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| ¢ Meson Production in 3.75 GeV/c n+p Interactions
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Lawrence Berkeley Laboratory

University of California
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D. Lissauer, G. Alexander, A. Levy, Y. Oren

~ Tel Aviv University
Ramat Aviv, Tel Aviv
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ABSTRACT

vThe productfon of ¢ mesons is studied in the reactionSvﬁ+p-+ ﬁ+p Ktk”
and'n+p-+'n+p K°R° at 3.75 GeV/c. Ailarge isotropic'component is seen in.
the reaction n+p-+'n+p¢. The cross sections for the.¢n+p and ¢A + final
states are compared with the cross sections for wr+p gnd wr*t at the same

momentum.
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The ¥ mesons are considefed to be cc bddnd states and their nérrdw widthsi
are interpreted aé dﬁeltd'the Zweig ruie suppre§sion of their decay into
uncharmed mésons. Simiiar]y;'any coupTihg betweén_thé'¢.meson and nonStrange
mesons can be considered to occur either through a violation of the Zweig ru]e]
~or through deviations from ideal ¢—m'mixing}2 This simf]arity between the
Y and ¢ mesoné motivates a more detailed study of the production of ¢ meéons
by nonstrange hadrons. - |

In the case of peripheral produétion by pions, the ¢ is expécted to be
suppressed re]ative_to the w by a factor tanz S where ev is the deviation

v
3:4 on the reaction T p > ¢én between

from the ideal mixing angle. Experiments
3 and 6 GeV/c have found that, within their accéptance region, tHe o) prodUction
angular distribution is rather f]at, becoming more peripheral with increasing

: energy. This is in contrasf to the ciear]y peripheral nature of the rea;tion

T p % wn in‘the same energy regfon. The authors isolate thi§ difference to be

in the unnatural parity‘exchange contribution. They find that the natural parity
exchange productioh angular distributions of the ¢ and w afe'sim11af ahd fhatb

the corresponding cross sections are in the ratio .0023 t-~000406vl =2.7°

£ 0.29).
In this paper we present measurements of the reaction w+p - ¢n+p at 3.7
GeV/c, over the entire range of ¢ production angles, and find that the ¢,pr0;
duction angular distribution has a large isotropic component. As a coﬁéequencé,
the ratio of the crosé section for producing ¢n+p to that for producing wﬂ+p
is almost an order of magnitude greater in the central part of the angt]ar
distribution than in the forward direction. We see evidence for ¢A++ production A
and compare the é%oés.sections'for producing ¢A++ with that for wA++. |
The data come from a very large exposure (1.35 X ]0? pictures) of the .

SLAC 82" bubble chamber exposed..to an RF separated 3.75 GeV/c m beam. The

effective path length corresponds to 28 events/ubarn. The four prong events
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were automatically scanned and meaéured using the FSD 1in the DAPR mode. Re-
measures were done on the HAZE -and COBWEB ‘system. Geometry dhd»kinematié
fitting were done ‘with TVGP and SQUAW. ~Tonization measurements were used for
consistencey and ambiguity resolution whehévef pbssib]é:‘ A confidence level cut

of .01 is made on all fits. We study:the reactions

it e KK o | - (1)
Catp o TP KORC (1 visible V) o (2)
wp + 1'p K R (2 visible V) R )

: Thedgrqsé §ecfipns‘f0r these channe]ss, normalized to the chssvsectfon
fér the réaction ﬂ+p +‘w+pw+w" at this energy, vare given in_Tabfglga.

In Figure 1 we show the K'K™ and K°R® invariant mass disfributions for
reactions (1) - (3). A clear ¢ signal over\béckground is seen in reactions
(1) and (2) but not in reaction (3), consistent wifh'the restrictions im-
posed'b& the quantum numbers of the ¢.. The agreement between the ¢ pro-
duction cross sections (Table Ib) defermined sepafafe]y in reéctibns (1)
and (2) is excellent giving a mean Va]ue‘(corrected for unseen decay hodes)
of o(n'p » ¢ 7'p) =9.4 + 1.4ub. The fitted mass and half width of the ¢
are 1020 * 0;5 and 4.4 +1.5 MeV respectively. A 5izeab1e K*é Signal is a]so‘
seen 1in thé'K'n+ énd K" mass spectra but these events are spread rather
uniformiy over the KK mass spectrum and are taken to be a baékgrdund |
contribution in this’pébefl N6’¢ " or o p resonanCes are seen. -

"~ To study the ¢ pkoducffoh'ahgu1ar distribution in reactions (1)‘and .

(2), we show the' K'K™ and KOR®‘iass” spectra for three regions of the KK

production angle iﬁvFig. 2. A signal is seen in all 3 regions. We
define the interval 1.010 ' < M(KK)< 1.030 to contain all the ¢ events,
and the intervals 1.030 < M(KK) < 1.050 and 0.990< M(KK) < 1.010 to
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represent the backgroﬁnd. Tﬁe?ba;kground_Subtrgcted ) producfioh’angufar_
distributions for reactions.(])‘and (2) afe then.shOWn in Fig. 3 and indfcate
a subStantia] 1sotropjc;combonent in addition-to a forwérd peak. |

ance the ¢ NN coupling is a]éo expected to be suppressed, wé have
searched for a backward peak in ¢ production. Howéver, given tHe u$ua1 ratjo
of forward to backward peaks,-any bacéward peak woq]d be masked by the
isotropic component. Hence we can only set a 2¢ upper Timit on baékward
¢ production in reaction (1); o < 1.3ub in the interval -1.0 < cose* < -0.8.
The o production cross sections are already rather péribhéra] at this

6

energy.” In Fig; 4 we show the ratio2

5 - do/de (n’p > w'pg)
do/de (n+p-+‘n+pw)

- - L | ‘
as a function of cos® wusing ¢'s and w's produced in the same four-prong
event sample. This ratio includes corrections for the unseen decay modes

of the ¢ and w.  In the fqrward direction, these measured values of Z can be

compared with the values 0079, .0052, .0029, and }0032 obseri'ved_3’4

at 3,4,5,
and 6 GeV/c respectively for the corresponding ratio 1in the forward Tp > N
(¢, w)n reactioné.r An interpolated value of .0055 for 3.75 GeV/c is shown
"as the dotted line ih Figure 4 and agrees with our value of Z = .0044 + .0011
over a comparabieAforward.interva] in cosO*. th]e this value of Z in ihe
forward direction is consistent thh the usual small deviation from idéa]
mixing, the larger values of Z observed over most of the angular region cannot .
be understood in such a simple_modejfg_‘

" The ﬂ+p mass spééffé;%o;fféaét%onsg(1) and (2) show a large A++'signa1.

Figures 5a and 5b show the,same'spectra for the ¢ band and the backgrqund
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bands,- as defined ébove; both's_how'a A++ sjgna]. By tontrast, the difference
(Fig. 5c¢) showé only a weak A", The phase space curVé shown in Fig. 5c is
an ekcellént fit, although K* decays are expected to modify this backgrouﬁdv'
shape. The events in the mass band 1.18 < M(n+p) <'1.26 for the_K+K' aﬁd
: KCK° decay modes of the ¢ provtdé a mean cross ‘section measurement of
ofn*p> a"¥¢) = 1.5 + 0.8ub (Table Ib)

The ratio of these ¢A% product1on cross sections to the correspond1ng |
wntt production cross sections should also be a measure of the ¢-w mixing
‘ang1e. |
7oz ol p> ae) 0023 £ .0012 or o 2.7° + 1.4°,

-o(n+p-+ A++w)

vl=
Restricting the production angTe.of the ¢ to‘the forﬁard quadrant
(cose*§ 0.5) gives the recoil spectré shown as the shéded region in Fig's
5(a) - 5(c). | |

The ¢ decay density matrix elements for thé_combined sample of K
and K°K° decays ére.given in Table II. The tombination Py = Ppp t P1,-1 is
the fraction of natural parity exchange and 0, /(1-p,) is the rétio of the

natural parity exchange to the unnatural parityvexchange production.. The
va1ues obtained for oo seem to be somewhat higher in the forwérd direction.

The va]ues of p] 1 and Rep]0 are cons1stent with zero. The values of 00
and p, hear the forward direction indicate: that there is a substantial un-

natural parity exchange contribution to the ¢ production amplitude at this

energy. A similar result was obtained for the reactionw p~> ¢n in Ref. 3.

We acknowledge the dedicated efforts of our Scanning and Measuring staff.
We also thank Drs. G. Goldhaber and D. Johnson for their contributions to

various phases of this experiment.
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Figure Captions .

1: (a) k'K~ invariant mass spectrum in reactfon (1) (3624 evénts)
(b) K°R® invariant mass spectrum in reaction (2); (1248 events)
(c) Koko invariant mass spectrum in réactidn (3); ( 217 events)
2: (a) k'K~ invariant mass in reaction (1) for production angle fnter-
vals 0.5 < COSG;K < 1.0, -0.5 < cose;R < 0.5, and -1.0
< COSGER < -0.5, (b) K°R® invariant mass for reactiqn (2) in
same angular intervals. |
3:-vBaCeroundisubtracted ¢ production angular diétribution for reaction-
(1), and reaction (2). . |
4: " Production ahgu]ar distribution of the ratib Z (defined 1n teXt). o
5: The rec011‘n+p invariant mass spectra in reactions (1) and (2) for

(a) the ¢‘band, (b) the background bands, and (c) the difference

between (a) and (b).

Table Captions

Corrected cross sections for (a) reaction channels and (b) ¢ produttioh,

: . - . +
¢ Decay Density Matrix Elements in the reaction w+pv+ ¢n p



 Table I

-8~

(a) Channel Cross Sections "=

ﬂ+P > ﬂ*p.KfK'

0
S

m'p > 7'p KK
-”+p' ' - ﬂ-':p KCL) Kg

1_T+p -> ﬂfp K°r®

(b);v¢o,Productioh_Cross Sections

%

- 1T+P > ﬂ+p (from KEKS

wp o p (from K'KT)

w+p > ¢ ﬂ+p (both decay modes)

mp > ¢ AT (from KK

' > ¢ Af+ (from K'K™) -

W+P'*:¢‘A++ (bbth decay modes)

120

8.

47

84

9.5

9.3

9.4
2.2

RN ’

I+

+

I+ + +

i+
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8ub
ub
9.5ub

2.0ub

1.8ub

1.4ub
1.1ub-

Tub -
O.8ub
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Table II.
Tp > ¢ mp 3 ¢ - KR(A11)

*

A1l Events cosd > 0.5
P00 1395 £ .042 | .492 £ .065
S .029 + 033 | .033 £ .045
"Re-plo - .037 £ .025 | .029 + .03
o, .33+ .04 26+ .06
0,/ (1-0,) .50 = .09 .35+ .10

LBL-6706



NUMBER PER 0.005

NUMBER PER 0.01

NUMBER PER 0.02

80

60¢

40

20¢

-10-

ARARRAASASS AARRS NS S LS RAREESE SRS RaRASEE LY Ra SRS

f ]
. ]
E a 3
: () ]
i ]

MAARA RS RALE RS

Loasoaunsadiiaaazaal asaaal TP NPT

1.0 1.1 1.2 1.3 1.4
M(K*K™) (GeV)

4a0f
[

- T YT T Ty

(b)

10

i
:
. ]
' 1
, ]
© A
q ]
b 1
[ y
r h |
]
[ ]
[ ]
r ]
[ )

boaaaaaaaacn o wa a0 lia g0 1

1.0 12 1.4 16 -
M(K2KQ) (GeV)

XBL 778-2962

Fig. 1



NUMBER ‘-PER 0.005

NUMBER PER 0.005

NUMBER PER 0.005

30

20

30}

15

10}

-11-

10}

M(K‘K‘)f(GeV)

Fig. 2

ey T I”-n.-"]'. \ARAR AR AASS  RBASSA RS L! vvvvvvvvv T T T T )
i [0 . 3
cose" > 0.5 ] 4 cose” > 0.5 i
- ' ] o  30f 3
o ]
o«
4 <3 [
- o. ‘20'_— B
o
=
m
= 1ot
=) ‘
z 4
| Y saaalasaaaasaalaasaaas PO OUURYE FUEY 0:;!.;. 2 st aa, i A‘IHAA.A i
10 11 12 1.3 14 1.0 1.2 1.4 1.6
' M(K*K") (GeV) M(K2KP) (GeV)
SARRRSARRRS TrrrrTrYTT | RBARRARS .': v T : _20;‘,;'77 "'T.v.' ,,.,,Ytjwf”'v T
a ~-0.5 < C0S8” < 0.5 b L -0.5 < COS¢ < 0.5
] = , i
) | ]
o i ]
a. I 1
10} )
m b
= + §
m + ]
= 1
) I )
z [ ]
'
ol i
1.0 1.2 1.4 1.6
M(K2K?) (GeV)
e . S
f C0S8" < -0:5 ]
: o : i ' ]
C o 10+ 7
. 1
[+4 4
= ]
L o ]
L o 1
[ =) f ]
;ﬂ[ oy St .
i = ]
F y D 4
i = t M” ]
Lasasaaass osaiasiis Lisasasars Jassaases e Ol n N R N

12 ‘
M(KSKD)

14
(GeV)

1.6

 XBL 7782964



EVENTS/0.2

40

30

."_12_.

. m

20

10

‘vvT"rllvr_vthrvv‘Trlvrfvu1]|v'|rr111

O'JlllJlllJlllllLJ_lJLJ_llJl‘JllllJlllliLLJ

K*K™
KK?

flﬁT“‘TTTjj]"'ﬁ’f‘["‘TlllTrlTTf"IV"T!'_

l.lllJJlllJlllJJlllJlllljllJlll

Ao A 01 1 1 4 4

-1.0.

-0.5

0.0

cos6"

Fig. 3

0.5

1.0

XBL 778-2823



00 o o4 8 U o @ 2 2

-13-

003 TI T T TV TV r T Ty AT vy P T T e ey
. : . : .

0.02

l‘f'TITrr'lT"l

|

0.01

1'11141||(4¢Lj14LLl|111nnn'L

‘TleIrI'I<1r7

1L

0,00 Jlll'llljl_llelllllJlllllJJlllleJj_L,llgL

-1.0  -05 0.0 05 1.0
| cC0Se" |

XBL 778-2824

Fig. 4



NUMBER PER 0.04 NUMBER PER 0.04

NUMBER PER 0.04

» -14-

(T

K*K~
.
[ {a) ¢ Region
20} j
i ]
10y ]
]
]
p
0 )
1.0 20
40F —— e 3
b "(b) Control E,
[ Region 1
30¢: 3
7
2.0

M("’p)‘ (GeV)

20

NUMBER PER 0.04 NUMBER PER 0.04

-NUMBER PER 0.04

Fig. 5

s aal aaanaa

- . T S
l KK
15? - (a) ¢ Region
]

—
o
AL

"(b) Control
‘Region

NN

[ ]
- - =
[ )
10; .
SE ;
0L — NN — .
1.0 1.5

.M(n*p) (GeY)‘

XBL 778:2963



This report was done with support from the Department of Energy.
Any conclusions or opinions expressed in this report represent solely
those of the author(s) and not necessarily those of The Regents of the
University of California, the Lawrence Berkeley Laboratory or the
Department of Energy.




w ¥ ow

TECHNICAL INFORMATION DEPARTMENT
LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720






