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ABSTRACT

4 double~Regge wodel consistent with duality
iz applied to the resction m'p - ﬂ*fnp at 13.1
GeV¥/c, The diffractively produced 7% syscem is well
described by two amplitudes involving Pomeranchuk/a,

and Pomeranchuk/f® exchanges.
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1. Introduction

The reactions (a) mp - e p, (b) n'p ~-ﬂ*ﬁ"ﬁ;+,and (¢} w*p — n*£%
ave the most abundantly produced three body final states in the four-

mstraint class at :3,1 GeV/¢ incident beam momentum, These channels

i . .atically low meson~meson and baryon-baryon four-momentum
iransiers and can be described by peripheral scactering ampligudes- Dis=-
cussions of processes {a} [1] and {b) [2] have been given previously in tarms-
of a simple double=Regge model which ia consistent with duality., We
present here a consideration of reaction (c¢) within this model and empha-
size certain similarities and differences which occur when compared with
{a) and (b).

4 description of the hubble chamber exposure and dace analysis is
given in reference (1) where there also appears a graph of the uncut nhirn™
mass.spectrum with the &l and A, enhancements ehave the Np and ng® thresh=-

3
olds raspectively.

2. Data Selectiom

LI 1.26 &£ 0.1 CeV¥; in 5% of the

The £° was selected by requiring
selections both WM combinations fell within the_fﬂ mass band, For these
cazes the combination with invariant mnsg nagr;r L.26 GaV wa; chosen. In
order to aveid the effects of a A" contamination, the nfp invariant mass
was restricted ro values greater than L.6 Gev, Thi# cut wag chosen lower
than the minimgs 2,0 GeV in reaction (a) ia order to increase the stariscical
size of the sample. Thera were nec aﬁparant effects attributable to a a**
influence with this selection,. With these rough cuts, the background under
the £° may be as high as 50%. This cample contains 1075 eventa.

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

mementwn distributions of the p,fo and 7" given in fig. 1, where the shaxp



backward peak in the qu
1]

£ i .
cthe q, and qi plets. We interpret these distributiorns as evidence . for

spectruwa contrasts with the double peaked structures in

diffraccion scattering; the sharp baclkward peak in q{p'is indicative of
diffractive scattering off of the proton and the forward peak in q: gim=-

ilarliy is suggestive of diffractive scartering off of the incident pien.
a-
The forward peak in qf ‘iz associated with the backward structure in qE; the
o .
Tt
central emhancement in qi is associated with the forward peak in 9.

In order ta saparats the contributbions of the two diffractive mechanisms,
é divigion of'thexdata was made at qLP = =2.0 GeVW/fe; those events with ?i < w2,0
GeV/e are regarydad as proton diffr;ctive, whareas the events with qE > =2,0
CeV/e are considered plon diffractive, The four-momentum trangfers squared,
t and L far the procon difftactive events were observed to be peaked
towarde low values with only sparsely populated tails; the cut-offs listed
in table } were made at poinﬁa suggested by the data to remove the £ails. -
This same proceadure was followed for the pilon-diffractive events, with the
difference that only tpp was found éo be peaked Fawards small values. This
contrasts with the situation in reaction {a)} where tﬁpq was obgexrved to be
skewed towards low values simulfaneously with Eope This difference could
iiave bean anticipated from fig. l-b, where the non-forward (hatched) peak

D
in qi is ceatered roughly at 0.0 GeV/¢, whereas for reaction {a), the

. corrvesponding qE peak occurs at approximately -1.0 GeV/c. Thus, in the pion
. i

diffractive events of reactican {a), the qi and qE distributions aze skewed

backwards and overlap strongly in values; whereas in- reaction {¢) only qE
is skewed backwards, The accepted kinematical cange of the pion diffractive

events 15 also listed in Table 1,

Of the initial 1075 events sample, 4B5 events fall in the protor diffractive
catagory of which 463 are within the limnics of Table 1: of the 590 pion

diffractive events, 235 are within the cuc region,

The cuc sample is indicated by hatching in fig. 1, where the corvelated
disposition of the data suggests that the mgjor portiom of reaction (¢} can
be descyibed by a double peripherel wodel. We aleo cbserve that the
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separacion of diffractive vercices Ls essencially unambiguous; there is no evidence
for double diffraction.

The four momentum transfers to the diffractive vertices, tPP and £, are
gshown in £ig, 2; the line of slopa §.0 (Gevfc}'z dravn through tha proton
diffractive data is characteriscic of elaseie mp scattering and the pame
paTamenterization waa employed in reaction (a). The slope of 5.5 (Gavfc}-z
for the pion diffractive vertex is similar to the valuas used in reactions {a)

and (b).

. 3. Double-Regge Hodel

The diagrams corresponding to the amplitudes used to parameterize the data
are shown in fig. 3. The diffractive vertlces are described by an exponentizl
dependence vwpon the fouwr-momentun transfera squared, Exp(ﬂtpp} and Exp(ﬁ.Sn“}
respactively for the proton diffractive and pion diffractive cases, and coupled
to the Pomerenchuk traj:ctury;

Intexnal vertices are taken as constants; in particular, no dépendence upon
the Toller angle is assumed, The nondiffractive vertices are described by a simple

pole term of the form R (t) = B, (c)a (c)[1 - Te('iﬂn;(t{?]ff{l +nhft}}sin£ﬂnh(t}} _

where a designates the exchange trajectory, n&(t} is the trajectory, funcrion, taken as

Lthe linear form uh{t) = Ja-Ha2-+ a';(ﬂ}-t, with Ja and Ha che usual particle spin
and mass. The signature factor 1s 7 and the values %hom, L] 1.@ and a'; {o)=
1.0 {GEUIEJ.E were assumed throughout, The ﬁa{t} residue factor in Ra(tJ was
taken a2 a constant for all three diagrems in fig., 3, and modifications due co
spin effects were ignoved.
The linear uh{t} factor is introduced inte Ra{t} to cancel the unwanted
pole ac ah{tj e [, which would occur in the exchange of the fu and Az trajeccories;
thigs factor is n;t included for w exchange which has no zero,
With the notation A{g[b]) denoting the amplitude for Pomeranchuk coupling

to the diffractive [b] vertex and Reggeized (a) exchange to the non-diffraccive
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.Vertex, the amplitude cnftauponding_tu the diagram-in fig. 2=a 1z then

€] = NEP DR angole 3% s 0 78 ™ e (e )

where 5, a 1.0 (Gew'n)z-

Calculations of the diagrams il;ustrated in fig. 5 were carried out using
the Monte-Carle phase-spaca program FOWL [3). The distributions presented in
the following are not all inﬂepeﬁdent and are given to illuetrate the overgll
picture for this type of representation of the dard, .

Determining the normalization constants NP {p], Win, (], and ﬂ{ﬁztp])

will form the <¢rux of the following seccion.

&. Diffractive Proton ?ert;x

The scatter plot of -tﬂfa Versus =t given in fig. 4=a exhibits a zlustaring
of points along each axis with a predominasnce of simultanesusly low valuss of
the four-momentum tranafers. .Diagrams 3=a and 3~b yield &istrihutions peaked
towards small valuez of t and tﬂf respectivéiy, buc neithgr diaqram is
capable of complately deseribing the reaction, Moreover, there is an area of
strong overlap between the hwo diagrams msking the determina:inn of the nomal-
ization constants non=trivial. Th& range and relative strength of influence
of the diffevent amplitudes is shown In the At distribution of fig. 4-b, where
At = ]tﬁﬂl - 1tﬂfT is equivalent to the Jackson angle of the ™ in the L
system, The solid curve, a, is-the contribution of diagram 3-a {fo-exahangej
and the solid curve, b, is the contribution of 3-b {ﬁi;exchange}; these curves
were notmalized to the wings uf the At distribution, fhe dashed curve, ﬁ: Te=
presents the contribution of 3-b {M-gxchange) and £3 noxmalized to the same zrez za
curve b, An incohéygnt sum of the solid lines prnv;deq:Q good description of the

data; A, exchange is avidently more favored than Mexchange.

2
Avguments steming from the duality concept [4] relating e-channel and
t~¢channel scattering amplitudas suggest that reactions in a kinematicsl region

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

—
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well by either diagram, However, if theliﬁterfertnc; batwaan tha two diagrams

is included, the contributions will have been tmprupiriy altered by double
counting. In two-body scattering the domains of t-channel and q-chéhnel
scattering anplitudes are well separated and theéir application ae an asymptotic
approximation 1s essentially unambiguous. Thie situation doez not necesgarily
prevail for the three hody case and care must be taken in adding approximations
to amplitudes in different chananels. We d;temine the normalization constants
N(£° [p]) and H{ﬁz[p]} aod avoid double counting in:the sense of dualicy by sub-
dividing the datz sample in the At distribucion into disjolnt phase space reglons
as indicatcd by the vertical dashed liﬁe in £fig. 4~b. DBecause both diagrams
"yield essentially the same vesults for small value of gt , the peint of particion
is not critical and was chosen at a value ilntermediate in the overlap region

of the iwo diagrams; this polnc, 4t = -0,2 (Ge?fc)z roughly divides che data

ince equa?. PATLS., ' |

The At spectrum and partition polnt depend upon cthe agcepted ranges of
- and tnf &5 well as the lower bound of H“*P; however, the area of dominance
of the two diagrams chapggs in & corresponding way so that the results do not
depend sensitively upon the selection critera.

Events to the left of the partition in fig. &b, refered to as Region-I,
will be described by ﬁ{fn[p]) whereas the events in Reglon~II will be described
by A{Aéfp]) or 4{n[p1). Region-I and =II coatain 214 and 24% events respectively,

The invariant masses of the pi-plus in the f?(n*fu}}with the-proton and che
pi~minus in the :Ec: (Tl"fn) with the final ™ were examined for influences of the aA™"
and p° resomances respectively, Ia Region=I, the p° and A** enhancements-in
}%ﬁrffn and H“;B were each less than 5% above a mwothly drawn curve thrnﬁgh che

data. In, Region=II, the a*' enchancemert: was less than 10% and thare was no

f bump.

L Bl . R TR
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5. Resulrs
The c,m. lengitudinal momentum distributions of the T and £° pre shown
geparately for Regions~I and ~%I in fig. 5. Thae s0lid curves :!pre;ent the S
predietion of A(£°[p]) for Ragion=I and A(a,[p]) for Region-1I; the dashed curve
| represents A(M{p]). We observe that £¢ and Az exchange describe the single
particle distributions quite well in cheir respective ragione; whareas fesxchange
yields 3 poor description of the data,

Four-momentum transfers squared to the 77 and to the £° are given in fig, 6,
where again, the salid curves represent £ and A2 exchanges and provide a good
description of the data. The dashed gurve io Region=I11 of the tﬂfo plot corres-
ponding to the W-exchange prediction disagrees strongly with the data.

The n*£° invariant mass distribution is shown ip fig. 7 with the predictions
of fa, 52 and T-exchanges; we again note the complete overlap and similayity
of predictions of the diagrams in the H“*fn spectrum charactexistic of diffraction
scattering. ZInvariant mass distributfons of the np and pf0 are shown in fig. &
with the predictions of £% and & exchanges given by solid curves. The dashed
curve corresponding to W-m:nhang::.mmistantly disagreea with the data, The
distributions in the Toller and Treiman~Yang angles are given along with
the predictions of the double-Regge wmodel in fig, 9, the agreement is abserved
to be good,

The Berger amplitudes [5)] were alsc calculated for the diagrams in fig. 3

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

range of variables takea herein.

6, Plon Diffractive Vertex

Analysis of events in the pion diffrvactive catagory in carzied out in terms
of the single diagrsm 3=-c, However, for this sample the surplus of evenis in
the p region of Hﬁ;“» is 25% and the expected low mass peaking in the Hfop

discribution constraing Hﬁ+ o to the o™ mass region. The c¢.m. longitudinsl
£




momentum distributions of p and £° are given in fig. 10; the'tpP spectrum
is shown in fig. 11 aand the invariant mass distributions are given in fig. 12,
along with the model predictions, The date are well described by the medel,

despite the large background effects.

7+ Conclusion

4 5imple double-Regge model with two exchange diagrams provides a good
degscription of the diffractively produced "fgﬂsystanytdauble counting is
avoided by normalizing the data in a way consistent with quality. it is
apparent from the kinematical relacionship

sﬂfg + ot tﬂfq = 1m§'+ m%o + tFP that if periph&rql mechanisms exist &0 allow

simultanecusly lowepeaked spectra in tﬁ“, tﬂfn, and tﬁp’ there will result a
consequent low mass peak in the #e° effective mass; or cnnvérsely, if there Ls - 27
a low mass resonance in the ff" gystem the megon=meson f&ur-mumantum transfers
will tend ta be small since the regonance can be produced diffractively. We have
shown that atlleast part of the low mass e a&ahancement can ﬁa effectivaly rapro=
duced by ihe exchange disgrams of fig. 3.

it ig noteworcthy that the events in R;gion-II are.deseribad by Pumeranchukfﬂz

exchange. In constrast, the fnﬂ'* data is eonsistent with 7 exchange; {6];,

howaver, the r_ o spectra have different ranges in the two ceeas.
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Table Captions .

’

Table 1. Bounds of the domgia te which the double-Regpe model was applied.




PROTON DIFFRACTIVE

PION DIFFRACTIVE

qP < -2.0 GeV/ic

L .
“fop < 0.5 (Gevre)®
“tor < 2.0 (GeWec)® -

“t,r < 20 (Gev/c)?

'm.ﬂ.p > 1.6 GeV

qE > -2.0  GeV/c
“thp < 0.5 { GeV/e)?

“tow < L0 (GeV/c)?

Myp > 1.6 GeV

TABLE I
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Figure Captiona’
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£,m, lengitudinal momentum distributions. Hakching Indicates those

events selected as protoh diffractive-or pion diffractive within the
ranges listed in Takle I.

" Digtributions of four-momentum transfer to the diffractive vertices.

Double exchange diagrams,

{a{.5catter plot of -tn£D fﬂ- *tﬁn- {b) Distributiom in At = Etﬁnl -

I:ﬂfoi; che curves a, b, b{ repregent fu, &2 and n.ixchanga,'respectivelj.

G.ni, Longitudinal momentum distributions; the s0lid curves represent

the predicticons of £ and As exchange for Regions~I and -1I1 respectively;
L

the dashed curve is the prediction of r-exchange.

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

© predicciens, the dashed ling corresponddng te M exchange.

Effective mass distribution of the uw’f° systea with curves from the
double-Regze model,

Effective mass distributions of the i'p and pfﬂ systems, The curves
are abtaingd from the double-Regge model. -

Distribuvions of the Teller angles and the Treimag-Yang engles with
curves from the double-~Regge model.

Cuah . longitudinal momentum distributinns of the f° and " with curves
from the double=Regge modal. '

Spectrum af tpp with the predictions of the double-Regge model,

Effective mass distributions of the n*f, w'p and pfo syetems. The
curves are predictions of the double=Regge model.
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