12) give
-2 .

b =z 4 GeV C. /C__ = 0.3% and C_/C__ = 0.6. The correspondin
m * 4 » Crp/Cpp and  Cpn/Cop ponding
mp total double-pomeron cross section is then predicted to be smaller
than that.in PP collisions by a factor = 0.5, but the energy depen—'

dence shduld be the same. The Kp double-pomeron integratéd CcToSss

section is predicted by the same reasoning to be roughly half that of

.

. _ ,
With an exponential dependence on t as in (8), the factor is-

l/bABbBA'
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" We close with a discussion of the low Mx2 ‘region-—which one

expects to be dominated by central clusters consisting of two pions

Ono). Much of the total double-pomeron cross

2

(2/3 ™7 and 1/3 W
section should lead to such clusters when Mi <1 GeV2 at the centroid
of the double pomeron triangle, i.e., according to formulas (3) and (4),

when

53]
®
|

27 s 2/3 R
- 0 )
- S<m> e,

or

5 x 10° GeV=

[&7]
A

For the present and the immediate future, in other wbrds, a large
proportion of double-pomeron events will be of the fariety:

A+B+A+ B‘+ 2™, and the foregoing crbsé-Sectioﬁ estimaﬁes, if

valid at.all, may be applied to this special reactioﬁ. The experimental
points in‘fig.;a represent measured aouble-pomeroh cross sectioﬁs
(5,10) tovproduce ﬂ+ﬂ_, multiplied by a factor 3/2 to include 1040

production.
The suthors are grateful to Dr. D. Amati for the hospitality of-.
fered by the CERN Theoretical DiviSion, where part of this work was ‘

carried out. :
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FIGURE CAPTIONS

(a) Diagram defining the variables appropriate to the descrip-
tion of single diffractioh dissociation (single pomeron

exchange ).

(b) The variables needed to describe double pomeron exchange.

The triangular phase-space plot showing the double-pomeron

region.

The integrated double-pomeron cross section as a function of

lab momentum. The dashed curve is the centroid-average

approximation for pp, while the solid curves represent exact

integrations of the form (10) over the double-pomeron triangle.

The experimental points correspbnd to the measured cross

section for a central m T cluster, (5,10 ) multiplied by

3/2.
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