Lawrence Berkeley National Laboratory
Recent Work

Title
PRODUCTION AND DECAY OF BOSON RESONANT STATES IN n- p INTERACTIONS AT 3.2 GeV/c

Permalink
https://escholarship.org/uc/item/9wv8x58w

Authors

Hess, Richard I.
Chung, Suh Urk
Dahl, Orin I.

Publication Date
1964-07-03

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/9wv8x58w
https://escholarship.org/uc/item/9wv8x58w#author
https://escholarship.org
http://www.cdlib.org/

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

2

Shty/- 1777



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 necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



§ L bbb R sebbmns

P?oceedings of the International Conference on
ngb Energy Physics -Dubna, USSR, 1964,

. U L‘(L-‘Lb>

UNIVERSITY OF CALIFORNIA -
Lawrence Radiation Laboratory

Derkeley, California

E - :AEC Contract No, ’\v‘f'—7,405-5eng',-48 S

P‘{O DUCTION AND DT‘CAY OF BOSON RESONANT STATES
IN® +p INTERAC'I‘IONS AT 3.2 Ge'V/c

\
R1chard 1. Hess, Su_h Urk Chung, OrinI. Dahl -
. Lyndon M. Hardy, Janos Kirz, and Donald H, Miller
« July-3, 1964

¢ > .
. £ .
: #
(
i
i
¢
{
i
e
i
* ; B
$ - . 1.
S
. 1
o



to - (Presented by Donald H. Miller)'_

; - . UCRL-11443
rRo DUCTION AND DRCAY OF DOSON RESONANT STATES
IN n + p INTERACTIONS AT 3,2 GeV/c 2

Richard I. Hess, Suh Urk Chung, Orinl. Dahl
Lyndon M, Hardy, Janoerirz, and Donald H. Miller

Lawrence Radiation Laboratory
University of California
Berkeley, California

July 3, 1964

ABSTRACT

Production and decay correlations for the mw resonance at 4220 Me7V

(B meson), the wp state at 4090 MeV (Ai meson), and the Tp state at
1340 MeV (AZ meson) have been studied in detail, Interpretations are pre-

sented in terms of possible quantum number assignments. In additicn,

b

evidence for the existence of other decay modes for the AZ meson stzt

¢

- 7 are discuesed,

3 - e )
i.e., AZ . KX and AZ
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In a continuing at 1dy of the mtcra.ctx ong. of 1r megons t.t 1.5 to 4.2

«<

GeV/e, we have investigated production and decay of strz;ngencea :§=0."

boson resonant systems. We discucs the significant recults obtainesd to date.

L wp- 7 alr x"p

The cffective-mass distributions were plotted for all pion combinations
. X ) . . oL _n n
2t 3.2 and 4.2 GcV/c‘. Marked structure was observed only in the M{w‘q\r 7%}

\-,

distributions shown in Fig 4, 2 and b, The v meson is produced copiously,

. & o ‘ ST
although the intermediate-state w N (41238) does not contribute strongly as .

. + _+ . . 1
. in the analogovs w p—=ww D :eactlon. Ag reported earlier, © the posci-

bzhty for a resonant mw mtcra.ctxon was investxgated by plottm separately the
M(TT v o Ty & atrxbutlons for events with either of the two M(vr w'vo) cor*-

binations in the w mterval (750 to 840 MeV)., Thke results are given in 7o, 4,

c and d At 3, 2 GcV/c a large peak i3 observed at 1220 MeV with Fvll-wvw

T'= 4180230 MeV; at 4,2 GeV/c, the effect has essentially dxsappearecl. 7o

illustrate that this peak, called the B meson, 2 is associated with w events,
a detailed plot of the data is chown in Fig, 2, ¢, &, and e for several inter-:
. e | R : _ !
vals in M(r r w’)., : L : T
General studies of the production and decay correlations for the ww
peak have revealed no convincing evidence for a2 unique ¥ aasignment.i's o
' & . . . . .
Several groups have looked for n  w° enhancements at 4220 MeV in the reactions
& + ‘, : . - . ) . :
= p=1% 7°p, but obacrvcd none, The decay B—~ KK is more difficult to detect

than B-s 7w (sce dmcu"mon below); no evidence for the decay B~ XK has been

obtaincd. MNeither decay is {orbidden by .G or _A. parity, alone, 80 that if the- L

B enhancement represents a pure state, such decays are likely forhxaor by

congervation of JPG. Since the neutral o system has C = -4, decay into.

P

mr and X% would be allowed for J *

=47, 37, etc;in a&ditiogx.' dec&)} cfa 0
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state into ww is forbidden, Consequently, companson of the obuervm« internal

- + ‘- .
corrclations thn the prechctxons for Jp 0 , 4°,.2, and 2 a.re parﬁ.cul .s.‘,'
interesting. The prec’ucted correlatzonﬂ for the simplest forms for decny
matrix elements are summarized in Tablc I, where 6 is the angle between

the normal to the w decay plane and the momentum of the recoil pion eviluat:

T——
T e e,
. ey

Table I. Internal corrclatxons for seve*al JP asmgmnents for the

B meson.,:

State ' . ~ Angular Corrclation
0- . <':os2 6

1t / 4

1° sin” 0

2t sin 0

— - 2 )

2 a+bcos 0

The data are shown in Fig. 3 for several intervals of ww mase, . In
each case the M(ﬂ+1‘r'w°) combination closest to 784 MeV was arbitrarily -

o

crude correction for background the average of the distributions for the two .

diacent mtcrvr“ls wag m.btractcd The remaining events give peor fits to
2ither the sin 8 or cos 9 distributions. .

For completeness, | He mn mass chstribution is shown in Fig.. 2, a

Y

pRcExt

" considered a3 the w; however, the result is ineensitive to thie choice, Az a .

' end b together with a. control re'vion. Altnounh a slight enhancement é,;w_g_:"*re

.primarily from decay of an unstable boson.

- mear 1300 MeV, the data suggest tha.t the observed 'n'n ‘events do not rc¢ult

A e A gz




-

o>t

o

N

. the exictence of a stronr’ T intcract1o~1 the A enhancemen.. in the m*w- X1
p

present data provide no ccnv‘ncing suppoxrt £or any particula.. J* assignment,

Te3- . UCRL-11443.
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I1. n_' p.-t- T T 'n',p

. s * . i . . ‘. ‘ -

The cffccdvc-mass dmtributionmfor T o and o comb1 ations

. - + * v
indicate that most T ow p events in the 3- to 4.2- GeV/c region are produced

hrough the mtermediate sta.tes wor N (1238) and P %xp.. In a study df

wpem wiww’p finzl states at 3,65 GeV/c Goldhaber et al. demonstrated o,

G

1.0 to 4.4 GeV, and_auggeated that it might represent two unresolved peaks,

The w p° mass distribution for the 3.2-GeV/c events is plotted in Fig. 4,

where two clearly resolved peaks are appareht. The IOWer peak (A ') rc-.ccu‘rs:
at 1080 £ 10 MeV with T'= 4100 MeV, and the upper (A ) at 4340 MeV with

I'= 80 MeV. Since the pcaks areldecreaaed little when events with

/_\Z(p) < 0;86(GeV/c); are plotted 8cpa.ra.’cé1y, we assume .thcy are producad in
peripheral collisions involving p exchange,

- The .Dalitz plots associated with _thése e§ents have been discugzacd
elsewhere, 6 Since the JP assignment for the iSiO-MeVlstatc may be gdetcr—
mined independently (see below), we comment only on the ‘5.080 ’virﬁ‘v' en...‘aax;ce-b

sent. Based on gelection criteria which eliminzted (a) the N .+ P final
states and (b) evgn;s with A (p) >0.8 (GeV/c) ,» the Dalitz plot appearcd con-‘f
sistent with JP 07, under the assumption that the 1080-MeV peak representcd_ g

= pure state, HoweVer, subsequent stud); indicatea that 'the distribuﬁioav in

p i {where q is the normal to the e deca.y pl:mc. :md po the momentum

v}

of the incident pion in the wp c. ‘m. systcm) conta.ins a significant admixture of

sin 9, in contra.chctwn witn a'o. asmgnment In addition, contaminatiocn from

events assoclated with the high-energy t:ul of the N’ s tends to popx.lu.te the o

gean of the Dalitz p;.ct so that its oigmﬁcance is obscure, ‘»’»’c' conclude that the
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' slgnmcnts consistent with both K"K1 and Ki}:\i deca.ys are J w &
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A study of those ?’cu.urcu of the D_a?.itz plot common to both w p and w p

vroduction of the 4080-MeV pe‘a.k would bz usecful,

111, v p -~ XKN |
Pecause of the streng selection rules governing decay of uns n":ﬂc bcwon

K

into XK, the xuiKin and.K Aip events are especially important, The KN

and KR macs distributions at 3.2 GeV/c are given in Fig. 5, 2, b, é, and d,

lition to EN pezks corresponding to decay of the intermedinte sizta

In add
- * -
®y 0 (45290), strong pecaks are observed in the 'Ki " and X K, systems at

4340 MeV. Since (a) these peaks correspond closely in position and widilx fo

the 1340-MeV mp peak and (b) the distribution in nucleon momentum-tranrcfe r

Y -

(not shown) are also simzla.r, 1t_appcars reasonable to assume 'chat they ro

prnsent a.lternatwc decay modes of the same unstable boson, The oniy a3~

’U
“r
4~

+

“etc; since 3w decay of 2 JP = 0 state is forbidclcn, the lowest allowed

ascignment iz J = 2 . The Dalitz plot for the 4340-MeV peak is consistent
with this a.ua:.gnment A rouah estimate of the relative poth lencwv.s massured

for the ©°p and XK~ K events leads to (A - KK)/ (A - ‘n’p) = 30= 7'47~

-~ About half of tbc n" path 1cn~th has been ctuaied at 4 Z GeV/c; consequently,

the K& peak at 4310-MeV in Fig, 5f indicates that the product.ion cross
cection for this state has dccrca.acd by 2 ia.ctor of about three,
Daspi.te the large pca}: at 1310 MeV, we have looked for the c.ecaya

(52 50 MeV)- X, K, and 3(1220 MeV) - K X No ghoulder iz apparent on

1%y 1’
e low-"n:! s i e of t ‘-310-—MeV peak either in the distributions for all -

events in Flg. 5 b zmd d ‘or when the low momentum-transfm everis are B

pﬁ.c,:,’""i z.q,arately. vFrovm this_ we estimate that (B -~ K K )/(B—v ™) is 1ess

Oy

[ S

JURY
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than 10%. ace we oa.vo not: moasured two pronf's at 3.2 GeV/c a sim

S wBa T UCRL 44443 L
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estim for the £ is not posstblc. )

EV k.t p--KR'n'N

Thc effectwe-macs c.istributions for '111 pairs in thus .inal siate dem-

.!.

ns tr...to that ma ny events rcprasen* dec‘.y of t‘xe 4nterm-=diatc statc., Kr¥ (f 520)

¥4

f- S
and NWEX or JKK-. _ No ev:dence for proguction of the 1310-», Y heoson »(A?,

.

_waeg observed in the ¥ dmtnbutlon:!. o

To se"rch for bosons whose decay imo I’ \ might be forbidden, we

divided the events into (KB;vr\ and (Klm) amd plotted these group sepnrataely

in Figs, 6a b. Thc mass cxstnbution for the neutral combinations tands to .

e

N

peak strongly at 1430 I»mV producmg a marked deviation from the’ -f;hf.s:f:—;-.». el

prediction, The same effoct persists in the low-raomentum —tra: vl
2 ' > o
A{n) < 4.2 (GeV/c)®. This enhancement ca zmot be a Lincmatm reflection of

b

‘(.
*
L

the K'Y (4520), ecince the 'Yo (1520) is obgerved pnmamly in the ril (¥

' e . B s . o SR
events, Ifit were agsociated with the K production mechanism, it iz likely thnt

’.'

similar peak would z2ppear in the (¥XRx)” system., We conclude thi the peck

)

ot 4‘ 30 MeV with T'= 80 MeV probably represcnm av 'd ,.;m.ef{:ct. Ina
tudy of pp annihilatio ons at rest, Armnn*eros et al obsnrvr*d a (Ver)°
pralk at 4440 MeV wit;h T'= 60 MeV. It is likely tha.t both pealks re:prescnt t
[EZ 2795

came effzct, If th'ey result from decay of an unstable boson, the absence of

any erhancement in (KKw)~ suggests the assignment I = 0,

IPDCE

¢ g s o £
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FIGURE LEGENDG

end (b) 4.2 GeV/c, The 7w e fcc’cive masses are a.lao plot"cc‘ a6s Amirzg

-

. + - . ' . e e
that 21l w'w #® massces in the 750 to 8{10-McV interval are poscibvle ™

2. Effective-mass distribut-ions for (2, b) mcombinations and (¢, d, e)’
7w combinations at 3,2 GcV/c

3. Distribution in cosd for 3.2 GcV/c events wzth several intervals in

Tw MAasE, and 7705 Mm< 800 MeV.

4. Effective-mass distribwtions for w p° ovents at 3.2 CcV/c wiith

| o
6005 M_ <850 MeV. Events with M(rTp) in NTH

s 1 -
interval have boen

eliminated.

5. Effective-mass distributions for NX and KR combinations in XEN

firal states at 3.2 and 4.2 GeV/ec,

é, Effec.ive-m 168 d:.stributiona for KK« combznatio“s in XX wdt fmw

.

states at 3 2 GeV/c. | R - | , | -

f . " . + - .' v - '
A, Effective-mass distributions for v w 70 combinatxons at (2 ) 3.2 GeV/e
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