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- ‘I'n--o'nr‘ studles off-'dgu'ble-resonance formation in the channel

oMt p—s vy ATt !

‘:_l——.)M++1r- Lp + Tr+", | (1)

- we have'Obser’ve‘d r.nall"ked'ang‘uil‘ar eorrelations'between the decay angular
dlstrlbutlon of the vector meson and that of the 3/2, 3/2 baryon resonance

(1238) Here M represents the '1r+. or K meson and V0 the po

5)

<0 ' . ‘ 1-
or K. vector -meson. resonance respectlvely As is well known , for

small va_lues_ of,f-our-momentum transfer squared, t, the decay angular
- distributions at the two vertices for these reactions follow the general

| features'of_avpse-ud'o‘_se'alaz." rnes'on exthange model (PSME). However, the
actual differential.:ofodnet‘ion cr-oss sections disagree strongly with simple
excha'nge‘ models Two remed1es for th1s difficulty with the PSME model

have been suggested One has been the introduction of form factors at the

6)

The-alternatlve has been to consider absorption

7
. effects due to 1n1t1a1 and flnal state interactions ’-8). The angular -corre-

re spectwe ve rtlce s,

latlon effects we have observed 1nd1cate that fmal state interactions play an

1mportant role and therefore 1mp1y the need to consider absorptlon effects,

*Work done under the'au'_spice_s of the U. S. ’Atomic Ene-rgy. Comis s_ion.
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. In this note-we present e)’éperim'ental-_da'ta"s‘h'o'\x'/'ing"thef existence of -
decay correlations between the K O.'a‘nd the "A’." resonances, very similar
' 0. ., A++ ' 1,2) ~
to those observed between the p~ 'and A  resonances’ ;TUhAe_se'djata
.come from three distinct experiments, all carried out i'n‘ the Brookhaven .

National Laboratory's 20-inch bubble chamber exposed in the Brookhaven-

Yale separated beam9) at th'e A, G S ' The experi_‘ment:s i'nv'el\}e the follow’ing

reactions:
' 1r+p - 1r+1r-1r+p . at 3.65 BeV/c 10) - {(2)
: K+p - AK+'-rr"'.-n-+p - - at 1.96 BeV/_c' 11) (3)
| .K’.“d - 'K”w'ﬁfp(n) s at'2;3 Bev/c.' o (a)

-l

In Ir.eaction (4) the K P channel was separated frern the K n channel by
-demanding that thenlaboratory momentum of the neutron be less than that of
the proton, and further, less than’ 300 MeV/c. Withthes»'e c&riterfa’, the-
‘momentum distribution fc‘)r'the”neutron agree‘-s well with that gfven by the
vHulthén wa_ve-‘functien for the deuteron; and its laborato.ry‘ angular distrf- :
bution is approacir'nately ivsotropic, "showing that it is reasenable to trveat‘it
as a spectator to a reaction on the proto‘n‘as:tar'g'et. | |

- It has been shown earlier that appreciable fracti‘onsﬁ o_f reactions (2) S
anvd.: (3) proceed via ‘double- -resonance formation” 10, 11). We. hote he_re that -
reaction (4) is also dominated by K- 0 and- at «p'roductidn"a'nd' that'a signifi-
cant proportion of the ‘reaction goes. via ‘their simul-taneeus production in'a - |
quasi-two-body prroces's. This may be seen from fig. 1, which shows the
phase-space triangle plot.:of' Mp?r+ ‘v-er-snsv MK*’v'} for the data a't 2.3 BeV/c

The number 'of events involved in the three: e-xpe’rirnents are 178'4,'-‘41 0,

OA*'-'- "double

and 904, respectwely of these, the: numbers assigned to V
resonance’ formatlon are 555 262, and 426 and finally, the numbers of

events which fulflli our small four -momentum transfer cutoff crlterlon,
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t<0.5 BeVz, are 429, 124, and.248 respectively. *, These last three numbers

 correspond to the sample with which we are concerned here.

‘We have compared the data in reactions (3) and (4) on K:ZEOA'*'.‘F produc-.
tion and find them sufﬁclently similar to Eermit their comblination for greater
statistical accuracy. In what follows we use the .combine'd data for these re-
actions. . - o

To study the angular correlation effect we show scatter plots of icosa

versus cosoy, where these represent the angles between the 'incident" proton

and scattered proton in the att _center—of—mass system and the incident and

*The criteria used to define the deuble-rescnance regions are: reaction (2):
1120 MeV < M o+ S 1320 MeV, 650 MeV < M_4_- < 850 MeV; reactions (3)

and (4): 1130 MeV < < M+ < 1300 MeV, 840 MeV <M < 940 MeV.  The

+

Ktm-
different Mpﬂ_+ regions chosen in K" and 7’ interactions reflect a slight
systematic difference in the observed A mass. No background corrections
were made because triangle plots showed that at t < .0.5 BeVZ, background

to double-resonhance production is small. In reaction (2) each of the two

. a priori indistingnishable, 1r+3.-s was in turn combined with the proton.to see

if M + lay in the A reglon If so the other 7 was combined with the m

to see 1f M, S lay in the p region. Of 555 events, 489 had Mp + in the
T

:A region and M - in the p reglon with M__+ and M .,." out51de these

b Py

'respectlve reglons, and the former combmatlons have been used . An addi-

: tional 56 had both Mp?r"' and Mpn’+ in the A .region but only one F‘*‘v

a b :

- combination in the p region. This together with the appropriate Mpwl _

have been used. Fbr 10 events both Mpv+ and Ml’“+ lay in the A region,
' ' a b '

and both _w:'rr' and 'rr;'rr_ "in the p region. Here both cornbinatione have been ‘_. -

" used with half weigl‘at Incidentally, these ten events all have coso,p- < -0.4.
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outgoing Mt 1n the V.O center-of-mass system res‘pectively' (See figs. 2a -
and 3a). To obtain a quantftative measure of the ob ser\fe:cl cor,r_elations, we
ha\}e plotted fhe decay angular distribution of the VO me'son for three inter-
vals in cosa .. These are the two polar i:nt-err}als cosa, = -1.0 to -0.4 and
+0.4 to +1.0 and the equatorial interval -0.4 to +0.4. Conversely cosa, has E
also been plotted for the same three'intervals of cosay,. Thesv‘e .distributions
are' shown in figs. 2 tb-g;and 3b-g. .The curves shown in these figures repreQ
sent the best fit to the expansion I{cosa)= A + B cosa + C cos.za. The coef-
_ficients normalized to A = 1.0 are listed in tables Iand II. The fits are good,
and higher-order terms are not required. | |
- For a pure PSME no angular information can be transmltted between
-vertlces, and hencevone expects no correlat;on to occur. 'I‘hus each of the
three distrlbutions in cosav_ and cosg& would have to be identical. As mayi

‘be readlly noted by exannmng flgs 2 and 3, two distinct differences,in the

three dlstrlbunons for cosaA are:

1
i
t

of cosay, show a marked difference. The distribution in cosa, which goes

with cosuv in the interval 0.4 to 1.0, i. e., _corresponding to forward decay

(a) The distributions in cosa, 'correspondi’ng to the two polar regions

of the vector meson (or forward scatterlng of the incident meson) ‘shows a
‘dist‘ribution consistent with that eXpectea for pure PSME, i.e.,

1 (cosaA) =44+'3 coszaA. Thus, aside firom a small asymmetry effect
presumably related to the well-known m\mor phase shifts in the . nt P scatter1ng,

'
l

the AT resonance appears completely allgned in accordance w1th PSME model.

, |
|

|
On the other hand for cosav in the 1nterval -1.0 to - O 4, i.e. backward de- :
' ‘\

cay" of the vector rrieson relatlve to the cllrecuon of the 1nc1dent meson, the

dlst’nb_utlons_ 1n COSC!.A show I(cosaA) much closer to 1sotropy The effects :

b

on the cosaV dlstrlbutlon of choosmg dlfferent ranges of - coso.A' is less
| o ' :

\ 1

marked. ‘ ' _ N ‘ , A
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. (b) The distribution in COSCLA cdrrespOnding to the equatorial region
. o . : . } ] . . .

in.zzcoso,V diff%rs frofn'the theofetical val{;e for pure PSME.: ,Howev,e’r,. in the

equatorial region the contribution of the vector-meson decay is expected to be

minimalé Therefore non - p-wave terms.in the meson-meson scattering
i : : : . .

~amplitude and incoherent background are reié.tively more important. The

i

depaftures seen in this region may thus not be too surprising. : \

We have also looked for correlati‘ons. between by, and ¢, the Treiman-

' Yang angles at the two decay vertices as well as between ¢y and cosay,,

and ¢A and coso.V."v. No significant correlation effects were observed for
these quantities.

In addition to the above effects we note some dependencé of the four-.

"m,orn‘entur_n ti‘ansf.er on c'osav. In both 'po, and KO productiont,_forward

decay of the meson resonance is associated with a.somewhat sharper four-

momentum-transfer distribution than is backward decay.

1)

- Whe_n we first observed the correlation effect in po _A++ production™’,

| iye could not rule out the possibility that it was related. to Bos_e symme_tri"zation"

i .

- for the 'cwo‘»'rr+ mesons occurring in the final state. The present observation

s ’ : ' . .
of the same effect in K 0 A+t production makes it unlikely that Bose sym-.
metrization is the dominant factor.
Thus the angular correlation effect is probably related to final-state

It is important to note that the introduction of form factors

to explain production angular distributions does not help in the interpretation . -

Qf correlation effects. On the other hand, final-state interactions form an

integral part of the absorption model, and a sufficiently detailed model might

hopefully explain both effects.

 *An alternative a;pgr.oach has been consider by A. S. Goldh_aberi,z); ~ This in-

volves exchange of two pseudoscalar mesons. In such a case, correlation .

effects are no longer excluded, even without invoking final-state interactions.
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In an attempt to identify the dynamic origin of‘t.:h“e final-state interactions
we'have'looked at mass distrib.uti'ons of ali relevant t.wo-' and th;‘ee -particle
' systéms as functions of cosay;. .Although the mass distributions in all these
sys“tems’a're strongly correlated to cosa.y, it is not possible, from our
gxpe-rimental data, to single out éne specific process that idént’ifies the final-
state interaction iﬁvolVed. | Thﬁs c.or-nple'ce understandiﬁg of the correlation
effect must await further study, bo-th from the thedretiqal.énd expérimental
points of view. | |

Althoug‘h we ha.ve stressed here certain signi:ficant similarities'in K*O
.and \ ;SO producV:tion,‘ oné majof difference is evident from the coefficients
.given in tables I and II, namgly, the large for\&_ard-bb‘a'ckwar'd ‘asymmetry in
po decay13) is to be coritr.asted.with a small asymmefry in K*O decay. We
have examined the llattve_xv' asymmetry as the ,'K+v1r- mass traverses the reso-—v
nance region. Figure 4 shows the dependence of the ratio (F - B)/(F + B)
on the K'im~ mas.s; where F and B are th;e numbers of events in which
the K" is emitted forward and béckward in the K'n~ g.ce.n'tc_a,r of mass. The
_ siiglrll‘t asymmetry can _be interpreted as due to the pi'e'.sence of.a small, |
slowly varying,” s-wave phase shift in the K'n™ system.  This is to be con-
trasted with pO ‘decay, where the asymmetry remains constant thrbugh the
entire ﬁr-esonance region .and consequently can not be interpreted in the same

5

way.
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C.10-
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equatorial intervals in cdsap and. cosa,, respectively. Also shown is the

(F-B)/(F+B) ratio. The variation of the expansion _coe‘fﬁciient. for I(coso.A),

with coso.p indicates the correlation effect discussed in the text. The 429

events analyzed here correspond to channel (2) for t < 0;5 BeVZ. They are
illustrated in fig. 2.

Coefficients for A™Y decay

Curve in o Number .
fig. 2 - . Coso.f.)- , A B - c (F-B)/(F+B) - of events
e.  -1.0to -0.4 4.0 0.4%0.3 ~ 14.2%0,7 ' 0.05%0.09 1418
£, -0.4to 0.4 1,0 0.3£0.2 -0.3£0.4  0.13%0.10 76
g. 0.4to 4.0 4.0 0.7#0.3 - 3.7#4.0  0.15%0.06 235
' . 0 .
- Coefficients for p~ decay
Curve in - , . ' Number
fig. 2 Coso,A' A B ‘ C - ' (F-B)/(F+B) = of events
b. ' i1.0to -0.4 1.0 6.8i3.% 19.2%£11.2  0.43%0.08 133
c. 0.4t 0.4 1.0 0.4%0.3 4.5% 0.7 0.40£0.09 424
a.’ C0.4to 1.0 1.0 4.5%1.2 10.3% 3.9 0.39%0.07 | 472
‘i I x
L L
B
o
\
.11 \‘\ :
. S
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Table II -

Expansmn coeff1c1ents of I(cosaA) and I(coso. ~‘<) as functlons of the polar
and equatonal 1ntervals in cosaK* “and cosaA‘ respectlvely. Also shown is
the (F - B)/(F + B) - ratlo. " The var1at10n of the expansmn coeff1c1ent for

K* 1nd1cates the correlatlon effect dlscussed in- the text.
: : )

_' The 372 events analyzed here correspond to channels .(3) and (4) for t < 0.5 BeV .

':
AR
\

They are illustrated in fig. 3. R |

Coefficients for ATt decay

Curve 1n S . _ T o _ Number :
- fig. 3 - ﬂCosaK* A B- o~ C (F-B)/(F+B) .of events -
é. -1.0to -0.4 4.0 -0.03£0.2 0.5%0.4 ' 0.01%0.09 135

£ -0.4to 0.4 1.0 -0.06%0.4 1.2%1.0  0.01%0.12 - .74

g 0.4 to- 1.0 4.0  0.75%0.3 2.5%0.9 ' 0.22%0.08 166

o,

Coefficients for K’SO decay

Curve in o | : _ | C . ' ~ Number
fig. 3 Cosa * A B ~C  (F-B)/(F+B) of events
b. 0 -1.0t0-0.4  1.0° 00605 4.7%£4.9°  0.07£0.10° - 114
c.  .0.4to 0.4 4.0  0.320.5 4.5%4.9. .0.07£0.10 114

d. ©  04to 4.0 1.0 1.3£0.6 6.7£2.5 0.19£0.08 . 144
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Figure Legends

Fig. 1. - la)=Triangle plotiof - Mpn'“' W Myegpe for.reaction (4); (b) same as

(a) but with'- t = 0, 5‘,"BeV2. '

Fig. 2. Study of the po att system. (a) Scatter plot of cosa, Vs coso.p.-,f

(b) -~ (d) angular distribution in co".-mp _for various intervals in
cosa, as indicated, and (e) - (g) angular distribution in cosa, for
various intervals in coso.p as indicated.
‘ - *0 ) ++
Fig. 3. Same as fig. 2 but for the K "A  system.
. : sk
Fig. 4. Distribution of the (F - B)/(F+ B) ratio for K 0 decay vs. the

K+1r- mass distribution., Data are from reactions (3) and (4).
. . : H

o

Y
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