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ABSTRACT

+ o + o .
Using the mass differencesa k¥ - k° and D' - D° as constraints,

* ° n ted as
the mass splitting beiween B and B° mesons has benn calculate

~1.3 + 1.22 MeV in the nonrelativistic quark model and ~1l.6 + 0.72 MeV

in the chiral symmetry bresking theory.
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Tke recent cbservation of the upsilon rescnances [l] seems to establish
the existence of a new flavor of the quark, the bottor flavor., These
resonances are intarpreted in the quarkonium model as the bound states of
the Tb quark system where © is the bottom-flavered quark.

One of.the interesting problems concerning the bottom flavor
may be the mass splitting between the pseudoscalar B+(u5) and B%(aD)
mesons, belonging to the same iscspin doublet. Though the direct observation
of these particlesis as yet difficult, we expect that they will be found in

0

the near future. Once theilr mass splitting AB = BY - 8% be measured, it

will provide an independent test of the theories which have been given for
the explanation of the mass splittings AD = p* = 0° and Ax - x* - K°.
Tﬁis is possible because any theory concerning the isovspin nonconservation should
explain AB as well as AD and AK in a consistent way, since all of
them are of the same origin.
We wish to calculate in this letter the mass splitting AB within
the theories which have been applied to the calculations of A D. In this
way, we are Keeping the consistency and can provide a meaningful test of

* ana B° are observed in the future. If the future

those theories when B
measurement of AB would show a2n agreement with our regult, those theories
may survive. Cn the cther hand if there ig a considerable discrepancy

between them, we expect that those theories should be modified.

Since the experimental data [2]

AD = 5,0 + 0.8 MV
(1)

AK = —4.01 + 0.13 MaV

enter as constraints in our calculation, the number of free parameters will
be reduced in our case than in the previous calculations where AD has
teen an unknown.

In the literature, we can find many ideas [},4,5J on the isospin
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breaking which have been applied tc the calculation of AD , Among otkers,

AD has been estimated 6.7 MeV by Lane and Weinberg [4) in the nenrelativistic

guark mod..el and the Dashen's theorem [6], while AD was given between

2.5 and 4.5 MeV in the chiral symmetry breaking theory [_5]. We consider that

these two estimates are most compatible with the experimentas, eg.{1).

Therefore, we will take the above two theories in our calculation of AB.
Notice first that the mass splitting of any iscspin multiplet can be

divided intc two parts: one is the difference in thes Coulomb interactions

between the ccnstituent quarks and the other is the difference in the masses

of the constituent quarks. Thus, we may write down the mass splitting as

A/li - (A‘/u )Coul + (A)u )quark " (2}

where p= K, D oxr B and (A}( )quark - (mu- md.)}.l is essentially the mass
difference between the up and the down quark in IL{ N

In the nonrelativistic quark model, the Coulemb part may be parametrized
with a conatant <l/r> times the difference of the products of the quark
charges. We have (AK). . = (0(/3){1/:-1{) and (QD), . = (206 /3) (l/rD) .
As Lane and Weinberg have calculated, neglecting the higher—order
couplings, (AK)Coul is given as 2/3 of the total thoton exchange

contributiona to AKX

(aK)g o = (2/3)(aK)y . (3)

Applying the same procedure for the d mesons, one would cbtain that

(AD)ggyy = (4/3) (A D)y - If <1/rp) is given equal for both the K and

the D mesons, then (AK)), = (AD))/ + Moreover, as long as <l/r/u> remaing
constant we can oasily see that (Aﬂ )3( is equal for all M .

However, it seems to be Teasonable that <l/rf1> is not a constant but
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a variable in /J y Since an increasing behavior of <1/r'u> may be
exhibited in the nonrelativistic linear potential model [7] as the reduced
mape of the constituent quarks increases, Accerding tc this approach, the
ratios ameng (l/r#) are calculated as

{1/r> =115 ifrg and {17 =1a1 (1/rK> s (4)

where we take m,>my = 340 MeV, m, = 540 MeV, me o= 1500 VeV and m, =

4700 MeV. It immediately follows that

(AB)Coul = 1.15(41{)%“1 and (AD)Coul = 2'2(‘“)00\11 . {5)

doreover,regarding <l/r‘u} ag 2 typical constant related to the gize of the
hadron, it would be interesting toc notice that the increasing bebavior is
also expected in the bag model [_5,9]-, where the inverse of the bag radius
inereages in response to the reduced pressure as one of the constituent
quarks becomes heavier. Therefore, following these arguments, we would take
the idea of the variable <1/rﬂ> as given by en.(4).

Another assumption we wish to make is that (4/11 )qua.rk - (mu -md)’u

may differ between different isospin multiplets. This assumption might be
justified in the bag medel where the predictions of the electromagnetic
mags differences of the mesong with fixed Aqua.rk LlO] have heen no betier

to be fixed,then

than those with varying Aquark [9] . If we sst Aquark

by subtracting (4K) (AD)

from eq.(1l) we find that

quark 2 quark

(AK)X = 0,47 MeV -+

where we have retained the relatiocns eq.(5).
However, this value reveals a remarkable disagreement with Dashen's

theorem [6] on the photon exchange contributions to the squared-mzas
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splittings. There we have
( +2 - 02) = (m 2. m 02) .
x ey i'd ™ Yy

Since the pion mass aplitiing is solely dus to the photon exchange, it

follows that (mK+2 - m.Koz)x - m_’{{-2 - mTtDZ y o7 [11]

(AK}a, = (mK+ - mKo)), = 1.27 ¥eV. (6)

Hence, as far as we believe in the correctness of Dashen's theorem,

we would have to let A VATY

quark

Adopting Dashen's value, e4.[6), we apply it inte eq.(3) with
eq.(5) to calculate (AK)Coul and (AD)Coul . The results are sustituted

into eq.{2). Then the experimental data in eq.(1l) would yield

{AK) = -4.86 + 0,13 eV

quark

{4D) = 3.14 + 0.8 VeV,

auark

The phyeical intuition suggests that ( &AB) may well be less

quark !
M i i ] i geu

than 3,14 ¥eV, since there exiats a tendency of decreasing ( )q_uark

a8 the mass of the constituent guark increases. In accordance with ths bag

model [9] s Wa parametrize this tendency as
(A}l dquazk * 4 <1/r‘u> + B

identifyin T
ying u

Since we have the ratics among <l/r|u) from eq.{4), we need not evaluate

with a typical length provortional tec the bag radius,

the coefficients A and B ., Rather, we can find easily after some

arithzmetics that

( a5) - (8D - 05 | (an) v (£K)

quark - quark quark nuark |

which can be rewritten in terms of (AK)B, as

( AB) a ~1.5 {AD - 2.2(2/3)(4\1{),} - O.B{AK - (2/3)(AK)7} - (T)

quark

where the sign ig chosen so as to give a negative value for (AB)quark

On the other hand, ({_\.B)Coul can be calculated from eq.(5) as
(AB)gg,; = 1.15(2/3)(aK)y . (8)

Adding eqs.{7) 2nd (8) together, we obtazin an expression for AB in

terms of (AK)X :
AB = - ((1.54D + 0.54K ) + 4.95(2/2)(8K)y . (9)
We plot eq.(9) versus (dK)Y in Fig.l., The Dashen's value gives
AB = =1.3 * 1.22 Me¥ (10}

where the uncertainty is propagated from the experimental errors.

We note that the numerical coefficients in egq.(9) depend primarily on
the Tatios in ea.(4). Yowever, the above result would not change within
the wmcertainty bound though the ratios be slightly altered.

Now, let us calculate AB in the chiral symmetry breaking theory
for the sake of comparison. Within the chiral aymmetry breaking schemes
proposed by Gell-lamm et al., [_12] the square-mass splittings are sxplained
as the isospin symmetry breaking terms plua the photon exchange
contributions. Thus, the subtraction of the photon exchange contributiona
would yield a linear relationship between the zguare-mass differences and

the isospin breaking. This may be expressed as
fu
fny « 2 my T Lap=(aply ) (1)
3 : Y
H VZy
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whera mF is the averaged mass of the /u-*th isospin doublet and au3
represents the isospin breaking due to the third scalar density of the
chiral symmeiry. Since u3 is the only sourcs of the isospin breaking in

this scheme, it follows that Au is equal for all /J . Agsuming JEH =

3
conatant [11], we have

2 f5 mp {(AB)J - AB} = 2fDm.D{AD-(AD)y} . (12)

the decay constants fD

and fB » This can be done by observing that the current guark masses are

In order to estimate AB , we have to knew

related with the mass spectra of the pseudoscalar mesons. The relation

reads |'_13]
m [ omg = {2ty 2 - gl ) /Gy mp? = femg’ ) . (13)

Negleeting the small pion mass, we substitute eq.(13) into eq.(12) to

obtain
(AB)Y - A3 a (mc/mb)(mB/mD){AD - (AD}D/} . (14)

Again, we can rewrite eq.(1l4) in terms of (AK)X as

me Mg Me M9 4
AB-~m—bﬁBADfi?.2-ﬁ—me+1.ts}(K)y- (15)

Taking =, and my as 1.5 GeV and 4,7 GoV respectively, and m, as

B
5.27 GeV [14] y we plot eq.(15) versus (AK)y in Fig.l. The Dashen's
value gives in this case

AB = =1.6 + 0,72 ¥eV . (16}

We congider thet this numerical result is quite compatible with the

T T TP

M g T— r——— i

ostimate from the nonrelativistic quark model, ea.(1C).

We note that if we atiempt to evaluate 4B from AK rather than
AD as done above, we would have a different result. Using L 150 MeV
for the current mass of the strange quark, we find AKX gives AB = +0.6
MeV, a positive value., However, it seems to be reasocnable to take AD rather
than AK for the evaluation of AB , since the approximation of neglecting
the pion mass is not adequate for the K mesons [4].

Anyhow, it is remarkable that AB is predicted much smaller than

K Dboth in the nonrelativistic quark model and in the chiral symmetry
breaking theory.

Up to now, we have estimated the maas difference between 2% and B°
using AK and AD as constraints. We have investigated hew AR ise
predicted in those theories concerning the iscspin noncenservation We nave
found that the mass splitting AB is quite small. We may conclude that
IAB[ £ 2.0 MeV in the nonrelativistic quark model and in the chiral
symmetry breaking thecry., We expect that the future measurement of AB may
give certain criteria for these theories.
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