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THE REACTION 7T-p-7T+A- AT CMS ENERGIES 1640-1760 MeV* 

A. D. Brody,** R. J. Cashmore, A. Kernan,*** D. W.G. S. Leith, 
B. G. Levi, and B. C. Shen*** 

Stanford Linear Accelerator Center 
Stanford University, Stanford, California 94305 

D. J. Herndon, L. R. Price, t A. H. Rosenfeld, P. Sodingtt 

Lawrence Radiation Laboratory 
University of California, Berkeley, California 94720 

ABSTRACT 

A partial wave analysis of the quasi-two body reaction 7T-p-A -7T + 

has led to two solutions. In both solutions, A and B, the total7T7TN decay 

of the N*(D15) is accounted for by the Arr channel whereas only in solu-

C- '.!?) 

tion B does the Arr channel correspond to the totalrr7TN decay of the N*(F 15). 

The relative sign of the couplings of the resonances to A7T is also different 

between solutions, being negative in solution A and positive in solution B. 

The results are used to predict the decay rates of other members of the 

octets. 

(Submitted to Physics Letters B) 
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tt Present address is DESY, Hamburg, West Germany. 
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An energy dependent partial wave analysis of the quasi-two body reaction 

- + -rrp-rr A (1) 

has been performed at 11 c. m. energies in the range 1645 MeV to 1766 MeV in an 
"' 

attempt to determine the coupling of the F 15 (1688) and n15 (1670) 'resonances to the 

Arr system. (Preliminary results, superceded here, were presented at the 1970 

Kiev Conference.) The data are obt~~ned from 20, 248 events of the reaction 

- +-7r p-rr 7r n (2) 

observed in exposures of the Berkeley 72 in and argonne 30 in liquid hydrogen bub­

ble chambers to 1r- beams. Details of the data reduction will be given elsewhere. 1 

These data are a subsample of the total exposure which spans the c. m. energy range 

1400 MeV to 2000 MeV. Examples of reaction (1) are obtained from (2) by selecting 

those events for which
2 

1140 < M(7r- n) < 1320 (3) 

No subtraction of background events, included by this selection, has been made. This 

point is discussed in the section 'Results.' 

The partial wave analysis has been performed using the method described by 

A. D. Brody and A. Kernan, 
3 

where the following partial waves in the Arr systemare 

considered (the notation employed is L2J, where L is the Arr orbital angular momentum, 

indicated by S, P, D, and F and J is the total angular momentum): 

(i) P5 - containing the F 15 resonance 

(ii) D5 - containing the n15 resonance 

(ii) S3, P1, D1, F7 - containing background amplitudes. 

The following parameterizations of the T matrix were used for the resonances and 

backgrounds 

(i) resonances- a nonrelativistic Breit-Wigner amplitude·with mass dependent 

- 2 -



. }r .• '(E) T. ·:(E) 
T = .! ·v ·el · iAW . · 

2 · r (E) 
·(M E) . tot . . R- -l 2 

(4) 

where M = resonance mass 
·R 

re1(E) '= elastic decay width 

R BL(qel) q 1 M 
= X elr tot ....JL. ....1!.. 

.~(q~) q~ ~ 
(5) 

rAn( E) = An decay width 

BL
1
( qinel) q M 

. R _...;::_-=-- . · inel _!!_ 
= x An I' tot B_ R . R E 

-L
1 

·qinel · qinel 
(6) 

·. . . . . , . 4 
rtot(E) =:total decay width, ,approximated ~y 

(
1-x ) 

:::::.[' . (E)+ r <.E)· el 
rel · · ~t::.n x," ·; 

h7r ' 
(7) 

and :q .
1
, q. 

1 
. are the mo~enta. i~ the eia~tic and An channels 

e me 
R ~ . . . . . . 

. ·qel' :qunei are the momenta in the elastic andi:::..n channels .at the resonance 

.mass 

L, L
1 

are the orbital angular momenta in the -elastic .and A7r channels 

.BJ}g) is a :barrier penetration factor. 5 
A value -of 1 fermi was used for 

the interaction radius. 

xel is the ~lasticity ·parameter r!/r.~t· 

xA7r. , is th,e A1f' '~elastict~y' para~eter r_~7r/r!t· 
( ii) ;backgrounds.: 

T ·=(a+ bq. 1·) + i(c +d q. 1) · · · · 1ne me 

-.3-

(8) 
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The parameters J xelxA1r' MR' rtot' of the resonances, and a, b, c, d of the 

backgrounds, were then determined by a fit to the experimental distributions by mini-

mizing the function, F, where 

F= L. 
energ1es 

L 
production 
angular 
bins 

[~) bs- (~) dl2 o pre + 

a(~) b 
0 s 

using the minimization program MINFUN. 
6 

Results: 

L. 
energ1es [

- A7r A; l2 

CT - CT obs pred 
a A7r 

a-obs 

(9) 

We fit the production angular distribution of the A- and the cross sections u(A-7T +). 

Starting from a number of sets of random parameter values, two distinct solutions, A 

and B, have been obtained and are summarized in Table 1. The major differences 

between these two solutions are in the size of the P5 amplitude and its relative sign to 

the D5 amplitude. Although solution A has a lower value of the function F there is no· 

compelling reason to prefer it to solution B, and in the remaining discussion we retain 

both solutions. In Fig. 1 we display the variations of the complex amplitudes from 

these two solutions. In Fig. 2 examples of the fits to the production angular distribu-

tions a:re given while in Fig. 3 the contributions of the various partial waves to the 

A -7T +cross section are indicated (the A- is still defined by Eq. (3)). To determine the 

errors on the resonance parameters, we varied each parameter in turn, reminimized · 

the function and studied the shape ofF as we did so. 

We have also made fits including the decay angular distributions of the A- and the 

two solutions, A and B, remain distinct with the resonance parameters unaltered within 

errors. However, we feel that the results derived from fitting only the production dis-

tributions are more reliable than those from the fit including the decay angular distri-

butions, since the decay distributions will be more sensitive to the presence of 7r7TN 
I 

background and interference with the A+. 

- 4-



In performing the analysis we have ignored the fact that some of the events in-
. \ . . - - . . . 

eluded by the mass selection (3) are not produced through the intermediate stat.e 1r +A-. 

These events 
7 

( ~ 25% of. the sample) are accounted for by ~he background amplitudes 

(ii). Since tpey are not described by the resonance partial waves (i) the determination 

of the F 1~ and n15 piramete~s _in the A'Tr system will be unaffected. 

We have attempted to determine the sign of the n13 (1520) coupling to the A.ir chan­

nel, relative to the n15 and F 15 resonances, by introducing lower energy data. This 

was inconclusive due to the large correlation between the s-wave decay .of the n13 ( l52 0) 

and our s-wave background. 

In order to give A'Tr b~anching fractionsfor the n15 and F lS resonances from our 

measured values of .jxel xA'Tr we have to assume values for xel" We have used average 

value~ for the 1rN branching fractions determined in the elastic phase shift analyses. 8 · 

(D15 : 0.42 ± 0.04, F15 : 0.62 ±0.06) Table'2 includes corrections for those events 

lying outside the selection band (3). From solution A we obtain A7r branching fractions 

of 

0. 63 ± 0. 07 and 0.13~~:: 

for the_ n15 and F 15 resonances respectively, while from solution B the corresponding 

numbers are 

0 63+0: 07 .d 0 3'9+0. 06 
· - 0. 11 an · - 0. 10 

The values of the A1r branching fractions derived from solution B imply that the total 
. . 

7r7rN widths of both the F:15 and n15 are accounted forby the 7rA decay mode, 8 whereas 

in solution A only the n15 is completely accounted for and the F 15 still has an appreciable 

7r7fN decay:, Finally we wish to point out that any background present in the P5 and D5 

partial waves, not included in the amplitudes (i) for these waves, would change the 

A7r branc~ing -ratios of the F 15 and n15 resonances. 
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SU(3) Discussion: 

These determinations of the couplings of the n15 (1680) and F 15 (1690)N* resoQa,nces 

to the An system allow us to determine the SU(3) coupling constants for the decay of 

5- 5+ 3+ -
the 2 and 2 octects into the 2 baryon decuplet and 0 meson octet. We have fol-

lowed the prescription of R. Levi-Setti and others
9 

in writing the partial width as 

2 r = (cg) M 
p 

(BL(qR)qR) 

MR 

where c is the SU(3) Clebsch-Gordon coefficient for {s~-{10~ x {sl 

g is the SU(3) coupling constant 

qR is the momentum of the decay particles10 

(10) 

BL(qR) is the barrier penetration factor. 5 The radius of interaction was assumed 

to be 1 fermi. 10 

Mp is the proton mass 

MR is the resonance mass 

In Table 2 we give the values of g2 for each octet, corresponding to the results of 

the two solutions A and B, together with the predicted partial widths of the other octet 

members. Unfortunately, few decays of the other members of the octets into decuplet 
I 

and octet have been measured. However, where a comparison can be made the results 

derived from solution A show better agreement (cf. A(1815) branching fractions). 

Measurably large widths are predicted for the decays 

A(1830)-~ (1385)1f-A'Tf7T 

~1915)-~ (1385)1f-A'Tf'Tf 

~ (1915)-A(1238)K-NnK 

and thus a quasi-two body analysis of the reaction 

in the c. m. energy range 1700 MeV- 2000 MeV should allow identification of the 

A(1830) and~ (1915) resonances and further measurements of the ~(1765) andA(1815) 

branching fractions. The determination of the relative sign of the A(1830) and A(1915) 

- 6-



resonance couplings to 1: (1385)7r channel should distinguish the correct solutioi:Lin our 

results. . Owing to the l&ck. of illformation on the E ·branching· fractions· quantitative 

statements are difficult to make, aithough'no VIolent discrepancies are apparent. 
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FIGURE CAPTIONS. 

1. (a) Variation of partial wave amplitudes from solution A; (b) Variation of partial 

wave amplitudes from solution B. Tick marks correspond to the c. m. energies 

1647 MeV, 1685 MeV and 1740 MeV. P5 is derived from the F 15 resonance and 

D5 from the D15 resonance. 

2. Examples of fits at three energies to the production angular distributions from 

solutions A and B. 

3. The experimental7r+7r-n cross section (1140 MeV/c
2 < M(7r-n) < 1320 MeV/c

2
) to-

gether with the contributions of the various partial waves in solutions A and B. 
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