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AZ —g? 2
COSX 7% [(AZ—q2+po +ap2q? 2"

(24)

While the discrimination in question was seen to
depend not only on A% and ¢ but also on x, x on
the other hand is seen to be independent of x. Note
that when X is a pion, cosy will be equal to unity
for essentially the whole of the available phase

space (apart from the very small domain where
|a% - ¢2|~0.02 GeV?). The quantization axes will
now be practically identical for almost all A% and
g%, and it will be impossible to tell the s channel
from the ¢ channel by doing polarization measure-
ments only. Equation (5), however, tells us that
even in this situation we may yet have the ¢-iso-
tropy test as a useful experimental tool.
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Different versions of tensor-meson dominance (TMD) are discussed. Evidence is pre-
sented for the need for subtraction terms in the TMD relations in order to remove certain
discrepancies in the predictions of tensor-meson pole dominance. Sum rules for coupling
constants and results for meson and baryon mass form factors are obtained. Methods of

incorporating symmetry breaking are discussed.

INTRODUCTION

The hypothesis that the matrix elements of the
stress tensor ©° are dominated by spin-2 mesons
has been discussed by several authors.!™ In this
note we discuss different forms of the tensor-
meson-dominance (TMD) hypothesis and show that
discrepancies resulting from the simplest form of
TMD indicate the necessity for including subtrac-
tion terms (and possibly also form factors in the
f and f’ meson vertices).

We assume the following:

(1) The tensor (spin-2, traceless) part of the
matrix elements of ©° are SU,-symmetric to a
good approximation.®

(2) The matrix elements of the traceless part of
©’° receive important contributions from the f and
f’ mesons. We shall discuss different versions of
this TMD hypothesis.

We shall mainly consider the matrix elements
of 6’ between pseudoscalar meson states and be-

tween spin-3 baryon states.
(3) The covariantly normalized pseudoscalar-
meson states |M,(p)), with

<Ma(P2)‘Ma(/71)>=(277)321305(51 _52) ) (1)

and the covariantly normalized { baryon states
| B(p)), with

(BolD)| BolD1)) = (21 (Bo/m)5 (B, - Ba) , (2)

each form an SU, octet to a good approximation.
We neglect n-n’ mixing; this can be taken into ac-
count with a little modification.

The postulate (3), together with the assumption
that to a good approximation ©°(x) acts as an ST
singlet operator plus an SU, octet operator between
states at rest, leads to a quadratic mass formula
for 0° mesons and a linear mass formula for §+
baryons.

The matrix elements of ©° are decomposed as
follows:
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(M(p,)|©*°(0)| M(p,)) = 2P P°G¥(q?) +(¢*n*° - " q°)G¥(¢?) , (3)
where P=3(p, +p,), q=(p, —p,), and G¥(0)=1; and
B(p)|07(0)| Blp,) =p,) | 367" P+ PIITE @) + L T2 ) 00 = 0O @) ) (42)
A po >
=1(p,) [PWZD F§+;—qyﬁ (©*" P°+0°P PM)I? +%(qzn*° —q*q")I?:l u(py) (4b)

where I'p =T, +mT,, io*’=3[y",y"]. The form factor I'; is normalized to I';(0) =1 by the baryon mass,

and T, to T';(0) =1 by the baryon spin, so that I',(0)=0. Our conventions are (y:p -mu(p)=0, and p-q
=pod, =D * 4 for the scalar product. We define the couplings of the f meson (with field operator UtY) as
follows:

M (k) | U3 O) M (1)) €, = 0,2 = 47) e, PHPYERIL 5,(02), (5)
" 0
(1)
(B(p,) | UL O] B(py) €, =(mfz—qz)"eu,,ﬁ(pz){(V“P”+7”P“)—‘§f%§fF,%)B(q) PP o, gl >}, (6)

where F;,,(m2) = Fiks(m ) =FZp(m>2)=1. A similar definition holds for the f’. €"" is the spin-2-meson po-

larization tensor. p, and m, are masses introduced to make g, and g}},’B dimensionless.” A convenient
choice is po,=m; or my,, my=myz. We define, as in Ref. 3,

2 2
F@]©0)]0)= ¢ Zcosty,  (7(9)]02°(0)[0)= "~ singy., (M)
T T
where 6 is the f-f’ mixing angle. We shall take 6,~30°82

(4) We shall generalize the TMD hypothesis as written in Ref. 3 to allow for an additional term, which
we approximate by a constant,

2 2 :
M(p2) = my”  COSOr Sryy 2 mg” SINOp grryy , 2 8
Gy (@) =ay+— —F g 2m, Frunlq )+mf,2 7 2, sz, Froun@®) (8)
i 6p g% m;? sin6, g%
8 (g2 =a(’)+ m, cos by gfdp F(z) z)+ i r 8985 F(z) 2 9)
(@)= -4 gr mp @ =q* gr  my 5(4),

with ¢=1,2. The constants a, and a(‘) may be thought of as subtraction constants. Evidence for their pres-
ence will be discussed below. In order to obtain numerical results, we shall add the following assumption.
(5) The f’ is, to a good approximation, decoupled from states which in a quark model would not contain
any strange quarks.’ This is supported, e.g., by arguments of approximate exchange degeneracy, the ob-
served f'nm decoupling, and the ¢ NN decoupling (which suggests f’NN decoupling).
We shall discuss various special cases of (8) and (9) below.

I. TMD WITH PURE POLE DOMINANCE obey the relations following from SU, with f-f’
mixing. In particular, one obtains the universal-

This corresponds to assuming F;,,(¢%) = F(') (g® ity relations

=+++=1, and q,=0= aB). This immediately leads
to the sum rules

Eﬂm=§fK;+§,,K,?tan9T-—-§fnn+gf,n,,tan07. (12)
S1Ml oo O +—g% sin

2m =B = » (13)
(1) (1)
=g, =SLBB cos b, +L sinfy, (10a) where g%y =54y + m2'2). Using recent data on
Mp the observed widths, viz., I'(f - 77)~ 140 to 150
o ) MeV, I'(f’~KK)~52 MeV, and ing that
o S b 0 ev, eV, and assuming tha
Mg cosfp + mp sinfr =0. (10b) & ki and gy, have the same sign as gy, ©° we
obtain
These results are presumably well known. The _
results (10a) imply that the couplings I'(f~KK)~3.4 to 3.8 MeV, (14a)
Grun = Eruu/ 2, gf’MMng’MM/sz' , I'(f’-1mm)~0.4 to 1.6 MeV,

) (11) ,
& =85/ mp,  8%pp=8%pn/my (ghyn)?/4m= (g\0)2/4n~ 5.6. (14b)
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The predicted f — KK width is of the same order
as the observed width I'~ 4.5 MeV. The limits for
I'(f’ -~ nn) are also consistent with experiment. On
the other hand, the prediction for g},l,),, disagrees
with the estimate quoted from forward 7N disper-
sion relations, (g}},),‘,)z/‘lﬂm 53.12 However, the
errors in the quoted estimates are liable to be
large since the 77 NN cut contribution has been
fitted with just the f-exchange and €-exchange
terms.?® Also, if a subtraction turns out to be re-
quired in the dispersion relation for the A am-
plitude in 7N scattering, the estimate of g}}v),,, could
be altered considerably. We expect that a more
elaborate model will give a considerably smaller
estimate of gﬁ,l,)N, although probably not as small as
(14b).

For the coupling g3y, Renner® has noted that the
result g3y =0 [which follows from (10b) and f’NN
decoupling| has the consequence that the fis de-
coupled from the A" amplitude in 7N scattering,
which is consistent with the assumption of no sub-
traction for A*) made in the analysis of 7N disper-
sion relations,!12

With pure pole dominance of the pion tensor
mass form factor G7(¢?), the rms tensor mass
radius 77 of the pion is predicted to be 2 (v7)>~m 2.
Recently, the low-momentum-transfer behavior of
the 0™ -meson mass form factors has been derived
by the author, starting with the stress-tensor axial-
vector current commutation relations.'* The re-
sults give

h=2(rp)~2m,/(mfgaen) - (15)

If for g, . we use the estimate of the Gilman-
Harari model’® with chiral SU, x SU, sum rules
saturated by 0* and 1* mesons, Bajen™ mAl/f,, ,
we obtain

heVZm 2eV2m, 2. (16)

This is larger than the f-pole dominance result
by a factor of 3 to 4. While we do expect correc-
tions to the Gilman-Harari estimate, we expect
them to be much smaller than would make (15)
agree with m,2.'®* We take this to be a definite
indication that there are significant deviations
from TMD with pure pole dominance. Further in-
dications of such a deviation and methods of taking
these into account will be discussed below.

II. TMD WITH FORM FACTORS

This corresponds to taking a,=0= a’, but not
neglecting the ¢* dependence of the fMM, f'MM,
fBB, and f’ BB vertices, as expressed by the form
factors F,y, Fiap, etc. The simplest conse-
quences of (8) and (9), with a,=0 and a,* =0,
are, at ¢2=0,

K. RAMAN 3

EruuT run(0)C0S O+ Zp1 4y Fp 4y (0)sin b= g1,

(17)
§;11.=1)B F;(qla)s (0)cos by +§§f}1)33 F}})BB(O)Sin Or=gr,

(18)
gﬁ’a F%)B (0)cos b, +§}ZI£B F}?},B(O)Sin 6r=0.

(19)

These are less restrictive than the results (10).
They require that the couplings gy, etc., of the
f and f’ with the octet 0~ mesons and the octet 5
baryons al zevo momentum tvansfev obey the
same relations as predicted by SU, symmetry bro-
ken by f-f’ mixing. Thus the couplings of the f
and f' poles in the MM, MB, and BB forward scat-
tering amplitudes would obey these relations. How-
ever, since f or f’ exchange should presumably
be described by a Regge trajectory rather than a
fixed-pole exchange, this prediction cannot be
tested without additional assumptions. We make
the plausible assumption that g, F,u4y (0) is pro-
portional to the coupling of the f trajectory to the
0~ mesons M at zero momentum transfer [and sim-
ilarly for gi})y Fizs(0), etc.]. This would be true,
for instance, if &, ,(0)= F,xz(0)= Fiyy (o), and if
the different Regge couplings fMM and fBB vary to
about the same extent between ¢=0 and ¢=m,.
With this assumption, and the relation F;,,(4?)
~ F,rr(q®) implied by our basic assumption (1),
one predicts the following for the Regge residues
y of the f trajectory in forward 7N, KN, and NN
scattering (at £=0)":

Y{rN(O)/YJI({N(O)Q’gfnn/ngK‘5 (20)

Vin(0) ~vfy (0). (21)

The most plausible Regge-trajectory assignment
of the f meson seems to be to the P’ trajectory.’®"®
For the couplings of the P’ trajectory in forward
scattering, the analysis of Barger and collabora-
tors gives®

yPu(t =0)=2.03+0.08,
Vet =0)=1.77+0.31, (22)
yEr (1 =0)=3,02+0.18 .
Consistency of (20) with (22) requires that
ki) 8pan ~0.68 t0 135

(23)
I(f - KK)~ 6.5 to 14 MeV .

The data available on the f - KK decay width sug-
gest a value of the order of 4.5 MeV. This width
could still be consistent with the lower limit in (23).
Better estimates of I'(f~KK) will enable us to test
the consistency of (20) with (22). On the other
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hand, there seems to be a definite disagreement
between the prediction (21) and the estimates (22).

Owing to the uncertainty in identifying the f tra-
jectory with the P’, it is difficult to draw a defin-
itive conclusion. We take the following point of
view. The analysis of forward scattering experi-
ments suggests that for the trajectories important
in high-energy forward scattering, the 7N and NN
residues are in the ratio %, In the quark model,
this has the simple and suggestive interpretation
of the universality of the coupling of these trajec-
tories to quarks. We suggest that the f trajectory,
whether or not it can be identified with the P’, has
this property. The result (21) would not be in
agreement with this. We take this discrepancy as
an indication that it is not valid to assume a} =0;
that is, at least the nucleon tensor mass form fac-
tor I'¥(¢?) cannot be adequately approximated by
the f and f’ poles alone.

III. TMD WITH FORM FACTORS —
SYMMETRY BREAKING

We now examine the results for the fMM cou-
plings if a,~0 is a good approximation (but a§’+0).
In order to obtain predictions from (17) for the
physical f and f’ coupling constants defined by the
decay modes f - MM, it is necessary to extrapo-
late the form factors F;,,(¢%) and F;/y,(¢%) from
g*=0 to ¢*=m/® and ¢®*=m,.%, respectively. Our
basic assumption (1) implies Fy, ,(q%) = Fsxr(d*)";
then (17) predicts

SRR 727 4 )

Bfnn =8fkk Y 8f kK tan6p = . (24)

EFf7r1r(0)

To make a rough estimate of the symmetry break-
ing in this relation, we assume that F;,,(¢%) and
F 4 uu(q®) do not differ much in shape, so that the
ditference between F;/,,(0) and F,,(0) arises
mainly from the f-f’ mass difference. This cor-
responds to a picture in which f-f’ mixing and the
f-f' mass difference are the primary mechanisms
for SU, breaking in the f and f’ vertices.

We can estimate the coefficient in the second
term in (24) if we make the ansatz G[(¢®)~ (b+cq?)/
(mz* - ¢*), which corresponds to a linear approxi-
mation for ,,(q%). As we shall use this over the
relatively large range between ¢®=0 and ¢*=m?,
we shall regard the results only as rough esti-
mates. Using (15), we obtain from (24) the result

8fnn =8k + 1 +y)"§,,,{,7tan9T H
(25)

2 2
myr® —my R
y hmfz (n my ).

The estimate (16) gives y~0.32, which gives
I'(f-KK)~5.3 to 5.8 MeV. (26)

Comparing this with (14a) gives an estimate of the
effect of symmetry breaking. An accurate mea-
surement of the width for f - KK will make possi-
ble a test of our assumptions.

Note that the symmetry breaking is character-
ized by the parameter y, which is proportional
both to the f-f’ mass difference and to the devia-
tion of the tensor mass radius from the pole-domi-
nant value. Neglecting the f-f’ mass difference
would give back the result (12) of pure pole domi-
nance. For any value of the symmetry breaking,
(25) preserves the simple relation

(gfmr "gfl(l?)/gf’lﬂ?:(gfww-gfnn)/gf'nn (27)
among the physical f and f’ coupling constants.

Before proceeding to discuss TMD with subtrac-
tions, we mention another consequence of TMD
(with a,~0 for 0* mesons, or a,=a.), combined
with a dynamical assumption. For the fee cou-
pling, we obtain a relation similar to (10a). This
gives gy, = &re e, if we assume that the € has only
nonstrange quarks (and therefore g;,..~0) and
Frnn(@®)= Ff. (%), In a Veneziano model for me
scattering with f and A, trajectories, Dass and
Papageorgiou®! have obtained the relation

gAlenz—:‘gfwrgfee/zal ’ (28)

where a’ is the slope of the degenerate 7 and A4,
trajectories. Combining this with g;,, ~ gsc., and
using m412 -m*~2m %, we obtain

gAlewwmAlgfﬂw/ﬁzo'g mAl' (29)

This agrees with the Gilman-Harari estimate'®
Eayen ™ mAl/f,r Nmy , to within about 10-15%, if /,
is obtained from the pion decay rate, which gives
f.=135 MeV.

Note that the above result would be obtained if
a,=a., even if each subtraction constant is non-
zero. The results derived here do not enable a
test of whether a subtraction term is required in
the meson gravitational form factor. However,
confirmation of a discrepancy between (20) and (22)
would suggest that g, #0 is required.

IV. TMD WITH A SUBTRACTION IN THE
BARYON GRAVITATIONAL VERTEX

We refer to (8) and (9) with a,#0, af’+0 as the
subtracted TMD relations. We now discuss the
results obtained by assuming a,~0 and ag) 0.

We write gfyy =vgs,., Where v is a constant (#1).
We assume that the form factors F%),(¢?) and
F;,.(¢?) have a similar shape.!” Defining the ten-
sor mass radius 77 of the nucleon by £ (¥)?=I(0)/
I';(0), we then obtain

hy =EOT=vh,, af=(1-v). (30)
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The constant v may be estimated by assuming
universality of the coupling of the f meson to
quarks. We then take

@) UFY 0)[n(p) =3B U O B()), (31)

where the momentum p is very large compared to
the masses,? and | B(p)) are baryon states nor-
malized the same way as the meson states —ac~
cording to (1) rather than (2). Equation (31) im-
plies that §7yy = 38, ,, S0 that v=3. This gives

ay=af +mal’~ -5, (PP E0L7, (32a)
(g%)?/4n~13.5. (32b)

The result (32b) is more than twice as large as
(14b), although still much smaller than the quoted
experimental estimate of 53.11'2 We believe that
the quoted estimates are in error,'® and suggest
that the universality argument leading to (32b)
gives a reasonable estimate of glyy.

The result (32a) suggests a picture in which the
low-momentum-transfer behavior of the tensor
mass form factors of baryons and mesons reflects
primarily the internal structure in terms of some
more fundamental entities such as quarks, rather
than peripheral-meson-cloud effects, in which the
f and f’ poles would be more important.

The results for the fMM and f'MM couplings are
now the same as in Sec. III above. For the baryon
couplings, the sum rule

g}‘NN%§}'AA +(1 +y3)_1§}"A/\tan0Tm° *ty
m?—-m2 (33)
Yp = B

- -2
thf (hN mf ) ’

would be preserved if the subtraction term ag') is
universal, i.e., af ~a}f~-+-.2® In obtaining (33),
the fBB and f’' BB form factors have been extrap-
olated in a manner similar to that used in obtain-
ing (25). The result (33) would be of interest when
data become available on high-energy AN scatter-
ing.

For the couplings Ziap, if the decoupling of the
f trajectory from the A amplitude in 7N scatter-
ing® is confirmed, this would suggest that o\’ ~ 0.
The subtraction term a,(,,z) may be related to the
subtraction term in the dispersion relation for the
A amplitude in 7N scattering; recent analysis of
7N scattering has assumed that the high-energy be-
havior does not require this subtraction term,
which corresponds to a},z)z 0. As remarked earlier,
however, a reanalysis of the A™) amplitude seems
necessary. The question is still open whether a
consistent analysis with no subtractions is possible

which will not lead to too large a value for gﬁ},)N

V. TMD WITH SUBTRACTIONS IN BOTH
THE BARYON AND MESON
GRAVITATIONAL VERTICES

We finally discuss the implications of a, #0,
al) #0, at least for i=1. The former would be sug-
gested if a better measurement of I'(f ~ KK) re-
vealed a discrepancy between (20) and the results
(22) from forward scattering. Again writing g7y
= Ug¢rn, We obtain the following relation between
the subtraction constants in the pion and nucleon
TMD relations:

va, -af=v-1, (34)

With v =3, this gives 3a, - 2a} =1.

To obtain further predictions, we reduce the
number of parameters to be determined by approx-
imating (8) and (9) as follows:

ms2  cosbp_

G'g?)=a,+ — 0
1 (@%) = ay mE-@ g Zrun(0)
ms® sinfp _
+ L Zrrum (0) (35)

me? — ¢ gr
I2(g?) =a% +an f-pole term + an f’-pole term,
(36)

where g;4,(0) =5y Fruu(0) , ete.
The constants @, and ag” also obey the sum rule
(34). We now obtain

(P =v(riP=307)7, (37

a,=1-mPA(r3)?/6, ay=1-m2(ry)?/6. (38)
It is interesting that the prediction (37) follows
both in the scheme of Sec. IV and the scheme of
this section for tensor-meson dominance.

The ratio of the pion and K-meson tensor mass
radii is now given by

(r’})z_ng,?(O) gf’KK(O) mgt
(7})2—g,”(0)+ o (0) 70,07 tané, . (39)

If 77577, this gives the sum rule
m 2
Zrnr(0)% g5 7(0) ‘*‘gf’KI?(O)m—Lz tan 6y, . (40)
4

Note that this differs from the sum rule obtained
from (17). Again, a good measurement of the
f—=KK decay width may help distinguish between
the two sum rules.

CONCLUSIONS

In conclusion, our results indicate that signifi-
cant corrections to the f- and f’-pole dominance
interpretation of TMD are present. A subtraction
term is needed at least in the baryon tensor mass
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form factor (and possibly also in the meson tensor
mass form factor) in order to eliminate discrep-
ancies resulting from the simplest version of TMD.

In dispersion theory, this may be interpreted as
showing that the contributions of the high-energy
amplitudes (expressed as diffractive scattering or
Pomeranchukon exchange) and nonresonant parts
of the low-energy amplitudes are relatively more
important in the 7=0 and even-J amplitudes in
77 and NN scattering than in the I=1, J=1 ampli-
tude.?*

The necessity of an additional term in the tensor
mass form factors leads us to speculate that an
additional /=0 term 7° is present in the stress
tensor ©°, and that it has dynamical features
different from the part of the stress tensor that
can be approximated by the (renormalized) f and
f' field operators. We further suggest that this
term is a unitary singlet, so that the meson and

baryon subtraction terms obey a, =ay=a, =a, and
ay=a%=at=a%=a}. The possibility of a tenth 2+
meson has been suggested by some authors.?® How-
ever, we prefer not to identify the piece 72 in the
stress tensor with any 2* meson. We conjecture
further that this piece has matrix elements simply
related to the Pomeranchukon coupling. This
would require subtraction terms in both the meson
and baryon mass form factors. Consequences of
this assumption and models in which it may hold
will be examined elsewhere.

The possibility of an additional /=0 piece in the
trace ©6,° of the stress tensor has been suggested
by Gell-Mann and Carruthers.?® In recent work,
Chang and Freund have given other arguments for
such a term.?® A possibility is that this is just the
trace of the term 7° in the stress tensor.

We hope to discuss elsewhere further results
from TMD supplemented by dynamical assumptions.
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deviate significantly from the predictions of pole domi-
nance.

F, Gilman and H. Harari, Phys. Rev. 165, 1803 (1968).

16As noted in Ref, 14, the prediction (15), if equal to
my =2 would imply much too large a value of A {—em).
The result (15), together with the experimental limit
TA;—em <T'(A;— 3m) = 95+ 35 MeV, requires that 4>
~1/(301,%, which is still much larger than the pole-
dominance prediction. A better experimental estimate
of I'(A;— em) would enable a more restrictive statement
about the deviation from pole dominance in the mass form
factors.

"Since most of the intermediate states contributing to
the dispersion relations (in the f channel) for the f
fKK, fNN, etc., form factors are the same, we expect



2906 K. RAMAN 3

that ?,Ff”(qz)z 5fK§(q2)ZFfNN(q2) will be a good approxi-
mation.
Bwe write the Reggeized f contribution to the mm ampli-
tude, for instance, as
Fop(s,t) =St)(a + 2B ER"
=7 S Yar®T(e + 370 (@ + 1] s,

where a = «(t) is the f trajectory, S¢) = 5(1 +e~i"%)/
sinma, B(t) = Yr (O)a () (brar)®, and p, =q, = 5t —4u, )2
Note that on taking into account the correct threshold be-
havior of B(t), the dependence on p, and ¢, cancels out,
and there is no explicit mass dependence of the residue
functions, contrary to the results of Ref. 2, For con-
venience, we have written the amplitude here with the
Gell-Mann ghost-eliminating mechanism. However, the
results in the text are not sensitive to the mechanism
assumed.

198 g., see the analysis of forward scattering by Barger
et al .; see V, Barger, review talk in Proceedings of the
Topical Confevence on High-Enevgy Collisions of Had-
rons, CERN, 1968 (CERN, Geneva, 1968), and refer-

(cosby)

ences contained therein. In the analysis of Barger et al .,
thef lies on the pP’.

2Recently, the possibility that the f may be on the Pom-
eranchuk trajectory has been revived; e.g., see Ref, 12
and references quoted therein,

%G, Dass and S. Papageorgiou, Nuovo Cimento 64A, 36
(1970). Our definition of g(Aem) is half that of these au-
thors, and is the same as that in Ref, 15,

2Alternatively, one may postulate that the universality
(31) holds in the infinite-momentum frame.

B The subtraction terms would obey a§ =af =+++ and a,
=ay=a,, if they arise from a unitary singlet piece of the
stress tensor.

2 is the isospin and J is the angular momentum. Note
that p dominance of the pion form factor gives a reason-
able picture at small ¢2.

®E.g., see H. Munczek et al., Phys. Rev. 145, 1154
(1968).

%6See M. Gell-Mann, Ref. 6; P. Carruthers, Phys. Rev.
D 2, 2265 (1970); L. N, Chang and P. G. O. Freund, Ann,
Phys. (N.Y.) 61, 182 (1970).
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Using the results from electron-positron colliding-beam experiments, a phenomenological
analysis has been made by means of the continuous-dispersion sum rules for the pion elec-
tromagnetic form factor. Results such as T, = 0.110 GeV, a(m) = 0028472, |F x(m,%)|*= 48.8,

v, = 0.62 F, 6u (the pion mass difference) =

4.3 MeV have been obtained, and sum rules in-

volving amplitudes accessible to e*e™— 7t 1~ and me — me processes tested.

In this note, we present a phenomenological
analysis for the electromagnetic form factor of
the pion,! F,(s), by means of continuous-disper-
sion sum rules.?

By definition, a phenomenological analysis makes
use of available experimental data only, without at-
tempting to understand the underlying dynamics.
For the dispersion approach, phenomenological
parametrizations in the experimentally unfeasible
regions, e.g., near threshold or at an unattainable
high energy, are also necessary.

We begin with the following sum rules for F,(s),
and its derivative with respect to s, at s=0:

B, .
F (0)=§Lf ds cosmf ImF,Z(ssiJrss)lémB ReF,(s) ’
0

(1)
_Q_f ds

cosmBImF ,(s)+sinmBReF .(s)
X B
(s = s0)

F7(0)= -—F

) (2)

where 0 <3<1, s,=4p? (u =pion mass). The sensi-
tive threshold factor 1/(s —s,)? in Eq. (2) can be
avoided, if desired, by subtracting off the repre-
sentation for F,(0) in Eq. (1), yielding (for 0 <B <1)

B B
F©)=2=Ep, 0 -0 [Taslo=
So 5o

X[cosmBImF ,(s)+sinnBReF  (s)]. (2')

Both Eqgs. (1) and (2) are valid under the assump-
tion that F, (s)[5;5==0. If a definite asymptotic be-
havior like 1/s for F,(s) is used, as in Eq. (5') be-
low, we will be able to derive two more useful dis-
persion sum rules® (for 0<g <1):

f ds cosmBImF  (s) +sinnB ReF .(s) -0 (3)
(s —sp)? ’

f ds SINTBREF (s) sintBReF . (s)

[s(s=s)]P

:f""d cosmBImF(s) +sinmB ReF . (s) 4)

0 [s(s-s,)]® ’



