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the interpretation of our data. In this experiment we analyzed two seemingly ‘

 simple reactions: . S sl e R
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Sulamith Goldhaber
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I. INTRODUCTION.

For en experimentalist to penetrate the sanctum of the study of detailed

:_dynamics bf interactions is a dangerous occupation. There is the natural
"s'tendency to oversimplify and. separate processes on the .basis of their dom—

| f;-inance over others. This "first order approximation" has been applied to-

RS

. . e e N
X +p - x +x +p+aA. e R (1)

LS B N X +kpEad (z)uf

'7=fi;Both reactions have four strongly interacting particles which we found' to

"1nteract in pairs and in triplets to form resonances. In order to 1nvesti—' ER

(
gate these resonances we have chosen to examine these two—and three—particle ‘
N ,

"f systems when produced in peripheral collis1ons. The obvious advantage to
: ; this method is the predominance of Single particle exchange in peripheral
'.f}collisions. The large scattering cross sections between the incident particle ff'vu
"~ and the exchanged one in a given angular momentum state, leads to an enhance— ?Hf'
ment in resonance production. Fig. l shows various possible Feynman diagrams f*fflﬁl
~Afor Single particle exchange type peripheral collisions leading to resonances -

'”Jobserved'in this experiment., I w1ll leave the analysis of the A production

out of my discussion since it has been treated by Gerson Goldhaher s summary ,;5

on this subject.;. o ,15:;}.', v?‘\f35:”}; S




Comparing reactions (l) and (2) there are a number of ‘differences I would

r

like to list . _ _ - .

i;iff;}f“w' U (a)  The isotopic spin of the initial $tate of reaction (1) is e

. o pure T_= 3/2 state whereas the one of reaction (2) is a mixed

'_1-;fit>:f; ?;;E: R 1/2 end T = 3/2 state.
RPN "tﬂh(h)ﬁivln reaction (l) we anticipate-a'strong double resonance forme— .
1vfj tion, i.e., p + N (1238) whereas in- reaction (2) the double

..'resonance formation has the neutrel isohar N ?* pr_ whose inten— |

| sity 1s ~10% of the doubly charged one.- |

.;f(c)if Reactionv(z).has a strong single resonance channel competing
H‘V’fjrénddri;?fwith'the doubly resonating_one, i.e;,.N*++(1238)7+ L x

""whereas in reaction (l) the analogous channel corresponds to

the one involving. the lower intensity N (1238) isobar, i. e., u
. %O 4 4 Lo : . -
N x . . ) ST
vNoﬁ lethus-seeiwhat'the experimentvshows._"

PR -
Y

‘ II. THE TWO—PARTIGLE RESONANCES

The double resonance formation in reaction (l) is illustrated in the tri— :

' ~angle plot in Fig. 2. The large concentration of the,events at the crossing -

' of the bands is the proof of the strong enhancement in the double resonence =

" channel. The data for the pm interaction'are‘shown in Fig. 3. Here we
R : : el s : - .
-7 -show the two-particle mass combinations for m+x ;) PR, and P . Since two-

: .ﬂi7‘~egf'negat1ve pions are present in the chennel we show two pairs for each event.
, b

ot

occurs. Although the presence of the neutral isobar can be noted, it stands¢ }
. out more clearly when produced together with the p meson. In Fig. 4 we show

. the pﬂ mass distribution for events An which a p meson is also present.

'Here we not only see the 3/2 3/2 neutral isobar but also the T = 1/2 N (1510)

=.H We see here that & strong p meson formation as well. as strong N- formatiOn [N



«t

" ..end N (1688) isobers. The observed energles , E a.nd ‘Tespective full w1dth

' at half meximum, T, .are given in Table I. -

- TABLE I

Observed E and I' Vaelues for the Channels: '

‘- %O P KO
Kx-p = N S .and_N_"-f,zrp

_;_s_gp_g,_g ' - _‘ _EObsemedﬁM_eﬁ)‘_.- 1" ey

. 3/2(1238)::' 2220 ‘ ‘, izo 3 |
o 1/2(1510) o 11;80 - 'v 120
1/2(1688)' '._"1690 100

S

III. THE ASYMMEI'RY I'N mt SCATTERII\TG

The double resonance cha.nnel in both reactlon (l) a.nd reaction (2)

provides an excellent opportunity to investlgate the single pion exchange
' mechanism. As|Gerson pointed out in his talk we have observed a nice example
- : + *0 o+ ,
of single pion exchange in the reaction K + p -+ K + N -, It seemed to -
us that the p + N channel affords a similar opportunity to look at single
pion exchange. ‘We thus selected all double resonance events and then focused- :
7_ our attention on those with small four—momentum transfer. For nxt scattering

leading to a 1~ state one expects the s'ca,ttej:‘ing amplitude to be of the form

1

ween the scattered and incident pion in the p center of mass system.

In interactions leading to three particles in the final state, i.e.,

n +Dp - nxx, asymmebtries in-the nn scattering angle for po formation have: -

3

- been observed and attributed to either interference with non-resonating s- a.nd‘

P = cosC, i.e., coszcc for the angular dvis‘c'ribution. - Here a 1s the angle bet—



e
o.

. . . _
7 TreimenFXEng angle and the correlation between the nx scattering angle in

:observed asymmetry as well as the correlatlons.-v

A T6-93

1

-pawaves or ‘to a singlet s—-wave resonance.zl The lattexr interpretation was
t ~ offered to explain the fact that the asymmetry parameter (E—B)/(F*B) remained
= positive throughout the ant effective mass region from threshold through the
"l p‘resonghceband beyond. We have alsogobserved Suchvesymmetries in the dounle f
-vihjreeonance formetion, p? + N*(1238),botn‘dn tne ﬂ+ + p and in the © + P inten—:l

:'fjactions. " The first sample we investigated included events with four-momentum

2

'transfer, up to Aiﬁ <20 m . To select predominantly the p-wave nnt amplitude

2

'f we reduced the sample to include_niﬁ <5 m only. The aeymmetry which we

"[,_expected to decrease remained at about the eane level. The qneStion’arose now).”

;‘whether the_one pion exchange model 1s in jeopardy in this reaction or whether .
.figvother_reactions, such as represented by diagrem (d) in Fig. 1 are playing an

mimportant role. To test the single 0. exchange model we examined both thefy

[l
i

lthe p center of mass the the px scatterlng angle in the N center of mass.
’fgl In Fig. Sa we show such & correlation plot. It is obvious that the two scat—‘d"w
ﬁ;tering angles are not independent of each other.A To demonstrete this point
. further we selected events in the two polar and equatorial regions of the:ﬂﬂ
= scatterlng angular distribution and examlned for those events the px scatterlng
;Tz angles (see Figs. 5e, Sf and Sg) We would expect for single o _exchange the.
if;pﬁ scattering to be completely independent of the I scattering angle. We
}'see, however, pronounced d;fferences-dn the cosoh* distributlons. A sinilar '
5 but not as striking effect is seen.in the nx scattering angular distribution"‘fg
'tsfor'events selected for the polar and equatorial region of the px scattering;v
'nvangle (see Fig. 5b, 5c, end 54). The'observed correlatibnS'led:ne to exmninlei

'f‘a pos51ble threeﬁpartlcle ‘state such as (pﬂ n ) which could cause both the

3

% » ‘ S s R R _ : '
" For details see Reference 1. S T e 5
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I will now mainly confine myself to the results of such an investigation
'oin the pﬂ system. In Fig. 6 we show the observed (ﬁ, ) scattering angle
'_Tassociated with the p°(see Figl la). As mentioned in my introductory remarks
fa:competing N channel is present in this reaction. The importance of
jthis competing channel is demonstrated;in Fig. 7.in which we show a scatter
,bplot of the invariant masses of pn+ versus ﬁ*ﬁ_, A large overlap.region bet—
‘ween tne two resonance bands is noted. This overlap has a crucial effect on
: the 7tx scattering angle. In Fig. 6 the shaded area gilves the distribution of
. events after the N*++(1238) isobar has been removed. -It is clear from examining

this figure that the major part of the asymmetry comes from the overlap of the

' two resonances. We therefore feel that in the present data neither interference
. |

with s—and dQvaves nor the existence of a scalar meson need be invoked to é;plain

.~

. -the asymmetry.
st :

The next question we would like t0 pose concerns the N isobar. If

©. directly produced in the primary collision it would be formed together with a.,;

~pair-of negatibe pions (see Fig. 1b). For the events produced with small

. + _
momentum transfer to the (pm ) system, we expect the single pion exchange to

' "idominate. We have made two tests to check for single pion exchange: (a) the

o TP scattering angle in (pn ) center of mass which should follow a 1 + 3 cos’a -

§ ,distribution, end (b) the Treiman—Yeng angle which is expected to be isotroplc,

. Figs. 8 and 10 show the two distributions. The distribution in the scattering

angle shows considerable interference effects while the Treiman—Yang angle is
- consistent with being isotroplc. To examine interference effects with the p

meson we looked at the distribution 1nclud1ng and excludlng events (see shaded
b .

area in Figs. 8 and 10) in the N —p overlap reglon. The_evmdence for an

Skt
aligned N isobar is thus incdnclusive._ For comparison we show in Fig. 9

*#0
the decay angular distribution for the events with' N  isobar formation. - The

data here are consistent with 1L +3 cosza.

o e
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IV.  THE THREELPARTICLE SYSTEM o

One further diagram which ‘may poss:.bly contribute to the reaction under

' da.scussion is given in Fig.. ld. To stu.d,yr this cha.nnel we looked at a Da.lltz

-_plot correspondlng o the following three particles" N (1238) , :rt and 7 .

In Fig. 11, we show such a. diegram in which we plot the square of the (N :r )

' ms.ss_ on the x—-axis and that of the (:t 7 ) mess on the y—axis. A clear band -

; _lSZO'MeV and I' = 240 MeV. The shaded area shows the events. outside’the o° band. |

- corresponding to a mass of lhOO—l@#O MeV is seen crossing the p° ba.nd A pro—

L ' + —
Jection of the M (N n ) axls shows a marked peak at a mass value M(pxt =« ) =

" If we now investigate the structure of the three-particle mess peak we find
S o . %0 N o Hett
that the proton forming the N .forms 8 px  mass which lies in the N (1238)
.' mass region (see Fig“ 13) In Fig. 12 we show a. Chew—Low plot of the N :t‘i

‘;'1\ events.. A strong clustering of events at low four-momentum transfer to the

three-pa.rticle system 1is evident ; Indicating peripheral production of the mass

i . peak. Here we must note tha'.t’ at the lower irertex,in Fig. 1d.we can form &

nucleon isobar in. T= 1/2 3/2- and 5/ 2 states. ‘While the ‘observed peak is~ " », .

: accepted va.lue for that isobar.3_ We suspect tha.t other states such as the’

‘ shoulder in the T= 3/2 state may also contribute to the pea.k The asymmetry i
2 hf-:f?.-‘ :Ln the p ‘can now be understood to a.rise in pa.rt from the overlap of the p
‘,with the three—particle state vhich in turn deceys. o the N isober. e

:.must further note tha.t a.nother possible origin for the observed mass pea.k ma.y a

“be interference effects between dlagrams la and lb ta.king :Lnto account the

V. TIIECHANNELN + 3 +Jr
3

Fina.lly, we wou.'!.d like to discuss the properties ‘of the two 1dentica.l

'v'bosons ’ . The most surpr:.sing fea.ture is the dlstribution in the T :t

' scatterlng a.ngle (see Fig. lh) The distribution ha.s a.ll the ea.rmarks of a.n o

,]'// I“.

| "_'centered at the location of the N /2(1510) 1t is considerably broader tha.n the ; o

'-_Bose symmetrization of the two negative p:ions.LL L B - - o
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arises from the fact that the two nega.tive pions are indistinsuishableo

e -fmqyseif. L

| .,_-;7—' e 693

' éligned high angular momentum state. We csnnot find, however, any particular
e ‘mass enbancement associated. w:.th the angula.r distribution. In.a study of a -
R *0 4
correlation between the N =x mass and the ' sca.ttering a.ngle we find

N tHat the above mentioned three—particie mass pea.k, is directly related to_the

a.nisotropy in the n_:t'—' sce.ttering angle.‘ 'L‘he anisotropy may thus be due in

part to the observed mass peak, a.lthough the presence of T = 2 d—-wave scattering

- in the x X3 systen ca.nnot be ru.led out. The symmetry in the distribution shown

y

To summa.rize the R P. interaction we list a.'Ll the cha.nnels feeding the

i','four—particle final:state in Table II The data discussed here come from en

b

experiment ca.rried out in a momentum a.na.lyzed nega.tive %t beam of the Lawrence .." b
. Ra.dia.tion La.boratory 5 Beva.tron using the 72—inch hydrogen bubble chamber as _Y
'detector.' The kinems.tic fitting end ionization infozms.tion reduces the number‘
S _:‘ of events with a.mbiguous interpreta.tion +to less tha.n l% The mea.surements of
all events produced in the D intera.ction ha.ve been ce.rried out with the " | _
R "F.Lying Spot Digitizer"(FSD) of the Le.wrence Ra.dia.tion La.bora.tory. ‘I'he people »
) who ha.ve pa.rticipa.ted in- va.rious ;pha.ses of this work ares’ John L. Brown, e S

'Gerson Goldhaber, John A Ke.dyk Benjamin .- - Shen, George H. Trilling, and.

7N
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A.

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method; or process disclosed in this report
may not infringe privately owned rights; or

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report. .

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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