VOLUME 22, NUMBER 14

PHYSICAL REVIEW LETTERS

7 APRIL 1969

6C. G. Callan and D. J. Gross, Phys. Rev. Letters 22,
156 (1969).

"Use of an infinite-momentum frame simplifies cal-
culations [S. Weinberg, Phys. Rev. 150, 1313 (1966)].
However, Weinberg’s result that in @3 and ¢! theory
all “Z diagrams” disappear in such a frame cannot be
generalized to a theory involving particles with spin.
As to be discussed in the text later, we can omit these

diagrams only in the large-w region for our present
calculations because they do not give leading contribu-
tions.

8Weinberg, Ref. 7.

9We can also make the important observation from
this relation that the cutoff &) maxz appearing in our
calculation corresponds to a Lorentz-invariant momen-
tum cutoff for w> 1.
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By considering the decay reactions w — 37 and n—7 +7 +v within the framework of the
Veneziano model and the p dominance of the isovector electric current, we fix certain
coupling constants and are able to obtain zero parameter relations among others.

Veneziano! has recently proposed a representation of a crossing-symmetric four-point function
whose appeal lies in its ability to accommodate an infinite number of resonances in each channel, re-
tain some semblance of Regge behavior at high energies, and at the same time comply with the low-en-
ergy criteria inherent in the hypothesis of partially conserved axial-vector current.?»® The detailed
behavior of the formula has also been tested by Lovelace? in certain models of K —37 and n— 37 decay
and of the annihilation N+ N— 37. It is our aim in this communication to present several further stud-
ies and experimentally observable predictions of the Veneziano formula which demand no postulates
outside the simplest version of the model except for the use of vector dominance for the photon in the

decays w’—~ 71°+y, n—-at+g=+y, andn—-y +y.

(i) w =37 and w - m° +y.—The decay amplitude for w —37 may be obtained via crossing from the scat-
tering amplitude for na +mb ~7C + as given by Veneziano!:

TG% () +1°(by) =1 (pg) +(p,)) =€*

with Byy = [(1-a(x))1-a(y))/T@-ak)-a(y))
and a =p-meson trajectory function. Defining the
wpm and prm couplings

£ (p+a)=1"(p) +p, (@)

ab UV AO

=9 Gwpﬂeuukoe epaq, (2

LN +q) =12 (p) +70(g))

_. abc Mo
=ie Gp”e (p CI)M’ ®3)

one can easily make the identification

= ry!
Bmmw @ Gwpﬂcpmr’ “)
where all three particles in Gwpr are on shell.
After performing the integration over the 37
phase space and setting a’= (2mp2—2m7,3)“1 =0.9

U, VvV, A, O
E;w)\oe pl ‘DZ p3 Bnnnw(Bst+Btu+Bus) (1)

GeV—2, we find the relation

2 2
_ s _WwPT_ _pmw
[ g, =18.27Tx107°—r— —F— (5)
with all quantities in units of GeV. Setting*

r,_.3;=10.9 and Fp=115 MeV, we find

G _=~21.5GevV~! (6)
wpm

in very good agreement with the values obtained
via superconvergent sum rules.® It should be not-
ed that the value (6) of Gy pms When used in the
simplest pole calculation of w -~ 37, leads to
ry,~37+13.5 MeV.

The pleasing aspect of the result (6), however,
is that when it is used to calculate the rate of w
- 1%+ by the use of p dominance for the electric
current (with a py coupling Gpy =emp"’/Gpm), the
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width obtained is

Fw—-n°+~y=1'27 MeV. (7
This lies within the experimental limits 1.13
+0.15 MeV; otherwise said, the Gell-Mann-
Sharp-Wagner model for the ratio 'y, — 70 +),/
'y, ~ 37 works if the Veneziano amplitude for w
- 37 is used. The reconciliation of this result
with the current-algebraic need for rapid varia-
tion of Gypm with p mass?® is still to be made.
(ii) n=7++7~+y and n—~y +y.—The process
7@(p,) +n(p,) = 10(p,) +pC(p,) is described by
the amplitude 7@b¢(s, ¢, u) = eabcewme Hp1Vpot
XpgKA(s,t,u), where A permits the Veneziano
representation® A(s, t,u) = Bnﬂnp(BSt +Bity~Byg),
where Byy was defined above. The exchange de-
generacy of the p and A, trajectories allows the
use of a single linear trajectory function a,’
while the (satisfied) constraint a(s) + a(t) + a(«)
=2 eliminates the wrong-signature resonances.
Defining the npp coupling

£ "o +0)=p, @ +1(p)

ab L V. KX
anpeuwcxel e2 ba

we can establish (as with the w) that

B a'G._ G 8)

mmp " Cmpp prm’

The use of crossing and p dominance permits us
to relate the amplitude for n—~7*+7~ +y to the
amplitude for 7 +n—-7m+p. The constant anp is
then fixed by demanding that FTI ~ Tt 4=+ =126
£39 eV.* The result is
G =18.6:4 Gev™:, 9)
nPp

As in w~7m°+y, we have approximated G
~emp’/Gpyy and have allowed for a 5% error in
this approximation. The value (9) is in good
agreement with our value (6) for Gyprs the two
should equal each other in the limit of SU(3) sym-
metry.

We can also perform a calculation of the ratio
Cpeqt +7,-+y/1".,, ~y + using the simplest SU(3)-
symmetric interaction model®;

£, “p+0) =7, @+ (o)

_ abc b V. KX
-Js‘_cvvpd €l o b q, (10)
where Gyyp =Gppp = =Gnwgw,+ Using vector dom-
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inance with G, = V3¢ Gugy =€m p’/Gpnn We obtain
the result

/ =0.10

r e r (11)
N=TT+TT+y" =y +y

in good agreement with the experimental value

0.12+0.02.4

We conclude this section by remarking that the
Veneziano model for n—7nt+7~ +y differs consid-
erably from standard pole models in that the con-
tributions of the A, (and its daughters and recur-
rences) are included. They can be included be-
cause the Veneziano model automatically supplies
the necessary relationships between the strengths
of the A;nm-A o7 and the npp-p7m7m couplings. It is
to these relations that we now turn.

(iii) Decays of the A, mesons. —The Veneziano
formula for 7 +7 -7 +p scattering given above
predicts both JP=2+ and 1~ particles at a=2 in
the s (or «) channel. If we call these A,, and A,,,
respectively, and define the couplings

3(‘422, Wa(p +q) = 1(q) +ﬂb(p))

ab 7387
G e
Ay p.uq b,
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a
21, u

. .ab n
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ri
(21,;1

p+q)~ pvb(q) +7°(p))
abc ny

=€ e e €
Ay pm v

KA
q xpx’
then the following identifications can be made®:
B =1iG G
mnp  * T Agnm Agypr
= 2 2_,, 2 2_,, 2
[2mA2 /(mp m )(m17 m )]

xXG G 12)
Apnm Ay P (

=a’'G__ G ___. (8)
nop pum

Using Eq. (9) and converting to decay widths [with



VoLuME 22, NUMBER 14

PHYSICAL REVIEW LETTERS

7 ApRIL 1969

a’ =(2mp2—2m,,2)‘1], we find

r r
Ay =n+1 Ay, —~pm

~120C r
12 Ay =n+m1 Ay —p+7

=~(2700+1100) MeV?2. (8")

(127)

Equation (8’) has a solution only if'°

r, =r

= +
a, Ta pant 102+ 25 MeV,

r

Ay, ~p+T
the lower limit being obtained in the case that
TAp—n+7=TAgp—p+q U, as seems more like-
ly, TA,,~n+7~ (1/7)1"A22_. p+m" the solution is

r, =r +T
Ay Ap=m+T  Agp—p+T
~150+75 MeV. (13)

The errors in (13) are probably even higher
than indicated; for instance, interference effects
among the p bands in the A, - 37 decay probably
are the source of at least 20% uncertainty in the
relation between GAz om and FAz ~p+m- Inview
of the uncertainty in %he data anf in the result
(13), the most that can be said about this result
is that it does not favor a very narrow A,,.

The relation (12’) will generally predict tha.
L4,,>T4, , unless the n7/pn branching ratio of
A, is small compared with that of A,,. For in-
stance, if L4, ~T4,, then Eq. (12’) predicts
LA, -7 4.71/1‘1421 ~p+ns1/50. If the branching
ratios are ejual, then Eq. (12’) predicts T4,,
=~3.5T4,,. The A,-region data are rather uncer-
tain at the moment!!; especially uncertain is the
key question concerning the presence of any JP
=1~ component in the A, region. We stress
again that if there is a 1= component with total
width comparable with the 2+ component, the re-
lation (12’) predicts that the n7 decay mode of
this 1~ component would be highly suppressed.
This conclusion also follows in an entirely unre-

lated way from SU(3) arguments.??
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