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. ABSTRACT: An ampiitude analysis of the reaction
rp -+ ﬂ+ﬂ_ﬂ9A++ at 7 GeV/c has been performed in
the w mass region (0.740 < M(3m)%< 0.820 GeV).
‘Using.the isobar model for the (3w)° system to-
gether-with the A*" decay moments, we have de-
‘termined the background under the omega to be

an (em) S-wave. The production mechanism

of this reaction has also been studied and the
‘results have been compared with the predictions
bof an absorptive Regge-exchangé model and of the

quark model.
Results on the quasi-2-body reaction
“+p R wA++ | 1)

have been previously reported at different energies} using the information

-from the joint decay angular distribution of the w and the ;A++. " The dom-

inant exchange processes could partially be deduced; however, results in
this form cannot be unfolded to give production amplitudes because of large

errors on individual correlated moments. On the other hand, if only Single



-2-

w or A"" moments are used, correlation informafion is lost; this type of
analeis is further complicated by the presence of background which cannot
be extracted beneath the resonances. Coﬁsequentiy,'we have chosen to aﬁply
an amplitude analysis to the reaction
np et - @

The technique used was originally developed2 for an iéObar'model
analysis of thé'formation reaction 7N + m 7N at low energy, and mod-
ified3 to study the production reaction n+p -> (3n)+p.' The latter analysis
produced results consistent with those obtained by_a-density-matrix analy-
sis using an independent fitting program.4 We will firét describe how the-
daté were selected, then the methodbwe used and our notations, and then
the results we ‘obtained. We will end with some comparisons with theoreti;
cal predictions. _ - v

The data that we used have been previously studied-l'b with a density

matrix analysis of the w. Experimental details together with cross

sections were then published. In this analyéis, the events of reaction (1)

have been selected from approximately 86000 events (o = 2.16 * 0.09 mb)

fitting the reaction:

n+p > ﬂ+ﬂ—ﬂ0pﬂ+ (3)

by hnposing the mass selections: 0.740 <M(3m)° <0.820 GeV and 1.16 <M(pm) ‘»

< 1.28 GeV. Less than 2% of those events had 2 ambiguous A++sections.'
These were weighted‘by'the A Breit-Wigner formula. Then we selected events
with momentum transfer |tpAl< 1.0 GeVZ; the data were binned in |t | so

that the minimum number of events was ~ 400 per bin, the total number of

{ps
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events so selected being 3075. As in the method described in Ref. 2 ana _
3,'w€ used the isobar model, i.e. we approximated thev(SW)O state with
spin -parity JP, helicity’M and isospin I by a resOnahce (isobar)'decaying
into 2w (e,p;f) of spin l,,ahd a pion with felative angular momentum L. . 1
1f we_aﬁbfeviate by K all (3n)° quantum numbers except M, (i.e. K |
represents IJPL en/pn/fﬁ), the most general amplitude for reaction (2) can
be written as: | |
K,M *3/2
Tag,, K’Z AZ 6 (o, B.Y,0 J: TA 2, & Msn’ Py ()
where Ap,AA, and}&,arethehelicities of the incoming proton,'delta; and
outgoing proton respectiveiy; A§<i)(9 ) and G(a,B,Y, h) describe the
decay of the A and the (31r)° system respectively, 6 h is the helicity de-
cay angle for the isbbar, a,B and y are the Euler angles defining a ro-
tation from the production coordinate system to a system with Z aiis in
.the meson rest frame parallel to the vector |
- t- m2
c=q, * —2— (q qA)
In thlS expression qn,q and qA are the momenta of the 1ncom1ng m, protonand outgoing

A respectlvely, s 1is the square of the center of mass energy, and m is

the mass of the meson ﬂ.'This vector G first introduced by Cho and
SakuraL§ was motivated by the coupling of vector mesons to a con;erved
'currént; it has the property that/it leads to helicity conservation in the
imeson system6‘and was éonSequently used in an amplitude analysis of higher

mass (Sﬁ)o systems.7 Due to the proximity of the C coordinate system
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to the t-channel system where no waves with helicity flip of 2 units are
observed;3 there should not exist amplitudes with an helicity flip M=2
at the meson vertex. In a similar way, the Z axis in the A rest frame is

chosen to be the vector:

and by analogy w1th what has been sa1d above we propose to neglect the
waves with two un1ts of he11c1ty flip. (u =2) ‘at the proton- vertex.
Parity conservation in the productlon process restricts the number

of independent helicity amplitudes. In particular by reflecting in the

production plane, the helicity amplitudes are such that:8
J-M-A_-X _
n, =y PR
p A p A

where & is the product of the intrinsic parities, equaling (—1)L+£ for the
++(and (-1)L+’Z’+1 for the (pm)S wavev(JP = 1,7) that we include to describe
the background under the At ) Performing the Kronecker product decom-

p051t10n of the baryon spln representatlon, we can also wr1te for the A:

IRV
PA sH

where S is the exchanged sp1n between the incoming proton and outgoing A,
and u is the helicity flip (its Z component). A similar expre551on can be

worked out for the (pm) S wave w1th the necessary modifications. The amplltudes

TM have the following parlty property:
- L+2+J-MeS-u M
Tlgu (-1 TS -u’

These restrictions are built into our formalism as follows. If we define

Ym'= (-1)L+'Q’+J'I M| for the meson vertex, while'YB = (—1)S'|“|for the a**

t
«
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(S=1 or 2),0r Y = (~1)S-h1h1' for the (pr) S wave (S=0), then for a given
J and S,.the-ahplitude can be expreésed in a manner which manifests parity

conservation for the whole production reaction:

| M M
'[Tlgu+anmTSu]+ nBYBl:TI;,‘II " YmTSu

where the quantities o and‘_nB can have the'values_vil; One observes
that unless n, = ng =N, this.expréssion vanishes. To the order (1/s),
n =+1(-1) COrrespunds to natural (unnatural) parity exchange.9 As a
matter of fact, in addition to the simple expression of parity cdnsérVation,
there exists another'justification'for our use of this pérticular decom-
position: it is‘suitahle-for testing sume Quark—modél predictions as we
will seebbelow.-‘ “ |

Under these conditions, the unpolarized differential cross-section

W including a symmetric matrix A which depends on the At decay distri-

' butioh, is-given by:

v ' ko _
W= z . - _z Ann .G KnlMl, G KnlMnglMlT;_?_Url
S,glu_llﬁ'l Kknn|M| | M| S|u|S]u] g g
‘ The amplitudes Tg M} are parameters in a maximum 1ikehood £it. 0 More de-

l g >

‘tails can be found in Ref. 11.

‘Table I gives the quantum numbers of the meédn states conéidered in
this analysis and the allowed exéhanged quantum numbers at the proton-A
Vertex (colume 1) Columns 2. and 3 1lst combinations, taking into account
the parity restrictions exposed above, with abbrev1ated names for the waves
that we will refer to hereafter. For waves that are 51gn1f1cant1y different

from zero, the results are dlsplayed on Fig. 1, whlch shows the proportion



-6-

of the different so-called P waves (S5=1), as well as thee(en)S-ane (872),‘

~called Z, as. a function of ItpAl (Fig.vla and 1b)§ one sees that only 3
waves are significantly bigger than 10%, corresponding to both natural ex-’
change (P_,) and to unnatural exchange (POO) for the'producinn ofethe
‘omega as we11>as the baekground'determined to be an (eﬁ)S-staﬁe;-the
(pm) S-wave;has been found to be negligible under_the A++ (Table I). We
- observe thet all theee waves are important at low |t| . The last fact
is in eontradiction with the results of Ref. la. The average ratio of
‘natural to unnatural exchange is 0.8 over tﬁe whole |t| range. The
‘complete variation of thls ratio as a functlon of |t| is consistent with
_the ratio determined 1n Ref 1b.

Regarding the relative phases between these waves, we have found that
the 3 smallest unnatural exchange waves (P P -0, P ) were in phase;
Fig. lc shows these phases (relative to POO)' We have subsequently
considered them as real}‘_Finally we have found ohly one ambiguous eolution

- compatible with a change of phase of 1800, SO we censiderﬂour reselt as

-_comlng from a unique solutlon .

In order to interpret these results, we have used an absorptlve
»Regge exchange model, and by analogy with what has been done 1n Ref 12

‘we have parametrlzed the amplitudes in the s- channel by

) .o - (s) . . ' p(S)-
Py CA 4tAN, P27 = - Cy + 4tAy, M M;)AU
p(s) = _ 2 M /E G EYEN- :
0- 2 M), tAU and P_O ‘w/—tAU,
CA' is a cut effect (parametrized by Yealtl)required by the fact

that neither P_,_ nor P__ vanishes in the forward direction; Ay and»AU_

L
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- _iﬂ{g_ +5,<Q_£1
. , Lsed by . ailt] 2 2
(whose t dependence is parametrized by vje J e " ,

where j = N or U)represent respectively pure natural exchange (p) or pure
unnatural exchange (B). The angles of rotation X and x' which relate the

€ and C' coordinate systems to the s channel are such that:

tgx=-2v/-t/M, ad tgx'= - 2 /7t My .

The amplitudes that we have obtained are then parametrized by:

Pho=Cy-4tA, P _=-C)cosx. cos X'
| o . . 2 e Sl
and _ Pm)f CAsnlxsm,xff/Mw4tA%d4tﬁJ,

the amplitudes.P_0 and Py. being such that:

P, = fg'x . P . -and Py =tg X'+ P__
The results of.this fit (XZ/ND = 26.3/15) are displayed in Fig.1ld as well
.aedthe curves fitting the intensities of the waves. Thecut is found to
have a t slope compatible with zero, while the difference of the intercept
of the p and the B trajectories is fQuhd to be: |
o - ag = (0.95 +0.22) .
Tﬁis value is in agfeement with'the predicfion coming from the masees of
('the p and B mesone; assuming a slepe :.1‘in the'Chew-Frdutschi plot.' We con-
clude that this type of model and parametrization describes our data well.

The allowed veides for the exchanged spin S at‘the proton-delta vertex are

1or 2; the quark modeitson-the other hand requires S=2 to vanish. Consequently,



e

we have considered the waves with S = 2, associated either with the (pm)
or (em) S and_P"waves. We have alréady observecvlv‘tha_t the Z waves (S = 2
and (em) S-wave) is compa'rable in magnitude to the wa\}es producing the w
and constitutes the éssenCe of the background (Fig.la). F_igure 2 shows
the R waves (S = 2 and w waves); all are found compatible with zero.
The waves with S = 2, K=o (pm P-wave); g =1 (om S-wave and em P-wave)
were all found compatibie with 2erp (Table I). CbnSequently; the predictions
of the quark model are verified for the resonéncé production Ofvw°A++ and
also_for.the’baCkground waves of the (SN)O‘system assoéiated with the
A“, except for the (em) ‘-'S—wavé (the 'Z wave in our notations of Table I).
These results are in agreement with the correSponding results of a similar
analysis performed for reaction (2) in. the higher mass range of the (Z’m)o
: system.7 | |
In conclusion, we have been able with our amplitude analysis to. deter-:
"mine the nafure‘of,the background.wavé under the omega producedvin the reaction
1r+p.'—>‘ (Sﬁ)OA“I, We have also been able to determine that the omega is
vproduced by both.natural and_unnaturai exchange, their ratid being
0.8 as an "average_o'v'er 1t]- Finally; the absorptive Regge exchange model
providés a good parametrization for the results of ourianalysis. On
the other hand, in the production of the w, the waves corresponding to an
exchanged spin of 2 units are found conipatible with zero in agreement with
the quark model. - vHowever',v the predictions of this model fail for the back-
ground (em) S-wave.
We are very grateful to Prof.A. Rosenfeld for his attention to this work
and his contihuou‘s encouragement‘.' We thank the GroupA‘experin‘lenters for al-
lowing us use of the data necessary for this anal)"sis_, in particular W.F. Buhl,

and P. Eberhard for: explanations regarding the use of the program OPTIME.
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Table I

. :
Characteristics of the waves considered in the amplitude analysis of n+p+(3n)Af+at 7.0 GeV/c/

Individual vertices waves

Waves considered in this analysis

Waves associated with
(3m)© non-resonant background

Waves associated with
w@ production

3" Mn) | 2,L| name JPimiL Sl ul nl name ] Results Pimirls ln (?gﬁltsj_
- 0(-) 0 ] T ol - g()() o-1o &) T:!%} + = 0
171 1() | 1,1 w 0 1{ -] P-0 . 0 ' +
R NN R
_ 0(+) 0,0}1(em)S wave 1 i } ; P 1* ‘ 1
Meson 0 0(+) | 1,1|(pm) P wave : ++ 1, _g} - - 0
vertex 0 (+) T T 0ol + R0+ 0 T 1 v+ 5
. 1) | 0,1](emP wave 1)L 1]+ Ree | {Rig.2 L '
1|1 0 1l - | Ro Ly | o[ 0h]- | -
ey LR oo (119 ]+ [Z0ieD. =
1(+) | 1,0|(pm)S wave EIRRRUBER = 0 - -
1) | 119 of - s0- } 0 5 = 0
01 HIEEE
S w(n) name T
0(- + _ 01 [
LG et SR
Barygn' 104 R E o
vertex 00r) 1 . T ol =0
' 1(+) ++ | 1
2 A (S=2
1(-) (5°2) o] 19!
. i |
0 0(-) {(pm™)S wave 1 i l 1 |-
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.Figure Captions

Fig. 1a) The ratio of the intensity of the waves P++'(natural exchange) ,
P00 (unnatural.exchange), Z (background found to be an (em) S-wave)
to the total differential cross-section, as a function of the momentum
transfer ItpAl‘
~ 1b) The ratio of the intensity of the waves Py.s Py and P__ (all
unnatural exchange) to the total differential cross section, as a
function of the momentum transfer ItpAI' ‘
1c) The phases of PO—’ P-O’ and P__ relatives to the phase of POO’ L
as a function of |t _,|. |
: pa
1d) Results of the absorptive Regge fit (curve

) to the P__,
Poo and P__ wave intensities, as well the total differential cross
section (--V¥--), as a function of |tpA| .

Fig. 2. The S = 2 waves associated with the w, as a function of |tpA|'

&
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