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AN AMPLITUDE ANALYSIS FOR THE REACTION 

7T+p - 7T+7T-7T0 L::, ++ AT 7 GeV/c* 

F. WAGNER,t M. TABAK and D. M. CHEW t 

Lawrence Berkeley Laboratory 
University o~ California 

Berkeley, California 94720 

Novembe r 1974 

Abstract 

LBL-3395 

+ + - 0 ++ I An amplitude analysis for the reaction 7T p _ 7T 7T 7T L::, at 7 GeV c 

has beeil performed using the isobar model for the 37T system. The 37T-mas s 

covers the range from 0.82 to 1. 90 GeV. We observe strong A
2

production. 
. ..Ie 

The spin parity of the w"(nOO) is determined to be 3-. No significant Ai 

production can be seen. 
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The interest in 31T final states lies in the fact that the constituent quark 

model predicts the existence I(JP ) = 1(2+), 0(3-jas well as JP = 1+ resonances 

in both isostates I [1]. Analyses of the reaction 

± ± + -
1T p-+1T 1T1T P (1) 

have yet confirmed only the 2+ state [2] , because I = 0 cannot contribute to 

reaction (1) and the 1+ states may be hidden under diffractive dissociation of 

the 1Tand/or production of 31T by the Deck mechanism. For both reasons a 
\ . 

neutral 31T system seems to be more suitable for detection of these possible 

resonances. Therefore we studied the reaction 

+ + - 0 ++ 1Tp-+1T1T1T6 (2) 

The conventional approach to analyze the 31T system in (1) or (2) is to use the 

so called isobar model [3,4]. It has been applied in two ways. In the 

technique pionnered by Ascoli, the (31T) density matrix is fit to the data [5] . 

However in this approach, the rank and positivity conditions are difficult to 

impose; nevertheles s the fact that spin coherence of the initial and final 

proton in reaction (1) is cornpatible with the data [5,6] gives an ~ posteriori 

justification of this procedure. Another rnethod has been proposed by 

Tabak et al. [6], where the production amplitudes are USed as parameters. 

In reaction (2), in contrast to reaction (1), additional inforrnation about the 

production mechanisrn can be obtained by studying the 6.'-decay into 1T + p. 

Therefore we are bound to use the latter method. 

In an analysis of KN -+ K1T1TN a striking sirnilarity between the diffractive 

and charge exchange reaction has been found, both reactions being dorninated 

by unnatural spin parity states produced via natural exchange [7] , as also 

found for reaction (1). It is interesting to know whether reaction (2) follows 

the same pattern. In addition one can test the quark model predictions [8] for 

++ the p6 vertex, predictions that are in rernarkable agreement with the data 

for several quasi two body reactions [9, 10,11]. After a description of the 

data and generalization of the isobar forrnalism to include the 6 decay, we 

discuss the fitting procedure and describe the results obtained in these fits. 



- 2-

The m.easurem.ents are based on a 700,000 picture exposure of the 82" 

SLAe bubble cham.ber at 7 GeV/c [12]. Of all events, 85,856 fitted the reaction 

+ + - 0 + 6 1T p- 1T 1T 1T p1T corresponding to a cross section of 2.1 ± 0.09 m.b. To select 

reaction (2) we im.posed a m.ass cut on either1T + p com.bination of 1.16 ~ M'1T+p ~ 1.28 GeV. 

Depending on the 31T ITlass M
31T

, 5-120/0 of the events had both 1T+ in this ITlass 

band. In these cases we took both com.binations with a relative weight according 

to a Breit-Wigner ITlas s distribution for the 6.. After this cut we have 6790 

events for Itp6. 1 ~ 0.35 GeV
2 

(hereafter called the low It I interval) and 5998 

events for 0.35 ~ It6.p I -< 0.80 BeV
2 

(high It I interval) in the m.ass range 

0.82 -< M31T ~ 1.90 GeV. 
M 

We checked that the 6. decay m.om.ents (Y L ) are 
.,-

zero for L ~3 and that there is little N'" production visible in any 6.1T channels 

in this kineITlatic region. 

The isobar m.odel [4] describes any 31T state with spin parity JP, helicity 

ITl referring to a quantization axis in the production plane, and isospin I as 

being the sum. of 1T1T (isobar) states with spin 1 in an orbital angular ITlOITlentUITl 

state L with the third 1T. Using am.plitudes satisfying the constraints from. 

pa ri ty we replac e m. by I m.1, .., w he re .., = + 1 (- 1) is related to natural 

(unnatural) parity exchange[ 4]. The amplitude for reaction (2) can be written 

as 

T sli = L D Krnl1 T~: (K, M 3'1T' t) • 

Krnl1 

(3) 

In this equation the spins of the 6. and p are characterized by their exchanged 

spin s(s = 1,2) and the corresponding z-com.ponent Ii (Ii = 0,1,2), which is equal 

to the helicity flip at the p6. vertex [9]; .., takes care of negative values of Ii; 

K abbreviates all 3n- quantum numbers except T) and m; that is, by K we mean 

I(JP E1T / P 1T /f1T); the known function D contains the angle dependent part and the 

1T1T phases describing the isobars p , E, f. The isobar model as sumes that the 

am.plitudes T do not depend on any 1T1T subm.asses. Parity conservation at the 

- i 
i 

I 

'I 
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. . hi f T 1m d T- 1m [ ] .6.p vertex implies vams ng 0 10 an 20 9. 

Due to the lack of polarization measurements and limited statistics, we 

want to make the following additional assumption: We neglect all amplitudes 

with an helicity flip of 2 units at either vertex (m '= 2 and/or I-L = 2). This 

assumption depends on the coordinate system we are going to describe now. 

For reaction (1) and several other two body reactions, it has been shown 

[9] that the vector 
2 

t-m 
-+ -+ 1T 
C = Q +--,::--

'iT 2s (4) 

taken as z-axis in the meson rest frame leads to helicity conservation for the 

meson system. Similarly we use for the .6. the vector c' 

2 
t-m 

-;. = -+ 
q + 

p 2s P (q". + q31T) (5) 

in the .6. rest frame as z axis. Theoretically the choice of eqs. (4) and (5) is 

motivated by the coupling of vector mesons to a conserved current [13]. Since 

the angle between Z (or~') and the corresponding t- channel direction is small, 

there is little difference between neglecting helicity flip of two units (however, 

not of one unit) in the t channel helicity system and in the systems defined 

by eqs. (4,5). 

With this assumption, the unpolarized differential cross section W in-

eluding the .6. decay is given by 

(6) 

The matrix A depends on the unit vector p of the proton from the .6. decay and 

is given explicitly in the Appendix. Apart from the simplicity of eq. (6), one 

other reason to use sand f.!. to characterize the t.p vertex is that the qua~k 

model [8] predicts vanishing of any TTlm with s = 2 [9]. 
. . sf.!. 

The amplitudes T in eq. (6) are parameters in a maximum likelihood fit 

[14] to the data, which were binned in M31T and t. We allowed for all waves 
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up to JP = 3+ with 1. + L ~ 3 and I ~ Z plus the O(3-Fpn) " wave in their various 

isospin and spin combinations. Together with the pA quantum numbers, this 

gives 473 real parameters, an impossible number to fit simultaneously. 

Consequently, We adopted the following procedure: First, we varied only 

those waves which were present in the charged 37T system as determined in 

previous analyses [5,6] for both 1= 0, and only s = 1 amplitudes at the pA vertex. 

Then, in succeeding fits, we added parameters with the aim of significantly 

increasing both the likelihood and the energy continuity of the solutions. We 

rejected those parameters which did not meet these criteria. This procedure 

was iterated until the major waves stopped changing. The results presented 

here come from this final set, but share their major features with earlier fits. 

For details of the analysis see ref. [15]. 

The experimental mass distributions in the two t-intervals show two 

significant peaks at M37T -1.3 GeV and M37T - 1. 7 GeV respectively (fig. 1). 

The fitted total contributions for T([ 1(Z+Dp7T)] and T[O(3 -Fp7T)] show that the 

peaks are caused by these amplitudes. The first peak must be attributed to 

the A
Z

. The relative phase between the dominant A
Z 

amplitude T-
1
1
g[1(Z+Dp7T)] 

and the background wave T ~~[ 1(Z - f7T)] exhibits [fig. Z(a)] the variation expected 

for a Breit-Wigner resonance. A fit with a Breit-Wigner distribution to the 

points for this 2+ amplitude at low /tl [fig. 1(a)] gives a mass of (1.298 ± 0.008) 

GeV and a width of (0.122 ± 0.012) GeV, which agree well with the world 

average [16] • 
.... 

If we identify the second peak with the w"'(1700) found earlier in its 

(37T) and (57T) decay [17], this w';«1700) is found by us to have the spin parity 

. P -' f asslgnment of J= 3. The fit with Breit-Wigner to the points or this 3 

amplitude present in the high t mass distribution of fig. 1(b) gives the 
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following result: .. (1.669 ± O.OU) GeV for its mass and for its width 

(0.173 ± 0.019) GeV; these values are similar to the rriass and width of the 

g-meson [16]. A phase variation is more difficult to obtain, mainly due to 

the lack of a reliable single background wave. Nevertheless most solutions 

are compatible with a phase increase of 100
0 

for a mass of the (37T") system 

between 1.625 and 1.725 GeV. This fact andthe observed Breit-Wigner 

shape make a resonance interpretation very likely. After the recent spin 

parity assignment of 3- to the K*(1800) [18], the only missing member of 

the 3- nonet is the 4>; ideal mixing predicts its mass to be -2 GeV. 

By integrating the above Breit- Wigner fits, the A
2

(1310) and w':«1700) 

production cross sections are found to be (53 ± 7) f.Lb and (33 ± 12) f.Lb, respectively, 

for It I ::::;0.8 (Gev/c)2. 

T!! (natural exchange) 

The relative phase of about 50° between the amplitudes 

-10 
and T 10 . (unnatural exchange) for the A2 as shown in 

fig. 2(b), at low It! agrees with Regge p and Bexchange. Regarding the rela-

ti ve intensity of these two exchanges, it appears that both resonances are 

produced predominantly by unnatural (B) exchange. For the A2 this fact has 

been predicted by Fox and Hey [19]. By semi inclusive duality arguments [20], 

the following scaling law holds for the ratio R between natural and unnatural 

parity exchange production for a resonance x 

m 2 
R =_w_R 

x 2 W 
m· 

x 

(7) 

U sing the value R = 0.8 [11,12], eq. (7) leads to the prediction of R A = 0.28 
W 2 

and Rw l = 0.22 in excellent agreement with our obse rved ratios of 

RA = 0.32 ± 0.05 and Rw
' 

= 0.14 ± 0.07 at low t. For both resonances we found 
2 

contributions less than 910 to the non quark amplitudes Ti:' That is produc-

tion of the nat'uralspin parity resonances (for the w see ref. (11]) in reaction 
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(2) has only pA couplings allowed by the quark model [8]. 

No other amplitudes with a resonant like behavior have been found. 

In particular the 1(1+) wave (A
1

) remains small as one can see from fig. 2(c). 

An A1 hiding under the A2 as proposed in ref. [21] is certainly excluded. 

For a width less than 150 MeV we estimate 0'(A
1

) < 2 !J.b. The 1(2-) wave, 

although large [fig. 2(d)], does not exhibit a resonance-like structure as 

claimed in ref. [22]. The peaks differ in the two t bins and also differ from 

that observed in reaction (1). Apart from the strong 1(O-E7T) wave below 

1.4 GeV, the remaining background is shared by many different amplitudes. 

Even if we are not sure about any individual wave, the following gene ral 

features about the background appear: 

(i) All background waves belong to unnatural spin parity: 

(ii) The background is produced almost entirely by na tural exchange. 

Column 1 of Table I gives the ratios of natural to unnatural background 

production for the various mass bins in both t intervals. 

(iii) In contrast to the resonances, the background waves are produced 

dominantly by the non-quark amplitudes T ~~. The ratio between quark and 

non-quark background cross section is approximately equal to 0.6 (see column 

2 of Table I). 

(iv) The data bears out helicity conservation for the background along 

the direction c of eq. (4) for the 3'7T system up to the level 5%, as column 3 

of Table I shows. This fact is nontrivial, especially at high t. 

(v) No such helicity conservation occurs at the D.p vertex. In fact, 

E'7T and f'7T waves prefer s = 2,j.k= 0, while p'7T waves are mainly in s = 1, !J. = 1 

states. Together with the resonance couplings at least five different proton-6 
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spin combinations are significantly non zero. Points (i) and (ii) have been 

observed also in reaction (1) [5,6] and for K-p - K7T:1TN in both the charged 

and the neutral K1T1T system [7]. Our result supports the suggestion of 

ref. [7] that the background in diffracti ve and charge exchange reactions 

differ only by its energy dependence. 

In conclusion, in the (31T)0 mas s distribution between 1. and 2. Ge V, 
,,-

we have observed the A2 and a peak due to the production of a 3-w 'l" state 

with the same mass as the g-meson. No significant Ai produqion has b~en 

found. Resonance production agrees with the predictions of the quark model 

and semi-inclusive duality. The background waves behave very similarly 

to the corresponding ones found in other 311" or K1T1T systems. 

We are very indebted'to the members of Group A at LBL for allowing 

us to use the DST of the events in this analysis. We are very grateful to 

Professor A. Rosenfeld for his continuous interest and encouragement in 

the present work. We thank Dr. T. Lasinski for helpful discussions and 

Dr. P. Eberhard regarding the use of the fitting program OPTIME. 
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Appendix 

Following ref. [9] we order the ~p spin combinations into a vector 

xi = (T! 1 • T~~. T~! • Ti! • T io. T i1). The ~ decay distributions can be written 

in terms of p = (sin e cos <1>. sin e sin <1>, cos 8) as W = ~x. A. (p)x * , where 
I In n 

trle symmetric matrix A is given by (see ref. [9]): 

3 2 + 1 
2 Py 2 
3 3 2 + 1 
2 PzPy 2 P z 2 

A= 
3 3 3 2 + 1 

-2 PxPy - 2 PxPz 2 Px 2 

.J3 .J3 ..J3 2 2 3 2 
2 PxPy - 2" PzPx '2 (py - p z ) "2 (1- px) 

3 0 3 ..J3 32 + 1 - 2 PzPx -2 PzPy - "2 PzPy 2 Pz "2 

.J3 2 2 .J3 .J3 3 .J3 3 2 "2 (px-pz ) "2 PzPy "2 PxPy Z-PxPy - 2 PxPz 
-(1-p ) 
2 y 

!.-
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Table 1. Ratios of nonresonant background cross sections 

1 2 3 

M31T 
Low ~I High ~I Low It I High It I Low It I High ~ I [GeV] 

0.82-0.98 0.02 ±O .02 - 0.64±0.10 0.73±0.14 0.15±0.07 -
0.98-1.06 0.16±0.06 - 0.61±0.O9 0.56±0 .16 0.12±0.06 -
1.06-1.20 0.07±0.03 0.03±0.03 0.61:1:0.06 0.71:1:0.09 0.05*0.03 0.05±0.03 

1.20-1.30 0.03±0.020.07±0.03 O.64±0.10 0.38:1:0.11 0.02±0.02 o .06±0 .03 

1.30-1.40 0.09±0.050.04±0.02 0.54±0.08 0.42±0.17 0.08:1:0.04 0.06±0.02 

1.40-1.50 0.05±0.020.02±0.02 o .42±0 .07 0.77±0.16 0.04±0.02 0.04±0.02 

1.50-1.60 0.03±0.020.07±0.04 o .65±0 .12 O. 76±0 .08 0.O9±0.03 0.10±0.O3 , 

1.60-1. 70 O.01±O.01 0.03:1:0.02 0.36:1:0.13 0.48:1:0.06 0.02:1:0.03 0.11±0.03 

1. 70-1.80 0.03±0.03 0.03±0.02 1.28:1:0.18 0.55±0.05 0.05±0.04 0.03±0.O1 

1.80-1.90 - 0.02±0.02 - 0.72±0.06 - 0.03±0~02 

Colum.n 1 gives t~e ratio of background produced via unnatural exchange to that 

via natural exchange. 

Colum.n 2. the ratio of intensity in the background of s = ··1 quark coupling to 

s = 2 at p.6. vertex. 

Colum.n 3. the ratio of helicity nonconserving to helicity conserving background. 
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Figure Captions 

Fig. 1. The experimental 311' mas s spectrum for 11'+ P -+ (311') 0 t:l ++ as function 

of M311' ( + ), left hand scale in Events /30 MeY right hand scale in 

f.1b/GeY, Fig. 1afor Itl=::; 0.35Gey
2 

and Fig. 1bforO.35< ~1=::;0.80 

Gey2. The total intensity going into 1(2+Dp1l') ( + ) and into 

0(3-Fp1l') ( 4) are also given. Solid curves are Breit-Wigner fits to the 

2+ intensity at low ~ I and to the 3 - intensity at high It I. Dashed curves 

are the same fits riormalized to the number of events in that It 1- bin. 

Fig. 2. a) Relative phase between T;~0[1(2+Dp1l')] ~nd T~~[1(2-Sf1l')] as 

function of M311' at low It I. 

b) Relative phase between the natural exchange and the unnatural 

exchange amplitude T;~O for [1 (2+ (Dp1l')] as function of M311' at 

low ~ I. The straight line gives the prediction of Regge p and B exchange 

c) Total intensity going into 1(1+)[1(2-)] as function of M31T 

for low ~I ( ,) and for high ~I ( .). 

" 
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