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SEARCH FOR POMERON-POMERON-2x EVENTS IN 205 GeV/c n p INTERACTIONS®
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. W, B. Fretter, C, E, Friedberg, G. Goldhaber, W. R. Graves, A, D. Johnson,
J. A, Kadyk, L. Stutte, G. H., Trilling, F. C. Winkelmann, G. P, Yost

Department of Physics and Lawrence Berkeley Laboratory
University of California, Berkeley, California 94720

)
and
<€ D. Bogert, R, Hanft, F, R, Huson, D, Ljung,

c. pascaud,¥ ‘and W, M, Smart

National Accelerator Laboratory, Batavia, Illinois 60510

Augﬁst 1973

ABSTRACT
'Pomeron-Pbmeron;2ﬁ vertices have been sought in the reaction
X p - n—ﬁ+n—p at 205 Gev/c, from'a sample of 186.of theseAevents,
about 2/3 have'been extracted for which the rapidity orderingvof_the.
fqur butgoing particles makes them candidates:RX“&m(ilbleJXmmronexchange
process (i,e,, the fastest and the slo&est particle are respec—
 tive1y a x and a proton), A separation from single-Pomeron
proéesses has beén attempted with the help ofva rapidity triangle
" plot, :The.nuﬁbervof possible double—Pomeroh—type events has also
'beéﬁ.estimated from a;Régge—propagator fit to the nonhomogeneoﬁs
distributiQn of the evénts‘within this triangle.. The number of such
events obtéined by either method gives a éross—section uppef limit
S | of 65 pb for dbuble—Poméfon'exchanée,cénsistent with the predictions

of a pion-pole dominance model.

*Wo?k'supported in part by the U._S.AAtomic Energy "Commission, the National:
Science Foﬁndétion, and the Frenéh-C.N.ROS°

_TOn leave of absénce»from tﬁe Universityvbf Paris, France.

*Permanent_address: Labcratdi;e de l‘Accéléfateur Linéaire, C.N,R.S., Orsay,

France,
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‘We report an investigation of the possibility that the Pomeron 1ink may
be repetitive;vioeo, that two Poﬁerons may occur simultaneously in the exchange
meéhaniSm for collisions at sufficiently high eiiergy.l (The shorthand notation
DPE -~ for ﬁDouble—Pomeron Exchange" -- will be used to refer to this process.,) -
This study is based'on~l86_events kinematically fitted to the reaction

- + -
TP = naap

-?

at 205 GeV/c; observed in the NAL 30—incﬁ bubble chamber, Reference 2 gives'
details of the éxperiment,_including the criteria for the selection of thesé
evénts°

A reaétion of 'such low multiplibity at this high energy.is'expécted theo~
retically3 to.bé dominated by (at least a single) Pomeron exchange, because at
least one of the rapidity gaps between produced particles must be 1arge; That
is to say, the total rapidity interval of about 7 units for the present experi-
ment musf be spanned by only three'gaps, and any‘gap 2.2.0 is usuallyiexpected
to be Pomeronrdominated.u One expects to.find thét wherever a large gap>
appears, it,wiil separate two particle clustefs that can be interpreted as,
produced by‘diffractivé'dissociafion, eééh.cluster carrying the same quantum
nﬁmbers'as one of the incident pérticles, as shown in Figs. la and 1lb. There
may, hbwevér, be some events in which two large gaps appear,uggzg gaps separatiﬁg-'
' particle ciusters that satisfy the quéntum—number requirements of diffractive |
dissociation,ias in Fig, lc. The question to be investigated is whether the

number and distribution of such events supports the important theoretical idea o .

that these two large gaps are simultaneously mediated by Pomeron exchange in
the same sense that Pomerons have been verified to control single large gaps.

5

Previous attempts” to detect double—Pomefon processes were made at such a low
energy (25 GeV/c maximum) that it was impossible for two sufficiently large

gaps to appear,
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This study deals primarily with a straightforward but novel representation
of our data based on the rapiditY'variablé° In additioh, the ‘data are compared
to some theoretical predictions using the. pion-pole dominance hypothesis.,
I. SEARCH FOR DPE USING RAPIDITY VARIABLES
- Figure 2a-d shows the distribution of the rapidity variable in the center

’ ) ' + - - . .
of mass for the proton, n , slow n and fast nx , respectively, One ocbserves

“that (1) all protons have negative c.m, rapidity (average value = - 3,0),

(2) the fast % always has positive and large c.m, rabidity (average value
~ + 3.6), and (3) the % and the slow x have similar c.m, rapidity distribu-

tions with two distinct peaks. These single-variable distributions

taken alone do not yield direct information as to which events should be clas-

sified as DPE, We shall find it necessary to study a distribution in two

"variables,

A, Description of the Triangle Plots
If the four outgoing particles are designated A, B, C, D according to

increasing order of their respective rapidities, Ry, Ry, RC and Ry, the three

; j i i = R_ - = -
gaps betweenvadqacept partlcle§ are defined as RAB Ry RA, RBC R.C RB’
. — R - ] ) . |
.and cp %> R.C Plotting RAB versus RCD (F;g 3a), one observes two
clusters of events: (a) Events with AR 2 2 and RCD £ 2, For all of

fhese events, it may beﬁverified'that particle A is the proton. Cénsequently,
they may be identifiéd as corfespoﬁaing.to Fig, la; i.e., pion dissociation,
(b) Events with R = 2 and RéD.EIE; Here it turns out fhat particle‘D is
always a ﬂ-, and so we are dealing with préton dissociation (Fig. 1b). Between
thesevfwo clu;térs are scatéeredva:few events, fér all of which particle A is

a proton and particle D a % . These events are”tehtatively associated with

Fig. lc.

*Defined'aS'usual-by £ty [(E4-p”)/(E-p”)] for a particle whose energy and

longitudinal momentum are E and p” respectively,
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The striking diagonai boundary of the populated region ih Fig; 3a is eaéy
to understand sinée at very high energy, with small transverse momenta, the
total rapidity interval spanned by allioutgoing particles must become roughly
equal to thatrspanned by the two incoming partiq-les,6 The distribution of.
the total rapidiﬁy intérval Ry =Ry - RA (Fig, L) is peaked at.6.75 (to
be compared fb the incident pion laboratory répidity of 7.9) with‘a_full |
width of about one, The disbersion is small enough that it becomes a gooa
.'approximation:to consider RAD = RAB + RBC + RCD as a coﬁstant° In othefA
. words, onlythO of the three gaps are indépendent. The diagonal boundary in_
Fig. 3a represents the constraint R, + R, SR, =~ 6.75.

To‘take ad&antage of the reduction of the analysis to two dimensions, we
renormaiize the rapidity gaps for each évent by a féctor (close to one) that makes
.RAD exactly equal to 6,75; .When the events of Fig, 3a are shifted (slightly)

according tb'this_fule, they fall within a common triangle (Fig, 3b). Ry, is
now proportional to the perpendicular distance from a point to thevthird
(diagonal) side of the tiiangle°

.The analysis'ﬁayvbe stmeﬁrized_by ébnstructing an equilateral‘triangle,
each df_whosévsidés has ieﬁgth 'ERAS/JB ~ 8.0, such that the perpendicuiar
distances to each side are thé three rapidity gaps, Figure 5 shoﬁs such a
plot for the events under consideration, Each event is.répresented by one
point (orAa plus, or a solid ciréie;.these symbols will be defined below)

and the corresponding altitudes to the three sides are RAB’ RBC and RCD°

‘B, Qualitative Features Deducible from the Triangle Plots

(1) The n diffraction dissociation events are such that RAB is large‘
- D . . . . .
1 v
'\\ i c while R.BC and RCD arevrelatlvely small. These events
B

occur in the densely populated upper left-hand corner

of Fig. 3a~b and in the lower right-hand corner of Fig, 5.

AL
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(2) The proton diffracfion dissociation_évents are such that RAB_and R

BC
\\r( are small relative to RCD' These events populate thev
right-hand corner of Fig. -3a~b and the lower left-hand
. - p—--C corner of Fig, 5,
» ) )LC.‘- B .
) R - A

(3) Quasi-two-body events (such as pA) should be found in an area where

-

and RCD are small compared to R__ and thus should

both RA BC

B

D.
T~ _ . o

ﬁ:: C  populate the lower left-hand corner of Fig, 3a-b and the
upper corner of Fig. 5. These regions, in fact; are observed

" to be empty ekcépt for one event close to the boundary of

B : .
P//k:: A - the proton-diffractive region, This suppression of odd G-

parity exchange supports the assumption of Pomeron dominance across large
rapidity gaps.

(4) There remains a region which we define by R,p @nd R, both > 2.0 and

T \\T// D, which includes 13 évents.* The events of this region are
expected to 5e largely understood through an exchange of a

ﬁ““g Pomeron (P) aéroés each of the large gaps RAB and RCD'.
These events,‘if they couid really be confirmed as double—
,//L\&.Ab fiPomeron.exchéﬁge, would constitute the first experimental

. p .
evidence for this theoretically importaht_mechanism.

We now proceed to discuss the possibility that these events result.from
.t , vthe two-Pomeron eXchénge process, at the séme time cpmparing’our’results to
some thepretical.prediétiéns.
An expérimental féct which sﬁpports the choice.of the 2-unit rapidity
.ihtexval to define this last region lies in the fact tﬁatvthé events with an

ordering of the particles A, B, C, D inappropriate to P-P (i.e., a double-

*or 12 events if one considers the '"non-normalized" triangle (Fig. 3a)., The
smallness of the difference supports the use of the normalized plots (Figs,

3b and 5),
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Pomerdn event requires particle A to be a proton and particle D to be a n~)
ali 1ié outside the region defined by a>2—unit criterion, as can be observed
from the points indicated by a ﬁplus" on Fig,.5,
A different way to isolate the P;P mechanism depends on a simple theQ-
retical model to.describe the three claéses-of those events which are candi- - :~
dates for such a mechanism (and which naturaliy.must exhibit as a first céndi—  "

tion the '"right-ordering" defined above).

C, Data Analysis Using a Multi-Regge Model
A fit to the non-uniformly populated triangle (Figs, 3b and 5) has been
perforﬁed on the basis of the following model: for x dissociation, the events

are described by the exchange of a Pomeron (gap AB), a m (BC) and a p (CD),

o D and are represented by a corresponding simple multi-Regge

\\\f// propagator of the form8

p-c ' | . o .

» = v ez(aP—l)RAB ee(an—l)RBC eRBC e2(ap-1)R,CD :(l)__

Pl " : A : Rpe _

: .where the'kinematicvfactor ) is included to approximate
.p‘//)\\\\_A the phase;space constraint on the xn exchange.* With aﬁjz 1,
) . aﬁ =0, ap = 0,5,** the expression is proportional to
e e e P, Using the relafion: LI }VRBC + R, = R, = constant, the density .

of the =n diffragtive dissociation events can then be fitted by an expression

aR
Ae AB | , (2)

The model can be made more flexible if the coefficient a of RAB in the exponent
v T 1 5
is left a free parameter; if the above assumptions are correct, we expect a = 1,

x Because df‘the very small pion mass, the t dgpendence of the g-1link is roughly:
I ]_loceBC

. . The kinematic lower limit on
'min .

ardt/t2 which integrates to [|[t
Itl is less important for non-pion links,

*% :
We assume that the average of each of the three t values is close to zero, an

assumption supported by the results of our fit,



-7- ‘ ' LBL-2106

Similar reasoning applied to the proton dissociation events, where the

exchanged trajectories are similar but in opposite order, gives the product:

T b ' -1 R : -1"R__ R -1)R -R -R
~ 2(Oép ) AB Q(GK 1) Bc g 2(O£P 1) oD AB - v
' e € e e . T =e e 7, (3)

Yy ' P ) .
« " which reduces to

. c o o bRCD

7 ' ‘ : ' _ Be v (h)_

o - |
S P v with b ~ 1.0,

.P.///)\\\\ A

Regarding the two Pomeron exchange events, their dependence on the rapidity

intervals is: -
' 2»(ozP—l-)RAB 2(aﬁ—l)RBC RBC 2(OLP-1)RCD

nf\/D e e e e (5)

P so that the density of these events can be described by an
v . -R
C . . BC :
ﬂ . expression proportlonal to e s OF,
p (R +R ) ,
Ce , , (6)

A~

Qualltatlvely speaking, our experlmental dlstrlbutlon agrees rather well

p with ¢ = 1,0,
' with the predlctlon, as Expre551ons (2) and (A) will populate the regions of
maximum values for R.p and RCD respectlvely, whlle Expression (6) will populate

the ;egion'of smal; Roce " Note that the latter is only a function of the distance
vfrom the diagenal of Fig.b3b (or.fiom the lower bouhdary of the triangle of Fig,'
5). Demonstration of the.existence of a flat.p;ateau-in the central region
along the lower boundary of Fig. 5 Qduld; in the absence. of any.alternativev
interpretatioh, sﬁpport the double—ﬁomeron hypothesis, For the preeent; our
o BN _ limited.stafistics only aliow us te ask whether a fit to the distribution which
includes this last term (6) is an imprdvement ever a fit which only takes into
‘ accoﬁnt terms (2) and (h), repreeehting ﬁhe 7 and_proﬁonbdissocietions.
Thiquueetioh is investigated with fits_9 Nos. 1 and 3 of Table I; the

only difference between them is the introduction of term (6), all slopes of



-8 S LBL-2106

the exponents. being taken equal to 1,0, The improvement of fit No. 3 corre-
sponds to about one standard deviation, Its results are compatible with an
interpretation‘of (16+1L4) DPE evénts inside the whole triangle plot. These
facts give a second indicatioﬁ, although not compelling ffom_a statistical : _ g
pqint of view, that the so-called DPE events may not be merely the tails of
the distribution fitted wifh Expréséionsv(Z) and (h).i If the coefficients a, -
b, ¢ in the expdnent are leftifree, one finds similar results, as shown by
comparison of fits Nos, 2 and h.*
Because the DPE contribution given by Expression (6) extends into the
" singly diffractive corners of the triangle plot, the i6 events determined by
this last criterion do not correspond individually with the 13 events deter-
:mined by the earlier strict rapidity cut, ¥ ‘Nevertheless the number of DﬁE
‘events estimated_via.the two criteriavagree well,
We ﬁavé thué estimated.the total numbervof events'préduced by the DPE
mechanism using two independent criterxria, Under the empirical assumption
that these events are exactly the population of the inner triangle of Figs, 3b
and 5 (defined by the rapidity cuts RAB and 3 D both greater than 2.0), we find =

C

13 events from which we calculate with Q0% confidence an upper limit of 65 pb

) . - + - -
for the DPE cross section in the reaction n p - nn nn p at 205 Gev/c. Under

* The valpes.of thesescoefficients when dete;mined by a best fit turn out close
to‘the theoretically expected values of l_OO° This tends to suppor£ the validit?
of our simple model., | | |

‘**Of the 16 evénté determined as DPE from the fit, 11 should lie inside the
single;diffraction corners, while the tails of the first two terms of the

fit should give a population of about 10 events inside the central fegion.
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a multi~-Regge model assumption in which the DPE events populate by contrast .
" the entire phase-space with density described by Expression (6), we have

obtained a comparable number of events,

II, STUDY OF DPE USING TWO-PARTICLE SUBENERGIES
Using the pion-pole dominance (xPD) hypothesis, Shankarlo gives estimates
of the double-Pomeron cross section, For this model, DPE is defined in terms
of minimum subenergies of pairs of particles A, B, C and D, rather than minimum
rapidity gaps., Our data have been analyzed to determine how many of the events

could be called DPE according to this definition,

A, The 5nPD Hypothesis

Let us first review briefly the nPD hypothesis, 1In this model, the Pomeron
is defined quite genérally as the mechanism controlling elastic amplitudes at
high energies; that is, after the elastic and total cross sections have become

* . . .
approximately flat, Consequently for any pair of interacting particles a and

b, a minimum squared energy S:b can be chosen beyond which the elastic ampli-

tude is assumed to be Pomeron dominated. For the "right-ordered events" defined

above let us designate the four momenta Pi as follows:

p(P) + x (B) » B(R,) + x (B) + x (B) + x (B)

where the rapidities are such that RA < RB < RC <-RD. As illustrated in Fig,
| | 2 2
) ):

6, the production amplitude factorizes at the pion pole, (t = (PA+PB--Pa = U

ef el
, ATC (v.) « ATY _(v.)
‘ , T p L 7'n” " R
-4 M 5 5 R (7)
t-o t-u

*In fact, one may start by defining the Pomeron as the mechanism controlling
all diffraction amplitudes at high energies., In the present case, only the

subget of elastic amplitudes is relevant, -
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In Eq.'(7),.AifP(VL) is the 5 p elastic amplitude as a. function of the inde-
- pendent variables V (i.e., P,, Py and Pa)-at'the left blob in Fig. 6., A

)/

+H_(vk) at the right blob.

similar definition holds for A:
It is clear from the definition of the Pomeron in this model that if the

2 2

) = (P, + PD) exceed the minimum squared

subenergies S, _ = (P_+ P

and S
AB A’ B nd

CD

‘energies S* and s beyond which the elastic amplitude for the reactions

AB CD’

(AB - AB) and (CD — CD) respectively are'Pbmeron dominated, the Pomeron
occurs ip'both blobs and’the event.is tﬁen DPE; This is however strictly

true only at t =;u2 where M factorizes, . The xPD hypothesis is that in the.
physicél region (t < 0) the factored form of Eq. (7) still holds, provided t-
dependent form factors are<inc'orporated.° Shankar has evalqéted the DPE cross
Sectionlq using this nPD model and making the following supplementary assump-
tions: (1) a simple form factor ‘f(t) =1 -for [t] < T and f(t) = 0 for
[t] > T was employed,.with T = 0,25 GeV2 (Ref, 11). (2) The squared energies
ébOve which thé (np) and thé (nn) elastic cross sections are Pomeron dominated

: : 2 : 2
were respectively S;H.; 4 Gev™ and S:+H- = 2 gev-.T

(3) The average value
of the (np) and (nn) elastic cross sections-in the region between the Pomeron
thresholds and the kinematically allowed maxima were taken to be 5 mb and 3 mb

respectively. The resulting total DPE cross section was calculated to be

3 .

B. Comparison with Experiment

‘ Adcofding to this model, the events depicted in Fig, 6 méy be classified

are greater than SXB and SC respectively.*‘

a
nd SC D

as DPE if subenergies S D

AB

TBecause of the absence of resonances in the (n n ) channel, there is no natural
choice for S:_H-. Shankar has proposed using the minimum rapidity interval of
2 units,

*Except in the case where C and D are both n~ (see previous footnote).
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. . . ’ . ) * - N * N
iti s a o T
;n add;plon, it has bgen_requlred_that SAC > AC an SBD > SBD hese

latter conditions will automatically be satisfied if the first two condi-
tions on S and SCD are satisfied,because'at very high energies longitudinal

momenta are much larger than transverse momenta. . In the present experiment

" this added condition turns out to eliminate only one event,

When the events were analyéed in terms of these criteria the following -

,resultsbwere'obtaihéd:

(i) 8 events satisfied the sﬁbenergy criteria,
" (ii) All of these (indicated.by solid circlés on Fig., 5) satisfied the
rapidity gap requiféments (defined-as RAB and RCD both greater than 2,0);
i,e.,'the 8 events that satisfied tﬁe subenergy cénditioﬁ form a subset of
the 13 events sélected on £he basis of fapidity intervalss The 2-unit rapid-
ity gap requirement thus constitutes a roughly equivaleht condition. |
(iii) On the basis of the model, the 5 events»(lj minus 8) that met with the
raﬁidity but not the-subenergy'reqﬁirements wefe rejected, since in thése
cases either A and B or C and D are in a resonance mass regionb. Consider for

example one such event shown in Fig. 7. Since t = 0.02 GeV2, the pole

- approximation Eq, (7) for the amplitude is very reliable, and thus the event

of Fig., 7 may be associated with the mechénism of Eq. (7). At the right blob
we have a x' almost on~-shell, colliding with the incident n , the

two-pion mass being O.77 GeV., Since ii ;ies in the region of the o mesoh the
right blob is not ngcessarily Pomefon dominated even'though Ay >..2.O° Tﬁe
other-four events were reﬁectea from similar considerations._ But as shown in
Fig,.5, slightly moreﬁrestrictive rapidity guté would make'the number of events
80 selected compafible with the number seiected with the above mass cuts. The

8 selected events which satisfy Shankar's criteria correspond to a cross sectiocn

of 3010 pb, consistent with the above nPD model prediction.
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In-donclusion, we have shown three different ways to isolate DPE events

“if the energy is sufficiently high (and if the s;atistics are sufficient!),
The first mefhod is based on a triangle plot in rapidity. It shoﬁld
be emphasized that as the energy increases, the triangle is expected terxpaﬁd

in such a way that the population distribution in the n-diffraction and the

L i

proton—diffracfion corners will remain the same, while the central part will
expand linearly with the log of the energy. FA population component in the
expanding centrai region which is’independént of energy;ultimately would
constitute a decisive deﬁonStration of the recurrence of the Poméron. |

A méthod based on a multi—Regge propagator fit also gives the proportion
of events which could be classified as DPE, Though these e&ents cannot be
éompared iﬁdividually with the events Selected abpve, their number is in close
aéreémeﬁt.

At the samé time,vworking‘with the presently availablevenergy and 1imited
statistics, another selectién baséd on nPD analyéis has given resulfs qﬁali—
tatively compatible with the triahgle analysis, also being consistent ih magni-
tude with theoretical expectations, The events selected with these nPD model
criteria constitute a subsample of the events selected from the triangle plot,
‘The samé order of magnitude for the upper limit‘of thevdouble—Pomeron cross
éecﬁibn is therefore given by all three methods,

Alfhouéh éuch limited statistics (roughly 10 events) cannot cémpel a
unique theoreticél interpfetatibn, we ha§e shown that a double-Pomeron inter-
pretation'is-consistent with the data from several different pointé of View.-

We are very grateful to G, F, Chew for having suggested this study and
for his constaht attention to this work, and to R, Shankar for his interpreté—

tion of our data and for helpful discussions.
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This vaiuevof 0.25‘Gev2 for T'used in.the theoretical estimate is subject

to uncertainties since there exists, to date, no unambiguous off-shell
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continuation of the pion exchange amplitude, One may however be reasonably
2 . .

~ sure that the value of T will not be less than 0,125 GeV --which in turn

implies that the theoretical-estimate is not likely to fall below half the

quoted value of 33 pb (R. Shankar, private communication and Ref, 10),
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Table I, Results of fit to triangle plot distribution (119 events with "right ordering").®

ar bR c(R, +R__)
Y = Ae AB Be D + Ce AB. CD
No, - Free » . . No, events ‘No, events No, events .
fit pardmeters a b- c n diff, p diff, P-P-2x on (£)
A,B : , -
1 , ‘ 1.0 1.0 - 83.419.3 35.6%6.3 - 155.84
(a=b=1,0) .
2 A,B,a,b . 0;8610.09 » 1.175+0.23 - 86.7 32.3 - - 156.61
: - . . o
A,B,C - | | ‘ , o R
3 o 1.0 . 1,0 1.0 Th.6£12.0  28,249,0 - 16.0+1k4,0 156.54
(a=b==c=1,0) ’ o '
L A,B,C,a,b,c : o.9o6io°2u4- 1.31#0,45 1,03*1.0 T6.4 24.5 17.5 - 157.43

a I . . o _ . . .
These events are such thatthe slowest and the fastest particle of the reaction are respectively the

proton and a .

9012z -191
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FIGURE CAPTIONS
Fig. 1. >The combinations bf_finél particles along a rapidity axis: (a) and
(b) ‘correspond to diffractive dissocation: one large rapidityvgap separates
the two clusters. (c) Corresponds to the events tha£ are expécted.to be
dominated by DPE. |
Fig. 2. Center—of—méss rapidity of the outgoihé.particles of the‘reaction
.n_p = pﬂ+n_nfb for the proton (a),‘n+ (b), slow nf (c), fast n- (d).

Fig., 3. (a) Ry,

yersus R (b) R,p Vversus R, normalized. (See text for

definition of these variableso)
FiQ. 4, Longitudinal rapidity interval between fastest and slowest outgoing

particles, R (See text for definition of this variable, )

AD* _

Fig. 5. _Equilateral‘triangle built so that the alt;tudes- from each point to
thg ghree-sides.represeét respectiVely.RéB, RBC,'aﬁd R.pe Evgnts with (+)
have "wrong ordering";'ioe.; particle A‘#_proton (for region where YRAB <
2.0) or D # x (where R.p < 2,0), EVents_with small solid gircle (;)
have ;right_ordering" (A'='b,vD =1x ). Events with large solid circle (o)
satisfy xPD mass cuts (sée text) as well., |

Fig, 6. The amplitude at thé_pibn polé. |

Fig, 7.. An. event satisfying the rapidity gap condition butrnotvﬁhe nPD mass

condition: the invariant mass,Mﬂ+n- of the right-hand pair of pions lies

in the p region,
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