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Chun-Fai Chan 

Lawrence Radiation Laboratory 
University of California 

Berkeley, California 94720 

December 3, 1970 

ABSTRACT 

UCRL-20206 

We discuss A2 meson data on the basis of two 

... ov-erlapping resonances. The problem of data analysis 

is shown to be more complicated than sometimes realized. 

A mechanism is proposed by which a set of existing data of 

np production of charged A2 can be made mutually 

compatible. 
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We begin by enumerating certain A2 meson experiments relevant 

to the following discussion: (a) CERN Experiments '[~J on 

with P~:b = 2.6 GeV/c, 4 2 
t = -0.2 "GeV ; and 

n: . 
Plab = 6,7 GeV/c, 

. . 2 
t = -(0.20 to 0.29) GeV • A pronounced double peak 

structure has been observed in the histogram plot of (MM)- [of which 

about 80% is (n:p)-], the two peaks being almost symmetric and with the 

central dip reaching down to the background level. (b) CERN Experiment 

['2] on n-p ~ pA2 ~ P(K-Kl ) with P~ab = 7 GeV/c, t = -0.28 Ge~. 

Almost exactly the same degree of splitting as in the above experiments 

is observed. (c) BDNP TyJ Bubble Chamber Experiment n+p ~pA~ ~p(rrOp+) 

= 5 GeV/c. Only a slignt splitting is observed. (d) Berkeley 

Bubble 
, . 0 + + + 

Chamber Experiment 14J n+p ~PA~ ~p(n: P , K K1 , n: Tj) with 
, ' 

7 GeV/c, t = 0 to -1 Gev2 . Essentially no splitting is observed 

in any of the three-decay channels. 

Consider the Breit-Wigner form for the S matrix with two reso-

nances and several communicating channels [5]; 

S = (1) 

E being the subenergy of the decay channels of the resonances, and P. 
1 

being the projection operator in the channel space onto resonance i. 

Because sts = 1, it follows that p.2 = P., P. t = p .• Factorizabili ty 
1 1 1 .1 

of pole. residues implies further that (P. )ab a b If we ignore = gi gi . 
1 

the requirement of factorization and put the projection operators 

P. = 1, then we find a good fit to the sum of the data in Experiments 
1 
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(a) by ITI2 = I~i (8 - 1) 12 with (i) (ml,rl ) = (m2,r2 ) = (1298,28) 

MeV; (H) (ml,rl ) ~. (1289,22) MeV, (m2,r2) = (1309,22) MeV, or (iii) 

(~,rl) = (1298,90 ) MeV, (m~,r2) = (1297,12) MeV. These fits may be 

described, respectively, as (i) a doubled resonance, (H) two .coherent 

resonances with different masses but the same width, or (iii) two coher-

ent resonances wi th nearly the same mass but different YJidths. All 

these models, with P. =1, 
~ 

are incompatible with experiments (c) and 

(d). Now, in any resonance-pole configuration, the condi tions Pi = 1 

are consistent with factorization only for a single open channel. The 

A2 mesons are, however, observed with at least three decay channels. 

Furthermore, one must take account of the production mechanism. There-

fore the Pi = 1 conditions should not be expected to hold in all cases' 

and the various experiment results (a) to (d) need not be considered as 

contradicting. Instead, we may think that they collectively support 

the hypothesis that the A2 region is composed.of two (at least) 

overlapping and interfering resonances. (By overlapping we mean that 

the mass separation of the two resonances is not more than the 

half width of the broad one.) 

Let us consider the various situations in more detail. ,The 

transition amplitude corresponding to the processes in Experiments 

(a) to (d), when the subenergy E of the A2 decay channels is close 

to the resonances 'EE)J [we. call them temporarily A2x = (mx - i~ r x), 

A ( .1)J. 
2y = my - ~2 ry ~s 

Tf A "~TA . 
~ 2' 2xl'~~ 

<=::: . x. + 
( E - mi + it. r ) 

x 2 x 

(2) 

-I 
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T
f

· 
~A2 

is 

the decay amplitude of the meson produced, while is the pro-

duction amplitude, which for concreteness we may think of as being given 

by some peripheral model asa function of s, t,and helicities. From 

this formula, we see that great care must be taken in the interpretation 

of experimental results'. In general, the shape of the peaks may differ 

with 

(I) different kinds of reaction, though they all involve the 

same two resonances, 

(II) different final decay channels of the resonances, 

(III) different values of s, t, and helicities. 

If we add various combinations of the above as in each of the Experiments 

(a) to (d), we get incoherent information, mixed together with coherent 

information, within the overlapping region. Empirically, a fit· with 

two incoherent poles has beep found to give an unacceptable chi-squared. 

On the other hand, a fit with two coherent poles does not necessarily 

give the "true" pole positions, no matter how good the chi-squared. If 

in the future weare able to get totally coherent information for a 

particular reaction (a definite helicity for each particle involved), 

we need in general two complex numbers for the pole positions and two 

complex numbers for the numerators' t'ij!J.' Precise identification even 

of the "true" pole positions will thus be extremely difficult. At the 

same time, we also see from Eq. (2) that, for a given reaction and decay 

channel, the extent of the splitting depends on sand t. Weneed 

not be surprised, for example, that in the bubble chamber experiments 

which give an incoherent superposition at all allowable t with given 
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f + d d A+' s, 0 :J( P - pro uce 2 s decaying into o + (n p ), a slight splitting 

is seen in Experiment (c) with 2 s = 10.3 GeV , while no splitting is 

seen in Experiment (a) with s = 14.1 Gel. 
At present, we have no information about the helicities of the 

particles involved in the reactions. We therefore ignore this compli-

cation in what follows. Consider the three sets of (m,r)'s quoted 

above. There is as yet no definite basis on which to decide between 

these sets. Recently, however, an analysis by Fujii and Kato [8J gave 

some indication that case (iii) above is slightly favored over the other 

two choices; the broad A2 of width 90 MeV may then consistently be 

as~igned to the standard SU(3) 2+ nonet. There is presently no 

established particle family to which the sharp (lO-MeV width) A2 can 

be assigned, but high-mass sharp resonances are beginning to accumulate. 

Though still tentative,there are several Y = 0 narrow bumps listed 

in the recent Particle Data Table '£9]. Let us then assume, for the sake 

of discussion [10], that the A 's 2 correspond to case (iii), namely, 

the overlapping of a broad and a narrow resonance. 

We now consider specifically Experiments (b) and (d), the latter 

with the decay channel (K+Kl ), and we suppose that the result of 

Experiment (d) would be true also for a definite value of t, 

t = -0.28 Gev2 • We want to exhibit conditions by which the result of 

Experiment (b) becomes consistent with the result of Experiment (d). 

Let us write A2x = A2B' A2y = A2N , and take for simplicity 

~ = ~ = m = 1300 MeV, r B = 90 MeV, and rN = 12 MeV. Denoting the 

numerator products Tf A TA . 
~ 2B 2BP~ 1 

and Tf A TA . 
~ 2N 2NP~ 1 

by 

and Nfi' respectively, Eq. (2) becomes 

.. 
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(E - m)(Bf·~ + Nfo) + i 
. J. J. 

Since the two mesons have the same mass and J P, the factors involving 

the angles and kinematics of f = (KiO in the decay factors T 
f(,- A2 

can be factored out from the whole expression Eq. (3) and separately 

integrated over in 

Now let us assume that A2B is produced by a superposition of 

two mechanisms, one of which changes sign under n- ~n+ (e.g., the 

exchange of one, or one set o~ I = 1 trajectories), i.e., 

B = B' + B" 

N :> N. 
n-~ n+ 

role of B' 

:> B' - B", whereas for the production ofA2N, 
n-~ n+ 
(If we assume N --:>~ -N instead, we merely switch the 

n-~ n+ 
and B".) Then the n-p Experiment result (b) of a deep 

dip implies that 

r (B' + B") + r N ~ o. 
N B 

(4 ) 

Relation (4) implies that the production and decay amplitude of A2N 

is about 10'% of that of A
2B

• Furthermore, for some unexplained reason 

the phases are. such as to produce the cancellation depicted in this 

relation at these values of sand t • 

. Note that because the splitting in Experiment (b) is so 

symmetrical and so deep we are led, at least to a good approximation, 

to use only three parameters m, and to reproduce the 

distribu,tion in the form of Eq. (3) withEq. (4) (with our choice of 

one broad and one narrow resonance). Thus we can unambiguously identify 
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the pole posi tions:from this experiment, eVen though. the values quoted 

above are originally obtained :from a coherent :fitting o:f the incoherent 

data gathered :from Experiments (a). . Fortunately the latter show 

essentially the same shape o:f splitting. 

For the ll+P Experiment (d), the term corresponding to the 

le:ft-hand side o:f Eq. (4) becomes 

by using Eq. (4). Now i:f it happens that, :for these values o:f sand 

t, 

G· 2B" ~ :::::: ± 1, (6) 

- B" + N 

then, :for the ll+P production~ 

and there:fore a single peak o:f width r B will be observed, the lack o:f 

splitting not being due to low resolution. I:f (B' - BU) f 0, so 

that N« (B' - B"), we get :from Eq. (6) 

B' ~ 3B" or B' :::::: _BU. (8) 

- ) 

I.' . .. 

.. 
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Note that the decay factors of B' and B" in Eqs. (8) cancel 

out; that is, these are relations for the production factors of A2B • 

The various data indicate that the splitting (or lack of splitting) has 

only a weak dependence on s. If we consider a Regge pole model for 

the production amplitudes lllT in which only one set of weakly exchange .. 

degenerated trajectories (p', A2 and p,w) contribute~then the 
1 

factor S2 in expressions like Eq. (4) and Eq. (6) can be cancelled 

out. Therefore these expressions are roughly independent of sand 

give relations among the Regge residues only. 

I wish to express my gratitude to Professor G. F. Chew for 

guidance, to I>ro:fes~or G. Goldhaber for his interest in our I'lork, 

and to Dr. A. Barbaro-Galtieri for pointing out errors in an early 

version of this study 1:1,2]'. Criticisms from C. K. Chen and S. S. Shei 

are gratefully appreciated. 
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