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¥
/ An analysis of four-prong events produced by 2. 03-GeV/c " mesons

j
(E?[ = 2.16 GeV) in the 72-inch hydrogen bubble cha.mber yielded
I‘ 633 events of the type v+ p - a tp+ T + u’+. o (‘l) :
/" 283 events of the type T tpew +p+ A+ at 4 118 o | (2)
134 events of the type ¥~ + pre® + % + 1" +'a'++n. . _ (3)

We used the PACKAGE computer program (combin&tion of PANG &ﬁdKIGK

programs) for the track-reconstruction and fitting process. An event is found
2

Reaction (2) or (3) when it has xz € 10.0 for this reaction. , A track-ionization

to fit Reaxfion (1) when it has x° <€ 25.0 for this reaction. It is found to fit

examination on the scanning table helped to resolve all ambiguous events.
Using a known total cross section, we get for the cross section of
Reactions (1), (2), and (3) the values 1.64%.15 mb, 0.74+.08 mb, and

0.35%.04 mb respectively.

Reaction (1)

Figure 1 shows the distribution of the effective mass: of proton-pion
pairs (Mp ) of all events of Reaction (1}, (a) for pw’ and {b) for pﬂ'+ The
Mp + distribution gshows a peak corresponding to N 3 2,3/ We estimate
) e
that about 27+3% of Reaction (1) goes through the reaction v~ + P~ N, /§3éz/2+1r +w°
+3/2
with 1\3'3/2 3/2 p+f§r . We assume that these -event:s with NS/Z. 3 are pro-

duced according to Fig. 2 (a) (as suggested by Freda and ’Georgé Salzmanl).

x
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We base our assump.ion on two observationa.

{a) We have plotted in Fig. 3 the distribution of the invariant-four-momentum
transfer, AZ. bgtween the initia.l proton a.nd ﬁnal ptr pair for events of Reaction
{1} with the effective ma&.a‘s F"f* in the ragion at tha N3 /2,3 /2 ‘energy
(1,12 GeV <) ‘vip 4+ £ 1.32 FeV) (round points) ‘This distribution seems to
agree with the cnn:m predicted by Salzman (proportional to , |
(w ~M) + o } /(A + “w') » where u_. e mass of the pion. W= Mp + 1238 Mev,

and M = mass of the proton, solid curve). whereas the distribution of other
e\}ents of Rea.c'tion'(l) (with Mp s '1.12 GeV or Mpif + v>1.33?Ge_V) doo;s not agree
at all with this curve (txiangular points) '

ot

(b) In diagram (a) of Fig. 2. in which the pion vertex is of the type T 4w ewoew,
it is impossible to produce p mesons. This seems to be veriﬁ.ed by our results.

In Fig. 4 we have plotted the diatribution of the effective mass M o ©f the events

of Reaction (1), (a) for w v, and (b) for atw.. The M 4~ diatribution does not

show a significant peak dn the region of the masa of the p mesOn. On the other

hand, in the =t -p inteaactxon. the coerresponding diagram would be 1(b) In this

diagram the pion vertex is of the form vt - ot + ", and it is possible to

produce p mesons. This seems to be verified by the Steinberger group, 2

which finds many p mesons in the reaction x4 P wt +p+ at 4 w” {about’

+

30% of these events are ¥ + P wt +ptp 0)-

s
1

Reaction (2)

Figure 5 shows the M, distribution of all events of Reaction (2),

+

(2) for v v 7", and (b) for w anl. The M 0 diatribution shows a peak

LR 3
" in the region of 550 Mev correaponding to the n meson, and another peak at
about 785 Mev corresponding to the w meson. We estimate that 12+4 events
(31 10ub) of Reaction (2) preceed thi'ough BT ep=uw +pt+y and 55 % 12

events (142.+31. ub) through T ip-rT 4ptw with n {orw) = wtea 4 aC.
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To verify if the w mesons are produced by the process illustrated by
the diagram 2(¢) (as suggested by Sakuraig). we have plotted in Fig. 6 the
diatributionvof the mvariantAiour-moméntum transfer, Az@ between the initial
and final proton for events of Reaction (2) with Mw+w°n° in the mass region of
the w (760 to 820 Mev) (triangiilar points). This distribution does not agree
with the cuxvec:prediéted'by the one;pioncexchange model (proportional to
A% / (AZ' + p.ig) --golid curve), whereas the a2 ‘distribution of all events of
Reaction (2) (round points) agrees with this curve. _’I‘he w "“mesons do not, then,
seem to be produced by the process illustrated by Fig. 2(c). We offer the
hypothesis that the w mesons are produced by the process illustrated by
Fig. Z(d‘). Our hypothesis is supported by two observa;ions:

(a) The distribution of the effective mass of the p-%" pairs, which are pro-
Fo a0

duced witha w triplet having an effective mass in the w mass region

(I:fig. 7), seems to show a peak corresponding to the N‘;;:;./i/z éver the phase-
space estimate (solid curve normalized over the background). This could mean
‘that the mesons are produced via the reaction 7~ + p~ w + N';;zl./g/z » with
N;}i/ % L~ #° + p. (This evidence is rather weak, .becauae it is difficult to
- know how to normalize the phase-space curve).
{b) The reactionz + p=w + Ng/z, 3/2° proceeding through a pure I = 3/2
channel, must be much stronger for w4 p (Fig. 2e) than for w~ + p. This
assumption seems to be verified by the Steinberger group, 2 which finds that the

events of the type v+ p—~ wt P ot b0t w°

+

are dominated by w production
(about 80% of these events are ¥' + P=T +ptw) |

Figure 8 shows the Dalitz plot of 17 events with 540 MeV & M_+_-_0 < 550 MeV,
of which only 12%4 can be attributed to the # mesons. The pqints tend to be in

the region of amé,'ll T,0 as observed by Bastien et a1.4



Figure 9 gshows the M distribution of events of Reaction (2), {(a) for

_ P¥
pv~ pairs, (b) for plf+ paire, and (c} for pwo pairs. The Mp’!l"" distribution

' # ‘
shows the peak at Ng 2.3/ energy. Figure 10 shows the M 4 distribution of
all events of Reaction (2) {n’%’u"*z ). This distribution agrees with the phase-

space calculation (solid curve).

Reaction 3

Figu;é 11 shﬁwa the éistribution of the effective mass of neutron-pion
pairs of Reaction (3) events, (a) for xm"'. :(b) for _nﬂ'. The N’; 2.3/ seem to
be there, but it is difficult to determine them quantitatively. ' |

| Figure 12 shows the MB& (‘u’i»uim) and the qu (w+n'n+w') distributions

of Reaction (3) events. Both dﬁatributioha agree with the phase~space calcula-
tion (soﬁd curves). ' ' - .

We want to thank Professor Luis W. Alvarez, Professor Donald H. Miller,
and Dx. George Kalbflelach for their’ encouragement and help. We are indebted

to Professor Jack Steinberger for letting uec know the results of his group's work

before publication.
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FIGURE LEGENDS

Fig. 1. Distributions of the effective maps of proton-pion pairs, Mpv. of

events of Reaction (1): (a) for pv~ pairs and (b) for pu*'. pairs. The solid -
curves are estimations, 73% from pure phase-space prediction and 27%
with prr+ in the N;‘Zs‘/g /2 Tesonance. |
Fig. 2. Diagrams illustrating some processes of multipion production by
 pione-nucleon interaction (sse text). | | |
Fig. 3. Distribution of the invariant-four-momentum transfer, AZ. bétween the
| initial proton and final pu* pair for events of‘ Reactﬁm (1);0—%—&0: events

with 1.12 GeV & Mpn,pﬁ 1.32 GeV, F-l,'\--lfor other events (i . = mass of the
; 4
charged pions). The solid ¢urve represents the prediction of the Salzman

model .

Fig. 4. Distributions of the effective mass of two plons Ma of Reaction (1)

+

events, (a) for v™a", (b) for v w « The solid curves are phase-space

gatimations.

Fig. 5. Distributions of the effective mass of three pions, M,, of Reaction (2)

+ 0

events, (a) for ' v 7", {b) for v w"w®. The solid curves are phase-cpace

-estimates.
Fig. 6. ‘Distribution of the invariant-four~-momentum transfer, Az, between the
initial and final protons of Reactio%_ (2) eventa, fm.Ir-i for events with

760 MeV € M_,_-_0 < 820 MeV, |-~ ~-for all events of reaction (2).

wtew
. A
The solid curve represents the one plon-exchange-model prediction.

Fig. 7. Distribution of the offective maso of the p~v~ pairs, Mpw“ » of events of

Reaction (2} produced with a u*ﬂ'wo triplet having 760 MeV € M + -0 <
- T W :
820 MeV.

Fig. 8. Dalitz plot of 17 events with 540 MoV & M 4 €550 MeV (Q=M
' u+w“w0 C atee®

(M
w

+ My} ) (only 12 £ 4 are n mesona).
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Fig. 9. Distribution of the effective masa of the ;}-n' pairs, M__, of all events

PT
of Reaction (2), (a) for ;v..' (b) for .pyrf.;a,nd :(c). for, pwq._ Thg élolid curves
are phase-space estimate‘a;-_» o _ | v |

Fig.‘ 10. Distribution of the eifective maas of ..p;on quadruplets ‘(w*""‘"f’“‘)). My
of Reaction (2)'evfent;;." The solid cui've is 5, phase«épace estimate.

Fig. 11. Distributions of th§ e{fectivgs mass.qf' neutron-Pion pairs, M_., of

' even_ta'of Reaction (3) {a) fox; mr*"p (b) for w‘th--' Theholid curves are phase-
space estimates. : .. |

Fig. 12. Distribgtion of the effective masses of(a)pion triplets (ﬂ'd:tr:t ﬂ?). Mg, of

| Rgactio‘n (3) events, (_b)v'of p_ion' q‘uadrup'ﬁéﬁfsﬁj (uﬂr."n*n'.); M4._ of Reaction (3) |

' ~events. The solid curves are phase~space estimates. .

Sty



]

Effective mass, Mp,, (BeV)

O
(o0}

AN OZ

o O
4 —

4ad saipd uos|onu-uoid j0

Jaqunp

MU.26864

Fig.



MU-26863

Fig. 2



-10-

80
, A2 (42

60
Invariant four - momentum transfer

40

20

MU-268635

Fig. 3



Number of pion pairs per 20 MeV .

40f

20

-11-

(a) -

m-mw-

] " | ; ] —

04 0.6 0.8 R 1.0
Effective mass, M, (BeV)

MU-26866

. Fig. 4



Number of pion triplets per 10 Mev

-12-

o O
i T

©)

-
‘rv

(a)

30

(b)

wtor— w0

1 : |

M '

06 08 1.0
Effective mass, M5 (BeV)

MUB-1092

1.2



-13-

40 60 80

20
Invariant four-momentum transfer , A% (u2+)

[ | L
o
0

]
o
ol

$1UBA3 JO Jequin

1o] o
o

MU-26867

Fig. 6



-14- -

10}

20

Z

4

Number of pro’fon‘-p'ibn pairs per 40 MeV

1100 1200 1300 1400
| _Ef_fec’rivev mass, Mpn,- (MeV)

MU-26868

Fig. 7



o =15.

] ] -

L

0 ol 0.2 03
|T+-T_
V3 Q'

MU-26869

Fig. 8



Number of proton-pion pairs per 20 MeV

30

20

0]

-16-

(c)

p e

, 1 '
1.2 1.4 1.6
Effective mass, My, (BeV)

Fig. 9

MUB-1093



-17-

Mq

Effective mass

| ]

() (o) o o
[\D] o\ -_—

- NN 02 4ad sjajdniponb-uoid O Jaquinn

(BeV)

MU-26870

10

Fig.



Number of n-m pairs per 20 MeV

30

20

30

20

-18-

(a)

nrt

s

(b)

nmw

A ]

.2 .4
Effective mass, M, (BeV)

Fig. 11

MU.26871




Number of

pion

Number of
pion quadruplets

triplets

_]_9._

w
O

)
(o]
I

(b)

0.6

Effective mass, M3 (BeV)

wtor-mtr-

0.8

0.8

1.0
Effective mass, Mg

Fig. 12

(BeV)

MU-26872








