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We predict for M+ — M0 the values —3.4 + 0.8 MeV and —3.8 + 1.2 MeV using the p-w mixing and the quark mo-
del, respectively. The extracted parameters indicate the necessity of a relativistic treatment of the old mesons. The
problem of extrapolating these parameters to the charmed mesons is discussed. Under conservative assumptions, we
predict 1.7 < Mp+ —Mpo < 2.2MeV and —1.4 t 1.1 < Mp«+ — Mp«0 < 0.0 £ 0.6 MeV.

Recent contradictory predictions [1] for M. —
Mpo , Mpyx+— Mpxo have stimulated us to study the
electromagnetic mass differences of the old [2] and
the new [3] mesons. We first reinvestigated m, p, K
and K* in order to derive consistent parameters,
which can then be extrapolated to the charmed me-
sons. Thereby we found that we can successfully pre-
dict M+ — M p using two completely different me-
thods, one based on SU(3) and p¥-w mixing, and
the other based on the quark model. If one believes
the errors for A, Ak, Ag* (ApASMp+ —Mpo; 65 =
M -M Ao) and I'(w — 2m), as quoted by the Particle
Data Group [4], then our predictions for Ap have
much smaller error bars than the experimental value
[4] for Ap.

For the p® mass, we have

=M2,+ 538" — 552 + 5 4%, (1)
where 873" is the e.m. mass shift due to the one-pho-
ton exchange in the s-channel (fig. 1a), 87% is due to
one photon plus hadrons, the Cottingham contribution

(fig. 1b), and 6;%‘3 is due to p9-w mixing (fig. 1c).

Ba"" is related to the leptonic decay width of the p0:
w2,
858" =Re —= 3M P(p0>ete™)
P 3]
=2.07+£0.24 MeV GeV ,

with Zy = M} — iMyTy.
The two methods differ in the way they estimate
Sn.a..
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i) SU(3) gives*! 87 =8y« — Re Wyg.,, where Wig,
is the nonannlhllatlon part of the po-w mixing [5] *2

wpow— pow + Wa Wpow p /3
W0, is related to the coupling constant g (fig. 1g).
wpow = (zw - zp)gwmr/gpmr 3)

z,,~ z,lexp [i(¢7+ $)]VT(w~>2m)T(p > 2m),

where ¢, = arctg (T, — T )2(M,— M ) 80°.
Experimentally one ﬁnds [6] ¢ = 85 +15° so that

W0, is mainly real and negative. Sg})‘(’f) = Re(pr /

(zp — z_,)) is estimated to be less than 100 keV and
will be neglected. Therefore we obtain

! This relation follows from W3050 — Wotpt + Wigergat —
WK*o K*0 = V3W 00 = W0+ VZW 04, which holds
separately for the annihilation part W3} and the non-
annihilation part WA of Wap, and from Wge% ~ 0 (Zweig
rule).
We have found that for a small mixing angle, the two-
channel mixing formalism can be translated into a very
simple diagramatic language indicated in figs. 1f,g with the
following rules: i) Although the physical states | A) and | B}
are orthogonal, (A|B) = 0, they should be treated in these
diagrams as if they were coupled together, by an “‘effective
coupling constant™ Wa0g0, which is equal to the off-dia-
gonal element of the mass matrix W between the original
(before mixing) states |A®) and 1BO). ii) For an intermediate
state B, a propagator 1/(s — zg), with zg = M% — ir'gMp,
should be used, as usual iii) However, for s one should sub-
stitute z5 and not M5 ‘A, for an external particle A. For
example, 52‘&," is mainly imaginary, due to the p-width in
2 / (zp z,,) (fig. 1c). The above equivalence follows,
smce the mixing angle for [Wa0g0| < |[WA0 40 — WROR0|
is given by € = (BOJA) = W0 g0/(WA040 — Wpogo) =
WAOBO/(ZAO - ZBO) ~ WAOBO/(ZA had ZB).
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Eq. (4) leads to two sets of predictions given in
table 1, which follow from using the world average for
A% =My x+) — (Mg o) OF A%‘i from direct fits [4],
i.e. using data from the same experiment.

it) The quark model parametrization of the quadratic
mass differences
81r=%6P: 8K=%8P+8ud’

. (%)
Bp =_%5V_ sann.

00 > 8K*=%6V+5ud s

where 8P, 8V correspond to quark-antiquark diagrams
(fig. 1¢) for the pseudoscalar and vector mesons, and
where 8,4 corresponds to the quark self energy indi-
cated in fig. 1d, gives

8p=%(5](* — BK)+8"_82Y(}H". (6)

The prediction from this formula (table 1) is in agree-
ment with experiment and with our first prediction.

A parametrization similar to (5), with APV, A 4
for the linear masss differences A, , would give

Ay =3 (Ags — Ag) + A, — AR ™

This equation leads to A, = (3.1£1.0,0.5£2.4)MeV
for Ag*=(—4.1+0.6, —5.8%1.6) MeV, in disagree-
ment with experiment. Eq. (5).gives the values
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8P =25_=2.52MeV GeV,
8,q=0g —36,=-4.79 £0.13 MeV GeV ,

8Y=3(5g+—6g)+28,

®)
_|8Y = —7.6 £3.2MeV GeV from A«
8Y = —16.7 £ 8.6 MeV GeV from Adir °

§V=2(5,+5%™)

= 8] = 9.1 £7.4 MeV GeV from A2,
and leads to the ratio

VisP ¢V P ¢V oP

(61 /6 ,8"/6 ,5["/6 ) (9)

=(-3.0+13,—6.6%34,-3.6%29).

Since all three 8 V/8F are consistent with each other,
it seems very unlikely that the negative large values of
the ratio are accidental. This result cannot be under-
stood in the usual non-relativistic theory: in the non-
relativistic limit, the linear parameters AP and AV are
given by Ay +3 Apnag and Ag — Anag respectively, so
that

-1/3<aY /AP <1, (10)

where the lower limit is only achieved in the extreme
unlikely case of A,;=0. However, we do not find the
ratios (9) disappointing or bad. On the contrary! We
believe that the result (9) is very significant: it shows
clearly that, either the old mesons cannot be described
at all as a bound state of a quark and an antiquark, or
that they are truely relativistic qq systems, which can-
not be approximated by non-relativistic dynamics. This
conclusion is also supported by the fact that the quark
model is successful for quadratic mass differences but
fails for linear mass differences.

Therefore, it is encouraging that there already exists
a relativistic model [7] which does give a ratio §V/8F
= —1 [8]. This model is based on a Bethe—Salpeter
description of strongly bound heavy quarks. If the
strong interaction is approximated by a four-dimensional
harmonic oscillator, one obtains the following meson
mass spectrum [7,9]

M}, (4,3 = M3 +4m (8 + A)+ (+20)e, (1)

wheren,r=0,1,2,..,1=n,n—-2,..1 or 0, m = mass
of’the heavy up-quark, A;=mg,—m,, o' = Regge slope
(a,~ 1.0 GeV—2). The leading term of the Wick rotated
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Table 1
Prediction for M+ — M 0. These calues are to be compared with the experimental values [4], A%=—4.3+2.4MeV, based on
world average, and Agd-g- = —7.1+ 3.8 MeV, based on an educated guess [4] of 773 + 3 MeV for M0.

Model apred (vev) apred (Mev)

(Input: A‘]‘(V* =—4.1£0.6 MeV) (Input: A%‘E =—-5.8+1.6MeV)
i) p9-w mixing )
0.01 € B(w—2m) <0.04 —-3.7:08< Ap<-1.820.8 —-5.7+19<ap<-3.7+1.9
Byotg,y = 0.013£0.003 ~34:08 —54+19
i) Quark model -3.8+1.2 —6.822.8

Bethe--Salpeter wave functions of the ground state
pseudoscalar and vector mesons is:

X6.0,0(a. P) = 32ma/(y5v*P, [M) exp (-4a/q?),

, , (12)
X(\),,O,O(q’ P, s3) =32na y#€3 (P) exp (—4a q?).

Calculating the diagram fig. le with these wave func-
tions gives [10, 8]

6= -5V =%a'—1 ~23MeVGeV. (13)

It is tempting to extend our parametrization to the
charmed mesons D and D*:

5p=38P(D) —5,4(D); bp+=%8Y(D) :sud(x)).14

The problem is now how to extrapolate our param-
eters from the old mesons to the charmed mesons.
Let us consider a subset of possible extrapolations:

8,a(D) = \y8,4(0ld), 8BV(D)=2,8PV(old).

a) The simplest assumption would be the universa-
lity of all parameters for the old and the new mesons,
i.e. \; =A,=1, so that

Sp=—8y+26,, Spw=28g«—38g+25,. (15a,b)

)

Eq. (15a) was also derived by Fritzsch [1] using strong
PCAC.

b) The assumption A; =1 and A, >1 is suggested by
(11) and (13) where §,,4 remains unchanged ¥* and

*3 If one uses for the baryons (N, £, E) a parametrization simi-
lar to (5), but based on nonrelativistic SU(6) spin wave
functions of the baryons, one obtains: Bud(B) = —3.85
MeV GeV, §9(B) = 24.0 MeV GeV, 61(B) = 4.3 MeV GeV,
where 89! denotes the q-q interaction in the singlet and
triplet states. It is interesting to note, that § #d(B) o
8,,d(M), but (!) 5%1(B) are completely different from
s, V(M)

where A, would correspond to the ratio of the Regge
slopes A, = &, /oy, Since D and D* are made up of a
charmed quark and an ordinary quark, one would ex-
pect &, > apy > oy, ~ 0.5 &, (the assumption Ay>1
also corresponds to the common belief that the charmed
mesons have a smaller size), and we obtain

1.7MeV < Mp+— Mpo <2.2MeV, with My =1.87GeV,

~1.4£ 1.1 MeV<Mp++ —Mp«<20.0£0.6 MeV,

if Mp»~ 2 GeV and with 5}’ where the lower (upper)
limit for Ap (Ap=*) corresponds to the universality
assumption a). This estimate is to be compared with
the present experimental value Ap = 11+ 11 MeV [11].

c¢) We may have A{, Xy > 1 in models which are
more general.

Naturally there exist many more possibilities. For
example, in all the above cases we assumed the univer-
sality of the ratio 8§ V/6P(D) =8V /8P (old). But this
ratio would change drastically from —3 to +1, if the
charmed mesons were non-relativistic systems. In this
case one would get Ap*~ Ap. But then, there would
be no point to use parameters derived from the old
mesons: the charmed mesons would be dynamically
completely different from the old mesons, which
— as we have clearly shown — are truely relativistic
systems.
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