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- oG PRODUCTION IN pp — pp x n n° AT 6.6 Gev/b
Eugene Colton and Eugene Gellert

.. Lawrence Radiation Laboratory
Uhlver51ty of Callfornla, Berkeley, Callfornla gh720

October 1969
ABSTRACT
We present a study of the 5n system in pp = pp n n n at 6.6 GeV/c.

Both n(5h9) and w(78?) productlon are observed The Dalitz plot is
dlsplayed for the Ppw events, in addition to several other experimental
dlstrlbutlons. There is no ev1dence for’pn resonances The PP events
have been a351gned separately to the six p0531ble multlperlpheral diag-
grams on the basls of crlterla in the four- momentum transfers and c.m.

longltudlnal momenta, respectively In addltlon we discuss the means

of ach1ev1ng an effectlve dlagram separatlon.

1. INTRODUCTION
’Wé heve analyzed 6098 events of the type
P+pP-=D+p+a +1 + 0 : (1)
at a laboratory momentum of 6.6‘GeV/o._ The data were obtained in the
Lawrence Radiation Laboratory's T72-inch liquid~hydrogen bubble chamber.
The expefimental details can be found elsewhere.l’? The cross section
for reaction.(l) is found to be 2.15t0.13 mb at 6.6 GeV/c. Reaction (1)

i§ dominated by A(1238) pfoduction5 and, to a.lesser extent, by vector-

‘meson producgion. ‘Vector-meson producﬁion'has been reported in proton-

proton collisions'for beam momenta between 4 and 10 GeV/c.u-lo
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In this.work we present a.study of o(783) production. Since little ‘e
data on w production in proton-proton 1nteractions has been reported in .
the 1ntermed1ate -energy range, we present the data w1th the hope that
they will supply some understanding of the production mechanisms respon-
sible for the ppw intermediate state. ‘

In Section IX we discuss the Bﬂ.system and the vector-meson produc-

tion in reaction (1). In Section ITI we present our conclusions.

II. DISCUSSTON

The spectrum of 3n effective mass for the 6098 examples of
reaction (1) is displayed in Fig. 1. Both n(549) and w(783) meson.
production ere otserﬁed We have performed a fit Of the M?(n T )
spectrum to Gaussians for the n and @ resonances, plus a slowly varying
background, in order to determine the respective cross sections. The
Cross sections for ppn and ppw are presented in Table I along with those
_valuesvdetermined from other experiments.u—lo The tabulated results
refer only to the'ppn+n-no final state. Above 5 GeV/c the ppn and
- ppw cross sections appear relatively constant if the different methods
of determination are considered.

The 3n mass spectra for events occurring in the three denoted S

regions of 3z c.m. longitudinal momenta are given in Figs. 2(a-c).

“

Figures 2(a-c) indicate that the o signal/noise ratio increases with
the magnitude of the 3w c.m. longitudinal momenta. Another enhancement
is present in Fig. 2(b) in the region of 1000 MeV. We estimate by eye

that no more than 100 events or 35 ub is represented in this enhance-
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‘ment _ However, the nax1mum cross sectlon to be expected for ¢(lOl9)
productlon in thls flnal statell is no more than 3 or 4 Mb so the major
part of thls effect must be due to’other causes.l2

The hlgh background present under all of the peaks ‘Occurring in
Flgs. 1 and 2 precludes any further analy51s of the smaller effects, so
we restrlct ourselves henceforth to a study'of w production in the
reaction. N |

| »‘p+p—}>'pv+vp+w SRR (@

| R T T

We deflne theww events to be those 671 events w1th
0.76 < M(n T ) < 0.82 GeV. The non-w background in this mass slice is
roughly 40% and does contain A" pn no events. > The PPW® Dalitz plot is |
_presented in Fig. 5. The Dalitz plot is not uniformly populated: the
po1nts tend to. cluster along the boundarles of low Mg(pm) The projec-
tion of pm mass is glven in Flg. b, Two comb1natlons are'plotted for
each event. There does not appear to be'anybsignificant evidence for
resonanceslin.the pw system. The'single particle four-momentum transfer
distributions for the Prw events are given in Fig. 5. Figure 5(a) is
the distribution of the lower of the two poss1ble values of t (we define
t to be p051t1ve in the physical region) from the beam or target proton
to an outg01ng proton. Two combinations are plotted for .each event.
This distribution peaks at low values of t. Figure 5(b) is the distri-
bution of t from fthe beam proton to the w. Although Fig. 5(b) does peak

at low values of t it is not exemplary of a very peripheral t distribu-

tion.
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' The pefipheral natﬁre of the ppw data at 6.6 GeV/c and the apparent

absencé of résonances in the’pn'system,‘in addition»to the charactef of

the ppw Dalitz plof,‘ f' . suggest that ® production ié proceeding

via some mﬁltiperipheral process [see Fig. 6(a)l. we would expect the

dominant proééss to involve productiqn df‘peripheral proﬁons at each

1

where ti‘is.the lower_of'the two possible momentum transfers from the.'

outer vertex of Fig. 6(a). Figure 7 displays a t, Vs f2 scatter plot

beam or_target proton to the ith outgoing proton. The mﬁitiperipheral
nature of some of the ppw events is clearly seen in Fig. 7 ih the region 

and t..

of simultaneously small valués of tl o

The sixvmultiperipheral ﬁrocésses that cah occq;_fbf PP = ppw are.
shown in Fig. 6(b): they are denoted by Roman numerdls I to. VI inclu-
sive.' Diagrams I and V are restricted to meson exchange, while the
?rocesses IT, iII, Iv, and Vi réquire both baryon and meson exéhénge.
One difficulty with a multiperipheral analysis is the assigmment of
physical events to the correct diagram. The two current methodé of
.diagfam separation are the [ta + tbl minimumlu.and the P., > PLﬁ > PL

L3 >
15

criteria, where ta =~ (P, - P5)2 and t. = - (P2 - P5)2 in the language

1 b

“of Fig. 6(a), The c.m. longitudinal momentum of the ith particle,is
denoted by PLi' The results of the two methods of diagram sgparation
as applied to the 671 ppw events are given in Table II for diagrams I
through VI. The two'different separation procedures yield resulﬁs,
consistent with each other. The two diagrams representing iny meson

exchange (I,V) apparently account for 50-60% of the data.l6
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The 1nterference between two amplltudes genenally dlmlnlshes as one
v ampl1tude becomes weaker in comparlson w1th the other. In Tables IIT (A)
and (B)] we attempt to 1nd1%ate the magnltude of the 1nterferences be-
tween dlfferentjamplltudes (i.e. ; dlagrams) as a functlon of the momentum
. transfers at the external vertlces of Fig. 6(a) (t and t ) Specifically,
the events in ‘Tables III[(A) and (B)] were ass1gned to the six processes

by the t +. t I mininum and P 4.> P L5 crlterla, respectlvely. In .

L3 ~
addltlon, the numbers w1th1n the parentheses represent those events that
had s1multaneous momentum transfers t and tb; correspondlng to the |
accompanying processes (also in parenthes1s), less than the max1mum :
denoted value. For example, in Table IIl(A), of the 93 events ass1gned
to dlagram I w1th t and tb both less than 0.5 GeVE, seven events s1mul-_
taneously had other t tb comblnatlons correspondlng to dlagrams IT and

'III, both less than 0.5 GeVE. The overlapplng events_can be interpretedl
as an indlcation of possible interferences between processes l, II, and.-
IITI to: the tune of roughly lO% when t < O 5 GeV2 As we take events
w1th hlgher and hlgher t values the 1nterference or overlap becomes
larger. From Tables 11T 1t appears that with enough events one could
proceed with'a noninterference analysis of ppw production by simultan-

eously requiring ta and tb to be less than 0.5 GeV2.

III. CONCLUSIONS
At 6.6 GeV/b the cross section for w meson production in the
" reaction pp ~ pp n+n-no is 180 + 23 ub.v The w production systematically

~accounts for 6-10% of the crossvsection of the pp3n reaction from
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L-10 GeV/c;. In the ﬁ+ﬁ-no mass”spéctrum the w sigﬁal/noise ratio
increases with fhe magnitude of theFBx c.m. iongitudinal momentum.
We have studied the reaction p - ppb by just considering the 671
events in the 3w mass region of O.76v- 0.82 deV. Thé non;m backgfound
.in this ﬁaSs sliée is roughly 40% and does contain Aﬁ+pﬂ-ﬂo events.
The pw mass spectrum is peaked at low values and shows no evideﬁce for
W resonances.

The momentum transfer distributions of both protons and w's are
peaked at low values. In addition, many of the events are multiperié
pheral. As a first approximation at separation the 671 ppw events
were assigned to the six possible multiperipheral diagrams on the
basis»of the ]ta + tbl minimum and Prs > PL# > PL5 criteria. The two
diagrams requiring only meson exchange in both legs account for 50-60%
of the ppw events. However, an éffecﬁive separation of diagréms with
overlaps iéss than 10% of the time requires the momentum transfers in

each leg to be simultaneously less than 0.5 GeVE.
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' Table I. Experimental cross sections for resonance production in

: + = 0, SR ' o
PP > pp n x w (in wb). _ | .

Beam Momentum (GeV/c)

CProcess  k° h9s? 5528 6T 68 66 6.2 1000 D
ppoppn  hO20 28t  20:10  T0R50 2855 2949  L0olo  36+15 o

ppoppo 8030 152418 110420 180%50 104+12 18023 1hoxho 14530

Table II. Number of events assigned to each diagram illustrated in

Fig. 6(b) for the 671 pp - ppw events at 6.6 GeV/e.

Diagram |

- . ' . i
Separation method I IT III IV v VI

[see Fig. 6(a)] ~ ' |

€+, [minimm 200 7 88 89 151 66 |
PL5>PLH>PL5 221 68 79 65 182 5§
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,‘Table III.'tNumber.of events assigned to each diagram [illusfrated ih
 Fig. 6(b)] with t_,'t_ both less than the maximum value

'flisted in column 1. "The nhmbefS'in'parenthesis'repreeent
-those events that also ‘have t 8’ tb comblnatlons, correspond-
.1ng to the processes (also in pﬁrenthes1s), both less than _

: ‘the same max imum value -

-(A) Dlagram separatlon by lt +t | minimum criteria.

Diagram
Mximw . I = II III IV v
t_,t, value o . N
a’ b -
(Gev2)
0.3 - '_33(0) : 16(0) ~ 16(0) - 11(0)  23(0) - 9(0)
0.5 95(T,1L,1I1)  33(4,I)  35(4,1) bi(h,V)  68(8,IV,vI) 25(2,V)

0.7 . 126(2h,II,III) 48(13,I) U7(10,I) 48(12,v) 95(26,Iv,VI) 39(7,V)
1.0 154(7,II,III) Sk(24,1) 69(28,1) 58(28,V) 125(52,IV, VL) 45(22,V)

(B) Diagram separation by PL5 L¢> L5 criteria.
= = == —
Diagram N
Maximmu . I IT IIlZ IV, : v VI
ot ,tb value : ‘ .i: o
(Gev2)
, , - |
0.3 - 33(0) 16(0)  16(0) 11(0) - 23(0) B 9(0)
0.5 97(13,II,IIT) 29(2,I) 32(0) 32(0) - 74(21,IV,VI) 21(0)

0.7 132(39,I1,IIT) 39(10,I) 41(7,1) 37(7,v) 10L(43,1V,VI) 33(k,V)
1.0. - 16M4(91,II,IIT) 44(18,1) 62(2k,I) 44(18,V) 141(73,IV,VI) 38(16,V)
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FIGURE CAPTIONS
+ -0, . , ' ' ' + -0
% % # invariant mass for the 6098 pp - Pp n w . events at

6.6 Gev/e.

+ -0 . .. ' . . - :
t n n invariant mass subject to selection on the 3w c.m.

'lbngitudinal momentums

(a)  P < 0.3 GeV/e

L
(b) 0.3 <P, < 0.6 GeV/ec
(¢) P > 0.6 GeV/e.

ppw Dalitz plbt- for the 671 events with 0.76 < M(n+n'-no) < 0.82 gev.

' The pw invariant mass for the 6TL pp » ppw events at 6.6 Gev/e.

'Two‘combinations are plotted for each event.

Four-momentum transfer distributions for the 671 pp — ppw events

at 6.6 Gev/e:

(a) The lower of the two possible values of t ffom the
| beam or target proton to an outgoing proton. Tﬁél_
combinations are plotted for each event. = - ..
(b) t from the beam proton to the w.

(a) Double peripheral diagram. (b) The six possible

- multiperipheral diagrams for the reaction pp - ppw.

t, vs t, scatter plot for the 671 pp ~ pp@ events at 6.6 GeV/ec.

ti is the lower of the two possible momentum transfers from

" the beam or target protdn to the i. outgoing profon.p . .:‘
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fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
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includes any employee or contractor of the Commission, or employee of
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