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The possibility of direct experimental determination of certain coupling constants or partial widths is 
examined. As an illustration of the proposed method the process p —> N+TT is discussed in some detail. Among 
other cases discussed are co —• p+ir, Y0* —> K-\-N (to determine the F0* spin), and 2 —> A-\~ir. 

A METHOD is proposed for measuring coupling 
constants, or partial widths of resonances which 

are small or normally inaccessible for kinematical 
reasons.1 The idea is most readily pictured (with no 
loss of generality) in terms of observing breakup of a 
compound particle A into a particular set of its con
s t i tuen t particles (let us say two particles 4 and 5). 
When breakup occurs exoergically, one directly observes 
the partial width, or, within a known factor, g2A4&> We 
can, however, also observe the tail of a partial width 
to a channel that is normally inaccessible (m,A< w 4 +w 5 ) 
by observing the breakup, at higher energy, of the 
virtually produced particle A. I t is hoped that, although 
this virtual breakup cross section is small, it will 
dominate under appropriate conditions. 

Consider the reactions 

1 + 2 - » 3 + 4 + 5 , 

1+2-+3+A. 

(1) 

(2) 

Let the total energy be W, four-momentum squared be 
A2, and invariant energy of 4 and 5 be co: 

W*=(pi+pa)*, A2=-(p2-pz)2, cc2=(p,+p5)
2. 

If we assume that the dominant mode for (1) is the 
breakup (i.e., decay) of a resonance A [Fig. 1(a)], 
written aby we can write 

daul(to,W,A)~dab 

r45 dec P* 
-N(a,W,A) dau(W,A), (3) 

7r \cor—co—iT\2 p-s 

when we have integrated over the angles of the relative 
momentum of 4 and 5. 7V(co) is an unknown function 
like a form factor for producing A off-the-mass shell, 
N(tor,W,A) = l. The factor pz/pz is a phase-space 
correction involving the momenta of the recoil in the 
over-all center of mass. We are interested in deter
mining the partial half-width T45. The standard pro
cedure is to measure the total width from the shape of 
da111 (co) and to measure the branching ratios in the 
various channels. We propose here that when this 

* Supported in part by the National Science Foundation. 
f A preliminary version of this work is contained in the Pro

ceedings of the Athens Conference on Recently Discovered Res
onant Particles, Ohio University, 1963 (unpublished). 

1 Similar possibilities are considered in M. L. Good and W. D. 
Walker, Phys. Rev. 120, 1857 (1960), and P. T. Matthews and 
A. Salam? Nuovo Cimento 12, 126 (1961). 

simple method is not adequate (i.e., W A < W + W S , or 
the orbital angular momentum in the system 4 + 5 is 
large and m ^ « w 4 + m 5 ) , T45 can still be measured by 
comparing the cross section (1) to (2) at the same W 
and A but at higher energy co such that breakup into 
4 and 5 is probable. 

The expression analogous to (3) is readily obtained 
for the case where A is a bound or stable state (i.e., 
using perturbation theory): 

G2 dec p>/ 
d<rb^—~ k2l+lN da11, 

w (co2-M2)2 pz 

(4) 

where k is the relative momentum of particles 4 and 5 
in their center of mass and G is the coupling constant 
gAtb- Here we have neglected final-state scattering, and 
breakup into other channels. To remove this restriction. 

M—~ co —> cor~co~iT, (5) 

with &~~»//c, K > 0 , below threshold in any channel. A 
good relation between partial half-width and coupling 
constant is 

G2 r W 

4m A' l+r2{k2~-h2). 
k, (6) 

with k0 the value of k at the resonance or bound state, 
and r an appropriate radius. Using (5) and (6), (4) is 
essentially the same as (3). 

The production (1) may proceed by other modes. 
We argue that at high total energy W, other modes 
will spread all over the three-body phase space in co, while 
the breakup process is concentrated at co near MA 
because of the pole. Thus, at fixed co, other modes 
become smaller compared to da11, as W is increased, 
while dab remains fixed. (Note that the total a111 and 

5 (a) 

1 ^ 3 

(b) 

(O 

FIG. 1. The breakup process (a), 
and related processes (see text). 
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a-11 do not increase with phase space at high energy, 
but must slowly decrease with energy if the total cross 
section is to remain constant.) A rough criterion for 
sufficiently high W is that the fraction of three-body 
phase space appropriate to observe the break-up process 
(this would correspond, for example, to Aw«W4+^6 
—mA, or perhaps to Aco^ smaller of m^ w6, etc.) should 
be small. For example, for p—p scattering at 13 BeV 
in the lab where we observe the breakup p—>N+w 
(see below), the three-body phase space ratio will be 

Ap3 f kdco 
— = &W* , 

P 3 J (W 2 -4M 2 ) 2 

which will be about 3 % if we observe the breakup in 
the region M+ix<u<M+3fj,, and about 10% at 5 BeV. 
Thus, it seems practical to choose W large enough so 
that the breakup process is likely to dominate for 
small o). There are two additional handles on the 
breakup process: (1) I t is proportional to d<ru(W7A) 
which will probably be a rapidly varying function of A. 
(2) An extrapolation to 03=mA is, in principle, possible. 
If the data permit an extrapolation, the coupling 
constant is determined as the residue at the pole.2 

Further aspects of these points are discussed below. 
The disadvantages of the proposed method are: (1) 
The breakup cross section will be small. (2) When the 
breakup system is in a p state (as seems to be typical), 
there is a strong zero (kz) in the cross section at thresh
old, i.e., between the data and the pole in question. 

To clarify the proposal, we consider as an exercise 
the measurement of gjviw by comparing 

(7) 

(8) 

Experiments at high W have been done by Cocconi 
et al? They observed the fast recoil proton in the lab. 

and 
p+p -> p+ (N+w) 

p+p->p+p. 

FIG. 2. The cross 
section for reaction 
(7) at 12.99 BeV/c 
as a function of recoil 
proton momentum 
(or co) taken from 
Ref. 2. The dashed 
curve represents the
ory for the p —> N 
+7r breakup process 
(see text). 12.0 12.5 13.0 ^(BeV/c) 

— T — 1 — j — n 
4JA Z/x 2/x ft 0 

2 The analogy of many aspects of this proposal to the Chew-Low 
[G. F. Chew and F. E. Low, Phys. Rev. 113, 1640 (1959)] 
proposal for measuring inaccessible cross sections is obvious 
[e.g., point (2) just below]. It is hoped that as a result of point 
(1) above and the known dependencies illustrated by Fig. 3 
below, the validity of the present method will be subject to 
convincing experimental tests. 

3 G. Cocconi, A. N. Diddens, E. Lillethun, G. Manning, A. E. 
Taylor, T. G. Walker, and A. M. Wetherell, Phys. Rev. Letters 
7, 450 (1961). 

FIG. 3. Sketch sug
gesting the form of 
partial wave contri
butions to dalu (w) 
for reaction (7). 

Note that at high W the recoil and breakup protons are 
completely distinguished by being fast or slow in the 
lab; interference between them being negligible. Calcu
lating (7) in terms of (8) using pseudovector coupling, 
one obtains (4)4 and finds that G2/x2/4Jkf2 is the usual 
PV coupling constant 

G V / 4 M 2 ~ 0 . 0 9 . (9) 

Of course, perturbation theory reveals the correct pole 
and threshold behavior shown in (4), but the prediction 
for N(oi) is worthless. In the numerical work below, 
we take N= 1. I t turns out that the Cocconi experiment 
does not have quite enough resolution for our purposes 
(of course, the experiment was not designed for these 
purposes); the resolution can, in principle, be easily 
improved by observing the breakup system. In Fig. 2, 
calculated results using (4) and (5) and the measured 
elastic cross section da11 shown in the figure, are shown 
as the dashed curve. I t is seen that an upper bound on 
g2NNT roughly twice its actual value is already set by 
this experiment. I t is of interest to note that in the 
interval if+/x<o><Af+3/z the calculated value of 
fdaul/dan is 4%. 

In terms of the angular momentum states in the 
center-of-mass system of 4 + 5 (N+w), we can write 
da111 as a sum of partial cross sections (Fig. 3). The 
experiment would become convincing if one could 
determine the shape of daul(o)) well enough to distin
guish the 5-wave contribution and to say something 
about the ^3/2 and ^3/2 nucleon isobar contributions 
(the latter is already clearly seen in the Cocconi 
experiment). 

We return to the general problem to discuss two 
miscellaneous points. At small momentum transfer the 
process of Fig. 1 (b) will contribute and be concentrated 
at small co. This process will have completely different 
momentum transfer behavior than the breakup process 
and lacks the pole at MA, having a more distant cut 
instead. We can discriminate against it by going to 
larger momentum transfer (e.g., A2>M2/2 in the p — p 
example discussed above). A second process, Fig. 1(c), 
is, in part, already included in ab. This is the process 
which might most obviously contribute anomalous 
singularities. I t has been studied for its analytic 

4 There is also a small, 0(JJ,A/M2) compared to k2, s-wave 
(TT+N) production term associated with the antinucleon inter
mediate state. 



2680 M A R C R O S S 

properties in co by Landshoff and Treiman.5 They find 
that at high W ( P F ^ > W + W ) , there will be no singu
larity in co near the normal thresholds, so that an 
extrapolation from co=w4+Ws to TYIA is, in principle, 
possible. 

Let us consider some possible applications for the 
method. Since the function iV(co) of (3) or (4) is not 
known and we look to the pole in ab to help it dominate 
other production mechanisms, we must do experiments 
as near the pole co = ra^ as possible. With this in mind, 
we list several experiments with recoil and breakup 
breakup particles first and second, respectively, on the 
right-hand sides of the reactions : 

7T~+p -> n+co (10-11) 
-> # + P ± + T T ± (10-111) 
~->n-{-K+K, 

T+p->p+p- (11-11) 
- > £ + C 0 + 7T- ( l l - I I I ) 

->p+K°+K-, 
K-+p->p+K*~ (12-11) 

-+P+K-+7}, (12-111) 
p+p->p+(N**)+ (13-11) 

-+p+p+y 
-> p+A+K+ (13-111) 
-+P+P+P0 

->p+p+o), 

K~+P->TT++2- (or7r~+Z+), (14-11) 

(or TT-+P - > K++2~) 

-+7T++A+7T- , (14-111) 

K~+p-^T~+(Y^ (15-11) 

-^T-+K°+p, (15-111) 

Tr-+p -> K°+ F0*(1405 MeV) (16-11) 

->K°+K+N. (16-111) 

Also one could consider the analogous case : 

ir~-\-p —» n~\-r} 

—>n+7r++7r~"+7r++7r"~. (17) 

The experimental difficulties are, in many cases, 
enormous. Of course, in cases like (10) and (17) one 
may use w++d. 

A few remarks can be made about specific cases. 
In (10) it may be assumed that the on-the-mass 
shell co already decays into p + x (with p far below its 
resonant energy), while a high-mass co can decay into 
p+7r with the p on the mass shell. To investigate this 
crudely, we estimate the dependence of the co half-width 
on energy from 

r r p ( € ) <?• 
Y^ \ de , 

J (mp-e)2+Tp
2l+r2q2 

8 P. Landshoff and S. Trieman, Phys. Rev. 127, 649 (1962). 

TABLE I. Number of events in various intervals of co mass. 

Energy of the co decay 
(MeV) 

760-800 
800-900 
900-1000 

1000-1100 
1100-1200 

Relative number 
of co's 

1.0 
0.09 
0.08 
0.06 
0.05 

where e is the energy of two pions in their center-of-
mass system and q the momentum of the third in the 
over-all center-of-mass system, and the half-width 
Tp=a^/(l+r2k2) — 50 MeV at resonance. The co-decay 
distribution is found with this width to have a long, 
low tail on the high side. The number of events in 
various intervals of co mass is shown in Table I for the 
case of co full width at the peak of 5 MeV (this is near 
the optimum width for the effect). There is a broad 
weak secondary maximum in the distribution near 
1 BeV which does not explicitly appear in the table. 
If the co width were energy-independent, the relative 
number of events above 800 MeV in Table I would be 
0.044. If a somewhat larger width at the co peak were 
chosen, the number of events above 900 MeV would 
decrease. A smaller width would shift the peak in the 
tail to higher energy, the number of decays in a given 
interval would decrease. 

In cases (11) and (14) the two-body cross sections 
are large and the interpretation relatively clean cut, 
in (14) the pole being close. The couplings involved, 
g(2Air) and g(pco7r), are of great theoretical interest. 

Case (16) is the only one which may involve s-wave 
breakup. The question of interest is not at present the 
coupling constant, but the spin and parity of F0*. The 
| ~ hypothesis could be tested by looking for s-wave 
T=0 KN production at low energy, proportional to 
Fo* production. As always one has to find a situation 
where F0* is produced cleanly, presumably at high 
energy. Adopting the J~ hypothesis and using the 
approximation Re (1/cz) = const, where a is the KN T=Q 
scattering length in Humphrey-Ross solution 2,6 the 
XT peak occurs near the correct energy (1405 MeV) 
and one finds the Fo* decay ratio 

KN/2T=h 

where the denominator is integrated around the F0* 
peak from 1375 to 1435 MeV and the numerator from 
threshold (1435) to 1535 MeV. 

In several cases, (13), (14), and (15), one has to 
worry about breakup processes from other nearby 
poles, as in the p —> N-\-w case above. One again hopes 
that the distributions of the two-body processes 
da11 (A), and the threshold dependences of the partial 
contributions to da11J(o)) will differ sufficiently to allow 
distinction between the various pole terms. One would 

6 W. E. Humphrey and R. R. Ross, Phys. Rev. 127,1305 (1962). 
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like to suggest looking at (K+N) as a breakup of 2 in 
(14), but in view of the Fx* and Fx** contributions 
this would be particularly difficult. We also note that 
the experiments on boson systems (10), (11), and (12) 
necessarily involve looking at breakup systems which 
are fast in the lab and, thus, more difficult to measure. 
In view of these difficulties, it may be guessed that 
most of these experiments will require highly refined 
equipment triggered on the processes in question. But 
it is just possible that some could be performed as a 
byproduct of large bubble-chamber experiments (note 
4 % estimate in p—>N+w case above). As another 
example, reaction (14) could be examined at say 5 BeV: 
Consider only events associated with one very fast -w 
in the lab. If several hundred slow charged S's were 
found, determining da11 (A), one could plot individual 

TH E two solutions obtained by Humphrey and 
Ross1 for the KN scattering lengths suggest the 

existence of a Dalitz-Tuan type resonance2 in the 1—0 
state. I t is, however, not yet conclusive quantitatively 
whether it corresponds to the F0* recently observed.3,4 

There is some indication that the imaginary part of the 
isosinglet scattering length is too large for the above 
identification to be valid, especially in the first solution 
(hereafter referred to as HR-I) . 5 - 8 Also it seems rather 
difficult to obtain a unique solution from the data on 
low-energy K~p reactions only.9 In this note we shall 
make an analysis on the low-energy KN data assuming 
that the F0* has a spin \ and even parity with respect 
to KN. 

In the zero-range approximation the (real) phase 

lW. E. Humphrey and R. R. Ross, Phys. Rev. 127, 1305 
(1962). 

2 R. H. Dalitz and S. F. Tuan, Ann. Phys. (N. Y.) 10, 307 (1960). 
3 M. H. Alston, L. W. Alvarez, P. Eberhard, M. L. Good, W. 

Graziano, H. K. Ticho, and S. G. Wojcicki, Phys. Rev. Letters 6, 
698 (1961). 

4 G. Alexander, G. R. Kalbfleisch, D. H. Miller, and G. A. 
Smith, Phys. Rev. Letters 8, 447 (1962). 

5 Y. Miyamoto, Progr. Theoret. Phys. (Kyoto) 27, 203 (1962). 
6 T . Akiba and R. H. Capps, Phys. Rev. Letters 8, 457 (1962). 
7 T . Akiba, Progr. Theoret. Phys. (Kyoto) 29, 439 (1962). 
8 Y. Fujii, Progr. Theoret. Phys. (Kyoto) (to be published). 
9 For example, the observable results calculated from Humphrey 

and Ross's two solutions are distinguished with each other 
mainly by a delicate energy dependence of the ratio 2~/2+ . 

(A+7r) events, in a suitable a> interval, as a function of 
A weighted by I/da11 (A). There might be several tens 
of such events. The distribution should be constant. 
The weighted A+7r events for all suitable A should also 
be plotted against co to test the kz dependence. The 
charged Fi*, distribution should also be examined to 
show, with luck, that the low co (A+?r) events of 
interest were not the tail of that distribution. Passing 
all these tests, daUI/da11 would be interpretable by 
means of (4) in terms of ^2ASTT. 
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shift 5 of isosinglet 7rS scattering below the KN thresh
old is given by2,8,10 

q 1 Ko K — Kr 

-cot5M« , (1) 
q z Kr K—KQ 

where q is the TTL momentum, q being its value at KN 
threshold; K may be taken as the average of the absolute 
value of the (imaginary) K~p and K°n momenta, and 

Kr= — (ao+boz)-1, (2a) 

KO= — (flo™ bo/z)-1, (2b) 

where A 0 = a0+ib0 is the isosinglet KN scattering length, 
z being given by 

2=tan<p, 

with <p, the value of 6 at KN threshold. At nr and K0 

there occur a peak and a dip, respectively, in the 
xS scattering cross section. 

The pole at K0 in the inverse of the 7r2 scattering 
amplitude is peculiar to a two-channel problem; an 
example of such a pole can be easily found in a simple 
chain approximation model.10 The location of K0 varies 

10 Y. Fujii and M. Uehara, Suppl. Progr. Theoret. Phys. (Kyoto) 
21, 138 (1962). 
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Fo* and the Low-Energy KN Interaction 
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An analysis is attempted on the low-energy KN data by assuming that the Fo* is an 5-wave KN bound 
state. Two tentative sets for the scattering lengths are obtained which are similar to that of Akiba and 
Capps, and fit all the low-energy data reasonably well. 


