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THE ¢/w AND n/n' PRODUCTION RATIOS IN THE REACTION

T T o, x
Ap o A + BOSON AT 3.7 GeV/c"

W. R. Butler, D. G. Coyne, G. Goldhaber, B. H. Hall,
J. N. MacNaughton, and G. H. Trilling

Department of Physics and Lawrence Radiation'Laboratory
University of California, Berkeley, CA 94720
.I.. THE @/w RATTO
Tt is well known that the reaction np - p is suppressed.l In a new
high-statistics experiment with n+p,at 3.7 GeV/cvwe_are'getting data which

indicateé just how enormously the reaction

n:+p - Aﬁ*—(p : J (ETS_eVenJ?S). ‘ . (l)

ié suppressed relative to the reaction

Ap > Aw  (1324%100 events) . o (2)
Hefe the center-of-mass moménta aré 'P¢f; 0.83>GeV/c ;hd ‘pwl= bﬁ96 GeV/c
so that phase space corrections are smail.v We tﬁus obtain a cross section

ratio of:

+ ++ .
ol p = A @) 1 +0.0023
oitp > Aw) 662 ~ 0.0015

p:

It is interesting to note that this ratio is in good agreement with the squared

-

coupling constant ratio gzmpn/ggwpn ~ 1/600 determined collectively from the

experimental @ and ¢ widths, the ¢ — pn branching fraction, and the ratio

‘between the phase spaces available for ® — px and ® — pn.g

In our experiment we have analyzed about 60,000 four-prong events from

an exposure of 180,000 pictures taken in the LRL 72-inch hydrogen bubble
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chamber in a 3.7-GeV/c n p beam at the Bevatron. These yielded 15,066 events

fitted and identified as

+ + -0+ ' a . R
AP nwnmD (3)

S

and 353 events fitted and identified unambiguously as
+ + - + :
np>KKnp . - , ()

In Fig. l'wevshéw‘a triangle plot of M(K'K™) vs M(pn+);'vIn Fig. 2 we show

the projection on the M(pn+) axis. The K K sﬁectrum;:sﬁbwn in Fig. 3,
indicates clearly that we observe @ production (y 18 events). ‘However, there
is no indicatioh (see Fig. L) that ) produgtipn occurs in association with Af+.
Furthermore we note thét‘w production occurs at comparatively_large t values
(see Fig. 5);,a result similar to that observed for n-p ;’Lnteractions.3 we“
have examined the)n+@ and p@'mass distributions to find out whether the P
production here observed is associated with any higher mass meson or baryon
system. No hint of any such effect is observed within our verj'limited ¢ data,
which is consisteht with uniform mass distributions. Thué the reaction

.n+p - n+@p appears to a nonperipheral process leading to three "parti;les"

in the final state.

FA.~ Mixing Angle Detefmination on a Quark Model
In the framework of the quark model the smallnesé of.p éan be iﬁterpretedv
in terms of the quark content of the ¢ and ® mésons; namely, they are almost
entirely M and nn + .pp respectively. Alexander et al.4 have related R to

the wp mixing angle 6. by: - ' Z o

1
_{'plosty _CO8 6, - V2 sin 6,

t |g] » = tan (6 - 6.)
A (n+p/a£;+> ‘sin Gl + J2 cos el ‘ 0 1
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where 90 = aretan (1A/2) = 35.269‘ and " |R| = Jp. This relation gives a

. modeledependent‘determination of the mixing angle,_but,is.independent of meson

. masses in the nonet. We find- 190 - 61| = 2.2° i;.go‘ In principle this
method could yield information on whether the quadratic or linear form of -

the Gell- Mann/Okubo mass formula is appropriate for the bosons.5 6 In prec—
tice however the values are sufflclently close; namely,le quadratlc)l 39.9°il.lO
and lel(llnear)l 37 l°+l 1°, that our data cannot dlstlngulsh between them.
+ +
Our results are: (R = + Jp) = 33.1° 2. 20. or : 9 -Jp) = 37 50 L 30-
l -1.3 -2.2
Thisvresult is displayed graphically in Fig.e6. ‘

II. THE n/n' RATIO
In this same experiment we'heVe'bbserved 139t12 events ascribed to7
+ ++
rp 2 A7y
. : ‘o
l—* 1
and 39ilOlevents for
+
o - Af+n,
[,
¢ n,
. It . n Attt e es +
where we used a "narrow’ A  definition M(pn ) = 1160-1280 MeV.
, g .

Using the Particle Data Tables, we find the 139 observed 3 events
correspond to 59458 n events where all decay modes are taken into account.
Using the aata of Rittenbefg,9 we find our observed n' events correspond to
127:t3 3 1 events‘where again all decay modes are taken into account.

‘. . v . +
These two numbers give p = L4.7%1.3, where p is the ratio of A +n events to

++
A ' events.

Again, we have used the formula of AleXander et al. to evaluate the_n/n'

. g . . . ++,
mixing angle. To make this comparison we multiply the above number of & 7
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events by a factor such that the result corresponds to the same 6utgoing
center-of-mass momentum in both cases, hamely pcm'= 0.853 GeV/c-' Thé magni-

tude of this factor is obtained frombthe shape'of the A?+n cross section as | 4
determined by Brown et al.lo Inclusibn of thé appropriate rhase space and o
flux factors with thié féctor gives an overall correction factor of 0.93 to

e applied to p. Thus we find from R = * J0.93 p = tan(6_ - ) that

6(R = +Jp) = - 29.0°43.3° and 6(R = -Jp) = - 80.&015.30. ‘In this case |

the linear Gell-Mann/Okubo formula gives |6] = 23.7°20.3° and the quadratic

formula gives |6| = lO.hotO.Eo. ‘Thus our result is in agreement with the

linear GMO formula,vwhich is. the conclusion obtained by Benson et al.6

Of course, thié conclusion depends on the validity of the quark modelu

and on the identification of the n'(958) as the ninth member of the pseudo-

scalar nonet rather than some other candidate such as the E(lhEO);

-



(i

“S- . UCRL-19225

' REFERENCES

*Work'supported by the U. S. Atomic Energy Commission.v

1.

v : {
G. H. Trilling, J. L. Brown, G. Goldhaber, S. Goldhaber, J. A. Kadyk,

and J. Scanio, Physics Letters 19; 427 (1965).

Joel Yellin, Phys. Rev. 147, 1080 (1966).

0. I. DaBl, L. M. Hardy, R. T. Hess, J. Kirz, and D. H. Miller, Phys.

Rev. 163, 1377 (1967). ‘ N
G. Alexander, H. Lipkin, and F. Scheck, Phys. Rev;'Lettefs'gz,'ulz (1966) .
K. W. Iai aﬁd T. G. Schumann, A New Experiméntal Detérmiﬁation of"the':
Mixing Angles of Meson Nonets Using Recent Quark Model Prediction, BNL—ﬁ-MB,
June 1966, Contribution to the XIITth International Conference on Eighf
Energy_Physics,.Befkeley 1966.“ |

G. Benson, L. vaell, c. T. Murphy, B. Roé;‘D.’Sinclair, and'J; Vander
Vélde; Production Cross Sections for 1, ® 1%, 0 and t° Mesons in'n+d 
Interactions at 3.65 BeV/e, Cdntribution}to the XTITth International
Conference on High-Energy Physics, Berkeley 1966.

G. Goldhaber, W. R. Butler, D. G. Coyne; B. H. Hall, J. N. MacNaughton,

and G. H. Trilling, Further Study of the H(990) Effect, UCRL-19229,
Contribution to the Lund Iﬁternational Conference on Elementary'Particlés,
June 25-July 1, 1969.

Alan Rittenberg (Lawrence Radiation Labératory, Berkeley).quoted by A. -

Barbaro-Galtieri and P. Soding, IsvThere-Evidence fof an H Meson? (Is_

It Just the n'?), Proceedings of the University of Pennsylvania Conference

on Meson Spectroscopy, Philadelphia, April 26-27, 1968, C. Baltay and A. H.
Rosenfeld, editors.
N. Barash-Schmidt, A. Barbaro-Galtieri, L.-R. Price, A. H. Rosehfeld; P.

Soding, C. G. Wohl, M. Roos, and G. Conforto, Rev. Mod. Phys. 41, 109 (1969).



-6- o . YUCRL—19225

"10. David G. Brown, n+p L-Prong Interactions Between 3 and 4 GeV/c (Ph. D.

thesis), Lawrence Radiation Laboratory Report UCRL-18254, May 1968

(unpublished).

e )

-\J



-7 -

TRIANGLE PLOT W/ERRORS

I o,
‘np 2 wpKK
i) I
r I I
1550 .+ o Ill
1 51
T 71
o I 1
‘v“) . II
T I
I .
N . IiII I . ! I
1350, I Ii -4 1
Y T
:»3' ~I II %I T I I
Cl - il:F -EC
g S AR
B - Tt r f
i e * I = T
%,ﬁiz T i
, T o oz T oI T
T fi& T T . I
o B I
T ot Il Tz I
I = T _J_-—EI
Iﬁ £L x T T -
1150 .1 : II I * T .. I
=T x
b T = I T
L oo Fr = T =
- _ T ‘== =
oI T T ) =3 =
I =
- P - i = o - = = = =_ = oz I_;':
{
' \3 ‘!‘-\ ["r - 1 2 . ! 1
SRR 1250 1450. 1840, 1d5
Fig. 1

)



e

BT}

Jh fed e
]

i

b ed Y ek

EN

FPUR N

S0 Y e

el

ENITYI

et

Ny

-t

T events Mass (pn+), unambiguous events, ﬁ+p ~>'n+}_>K-|rK-
10 MeV At -
1 A (1150-1310) = 133 events
¥ above background
353 events
: XK XX Y
1 XX K XX
? XX XXX
1 AXX X XA
& XXXX XX A
XXX XK AN
XXX XK
XAXXKXKEXXX X
1 XXX KX XXX K XX
XXAXAXKXNAXX
k AXXXXKX XKL AX
g PN XA XK KL
XX HAXXERAXAK LKA AL LK XX AK
AKX XX KKK XA XXX XXX K AX
EXXAXAXXXEX KX KX KA KA KA
E KAXKAKXAXK LXK XA en X A X
K MAX X UTXX XXX AN AXX XXX AN X XA P 4 X
4 3 A
. SN tec,
s RS MeV — SR




. j:‘!)

— ou)b~ﬁ;»~ﬁ@‘oﬁD%~ﬁ.u

)“\v ‘
.

onté ' o=y + + -
i89§23 Mass (K K ), unambiguous events, x p = = pK K
Me v

7

353»eVents

CAX KKK XXX XN
XXX XX XX AN
‘ XXX XXX AN XXXXNY
OOV OO FOCHIXXEAIUX A /A XN
COXXCR K XX XXX AR XXX X KXX X KK KK AXX XX XX KX O]
XXX RN XXX XAX X AKX L LA XX KX KK X KK XX

X

XNAX XXX

AN

X LN OO OO X XA KX XN XXX (X A1 ﬂﬂ
T < D I R S R AR R R S R R e R R R SO A T :_(7 A S A S A

EAAXKXKRX N



P
-~ .c

R B

20

29 ¢

NP

L. B Y

DU 0 0O e F0 W R

+ - + + 4 -
‘Mass (K K ), unambiguous events, n p 2 x pK K

++
A in

- - 173 events

Lo _ . -
" events e
10 MeV

\‘(A-’(&‘(,\\s(.\.\\ X\‘/Y\\,\\ﬂ &‘(\ CA

XA OO XXX X XA POXX X

@ 110700

—OI-



—

o

Z

J

el
Z

J3d0N8s S5t
2(A%0)

AN 9T

'

4

™
r
| o »
«r o
. L34 A\rd
i . “
[ d
Rad = < T <
' . o <r «r & o7
[ d \{, hid o - <7 < . > & A sy e
L - - <> B (B ]
A4 ‘ = v > .
<Xz . o S e -
. 4 . -
3 - o
g w AR g
. - . < S
< . . - «r . .
g : -
154 pe .
< - A .
“ L3 -
\vg < r
- <r D il g ) .
L % 4 < oo )
A d < - ]
< - -
. - TV < iy v I
<r > r{, v N J—'
A & . <
i . . . & i
Z> : A Ul
: ) - i =
(¥4 < 1 e
T : v o 17 00T
> 7 = - ~
. . . iV g . . r 5
< . o . e < v =
P < N4 o <« . <7 =S
. <7 @ <7 - kY
<r X
< —
- LT i
b B (&4 hg - ;K
> ..
i v Ve o oo < %
> “r M .
b <7 7 NI
<7 o
<7 I '\7 >
>
{ Ve «r
» " . N4 <7
. -
< w3 -
w - < ? 34 .
) 1+~
- k4 A\ “Z, 3 T
‘ . ) (,<7 A
i <r =4
i -
F =
i < N
i <
: -
| < .
r - S
s <> -
) = <>
b -
; N
. <> <7
1 4 7
r L) LJ <
5 !
: <~
)
i
; A D ¥ o dox
| -+ + +
i
n . N s " n M J AL
- dul

/ 1074 MO

-Pf—

T-M3HD



-412 -

SURY VUG Mg Y S O (N A S

m + :
m, - E byl
T i : : 0 o i B
T
. . P ! | i
! L), 8 ] il T
. f . e L A i i i
, ] I Y | [N
y 9§ ~ @] ' | _
RN A i LIy 4
; o i : L RN
o oV._ R i [ ' »
T S i ol R ! “ od i
. ) [ B L
T . ! : i : [ ]
e — t : 4 T T
St P ' 1 i 1l —t . ] i I
IO B T P T T ] ; i i i
LA S A S N I ;|
(PSSR SO0 SNSAUE S S L ) . i i [ R N
i : ; e ! ! | » ; g i T T
1 L T R : : [ oY ﬂ .
i ; ! R AR ! fub IR
i [ Lt [ T
,.. R I iU R [
P . L TR T
A v v 1 I ! H '
iy 1 ! . L -
A B 4 “
e t : :
” i M i 4 '
: T T ! :
- — e
— . f
AR e f—— : e w*g
[ : g X ;
TS AL SN - i L : _
SR S - ; i
IR i LEd
Vo . . T
. f ' ! i
i R R T
K 1 b . T
: it .
| 1 |
_ BN -] h.ﬁ.@
I — { — —
i i , —
i
e - e fee it S .
i ; ; :
" FEUS G G S0 N
]..“‘. T - e e — s e n|u|i.“ -
] ” B I




+ ~

25

LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, 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 informa-
tion contained in this report, or that the use of any information,
apparattzs, method, or process disclosed in this report.may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, 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 Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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