Lawrence Berkeley National Laboratory
Recent Work

Title
STUDY OF MULTIPARTICLE RESONANCES IN THE n+p INTERACTION AT 3.65 BeV/c

Permalink
https://escholarship.org/uc/item/4c22m7apn

Authors

Goldhaber, G.
Goldhaber, S.
O'Halloran, T.A.

Publication Date
1964-07-22

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/4c22m7qp
https://escholarship.org/uc/item/4c22m7qp#author
https://escholarship.org
http://www.cdlib.org/

____________

UCRL-11445

Cc.

University of California

Ernest O. Lawrence
Radiation Laboratory

STUDY OF MULTIPARTICLE RESONANCES IN THE Tf+p INTERACTION

AT 3.65 BeV/c

—

\
TWO-WEEK LOAN COPY
This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call
Tech. Info. Division, Ext. 5545
J

Berkeley, California

St =1aom

i



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not nccessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



. . : R T

Int. Conf, on High Energy Physics”

©UCRL-11445

UNIVERSITY OF CALIFORNIA

Lawrence Radiation Laboratory
Berkeley, California

" Contract No, W—T4O5—eng-48 -

STUDY OF MULTIPARTICLE RESONANCES IN THE A p INTERACTION AT 3.65 BeV/C

Gerson Goldhaber, Sulamith Goldhaber,
Thomas A. O'Halloran, end Benjamin C., Shen

July 22, 1964




'v‘ “ ] - .
i Lo

(To be presented at the 1964 International Conference on High Energy Physics,
Dubne, U.5.S.R. August 5-15,1964)

UCRL-lluus

~ STUDY OF MULTIPARTICLE RESONANCES IN THE n p INTERACTION AT 3.65 BEV/C

Gerson Goldhaber, Sulamith Goldhaber,
Thomas A. O'Halloraen, and Benjemin C. Shen -

(Presented by Sulamith Goldhaber)

Lawrence Radiation Laboratory
University of Celifornia ///
Berkeley, California

July 22, 1964

In. this paper we discuss the resonance structures present in the four

, ”particle final state in the n p interaction, l.e.,

4 B S o -
Cm +p - B P . N (1) .

We wish to discuss here four possible channels which leadvto these particles'

in the final state. These channels are illustrated by the Feymman diagrams ,'

" in Fig. 1. The first channel corresponds to a;double resonance formation

S Kt - , e
in which a o° is formed at the top vertex and an N (1238) is formed at the

lower vertex (see Fig. la). The second channel corresponds to three pions -

- being formed at the top vertex. This is the case where the A mesons (Al and

» : + oo
. .Az) are being produced which then decay into p0 + 7 . In the third channel ..~

we want to present evidence for possible higher nucieon isobar formation. In

" this case a "three particle state" is being formed at the lower vertex which

A *++ - , L o
then decays into an N and a. . . We will show evidence for - such a state

: + -
formed at E(pn # ) = 1480 MeV and I’ = 120 MeV, which may be assoclated with

o , N . . R
- the inelastic decay of the N /2(1510) There is also a slight indication that -

the N /2(1688) mey be formed in a similar menner, The fourth channel corres— wiivf‘i

ponds to the case where the « is ‘produced in the forward direction.together
. . \ . : l '
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}with a possible triply—charged nucleon isobar at the lower vertex. Here w:

observe E(pﬂ T ) = 1560 MeV and P 220 MeV. This state subsequently deca {
hto an N /2(1238) and 8. n+ meson. Here it must e noted that the above chan—
nels do not appear as clear and distinct channels but rather that considerable
overlap occurs between them. In order to separate the various effects we have
relied heavily onthe Chew~Low plots for the various particle combinations.' In:
,=the last two channels the mass peaking we observe shows up clearly for low o

four momentum transfer squared, A .

| The Mass Enhancement ‘in the mp System.

Here we. show the three pion mass distribution from reaction (l) as well
as‘from the corresponding - b reaction at 3. 7 BeV/c._ In both cases the N
;band has been removed. In Fig. 2 we present the ﬂ p ©.mass distribution. Tﬁé{l3
hhA2~resonancel shows up clearly E(Az) ='1335 * 10 MeV and P(Az) * 10 MeV.n{ﬁ

U We must point out, however, that while there is a definite enhancement ebove |

;ﬁt?,phase space in the Al region which is distinct from the A2 resonance we do not

. w:]observe'a'clearly resolved peak-there. - As we’ have pointed out earlier the A1

‘1=;a3fp{;enhancement may be due to the Peierls mechanism? and would - thus not correspond ‘equ

-~ to a-unique angular momentum state.

*tt
The Mass Enhancement in the N 3 System

Ty

As each event gives two pn+ﬂ mass triplets we have separated these by
l;ordering them according to the production angle of the n in the overall c m._?ésti'i‘@_
fsystem. This is essentially the seme as ordering them according to the A.(px n ), ”
fvalue. The pion produced w1th the smaller angle we call ﬂ » the other nb The )

fdistribution of the n production angle ‘shows a very pronounced peaking at
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v.'-snall angles indicative of small four momentnm transfer squared VA? to .
?‘}' ;‘tllthe pnbn system.- The mass squared distribution of the pﬂbﬂ system and B
bvii; the corresponding Chew—Low plot show a clustering of events primarily ;
Vi',assoc1ated with the N + formation. This occurs for the N*++ﬁ— system,
‘cma,(see Fig. 3), at low A° values (A?(pn;ﬁ—) s 15 mi) and at a mass of
E(N*++ﬁ_) = 1480 + 10 MeV and T' = 120 MeV. This peak may be associated: . ¢

R , "t y . T
© with the three—particle decay of the Nl/2(1510) resonance, When we now

'”»examine the three particles participating in this peak defined here by = .

kfﬁl;h = M(N*++n_) £ 1.6 BeV, they appear to interact in.pairs with each -
”\Qother; As selected, the proton ond 7 give N /2(1238) formation exclu-. :;i S
"sively, the proton and the T mess combination lie principally in the -?vi
3 /2(1238) band, (see Fig. ue) In this kinematically highly constrained.
- system, the n+n mass distribution peaks strongly at ~390 MeV. We find
E(n+n“) = 390 = 10 MeV and a width of T" = 110 MeV. This peak may be the
‘same effect as the one observed by Samios et al.> Here we must note that '
the masses of the four composites involved,(pn;n_, pn:,_pu_, n:ﬁ—) are'noy
longer independent, For & ‘three—particle composite of mass'MlZS‘the folloﬁ— )

ing kinematical relation results from energy conservatlon: N

Mij = Mi23 - Miz - "M§3*+ ”’f +m§ * mg ”(2):_' 1
where Mjk and mi are the masses_of the two-particle composites'and of_the o
.'}indiyidual particles respectively. These relations determdne the physicallyv
" -allowed kinematical boundary, i.e., the Dalitz plot. Thns by using the
" Breit Wigner distril)ution in 1\4123, the observed peak at 1480 MeV and in f

¥¥};f o M, and M23 the N /2(1238) and N (1238) resonances respectively as weight

NI 3/2 2 o+
.7 functions, we can compute the distribution in M3, the nbn— pesk. - The curve

",-f'in Fig. 4f gives the result of such a calculation. The agreement of the




ety
éf‘

sh{

Q,lhBO iMeV peak ppear to participate in p formation vas well
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Furthermore, we note from Chew--Low plot that the enhancement at small

2 + + 4 :
A (pn x ) values 1is assoc1ated with an enhancement in pt 7 mess distribution.

where this particle combination corresponds uniquely to the I = 5/2 state.

~ If we consider this enhancement as an I = /2 isobar E(N /2 = 1560 * 20 MeV -

corresponds to the M(pn 7 ) mass peaking near 2.65 BeV. We ascribe this to _:,.{:{?v'

7f7:a reflection of mass peaking effects in the M(pn B ) system.

+.
against that of pn

2 and vice—versa,

o .
If we plot the mass squared of pnl

‘Wfff‘we obtain a scatter plot. which corresponds to the superposition of Dalitz

+ +
plots for-variouS'pn T masses. In this plot’ every point -occurs twice symmet—

¥t
s rically with respect to the h5 ax1s, (see Fig. 7) We note the N bands

";“and particularly the enhancement at the overlap gf the bands. The.overlap

(see Fig. 7). In Fig._7 we also present the density distribution along one

A I
'of the N bands. By our plotting procedure we would expect the density of

effects.‘ Experimentally we observe -the- density to increase by about a factor : - . fff"
- of four compared with the adjacent region. . This is further accentuated if we

'5Q'limit ourselves to events with A (pn 7t ) = lSm . Thus, whether: we are déaling

complete constructive interference between the two N bands. For contrast,

we also show the corresponding plot for the ps w -system in the pr reaction,

-

5

.. for the mass projection px % is 1/50 of that for the: pﬁ . intensity. we »'i

f”therefore conslder that this comparison may lend support to the dynamic origin

.;z

f; and PS/ = 220 20 MeV we also note a clustering at higher A? values which R

T + 2
region is particularly enhanced when we consider events with A (pn n ) 15m >

,_n events to increase by a factor of 2 at the overlap region barring interferencei'*1’

*ﬂwith a true isobar or not the observed phenomenon appears to- correspond;to ”f$v“

- (see Fig. 8). In this case no marked enhancement 1s observed in the overlaph n“””“ff”

SR : * - oo
PR :region of the two N (1238) bands., - For a N, /2 resonance the expected intensity -

<. of the pn 7 mass peak., On the other hand some of the features related to the B

o d
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"‘“7.nvpﬂ;n;pmass peak can be reproduced qualitatively by a simplified version of

."*tf-ffa;;the~matrix element (neglecting the spin factors) corresponding to the Feynman
“VVJdiagram in Fig. la. Here we. consider p and N - production taking into

"account the interference term which comes from the symmetrization of the 5'¥‘J' :

N . N PN . " o . N . “ - ; O .A‘.., e ¥
. X . v . . . : ot - i r

: two n nmsons.

- - : : e - : R
T It is interesting to note here that for the pr 7t state we deal again

d[with a comp0und resonance in which the proton forms mass values with both

.;ﬂﬂ+ Tmesons which lie in the N (1238) bands, This in turn determines the ﬂ+ﬂ+;'ii
Tfmass distribution from energy and momentum conservation as given in equation (2X
ffThe computed n+n+ mass distribution is shown in Fig. 8 together with the exper— ‘
:ﬁiimental distribution for ihzo M(pﬂ T ) 1760 MeV., The n+ﬂ+ mess distributionpf?;,;f
1ﬁd'does not give as pronounced a peak as the n+n distribution near 390 MeV

gvhowever, a general enhancement near 500 MeV is observed.
Finally, we have attempted to. obtain information on the spin of the pn n+.
ststem, should it correspond to a unique»spin state.: We have computed the
- cosine of the angle between the line of £lignt of the N H--in the pr'x* com..

s Kt
“-system and the: proton in the N ~ :c.m. system.6 This distribution; which

o bk Lol
”_"measures the correlation of the momentum of the N to its polarization vector R

T + +
odn the c. m. of the pn b1 »system, turns out to be consistent ‘with 1sotropy
- The" work described here ‘was carried out w1th the Brookhaven National Labor— LJ

;;atory s 20—inch hydrogen bubble chamber exposed in the BrookhavenAYale separated irf“

- beam. .
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