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Abstract: Experience with single diffraction is used to motivate a proposed definition for the
phase-space region of exclusive double-pomeron exchange (DPE); the definition involves
two ratios of missing-mass to total energy. The kinematical implications of the proposed
definition are explored through a triangle plot in Z variables — the logarithms of these
ratios — and the problem of background is analyzed through a double-Regge expansion. 1t
is shown that forthcoming NAL experiments should have no difficulty in establishing the
presence or absence of exclusive double pomeron exchange. The results of previous attempts
to measure DPE are reconsidered in terms of the Z variables, and it is found that the sta-
tistics accumulated to date are inadequate. Recent 205 GeV/c NAL experiments on
m p—pr an andpp—>ppm « are discussed in some detail.

1. Introduction

In recent years many analyses of experimental data have sought evidence for
multi-Regge behavior of high-energy reaction amplitudes and inclusive cross sec-
tions {1], the number-one objective being verification of double-pomeron ex-
change [2]. Controversy continues to surround the nature of the pomeron, its
capacity to appear more than once in a single amplitude being doubted by those
who regard the pomeron not as a Regge pole but merely as a synonym for “dif-
fraction™. In spite of the importance of the question, there has been remarkable
lack of agreement among particle physicists as to what constitutes a suitable ex-
perimental test for the presence (or absence) of double-pomeron exchange. In this
paper, by reviewing already established information on single-pomeron exchange,
we are led to propose definitive criteria for testing the double-pomeron hypothesis.

Pomeron exchange is definable either in an exclusive or in an inclusive sense [3]
— as one recognizes immediately in the original application to differential elastic
as well as to total cross sections. Double-pomeron exchange may correspondingly
refer to double exclusive, double inclusive or single-inclusive—single-exclusive. We

* Work supported in part by the US Atomic Energy Commission and the National Science Foun-
dation.
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Fig. 1. Schematic representation of the double-pomeron contribution to the amplitude for re-
action (1): Bp — p7r+7r"B.

concentrate in this paper on double-exclusive measurements — for three reasons:

(i) Much more attention has been devoted to data relevant to the other two
categories from which, despite ambiguities of interpretation, it is now widely ac-
cepted [1] that double-pomeron effects are indicated *.

(ii) Theoretical skepticism about multiple-pomeron effects in the exclusive sense
seems sharper than for the inclusive.

(iii) Data relevant to double-pomeron exchange in the exclusive sense is more
difficult to accumulate and more care is correspondingly needed in the analysis.

Most work to date on the double-exclusive question [4, 5] has employed re-
actions of the type

Bp—~>Br'n p, (B=morp), 6]

where there may occur a double-pomeron exchange contribution to the amplitude
as schematically indicated in fig. 1. We shall begin this paper by reviewing the
literature on such reactions and stressing the absence of a uniformly accepted cri-
terion for establishing the double-pomeron effect. We then consider a criterion that
has become accepted in studying single-pomeron (exclusive) effects and examine
the consequences of employing the corresponding criterion for double-pomeron
exchange. Although our conclusion from such a criterion is that no experiment

to date yields significant evidence for or against exclusive double-pomeron effects,
we are able to spell out the requirements for meaningful experiments feasible with
present accelerators. We discuss several models that are useful in data analysis and
review previous work in these terms.

2. What is a “pomeron-associated event™?

Table 1 lists the published experiments on reactions of the type (1) and the type
of analysis used to define double-pomeron “events™ [4, 5]. In each case a certain
portion of phase space was identified as being the region where the double-pomeron

* The double-inclusive question is usually phrased as the presence or absence of a central energy-
independent plateau in an inclusive distribution. The single-inclusive—single-exclusive question
is posed as the presence or absence of a PPP term in a triple-Regge expansion.
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Part I = (wp) experiments

Plab Selection criteria Observation and
Reaction (GeV/e) Ref. for (DPE) candidates claimed result
1'r+p - p7r~n:ﬂ; 8 and 16 ¢ longitudinal phase-space analysis:  Superposition of
the angle w for the (v n;) such (DPE) can-
system of {DPE) candidates didates with the
is =~ 120°. tails of other
+ 0. + phenomena.
7 p—pQn)n (4a] * "_7’+l No conclusion
0 OSOW < 0.65 GeV. can be reached
mn regarding:

(i) the exis-
tence of
(DPE)

(ii) the energy
dependence
of (DPE)

T p— p‘n+7rs_ n; 11and 16 [4Db] ® longitudinal phase-space analysis: same as above
the angle w for the (7¥ )
system of (DPE) candidates
is = 120°.
nTpopr a m, 25 *MP _ >2GeVEM% .\ >4GeV? (DPE)iseither se-
s 'f nX) (pX)
verely suppressed
[4¢] * mg<2 GeV? or absent.
° 2 ~
1tﬂ'—'>7rf+ 2tp_,p| <0.8GeV %upper limit ~10ub
npoprin ag 205 *yaxTZA-1>2,ypx=Zp>2  (12:3.5)events
corresponding to
0=(45+13)ub
(and o, limi
per limit
=65 ubg
® a fit based on a multi Regge (16+12) events
model [12] of the density inside when (DPE) term
[4d] the triangle y 5 y versus ygy included

® selection based on a pion pole
dominance model [17]
M?,  >2GeV: M* >4GeV?,
T Tfast P

- =2
s Tf

¥y

8 events — subset

of the 12 — cor-
responding to
30+10ub, to be
compared with

34 ub predicted by

a pion pole do-
minence model [17].




Table 1

D.M. Chew, Exclusive double-pomeron exchange

Part II = (pp) experiments
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Reaction

P

Selections criteria
for (DPE) candidates

Observation and
claimed result

pp—prnp

lab

(GeV/c) Ref.
4-25
(pp World
DST)

[5a]
4-25

[5b]
19.22.
25
(from pp
World [5¢]
DST)
12 and 24

[5d]
205

[Se]

® Jongitudinal phase-space
analysis

® uses double Regge model [18)

to select events

.
MpTr1r >1.7GeV, icos8¥20.9

(6*, angle between incoming
and corresponding outgoing

proton)

¢ assumption that the (=)

system is in a pure S-wave.

® uses a double Regge model

to make prediction on

M (nn) inside LPS region for

(DPE).

®lyre —1<0.5

® My < 0.6 GeV

¢ selection based on a pion

pole dominence model [17]

M? >4 GeV?
v

® Small energy depen-
dence in the central
region found con-
sistent with a sizable
(DPE) effect, but
limited to the high en-
ergy range of 1925
GeV/e.

® For the energy range
considered, pomeron-
reggeon exchange is
adequate to explain the
data without any contri-
bution from double-
pomeron exchange.

A spin-parity analysis
of the nw system indi-
cates a substantial P-
wave contribution
arguing against (DPE)
dominance.

No evidence for any
large (DPE) contribu-
tions.

Observation of an en-
hancement in the low
(2m) mass region.

This low mass is com-
pletely dominated by
fragmentations and/or
excitation of the in-
cident protons.

. Gu er limit at 24 GeV/c
= fd)ub.
9events—>ao=44+15ub
in agreement with the
prediction of 31 ub from

a pion pole dominence
model [17]
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Table 1 (continued)

Plab Selections criteria Observation and
Reaction (GeV/e)  Ref. for (DPE) candidates claimed result

[5e]  ®Mx <0.6GeV also required  ® 2 events > o =9ub
conclusion:

%upper limit =
= 4p4P ub and no
evidence of (DPE).

mechanism had the best chance to show itself. But the choice of this region varied
from one experiment to another as did the efforts to estimate “background”.

The principles of quantum mechanics preclude any precise basis for associating
a given event with pomeron exchange, but experience with single (exclusive) pomeron
exchange has led to widespread use of the concept of “diffractive” events. Although
this concept cannot be precise, it is useful and has become understood by particle
physicists in a fairly uniform sense; the concept is equivalent to a definition of a
“pomeron-associated event”. The most natural definition of a “double-pomeron
event” in the reaction (1) is then, to interpret fig. 1 as either single diffraction of
the type shown in fig. 2a or as single diffraction of the type shown in fig. 2b and to
demand that an event simultaneously satisfy the conventional criteria for both. In
order to implement this definition of DPE, we must now identify in quantitative
terms the common understanding of what constitutes single diffraction.

Extensive high-energy inclusive experiments of the type Bp > pX (B =p, m K)
have led to the characterization of events, for which the absolute value of the Feyn-
man variable

x|~ 1,M§(p/s ()

is larger than about 0.9, as “diffractive” [1, 6]. The symbolMXp stands for the
missing mass with respect to the proton while s is the square of the total c.m.
energy. Within the restricted interval M)2< /s < 0.1 two qualitative characteristics
associated with “diffraction” have been observed [6] : (i) The dependence of
da/dMX on momentum transfer to the proton is steep — similar to that in elastic
scattering. (ii) The dependence on s of do/dMXp is weak — again similar to elastic
scattering.

It is illuminating to recognize the connection between the ratio Mip/s and the
rapidity gap Vpx between the final observed proton and its nearest neighbor among
the remaining produced partlcles of mass Mx,,. It has been shown [7] that for large
s such a gap yx is related to Mxp/s on a statistical basis by *

* Assuming the particle within X that is closest to p to be a 7.



D.M. Chew, Exclusive double-pomeron exchange 427

Fig. 2. Single-diffractive interpretation of fig. 1.

{m, >
N 1w \
Yo~ S e 3)
P 2 {m, >
MXp 1p
(where In [(mlw)/(ml ] = —1 if the average transverse momentum of produced
particles is = 350 MeV/c) The requirement that M2 /s be small thus means that
YpX be large — the qualitative condition for pomeron dominance given by Regge
theory [8].
We thus propose a preliminary definition of a “double-pomeron event ’ of the
type AB > AXB (see fig. 1) as one for which 1 —x 41 <O0.land I - ixgl <o.1,
where

M2

PRI )
M2
XB

gl =1 - = (5)

By such a definition, DPE events constitute a part of single diffraction dissociation,
but each event may be described as dissociation either of A or B and belongs
simultaneously to both singly diffractive regions.

Although the definition of DPE is given in terms of x , and xp, an important
kinematic constraint is more easily recognized if one thinks in terms of the cor-
responding rapidity gaps ¥ ,x and ypx. The sum y ,x + ypx evidently cannot be
greater than the gap y 45 between the outgoing particles A and B, while y 5p is
limited * by s:

o, 0~ S (6)

AB (M ) m )

* Relation (6) has been verified for (wp) experiments, but not for pp experiments where its ap-
plication would give

[
yincoming P =013,

AB —{YAB

)~ 1In

Experimentally, one finds this difference to be of the order of =1 unit (see ref. [5c, 5¢]). We
will nevertheless, for reasons of simplicity, continue to use formula (6).
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We thus have:

N
Yax tex S G Sy

or using relations (3)—(5) where the index p is replaced by A and B respectively:

1 s

If the methods of ref. [7] which led to formula (3) are applied, one finds that s is

independent of the particles A and B and is of the order of magnitude (m l)2,where

(m,) is the mean transverse mass, [m2 + (p2)]2, of the nearest neighbor to A or B.

Assuming such a particle to be a pion one expects

S ~0.14 GeV2, (8)

3. The trjangle plot for double-pomeron events

The foregoing arguments suggest the introduction of variables

s 1
Z, =1In =~ In
A 2 1—x, ’
MXA A
Z. =l ~In ! 9)
B M2, 1-xy

which are equivalent to rapidity gaps, up to displacements of the order of 1 [7].
These two variables span a triangular region of phase space as shown in figs. 3(a)
and 3(b), being limited by the constraint

Z, +Zy<In(s/sy), 5,~0.14 GeV? . (10)
We are defining double-pomeron events as those which fall into the region where
e AZ01, e Bgoa, (1)

or
Z,R23, ZyR23. (12)
One sees by this definition how the region of possible DPE events expands with in-

creasing total energy.
A useful feature of the triangle plot, in addition to its geometrical simplicity, is
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Fig. 3(a).The triangle plot defining the double-pomeron region. (b) The triangle plot for dif-
ferent values of Pj,p,. Note the maximum value of Ix 5 | and |xgt when these variables are con-
strained to be equal to each other.

that, at high energy, equal areas within the triangle correspond to equal regions of
“multiperipheral phase space.” This statement will made precise in sect. 5 when we
consider the question of multi-Regge analysis. For the moment we merely remark
that the linear expansion with In s of the DPE region in fig. 3 implies a parallel in-
crease in the expected number of DPE events.
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Fig. 4. (a) The triangle plot of fig. 3 with events of the reactionn p — pn+n*1rf7 at 205 GeV/c.
(b) The triangle plot of fig. 3 with events of the reaction pp ~ psn+n_pf at 2S05 GeV/ec.

The larger s is, the more favorable are the conditions for observing DPE. Fig. 3
shows that the absolute minimum s for DPE observation is given by

InS ~2(2.3)
50

or

s 100s0

~ 14 GeV? .

The largest value of s for which reactions of type (1) have been studied to date is
~ 400 GeV? at NAL, corresponding to In (s/sg) =~ 8, so the DPE region here is
substantial. At the ISR one can reach In (s/sq) = 10 (fig. 3b).

4. Currently available data

NAL experiments with 205 GeV/c pions and protons have each generated only
a handful of events in the DPE region [4d, 5]. The triangle plot of events from the
reaction 7~ p = 7~ w¥n " p is shown (7] in fig. 4a. The great majority of the events
lie in regions where either Z, or Zy is large, but not both. These are the singly dif-
fractive events. The eight events that are DPE by our definition correspond to a
cross section of 30 £ 11 ub. Results from the reaction pp = ppn*n~ are similar [10a]
(fig. 4b). The selection of 17 events of the pp experiment would correspond, using
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the information of ref. [10b], to 60 * 15 ub. The factorizability of the pomeron
(see eq. (14)) leads one to expect that the ratio of DPE cross sections in pp and np
collisions is approximately equal to the ratio of the corresponding elastic cross sec-
tions (=~ 2).

Experiments at lower energies have no better statistics in the DPE region so it
will suffice to ask whether the presently available 205 GeV/c results do or do not
establish the existence of double-pomeron exchange. In other words, can the 8 (or
19) events be no more than “background” from the tails of distributions concentrated
in the single diffraction regions of the triangle plot? A visual estimate suggests that
such could easily be the case; in ref. [4d] a simple Regge fit to the overall distribu-
tion confirmed the statistical insignificance of the selected events in the mp experi-
ment.

5. A formula for double-Regge analysis

Supposing that meaningful statistics were available, how would one proceed to
establish the presence or absence of double-pomeron exchange? Let us first analyze
the problem in terms of the rapidity gaps y ,x and ypx and later change to the
equivalent Z variables. We assume that the two momentum-transfer variables ¢, and
tg have also been measured.

At a fixed value of the total energy, if we sum over the variables of the internal
cluster, the cross section is a function of four independent variables, 7 , 75, ¥ s x»
and y gy - The mass of the internal cluster is fixed by the difference between
Yax *¥px and the total rapidity interval y 5 as given by formula (6) in terms of .
Let us designate by yy the rapidity interval spanned by the central cluster *, so that

Yax tVex tVx = Van - (13)

For large values of y ,x and ygy, according to double-Regge theory, the differential
cross section has an asymptotic expansion [12]

4
d’o . * [Ot,'(fA)‘*‘Ol]‘(tA)—z])’AX
dr,drpdy \ 5 dypy z]zlz ! Bialta) Biatta) e
; (tg) +ay(tg)-2]
Xgij,kl(yx’tA’tB)e[ak BB TBX 5y p(tg) Bty (14)

corresponding to fig. 5, the sum running over all Regge trajectories with zero
quantum numbers. Our immediate goal is to establish whether any four-reggeon
coupling g;; 4 is non-vanishing for which at least one of the two indices i/ corresponds
to a pomeron and simultaneously at least one of the two indices &/ is also a pomeron.

* The mass squared of the central cluster is roughly equal to s, & X as shown in formula (29).
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Fig. 5. Schematic representation fo formula (14).

Ultimately, of course, the individual values of the various four-reggeon couplings
will become a goal.

With sufficient statistics the analysis can proceed for fixed values of 7, and 7,
or one may integrate over these variables and replace each « by an appropriate ¢
average. In either case let us now drop further reference to 7, and fp and concentrate
on the Regge dependence on y,x and ygy exhibited by formula (14).

Exploitation of this simple Regge dependence, which is to be the basis of our
analysis, requires that yy be kept fixed. Keeping the constraint (13) in mind, it is
convenient to define

.VE%())AxfyBx) ’ (15)
so that
Yax =3Wap=r) v Ypx =3 (W ap—Ix)—V - (16)

We may then rewrite formula (14) as

2 1
d“g AB Slaita;tap+taj—4]yapt [o;+o;— ap—ayly

A GAB (p )e2!™im T akT ABT 4T ey g
dy dy g BKETX )

At this stage a change is easily made to the variables Z, and Z, defining by
analogy to (15)

=1
z2=1(Z,~Zp)

=ln (My /My ) . (18)

Remembering the relation (6) as well as the fact that the Z and y variables are re-
lated by a simple displacement, we rewrite (17) as

d%o 27 GAB :
~ G20, (Zy) s?
~ Gyl
AZydZ 5 wpazy k1 PHTX

both “large” (19)

fo; + ajtap+ a;—4] e[ai+ ajfozk—al]Z
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= N
X—lns-(;(z +Zp). (20)

Formula (19) is now suitable for use in conjugation with the triangle plot.

Implementation of formula (19) is made easier by using a slightly different plot
than that of fig. 3, now choosing Z as the horizontal axis and Zy as the vertical
axis. Data at a particular energy then fall within an isosceles triangle whose base and
alitude are both equal to In (s/s) as illustrated in fig. 6a,b **. The values of Z, and
Zy for an event point within the triangle are proportional to the perpendicular
distances to the two sides of the triangle, so the validity of formula (19), which re-
quires both Z, and Zp to be large, is restricted to the central lower region. The
dotted lines in fig. 6, for example. delineate the domain where both Z, and Zy are
larger than 2.3, that is, the region labeled DPE in fig. 3.

Formula (19) shows that if for some range of Z and Zy within the central lower
region the cross section is found to be independent of s, one will have established
exclusive double-pomeron exchange. That is, since no « can be larger than 1,
absence of s-dependence can only be achieved by the dominance of a term where
oo oy ~ ol At the same time, according to formula (19), such complete
pomeron dominance implies an absence of dependence on Z. By itself, of course,
the latter observation would not be proof of double-pomeron exchange.

In practice one expects a substantial role for secondary Regge poles, so let
us now look at the ”background” that tends to obscure double-pomeron exchange.

6. Simple models of background

So-called “triple-Regge” analysis often employs the fiction of a single secondary
pole, labeled R, in addition to the pomeron, labeled P. If we [13] do the same and take
ap =1, formula (19) becomes

——dzOAB AB AB 10 —ap) -ap)Z
iZ,dz ~Gpp pp(Zx) * Gpp pr (Zx) 720 TR el TR

AB La-ap) —(1-ap)Z . ~AB ~(1-ap)
+Gpg ppdx)s? Rle R +Gﬁ,ﬁ{(ZX)S “R

AB —(-ag) 421 -agp)Z , ~AB
*Gpprr Zx) S R7e R +Ggrp

p(Zy) s~ oR) =21 -ap)Z
* It is shown below (formula (36)) that Zx~In (Mg(/so) where My is the mass of the central
cluster.
** In ref. {4d] the triangle was made equilateral by taking U’AX*)’BX'/%\B for the horizontal
axis.
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(a)
t
Zy .
/Lns—o
//\\
// \\ |
|, s L., s
'i“‘%% \\:2“‘50
Z —
8 T T T T T T

T p— pﬂ*rgwf" ot 205 Gev/c

) - (Za+ Zg)
T

s
So

ZX:Lr\(

|
Sz -zg

Fig. 6. (a) Isosceles triangle plot, (b) Isosceles triangle plot with events of the reaction # " p —
oy O
pr m me at 205 GeV/e.

3 3
AB 50 —-ap) (Q1-ap)Z AB ~>(0—ap) .—-ap)Z
+ 22 R R — R
GPR, RR (Zy)s™ 2 € +GRR,PR (Zy)s™2 e R
+ G‘ng rR Z5) s~ 21 -ag) 1)

where the bar notation means, for example,

Glf}:ﬁ=G§1§PR+G§I§RP. (22)
Even though the last three terms in (21) may be negligible at NAL energies, it will
almost certainly be impossible to determine all six remaining coefficients. Formula
(21) nevertheless exhibits a simple criterion for the presence of some double-
pomeron contributions: an s dependence that falls more slowly than s~ ~*R),
Considering the fact that ap represents a f average, we expect ap ==~ 0.3 50 our
criterion is an s-dependence of the cross section for events within fixed intervals of
Z and Zy that falls more slowly than « s707,

What effective s-power law might one expect to find in the NAL range if double-
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pomeron effects do not vanish? An alternative to the P, R model, suggested by
Dash [14] for triple-Regge application, uses a single Regge pole that represents the
average effect of P and R. Designating such a pole by Py and its position by «;, one
has from formula (19)

d?o

dZ

AB _~AB ~2(1 o)
XdZNGPOPO,PoPO (Zx)s o @)

Dash had success in fitting triple-Regge data with a =~ 0.85, so for the cross section
considered here one anticipates an effective power behavior & s—9-3. Experiments at
NAL should have no difficulty in distinguishing s=0-3 from s=07 If the result is
closer to the former than to the latter, double pomeron exchange will have been
established in the exclusive sense. At the ISR, with an additional factor of 10 in
s, the leading term in formula (21) may stand out sufficiently that a value can be
determined for G})’(P, PP

According to formula (21), useful information resides in the Z dependence as
well as the s-dependence, although the former is less decisive in establishing double-
pomeron behavior. A popular triple-Regge model ignores interference terms (terms
carrying barred indices) and it is interesting to make such a simplification in formula
(21), at the same time dropping the term where no pomeron appears:

dzOAB AB AB (1-ag) 20 yZ
~ —(1 - -
aZXdZ~GPP (ZX)+GPR (ZX)s R’ e R
+ Gﬁg (ZX) S—(l—aR) 6—2(1 —ag)Z ) (24)

The two “background” terms may be identified with the two single-diffractive
mechanisms indicated in fig. 2, one term tending to populate the region near the
left-hand side of the triangle and the other populating the region near the right-
hand side.

The formula (24) was used to fit the Z-dependence of the 205 GeV
7 p—>n a'n p data discussed above [4d], and it was found that the best value
of ap was close to 0.5, rather than the anticipated 0.3. This fact probably reflects
the importance of the neglected interference terms. In any event, the magnitude of
the background indicated by this fit was such as to allow only an upper limit
determination of the coefficient GFB. The integral of the corresponding term over
the entire triangle corresponds to 9 £ 8 events [4d], a number which — though not
statistically significant — is comparable with the 8 events inside the inner triangle
of fig. 4a.
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7. Comparison with ptevious definitions of (DPE)
7.1. Kinematics

Previous definitions of DPE have used a variety of cuts on masses and (or) mo-
mentum transfer, as well as rapidity cuts. Let us see how the Z variables proposed
here are related to previously studied variables.

First we note that the requirement Z , (Zg) 2 2.3 is equivalent to demanding
that My , (Mxy) be less than +/5/10.

More drastic definitions of single diffraction (placing a lower limit on |x | bigger
than 0.9) would give the cuts on My , (and Myp) shown in fig. 7. In this figure, the
darker line represents (vs Pp,,) the maximum value reachable by |x , | and |xg| when
these variables are constrained to be equal to each other (fig. 3). Figs. 8a, 8b show
the masses My , and Myp for 77 p and pp at 205 GeV/c, and the selection of (DPE)
candidates corresponding to Z and Zp 2 2.3.

A rough statistical correspondence exists between Z , (Z) and the combined
mass M (Mp_) of particle A (B) together with its nearest neighbor within the
missing mass My . Starting with the general formula for a two-particle combination

= M2 =2 2 .
Sij_Mij_mi +m; +2ml.lm].l cosh (yl.—y].)—pl.l o (25)

and assuming |y, _—y 4| sufficiently large that

2cosh(y —y, ) =exply —y,l,

|O3 — 17T T vvmvn] T VV\‘V_\'_T'E

ARV4| U e | ‘M‘UJJ

10 102 103 10%
P‘Ob (GeV/c)

Fig. 7. M%(A (Mg(B) versus Py, for different values of x; the darker line across the lines of x cor-
responds to the maximum value of |x 5l and (xp! as obtained from fig. 3.
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Fig. 8. (a) Mxp versus Myp with events of the reaction T p— pn+7r;ﬂf_ at 205 GeV/e. (b)
M p versus Mxp with events of the reaction pp — ps7r+n”pf at 205 GeV/c.
and also that p, _ - p, o averages to zero, we have
M2 —m? _m?
Iy, =y l=In AT (26)
mJ_Amlfr
In ref. [7] it was shown that on a statistical basis
(m, >
v~y l=Z, +In . 27)
A A
u N
Combining (26) and (27) we thus obtain
2 2 2
~1 MA7r AT
Z,=In ——2— , (28)
(m, >
with a corresponding formula for Z. DPE events must be such that M R 1.5GeV
and M, _ o < 1.20 GeV.

Fig. 9a exhibits these s-independent relations and figs. 10 a, b use events from
the reaction m~p — prgn*ng at 205 GeV/c to demonstrate that, despite wide
event fluctuations, (28) works fairly well in an average sense.

The mass My of the two-pion central cluster is roughly related to the sum
Z, +Zg. To find this relation we start with the general formula (25) applied to the
two-pion combination and find, corresponding to {26),



438

D.M. Chew, Exclusive double-pomeron exchange

Zp (Zg)

Mpz or M"”rfast (GeV)

Fig. 9. (a) Z (or ZB) versus (MAw> (or <MB”>) for A (or B) = m or p, according to the s-in-
dependent formula (28). (b) Z (or Zp) versus (My according to formula (34) for different
values of Plab'
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Fig. 10. (a) Z  versus Mp" for events of reaction 7 p — p1r+1r;7r_ at 205 GeV/c. (b) Zg versus
M__ ¢ for events of reaction n " p — p1r+1rs_1rf_ at 205 GeV/c.
a

e full lines are illustrations of
s
the s-independent formula (28). The large dots correspond to (DPE) events.
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Fig. 11. My versus MXAMXB/‘/S for events of the reactionn p — pﬂ+n;ﬂf at 205 GeV/e.
The large dots correspond to (DPE) events.

M2
X
yy =In > 29)
(m, )
if yx is the rapidity gap between the two pions. At the same time
YX=¥aB " VAx " VBx (30)
while
Yo ~ln — o (31)
AB (my f)my g2’
{m, >
in
{m,_ )
1
Yoy &2, +1n (33)
BX B <miB>
It follows that
s
1nM—)2(~zA+zB, (34)

or equivalently,
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Fig. 12. () Z 5 versus M+~ for events of the reactionn p — p1r+1rsf1rf~ at 205 GeV/c.
(b) Zg versus M+~ fOr events of the reaction 7 p — pn+1rs_1rf' at 205 GeV/e. The full
lines are illustrations of formulae (34). The large dots correspond to (DPE) events.

2 2
MAXMBX

2~
My~ 5

(35)
Fig. (11) shows a plot of My versus M s x Mpx/+/s for the m~p experiment at
205 GeV/c. We see that on the average these two quantities tend to be roughly equal.
To satisfy our definition of DPE, M?&X and M%X must each be smaller than s/10.
It follows from (35) that M§( must not be larger than s/100, but a simple cut on
M%( /s does not define DPE. A second ratio must also be specified. By combining
formulas (34) and (20), one may deduce that
W

ZX =In ? 5 (36)

showing that in the isosceles triangle plot (fig. 6),M%< is determined by the vertical
coordinate. The upper limit on M% within the DPE region corresponds to the upper
vertex of the inner triangle.

Fig. 9b gives versus Z , (or Zg) the range of My allowed within the DPE region
for different values of Py, . One observes that My has to be rather low (< 1 GeV) for
all possible experiments up to NAL energies. Note also that a mass cut on My does
not select only (DPE) candidates inside the kinematically allowed region, but also
many events where Zy or Z, is small. The condition that My be small is necessary
but not sufficient.

Figs. 12, b show Z ,(Z) and M for the n~p experiment at 205 GeV/c ™. The

* The events in the plots presented in ref. [15] have been further selected in the same way as in
ref. [11]. (x* > 15) removed.
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eight selected events of fig. 4a are circled and effectively almost all are inside the
expected average kinematical boundaries.

7.2. Physics: momentum transfer distributions

Our proposed criterion for DPE has been expressed in terms of the Z variables,
independently of the form of the dependence on ¢, and fp. Pomeron factorization
predicts a peaking at small iz , | and |rg] related to that in elastic scattering, but
practically all high energy reactions exhibit such peaks, so they cannot easily be
used as part of a systematic experimental definition of DPE. Earlier work [4c¢]
has sometime attempted to employ z-dependence as part of a DPE criterion, but
we shall ignore such considerations.

7.3. The different analyses which have been performed

Table 1 gives a summary of the reactions and momenta (columns 1, 2) of the
study, the different cuts adopted (column 3) and the results (column 4) of each
of these experiments. Table 2 translates into variables, Z,, Z the different data
of table 1 (column 3) and gives in column 4 the different kinematical limits of the
experiment. Column 5 gives the information on DPE in terms of our criteria.

Before going into details, we observe that previous studies have based the de-
finitions of (DPE) on (i) either the remark of Van Hove [16] regarding the region
of longitudinal phase-space where (DPE}) events should be observed, or (ii) the
definition of single diffraction using the rapidity variables y oy and y oy [4d] or
(iii) theoretical models [4c, 17].

We will now examine each of these approaches and relate them to the criteria
here:

(i) Longitudinal phase-space [4a, b—5a, b, ¢, d]. Van Hove made the remark [16]
that for (DPE) candidates both n’s within the X combination should be almost at
rest in the general center of mass (for such events one could choose for instance
—0.125 <x_ yitin x < 0.125), while at the same time, in accord with fig. 1, the
slowest particle should be A and the fastest B.

However, the interpretation of the resulting low My as a guarantee that (7% 77)
is preferentially in an S-state has proved to be wrong: a study of angular momenta
[5b] has shown that for the reaction pp ~ p.p;7*7~ between 4 and 25 GeV/c, no
more than 50% of the (r*7~) pairs were in an S wave despite all the cuts applied
to the events [5a, b], even for very low masses of the (77) system. The necessary
but not sufficient DPE requirement of an S (or D) wave (which would exclude
isospin / = 1) cannot be achieved by only the mass cut on My. This fact reinforces
the conclusions reached in subsect. 7.1.

(ii) The rapidity variables y 5x and ypx [4d]. In a study applied to the 205 GeV/c
7~ p experiment, events were called (DPE) which had both y s and ypy = 2.

A consequence of our presently proposed definition of single diffraction
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1
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(o) At proton vertex
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Fig. 13. YAX (or yBX) versus |x|. (a) at the proton vertex, (b) at the = vertex.

(09 < le, gl < 1, independent of the particle A or B considered) is that y ,x
(and ypy) have a different dependence on x at the m-vertex and the proton
vertex, as illustrated in fig. 13. But though the criteria Z( and Zy) = 2.3 do not
select the same (DPE) candidates (which happen to be more in the n-diffraction
region and less in the proton diffraction region), the cross sections corresponding to
both selections (30 £ 11 ub in sect. 4, compared to 45 = 13 ub evaluated from

ref. [4d]) are compatible within the statistics.

(iii) Selections based on theoretical models. There are three experiments (of
refs. [4c—d, 5e]) based on two different models (corresponding respectively to
refs. [4c, 17]) which all use mass cuts either on M, x(Mpy) oron M, (Mg ).

The selection of ref. [4c] on My, (Mxg) is equivalent to choosing |x 4 (xg)| < 0.96
(0.91) in a 7—p experiment at 25 GeV/c. Most of the phase space so selected thus
lies outside the double-pomeron region. The absence of events is thus meaningless.

A different criterion based on a pion-pole dominance model [17] uses a selection
onM, . and My, . Though the corresponding constraints on x , and xp are different
from ours (0.95 < prl < Land 0.92 < |x_ ¢ | < 1.), the cross sections for such
selected events agree with the prediction of the model in the 205 GeV/c 7~ p and
pp experiments [4d, Se].

In conclusion, only the two experiments [4d, Se] performed at 205 GeV/c were
at high enough energy to offer a chance for (DPE) events to be observed. Furthermore
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we have seen that (DPE) study not only requires high energies — typically NAL or
ISR experiments — but also high statistics to permit the analysis of sect. 6.

8. Summary and conclusions

On the basis that the most satisfactory criterion for single-exclusive pomeron
exchange (single diffraction) relates to a ratio of the missing mass to total energy,
we have proposed a corresponding criterion for double-exclusive pomeron exchange
in terms of two simultaneously measurable ratios. Multi-Regge models [12, 13]
allow a triangle-plot analysis of the dependence in these ratios, and it has been shown
that measurements over the range of energies available at NAL will allow decisive
tests of the double-pomeron hypothesis. At the same time, we have demonstrated
that measurements to date, when analyzed through the triangle plot, still have in-
adequate statistics within the region of relevance to double-pomeron exchange. The
presence or absence of the double (exclusive) pomeron mechanism currently remains
an undecided question.

We wish to thank G.F. Chew for his attention to this work, for the theoretical inter-
pretation and prediction part of this paper, and for numerous enlightening con-
versations. We are grateful to all our Berkeley-NAL collaborators for many discus-
sions and to G. Trilling for his correspondence, both of which have stimulated the
start of this work, and to H.H. Bingham, F. Winkelmann and G. Yost for useful
comments in reading this manuscript.
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