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Abstract

Fer large heavy quark mass m, there exist some limit for
M, where M is the mass of a hadron containing such quark.
Thege limits, as well as U{m£1) corrections are found for o,
1~ mesons, & eand {\=type barions in the MIT bag model.
Unlike the earlier works which ignored the problem of c.m, mo=
tion in the bag model, we find gqualitatively different predic-
tiong whieh are in muckh better correaspondence with data. =
alsc discusg spin and electromagnetic aplittingﬂ of these had=

roneg.
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The masses of light ( w,d,s ) quarks are rather different,
but still there exist approximate SU(3) and more accurate
igsotopic SU(2) symmetries for their eubstitution. The reason
for thig is that these masses are all too small to be impor-
tant. Something similﬁr takes place for heavy quarks ( c, b,
.es) for their masses are toc large in the hadronic scale. S50,
some symmetry for their substitution should exist in the fami-
lies of 0, 1~ mesons, > 7 ﬂ.Ild. A  type barions etc.

For each family some limit for Mrmh exists , where M are their
masses and m, 183 the heavy quark mass.which goes to.infinity.

Such limit also exists for other quantities like formfactors,

~radii, electromagnetic splittings etc.

For the estimates of these limits we use the MiT bag model
[1,2] , which was rather successful for ordinary Hiadtuss
Also important, that'its main ingredient, the volume energy.
term, has recently been explained in the QCD framework as be-
ing due to partial suppression of instanton-induced effects
inside hadrons, see f3,41 .

Another motivation for the present work was the very sirong
disagreement between the earlier straightforward applications
of this model [5] and data for charmed hadrons and, most impor-
tant, for B meson. So, one may susspect that something impor-
tant is missing. And indeed, in the present work I propose
very simple explanation for it, belng essentially pure kineme-
tical one. The main observetion is that although the so called
problem of c.m. motion is important for ordinary hadrons, it
does not exists for those containing heavg quarks and one

should account for this.



The Hamiltonian of the bag model as it was usea i¢l5} Lo

-

Ha Eqigni¥m, + By + Bpag + B+ B g, 4 P,

where Elight= £.D4~H11ﬂhtfﬂ, where Hlight is the number of
light gquarks and R is the radiys of the bag. Eh= Trdjﬂ-mhﬁkﬁ
iga the kinetic energy of heavy quark, Ebaﬁ=%ﬂﬁﬂ-ﬁs where
=
il
3'/4 . 145 Mev. ¥ = -1.86/R and the last two terms are the

o
gluocelectric and glucomagietic interactions Ttetween gquarks.

We are going to discuss critically this expression term-
by-term and to propose its gignificant modifications for tﬁe
case considered, These modificaticus dﬁ not concerns the nu-
merical values of the paramecers, which we by peirpose-use as
they were determined in fEI in the fit to messesa of ordinary
hadrons.

Let us start wiih the problem of center of mass mction.

It is known to appear each time if, instead of fixing the to-
tal momentum of some system, we put it in some coullective po-
tential well, The arising fluctuations of the total momentum

1)

are completely fictitious and the corresponding energy should
be subtracted. There is no astrict waﬁ of doing this in the re=-
lativisiic case, but s2till we may est;mate this energy B,
by simple projection of the bag wave functions to that with
Zero mamentum..ncing this we may conclude, that for usual
hadrons E_ = = {1+ 1.5)/R. So, the subtraction of this temrm
explains the essential part of [ given above, Originally fé]
this term was acscribed tco the so called Kasimir effect, or

the modification of zero~-point oscillations by the bag. This

1}After quantization they also produce fictitious excited stutes.

W

interpretation of o term, actually found from the fit to
hadronic messea, is similer to the wreceni expianation [3,4]

of the bag itsclf with larger and new zero-point oscillations,
the instantona. At the same time, we arc not yet able to calcu-~
late the dependence on the bag size, SO the status of the rest
of B Ecﬁm. is very uncertain, S5till we include it in what
follows.

How we come to hadrons containing very heavy guark. The pro=-
blem of c.m. motion becomes trivial for fixing the center of
mass is just fixing the heavy quark. This was not done in [5]
where the heavy quark moves freely in the fixed bag. Therefore,
in this problem there is no fictitious c.m.motion to bhe subtrac-
ted and the corresponding part of E is not needed. This obser-
vation is most important numerically.

One should also modify the by term, which is D{mﬁj) correc—
tion. Using again the projection idea we may say. that light
quarks move freely in a bag, and the recoil momentum is on the
heavy quark, This gives Eh=(2.D4IR}232.mh for any light quark.
Also in our "hydrogen-like" picfture the interaction terms
15 e
for fixed quark is due to 1its gluomagnetic moment, gnd can

and B, 4, are modified, The giuomagnetic interaction
#lale

be written as

: g (sm'}lﬂ} a - ':"ad m
Eo gt = " TRT B, (0) = %—J—_R-za (62 (672,)

The second part of this formula is the estimete of the gluomag-
netic field at the origin BE (0) with the bag model wave fun= .

ctions. HNote, that this interaction is more short-range than




that for light quarks, so the corresponding b(a value
should be smaller. From M{H*}-M{D)=T4QMEV one finds gf3=0.4
to be compared with effective o =2.2 for light quarks [2] .
So, the perturbative aprroach is more justified, We find with
our formulae M{Z'C)—M{31¢)=165 Mev with very nice agreement
with date 16616 Mev, but the existing evidences for %

are go far rather weak,

ook 1
The term EG g, ¢an be estemated as =~ 3 . (',. 7

- E

However, we know from charmonium theory that the Coulomb-like
potential exists, if any, for r< 0.3 fermi, and then it is
rather smell. Moreover, we do not agree with the account for

E in [2] and believe that it is included in E_ texm. So,

Golis
we do not include this term at all.

How we come to our results showm at Pig.1., Let us repeat
that we made no fitting of the paremeters, for in any caseée the
accuracy ia not better than 100 Mev. What we want to show is
the qualitative difference between our results and [5] with
the same set of parameters, This difference is dramatic for
D,B mesons, for which there is strong compensation between
Elighf and E_ in [5] . It makes these particles unusually
"soft", so the vacuum pressure easily compressesthem, Note,
that their wvalue of the bag radiua,R:D.E fermi, nearly twice
smaller than ours 0.8, which is more common.

The question may be asked, how one may really check this
&ifference. Let us note here the role of electromagnetic in-

teraction, much better known than QCD one, lMaking use of the

symmetry between different states with different heavy quarks,

W an?)
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one is able to separatdvarious terms from data on, say D and
B mesons, For example, the magnetic interaction can be found

from the following mass combination

= o E
By = M(D")=M(D )~M(D**)(n*°)
in which we get rid of u=d quark mass difference and their
QED self energies [E} » 1ts estimate from comparison with
) *
the gluomagnetic effect gives Ey= & [M(D')-M(D)]=1.2 Nev.
: i 24
The availeble data are not accurate enoughto check this,
Another interesting quantity is the Coulomb interaction,

available from the relation

Ey=M(D")-M(D®)+1i(B™)-M(B)~ 3:E,/4
Our estimates in the bag model are 3 Mev, while parameters
of [5] give twice larger value and are in contradiction
with the observed M(D+!~M{DOJ=5:.B Mev, if one takes conventio-
nal mq=m,= 3+4 Nev.

One short comment concerning E-t:,fpe particles with two
heavy quarks. They make & kind of a nucleus in the center with
quantum numbers of antiquark, so for the light quark this does
not differ much from the cage of the meson.

In conclusion, we propose significent modification of the
bag model as applied to hadrons containing heavy gquarks. The
main point is simple kinematinﬂithis'quark stands in the®enter
of the bag. The agreement with data is essentially improved,

These observations I made during the work on my lectures
for a group of experimentalists, so I am indepted to their.

organizer, Prof, A,N.Skrinsky,
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Figure caption
The difference Mémh versus mh-in Gev. The values frem Y:QV

theory are usecd, namely m =1300 Mev, m,=4700 Mev. Solid lines
are our calculations, the dashed ones are those uf[E,EJ . The
latter give rather good fit to strange hadrons, but are  wrong

for larger quark masses.
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