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CC!4MEN!' ON THE DECAY OF v3 .l INTO 

EVEN .G-PARITY STATES 

Michael S. Chanowitz 

Lawrence Berkeley Laboratory 
University of California 

Berkeley, California 94720 

February 12, 1975 

In this note I will discuss what we can learn about the 
' 

. ~2 . .. 
dynamics of the new particles by studying the decays of 11r

3 
.l into 

even G-parity final states •. Experimental indications that G = +1 

decays are rare are consistent with the hypothesis that v
3 
.l is a 

hadron with G = -1. As a hadron, it is created by a virtual photon 

+ - . ' 
in e e annihilation, and so it may decay via a virtual photon into 

ha.drons, as in Fi8. lA. Because the purely hadronic decays of 11r
3

•
1 

3 
are suppressed 'by ""' 10 , the process indicated in Fi8. lA (hereafter 

referred to as the "type A" process) has a much larger branching ratio 

(by ""' lo3) than the 10-
4 

we would have guessed by just counting 

powers of ex. Squaring this amplitude, we obtain a. contribution to the 

hadronic width, 

~ 12 keV, (1) 

where we have used.3 RI
3

GeV = a(e+e--+ hadrons)/a(e+e--+ !l\.1.-) 1
3

GeV 
4 .. + - . 4 

= 2.5 and ·. r(v
3

•1 ... ll ll ) = 5 keV. Since r(v
3

•1 ... hadrons) 

~ 6o keV, about 2C/{o of the ha.dronic width· of 11r
3 
.l is due to the type 

A process. 
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Similarly for exclusive G = +l channels such as the decay 

into 2n pions, we have 

= • r(ljr3.l ... 11+11-) • 

= 3GeV 

(2) 

Using experimental values, 3' 4 we find that the branching ratios for 

+ -ljf
3 
.l -+ 21( 21( and 

cross section far 

are each "' !. % • 
2 

Given the enormous 

+ -e e -+ ljr
3

•1 at the peak of the resonance, it should 

be possible to measure these decay modes if they are indeed present 

near the l% level. 

The above remark has often been made in recent months. Here 

I will discuss two related issues: 

l) By determining whether there are other important mechanisms 

by which ljr
3

•1 decays into G = +l states, we can learn 

about the nature of the dynamics which underlies the new 

particles. 

2) How large are the dynamically uninteresting sources of 

G = +l states in e+e- annihilation at "VS= 3.1 GeV 

which determine how well we can detect the dynamically 

interesting mechanisms referred to in l) above? 

The alternative mechanism (hereafter referred to as "type B") 

for the decay of ljr
3

•1 into a G = +l state is illustrated in Fig. lB, 

which is single photon irreducible as opposed to Fig. lA. The simplest 

examples of type B mechanisms are processes in which ljf decays by 

strong interactions into a G = -l state which then undergoes electro-

magnetic final state scattering or electromagnetic mixing into a 

.. 
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G = +1 state. A specific example is illustrated in Fig. 2: 1jr decays 

into ~~ which mixes electromagnetically into p~~. 

The important point is that from our ki10wledge of the electro-

magnetic properties of ordinary hadrons, we can be confident that such 

final state interaction amplitudes are much smaller than the type A 

amplitudes. Therefore if there is a large discrepancy between the 

observed rate of G = +1 decays and that which we would expect due to 

the type A mechanism, it would mean that 

1) either the 11ypothesis that 1Jr
3

_
1 

is a G = -1 hadronic state 

is false, or 

2) that the type B mechanism is involved in a way which illuminates 

the internal dynamics of the new particles. 

In the remainder of this note I will make the preceding statement 

more precise and will illustrate how the presence or absence of 

important type B amplitudes can help us to understand the dynamics of 

the new 18rticles. 

First consider what is meant by a "large discrel8ncy" between 

the observed G = +l decay rate and the rate which is expected from 

the type A mechanism. In addition to the type A mechanism, there are 

two trivial sources of G = +1 states in + -e e annihilation at 

Vs = 3100 MeV--the nonresonant background and type B decays of ljr
3 
.l 

in which the electromagnetic interaction involves just the final state 

hadrons (e.g., Fig. 2). These two amplitudes may interfere with the 

type A amplitudes, and since the relative phases are unknown we cannot 

calculate the sum but can only estimate the range of possible values •. 

Therefore the presence of these two trivial sources of G = +1 states 

determines a "noise level" beneath which we cannot hope to detect the 
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more interesting type B processes which probe the internal dynamics. 

This "noise level" provides the scale which determines what is meant 

by a "large discrep~.ncy. " 

Consider first the nonresonant background. The background 

cross sections are3 

( +- + -), (+- + -)1 
a e e -+ 2rc 2rr 3 .lGeV ~ a e e -+ 3rr 3rr . 

3
.lGeV ~ 0. 7 nb. 

Taking the "true" cross section at the peak of the resonance5' 6 as 

( +- ) 5 "t II a e e -+ ~3 • 1 -+ hadrons ~ 1.0 • 10 nb., we compute rue cross 

sections of 

( +- + -) aA e e -+ ~3 • 1 -+ 2rr 2rr 500 nb. 

(With the SPEAR resolution, "true" cross sections of 500 nb correspond 

to observable cross sections of 12 nb.) Therefore the interference 

between the nonresonant background and type A amplitudes give rise to 

cross sections which may differ from 500 nb by a "noise" factor of 
1 

1 ± 2(0.7/500)2 = 1 ± 0.07. 

Consider next type B processes involving electromagnetic 

interactions among the final state hadrons. These amplitudes are 

typically of order a comp~.red to the nonelectromagnetic decay am-

plitudes, which are in turn only a factor of 

larger than the type A amplitude. Thus these type B amplitudes added 

to the type A amplitudes will create interference effects of order 

1 
2 

+ 2 ( 137 ) - 1 ± 0.03. 
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To improve on the above order of magnitude estimate of electro-

magnetic final state effects, we would have to do a detailed study of 

each hadronic final state. Such an analysis would require more 

experimental information about the final states than we are likely to 

have in the near future. - As an especially simple and experimentally 

accessible example, consider the process illustrated in Fig. 2. The 

probability for p- w mixing is r{w- rr + rr- )/r(p0
- rr \c-)=-= 0.85 • 10-3 • 

If x isthe fraction of nonresonant + - + -e e - 2rr 2rr events at 

·, Vs = 3 GeV which are in the 0 + -p rr rr mode and y is the branching 

ratio r('ir
3

•1 - a:ur+rr-)/r(w
3

•1 - hadrons) then the type A mechanism 

0 + - 1 -2 contributes a branching ratio for w3.l - p 1f :TC Of 2 10 X and the 

B process of Fig. 2 causes this to be multiplied by an interference 

"noise" factor of 1 t 2 (<o.85)10-3y/~ JJJ-2x)f; • With 7 y - ~ · 10-
2 

and x ~ 1/3 we get 1 ~ 0.07, which is consistent with the above 

order of magnitude estimate. If x were much smaller than 1/3 , the 

noise factor would be larger, but this would not have important 

consequences since prrrr would then be only a very small fraction of 

the 2rr+2rr- events (the number of prrrr events decreases. like x 

while the noise only increases as 1/-{; ) • 

Since we cannot. now hope to carry out such an analysis for 

each important final state, we will have to use an order of magnitude 

estimate. To be conservative, we allow an extra factor of three beyond 

the initial estimate of 1 ± 0.03, so that we estimate interference 

effects due to final state interactions at 1 ± 0.1. Combining this 

with the above estimate of interference with the nonresonant background 

(1 t 0.07) we obtain a generously large estimate of 1 t 0.2 for the 

total.noise level due to "uninteresting" interference effects. ·As a 
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practical matter, the uncertainty in this estimate is not at the moment 

very important, because the experimental errors in the measurement of 

the nonresonant + -21t 21t and cross sections are even larger. 3 

These errors, which are ·~ 2o%, introduce greater uncertainty in the 

estimate that crA (21t +21(-) "" a A (31r +31r-) "' 500 nb than the uncertainties 

in the est:Jma.te of the "uninteresting" interference effects. 

We now briefly illustrate how the dynamics underlying the new 

particles determines whether there are additional large type B 

amplitudes for ~3 • 1 to decay into G = +1 final states. As a first 

example, consider the hypothesis that 
8 

has the Han-Nambu 

assignment "(1,8), i.e., a singlet under ordinary SU(3) and an octet 

under the color SU(3). Since the electromagnetic current is 

J = J(8 ) + J( 8) there are type B amplitudes em , 1 1, , 

(~(l,8) I J(8,l)(x) J(l,8)(0) I (8,1)) which transform ~3 • 1 into an 

ordinary ( 8, 1) had.ronic state which may then decay with a typical 

hadronic width ~ 100 MeV. Thus we estimate the partial width for 

such decays to be rB ~ a2 • 100 MeV"" 10 keV, which is of the same 

order of magnitude as the contribution of the type A process, 

r (W. -+ r -+ hadrons) ~ 12 keV. Therefore with Han""'Nambu dynamics, A 3.1 

we expect G = +1 decays of ~3 . 1 at a rate which differs from the' 

A-type rate by much more than the 2o% "noise level" discussed above. 

As a second example, we consider a model which is unattractive 

from a theoretical point of view but which, given the depth of our 

ignorance, nonetheless deserves consideration from a phenomenological 

point of view. Suppose, in p3.rtial analogy with charmonium models, that 

~3 • 1 is a bound state of new quarks, q'q' , which carry a new quanWm 

number. The new quantum number is conserved by strong interactions 
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but, unlike charm, is violated by first order electromagnetic interac-

tions. Exchange of a single photon then allows the transition of the 

new quarks to an ordinary qq quark p:~.ir which has an uninhibited 

transition into hadrons. As in the preceding estimate we then expect 

r B ~ 10 keV and there should be substantial deviations from the 

rates expected for type A processes alone. 

Consider next those versions of the charmonium model9 in which 

the narrow width of v
3 
.l is viewed as analogous . to the poorly 

understood suppression of ¢-+ rrrrrr (often referred to as "Zweig's 

rule"). Experimental informa. tion from ¢ decays suggest tha. t the 

suppression mechanism continues to operate in dec~ys in which both 

strong and electromagnetic interactions occur. For instance, 

r(¢ -+ rr0 -y) as measured at Orsa.y is consistent with the .rate to be 

expected using vector meson dominance and the hypothesis that 
+ 0 . d 0 + - 0 10 ¢ ... rr rr-rr proceeds primarily via 'P -+ prr -+ rr rr rr • Therefore if 

the '1jr - ¢ analogy is correct, all type B decay amplitudes of v
3

•1 

are of order a smaller than the (suppressed) strong decay amplitudes. 

All type B amplitudes are then of the same order of magnitude as the 

previously discussed type B amplitudes involving electromagnetic 

interactions of the final state ha.drons. Therefore in thes.e models we 

expect v
3

•1 to decay into G = +1 states at the rate to be expected 

from type A amplitudes, with corrections in the rate of no more than 

"" 3Cffo, which includes the "" 2CI'/o "noise level" discussed above. (A 

caveat: it.is possible, though it seems far-fetched, that second order 

electromagnetic processes could violate Zweig's rUle although first 

order processes donot. In this case, type B amplitudes could be much 

larger.) 
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A more quantitative evaluation of the type B amplitude is 

possible in the charmonium model of Appelquist and Politzer, 11 since 

in that model the underlying dynamics is precisely specified to be an 

asymptotically free, non-Abelian gauge theory. The strong interaction 

decay o:f v
3 
.l into hadrons is calculated :from the amplitude of 

Fig. 3, as if the three gluons were actually produced on their mass 

shell. It is assumed that the confinement mechanism which is 

conjectured to operate at large distances (- 1 fm.) causes the gluons 

to have a transition into ordinary hadrons with unit probability. The 

result o:f their calculation is 

r( 1jr3 .1 .... 3 gluons .... hadrons) 5 = ill 
2 
9 

rc2 - ~ a 3 ( ~ a )3 m 
1( s 3 s c 

where as ';;; 0.19 is determined 6 :from r( v
3 
.l .... e +e-)/ 

(3) 

r(v3 .1 -+ 3 gluons .... hadrons) ~ 5/48 and me is the mass of the 

charmed quark. 

The leading type B amplitude is obtained by replacing one of 

the three gluons in Fig. 3 with a photon. For this process I have 

obtained12 

8 
= 9 

2 
9 

( 4) 

However at distances o:f order 1 :fm., the effective coupling of the 

photon is still e = (4:rra)i = (4rc/137)~, so that the transition 

r + 2 gluons .... hadrons occurs with a rate of order a and not of order 

one. Therefore we estimate 

rB(v
3

•1 .... r + 2 gluons .... hadrons) 

r (v3.1 .... 3 gluons .... hadrons) - (5) 

.. 
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Since rA (w
3
.l-+ 'Y -+ hadrons)/rTOT(w

3
.l-+ 3 gluons -+ hadrons) "' 1/4, 

we have 

rB ( 1Jr
3 
.l -+ 'Y + 2 gluons -+ hadrons) __ 

- ·- 3.6 • 10-3 . (6) 

Interference between the A and B amplitudes can therefore modify the 

rate due to the type A process alone by a factor 
1 

1 ± 2(3.6 • 10-3 )2 = 1 ± 0.12 • Taking account of the previously 

discussed "noise level," the observed rate for w
3 
.l to decay into 

G = + 1 states should not differ by more than "' 3o% from the rate 

due to the type A process alone. 

The analysis which has been presented here is possible because 

of the enormous cross section for + -e e -+ w
3

•1, which makes the 

"signal-to-noise" ratio extremely favorable, that is, the ratio of the 

type A amplitude to the uninteresting sources of G = +1 states. It 

would not be profitable to pursue such an analysis of the decays of 

¢ and . w
3

• 
7

• For instance, ( + - ¢ + -) a e e -+ -+ r -+ rr rr 
A 

is only -2% of 

the nonresonant background for + - + -ee -+rrrr at 1{; = 1 GeV, and 

( + - + -) a A e e -+ w
3

• 
7 

-+ 'Y -+ 2rr 2rr is probably a few times smaller than the. 

( + - + - ) ... r 8 13 nonresonant cross section a e e -+ 2rr 2rr at ys = 3. GeV. 

To conclude: the hypothesis that 1Jr3 .l is a G = -1 hadron 

implies that "' 2CJ{c of the hadronic decays proceed through a virtual 

photon--the type A mechanism of Fig. lA. Regardless of dynamics, 

interference effects may cause decay rates into G = +1 states to 

differ by as much as 2CY/o from the rate due to the type A mechanism 

alone •. Additional large type B interference effects may or may not be 

present, depending on the internal dynamics of the new particles. For 
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example, in the charmonium models, additional interference effects are 

small, $ lCY/o, but in the Han-Nambu color model, type B interference 

effects would be as large as the type A amplitudes. 
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FIGURE.CAPI'IONS 

F~. 1 •. Type.A and Type B decays of V).l into hadrons. 

Fig. 2. Elca.mple of a Type B decay involving electromagnetic mixing of 

the hadrons in the final state. 

Fig. 3. The strong interaction decay of w
3 
.l in the charmonium model 

of Appelquist and Politzer. 
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