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ABSTRACT

A double-Regge model consistent with duality
- -+ +0'
is applied to the reaction m'p — 7 £ p-at 13.1
GeV/c. The diffractively produced nf£° system is well
described By two amplitudes involving Pomeranchuk/A2

and Pomeranchuk/f° exchanges.
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1, Introduction

The reactions (a) n'p ; n*pop, (b) mp ~-ﬂ*n'A;+_and (c) m'p ~ n"£%

are the most abundantly produced three body final states in the four-
,astraint class at i3.l1 GeV/c incident beam momentum, These channels

L " .otically low meson~-meson and baryon-baryon four-momentum
cransfers and can be described by peripheral scattering amplieudes. Dis=-
cussions of processes (a) (1] and (b) [2] have been given previously in terme
of a simple double-Regge model which is consistent with duality. We
present here a consideration of reaction (e) within this model and empha-
size cer;ain similarities and differences which occur when compared with
(a) and (b).

A description of the bubble chamber exposure and data analysis ie
given in reference (1? where there also appears a graph of the uncut m*m'm”
mass‘spectrum with the Al and A3 enhancements ebove the Tp and n£® thresh-

olds respectively.

2, Data Selection

The £° was selected by requiring Mot = 1.26 = 0.1 GeV;‘in S%'of the
selections both m*n~ combinations fell within the.fo mass band. For these
cases the combination with invariant mass neerer 1;26 GeV wae chosen. In
order to avoid the effects of a A" contamination, the ﬂfp invariant mass
was restricted to values greater than 1.6.GeV. Thie cut was chosen lower
than the minimum 2.0 GeV in reaction (a) in order to increase the statistical
size of the sample. There were no aﬁparent effects attributable to a """
influence with this selection.. With these rough cuts, the background under
the £° may be ae~high es 50%. This sample contains 1075 events.

The peripheral nature of reaction (c) is shown in the c.m. longitudinal

momentum distributions of the p,f° and 7t given in fig. 1, where the sharp




backward peak in the qu spectrum contrasts with the double peaked structures in
) . , .

b T .
the q, and qL plots. We interpret these: distributions as evidence . for

diffraction scattering; the sharp backward peak in qip'is indicative of
diffractive scattering off of the proton and the forward peak in qz sim=
ilarliy is suggestive of diffractive scattering off of the incident pion.

o
The forward peak in qﬁ ‘is associated with the backward structure in qi; the

central enhancement in qLo is associated with the forward peak in qz.
In order to separate the contributions of the two diffractive mechanisms,

a division of‘the.data was made at QLP = =2,0 GeV/c; those events with ?E < =2.0

GeV/c are regarded as proton diffr;ctive, whereas the events with qz > =2,0

GeV/c are considered pion diffractiﬁe. The four=-momentum transfers squared

t___ and C for the proton diffractive events were observed to be peaked

1

f

towards low values with only sparsely populated tails; the cut-offs listed
in table } were made at poinﬁs suggested by the data to remove the téils. |
This same proceedure was followed for the pion.diffractive events, with the
difference that only tpp was found éo be peaked ;owards small values. This
‘contrasts with the situation in reaction (a) where tﬁpo was observed to be
skewed towards low values simultaneously with tpp’ This difference could
have been anticipated from fig. l-b, where the non-forﬁard (hatched) peak

in qio is centered rough%y at 0,0 GéV/c, whereas for reaction (a), the

E peak occurs at approximately.-l.o GeV/c. AThus, in the pion
diffractive events of reaction (a), the qi and qz distributions are skewed

p
L

corresponding q

backwards and overlap strongly in values; whereas in-reaction (c) only q
is skewed backwards. The accepted kinematical range of the pion diffractive
events is also listed in Table 1.

0f the initial 1075 events sample, 485 events fall in the proton diffractive
catagory of which 463 are within the‘limits of Table 1: of the 590 pion

diffractive events, 235 are within the cut region.
The cut sample is indicated by hatching in fig. 1, where the correlated
disposition of the data suggests that the major portion of reaction (c) can

be described by a double pefipheral model, We also observe that the



.

separation of diffractive vertices is essentially unambiguous; there is no evidence
. for double diffraction.
The four momentum transfers to the diffractivé vertices, tpp'#nd'tnn are

shown in fig. 2; the line of slope 8.0 (GeV/c)“2 drawn through the proton
diffractive data is characteristic of elastic mp scattering and the same
pafamenterization wﬁs employed in reaction (a). The slope of 5.5‘(Gev/c)-2
for the pion diffraétive vertex is similar to the values used in reactions (a)

and (b).

. 3. Double-Regge Model

The diagrams corresponding to the amplitudes used to parameterize the data
are shown in fig. 3. The diffractive vertices are described by an exponential
dependence upon thg four-momentum-traﬁsfers squared, exp(Stpp)'and exp(S.Snﬂ)
respectively for the proton diffractive and pion diffractive cases, and coupled
to the Pomeranchuk trajectory;

Internal vertices are taken as constants; in particular, no dépendence upon
the Toller angle is assumed. The nondiffractive vertices are describedvby a simple
pole term of the form R_(t) = B (£, (t)[L - 7e 1Y () 21 4o (8))sinlme, ()]
where a designates the exchange.trajectori, °g(t) is the trajectory, function)taken as
the linear form aa(t) = Ja-Ma2 + a’;(O)-t, with Ja and Ma the usual particle spin

~

and mass. The signature factor is T and the values %pom. = 1.0 and afa (o)=

1.0 (GeV/c)-szeré assumed throughqut. The Ba(t) residue factor in Ra(t) was’
taken as a constant fof all three diagrams in fig. 3, and modifications due to
spin effects were ignored.

The linear aé(ﬁ) factor is intioduced into Ra(t) to cancel the unwanted
pole at aé(t).= 0, which would occur in the éichange of the £° and A2 trajectories;
this factor is n;t inciuded for T exchange which has no zero.

| : With the notation A(a[b]) denoting the amplitude for Pomeranchuk coupling

to the diffractive [b] vertex and Reggeized (a) exchange to the non~diffractive
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vertex, the amplitude cofresponding.to the diégram—in fig. 2-a is then

Al = N(fOEP])Rfo(tﬁ“)(Snf°/8°)af°(?nﬂ%§fop/so)°P°m'exp(stpp)

where s_ = 1.0 (GeV/c)z.

Calculations of the diagrams il}ustréted ip fig. 3 were carried out using
the Monte-Carlo phase'space program FOWL [3]. The distributions presented in
the following are not all indepeﬁdent and are given to illustrate the overall
picture for this type of representation of the data. .

Determining the normalization consﬁants N [p], N, [p)), and N(Az[p])

will form the crux of the following section.

4. Diffractive Proton Vertéx

The scatter plot of -t O versus - given in fig. 4-a exhibits a clustering
of points along each axis with a predominance of simultaneously low values of
the four-momentum transfers. 'Diagrams 3-a and 3~b yield aistributions peaked
towards small values of t and tnf respectiﬁeiy, but neithgr dia%ram is
capable of completely describing the reaction. Moreover, there is an area of
strong dverlap between the two-diagrams making the determination of the normal~
ization constants non-trivial. 'The range and relative strength of influence.
of the different amplitudes is shown in the 4t distribution of fig. 4-b, where
At = Itnnl - ltnfT is equivalent to the Jackson angle of the n* in the mT£°
system. The solid curve, a, is.the contribution of diagram 3-a (fo-exchange)
and the solid curve, b, is the contribution of 3-b (Az;exchange);‘these curves
were noxmalized to the‘wings of the At distribution. The dashed curve, 52 re-
presents the contribution of 3-b (m-exchange) and is normalized to the same area as
curve b, An incohé;gnt sum of the solid lines prov;degig;good description of the
data; A2 exchange is evidently more favoréd'than T=exchange.

Arguments steming from the duality concept (4] relating s=channel and

t-channel scattering amplitudes suggest that reactions in a kinematical region

where both diagrams contribute strongly can’be described, on the average, equally



well by either diégram. However, if the.iﬁterferencé between the two diagrams

is included, the contributions will have been improperiy altered.by double
counting. In two-body scattering the domains-of t-channel and u-chénnel
scattering amplitudes are well separated and their application as an'asymptotic
approximation is essentially unambiguous. This situation does not necessarily
prevail for the three body case and care must be taken in adding approximations
to amplitudes in different channels. We détermine the normalization constants
N(£2 (p]) and N(Az[p]) and avoid double counting in:the sense of duality by sub=
dividing the data sample in the At distribution iato disjoint phase space regions
‘as indicated by the vertical dashed liﬂe in fig. 4=b. Because both diagrams
"yield essentially the same results for small value of At‘, the point of partition
is not critical and was chosen at a value intermediate in the overlap region

of the two diagrams; this point, At = =0.2 (GeV/c)2 roughly divides the data

into equa} parts.

The At spectrum and partition point depend upon the accepted ranges of
t. and t

T nf

of the two diagrams changes in a corresponding way so that the results do not

as well as the lower bound of Mﬁ*p; however, the area of dominance

depend sensitively upon the selection critera.

Events to the left of the partition in fig. 4-b, refered to as Region-I,
will be described by A(fo[p]) whereas the events in Region-II will be described
by A(Aé[p]) or A(m{p]). Region-I and -II contain 214 and 249 events respectively.

The invariant masses of the pi-plus in the f?(ﬂ*fO),with the.prqton and the
pi-minus in the f?(ﬂ;o) with the final T* were examined for influences of the A'™"
and po resonances respectively. 1In Region=1, the po and A'" enhancements:-in
Mﬁ+ﬂ_f0 and Mn* 8 were each less than 5% above a siwothly drawn curve through the

data. In, Reglon-II the att enchancement’ was less than 10% and there was no

P bump.



5. Results
The c.ﬁ. longitudinal momentum distributions of the " and £° are shown
separately for Regions~1 and -Ii in fig. 5. The solid curves repre;ent the -
prediction of A(fotp]) for Region=I and A(AZEp]) for Region-1II; the dashed curve
2

particle distributions quite well in their respective regions; whereas T=exchange

represents A(TM[p]). We observe that £° and A, exchange describe the single

yields a poor description of the data.

Four-momentum transfers squared to the m and to the £2 are given in fig. 6,
where again, the solid curves represent £° and A2 exchanges and provide a good
description of the data. The dashed curve in Region-I1 oﬁ the trg® plot corres-

ponding to the T-exchange prediction disagrees strongly with the data.

o . . " . . . . . . .
The n*f invariant. mass distribution is shown in fig. 7 with the predictions

- 0 .
of £ , A, and T~exchanges; we again note the complete overlap and similarity |

2
of predictions of the diagraﬁs in the Mn+fo'spectrum characteristic éf diffraction
scattering. Invariant mass distributions of the m'p and pfo are shown in fig. 8
with the predictions of fo and A exchanges given by solid curves. The dashed
curve corresponding to ﬂ-exchangi:cOnsistently disagrees with the data. The
diétributions in the Toller and Treiman~-Yang angles are given along with
the predictions of the double-Regge model in fig. 9, the agreement is abserved
to be good.

The Berger amplitudes (5] were also calculated for the diagrams in fig. 3

and found to differ from the simple pole model in no significant way for the

range of variables taken herein.

6. Pion Diffractive Vertex

Analysis of events in the pion diffractive catagory in carried out in terms ‘
of the single diagram 3-c. However, for this sample the surplus of events in I
the p region of Mn’n* is'ZS%'and the expected low mass peaking in the Mgop

distribution constrains MTT+ P to the A** mass region. The c.m, longitudinal
fo '



momentum distributions of p and £° are given in fig. 10; the'tpp spectrum
is shown in fig. 11 and the invariant mass diétributipns are given in fig. 12,

along with‘the model predictions. The data are well described by the model,

despipe’theAlafge background effects.

7. Conclusion

A simple double=Regge model with two exchange diagrams provides a good
description of the diffractively produced ﬂfg'systemgtdouble counting is

avoided by normalizing the data in a way consistent with duality. It is

apparent from the kinematical relationship

2 2 ] . . .
Snfé + top tﬂf? 2mﬂ-+ m 0 + tpp that if perlphergl mechanisms exist to allow

simultaneously 1ow-peaked spectra in tﬂn’ tnfo’ and tbp, there will result a

consequent low mass peak in the 7f effective mass; or conversely, if there is =~ ~ou

. o ) ’
a low mass resonance in the mf system the meson-meson four-momentum transfers

will tend to be small since the resonance can be produced diffractively. We have

, : o ' .
shown that at least part of the low mass nf°® enchancement can be effectively repro-

duced by the exchange diagrams of fig. 3.
It is noteworthy that the events in Region=II are-described by Pomeranchuk/A2

o . X . -
exchange. In constrast, the £ A'" data is consistent with 7 exchange; [6];,

however, the tﬁfo spectra have differehx ranges in the two cases.
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Table Captions

J

Table 1., Bounds of the domain to which the double-Regge model was applied.



PROTON DIFFRACTIVE

PION DIFFRACTIVE

qP < -2.0 GeV/c

-t < 0.5 (GeV/c)?

“tyr < 2.0 (GeWc)?

< 2.0  (GeV/c)?

Myp > 1.6 GeV

aP > -2.0 Gev/c

'Tpp < 0.5 (GeV/C)z
“trr < 1O (GeWc)?

Myp > .6 GeV .

-y

TABLE I
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Figure Captions’

. B
C.m, longitudinal momentum distributions. Hatching indicates those

events selected as proton diffractivesor pion diffractive within the
ranges listed in Table I.

Distributions of four=-momentum transfer to the diffractive vertices.
Double exchange diagrams.

(a)AScatter plqt of -tnfo vs. -tﬁn. (b) Distribution in At = ltﬁnl -

) £ o . .
ol; the curves a, b, b. represent f , A2 and ¢ exchange, respectively.

|t ¢

C.m, longitudinal momentum distributions; the solid ecurves represent
the predictions of f and A, exchange for Regions-I and -II respectively;
the dashed curve is the prediction of fi~exchange.

Spectra of four-momentum transfers; the solid lines represent model

" predictions, the dashed line corresponding to ™ exchange.

10.

11.

12.

Effective mass distribution of the n+f0 system with curves from the
double-Regge model. -

Effective mass distributions of the m*p and pf° systems. The curves
are obtained from the double-Regge model, *

Distributions of the Toller angles and the Treiman-Yang éngles with
curves from the double-Regge model.

C.ti. longitudinal momentum distributions of the fo and ¢ with curves
from the double-Regge model. '

Spectrum of tpp with the predictions of the double-Regge model.

Effective mass distributions of the n*fo,'n’p and pf0 systems. The
curves are predictions of the double-Regge model.
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