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CneKTpockonAs Me3oHOB, AAPOHHBIX MOEKYN H KBADKOB M BLIYHCICHKS
yrna Ka6u66o

[MocTpoena peHOMeHONOHIECKAS TEOPHS CIHEKTpa MacC OGLMMHEIX M OYa—
POBAHHBIX HACTHU C Y9eTOM INPAMecH “MonexylspHmx’ cocrossui. OnpenesneHs:
Maccel KBapkoB, # B Mofeinn BaiuGepra-<dpuua mounciien yron Kabu66o. [Tpen-
noXeHa Teopernueckas ¢opmyna aas yrna Ka6u66o B momenn, B KOTOpOi

OTHOWEHne Macc ABYX IoCeaoBaTeJLHBIX KBapkoB NINOCTOHHO, TeopeTquCKOe
3Hauenne pasuo 12,80° ,

Pabora Brmonnena B Jla6oparopun TeopeTHueckoh ¢uankn OUAU.

Mpenpaur OfbenuneHHOro MACTHTYTa snepunix ucciemopanuit, fy6Ha 1978

Filippov A.T, E2 - 11435
Spectroscopy of Mesons, Hadronic Molecules and
Quarks and Calculating the Cabibbo Angle

By carefully analyzing the spectrum of the all known mesons
in terms of a universal mass formula the strong interaction symmet-
ry breaking effects are systematized, and the constituent quark mas-
ses established, By using the modified Weinberg-Fritzsch formula
the Cabibbo angle is expressed in terms of a symmetry breaking
parameter r, and__E_y applying the stability condition dec/dr =0 the
M is derived. The predicted value 6,~12.8°
V3+3
and the assumptions on the quark mass spectrum used for the
derivation are in nice agreement with experiment,

The investigation has been performed at the Laboratory of
Theoretical Physics, JINR,

formula tg26, =
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In refs./l/ the following mass formula for mésons (Chq,))d
was suggested ( 1n what follows the masses of mesons and of
quarks will be denoted by thelr respective symbols):
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Here t,J= u,d,a,c (and we also use the notatlon 1% :ii;
mu:md:ulmJ):’_\,mc:C,etc.), o(=(ZI,L,S,/\/),
or o= S,V T, A, S , N 1s the radial quantum
number ( €e8er N = 051525 oo ). In addition to relativistlc
kinematics, we here aooount for a symmetry breaking in the
Regge trajectory slope and in the radlal exoltation energy,
whioh are supposed to be defined by the same effeotive radius
Ry ~(pi +p) ™ mme pf  pf ema m? may have somewhat
different values ﬁ;//ﬁL’“’ and M2 for the oharmed
mesons. However, the main symmetry breaking effeots are suppo—
sed to be included in m, and R,;J- . For 1=0 states we have
to take into aooount the quark mixing effectsy, and this was
successfully done in 3/ ., Here the effect of the mixing



parameter tQL,‘a is a mere shift in Ml;; which 1s signifi-
oant only for pseudosoalar (aa=D) mesons, and the dependence
of Ez on Mz 1s appreolable only for M2£ 172. For large
mixing the mass formulae are neither linear nor quadratio in
masses, while for I=1 Y, states ( and for I=0 states with small
mixing , £t >0 ) they are linear. This ocan easily

be proved by defining the effeotive masses Cl/f"‘ of the quarks.

For example, for the vector meson nonet we have

2t md e tu? 42 2 2 2 2
Ay = Y M, +qPF 3&, u = uwemg +ZIL}JF *%Ev,

and it is easy to verify that

Kr=K, =3, vuy , P =R2uyx@ , =23,
I1f the parameters m, , ,ui , and £% do not depend on the
meson masses the simple relation holds: %ﬁ - %'Qd :CLZL *Q?EA(-ZI
To estimate the parameters let us take as the input

masses the following

JT)K' 7, P, 9, K*:KV; AL:K":KT/5:JA1("8);B'
Then 4m2 +2ur +25% = 7064 | AL, =.1087
ME = 107 €2(p)= E2(K)=.0605, €2(r2) =.103, €2 =.0020

& =014, pi=-0132, MI=.2955,4u]=1163, 4u2 - 9295

The predicted masses of all other states with N=0 prove to be
in good agreement with experiment ( up to some unknown mixing
effects, whioh seem to be appreolable only for scalar mesons)

Assuming that 'rhf = m} Sfi =0 and using

2
D, D* =9, as the input masses we find
AL, =2521, pf=.035, U, =.258,3,= 418 | Co=1609
Hp =.376, Dy=.500 , ¢y =1632.

The corresponding prediotlons are
F,= 2131, F=2007 ¢=3.263, J =320%

The prediotions for Y and ¥%. oan be signifioantly
changed by taking into account vy’ ne-n. mixings
through 9P, DD, and $V§v ohannels 1/ ,

1 m? #mf we need one more input parameter (eg. ¢ ).
Then we can obtain the following prediction

Fy= 2114  F=139%, M.=3040,

Without incorporating the DP ohannels effects the smaller
value of \?c i8 extremely diffioult ( if not impossible) to obtain,
and so 1t is quite probable that Y.# X(2.82) ( a possibility of
saving the hypothesis 1. =X(2.82) was discussedin /1/ s in this
oase the decays of X (2.82) are somewhat diffioult to explain).

The parameters L//ucz,lﬂf are to be obtained by using the
masses X,(3.55),2,(351),2,(341) whioh however do not satlsfy the
simple LS—-splitting rule: Ai+ 228 = 31 .
Assuming that ,Uf//uf~/ug /Mf we oan predioct the value of i/ -
( JS o~ .16) whioh is rather olose to %(li ~x).
This probably tells us that %, i1s rather strongly mixed with
D] -states, e.g.,with a O*! 9D bound state whioh must exist if
the moleoular charmonium model is true ( see 1,2 ) « An uncertain-
ty of the mixing effeots prevents us from finding the exact value
of Z//ucz In the two models mentioned above we only obtain 4/uf~2+3.
A more reasonable sstimate oan be found by oonsidering the radially
exolted states p'(1.6), ¢/(337):

p=200 , 4ui= 204

The oorresponding predictions are

o= 1,83, K'=172 W=1), §'=419 W=2, "= 4.6 (W=3),



"

and the states 4" ¢ may be reasonably i1dentified with 1~

¥ (4.18),4(4e14) . Using this value of 4’/13“ 1t 18 easy to predict

also the radlally and orbitally exoited states of the D-partioles.

The experimental observation of such states would allow one to solve
the problem of finding the exact value of 7ﬂ¢1 as well as to prove

( or disprove) our ideas on the phenomenological description of the

symmetry breaking effects.

To calculate ['(V,V'>¢'¢) we have to use some equation
for the wave functions of quarks (U;;) and to ohoose a poten—
tial. The simplest model whioh 1s oonsistent with our mass
formula is provided by the equation

2., - 2 4
where K2 = — xzij is the relative momentum squared of

the quarks in the c.m.s. | 12=(x‘a~)gp)z+&}2)2and the metrios
is Euolidean. For the pion this equation essentlally ooinoldes
with the Fuolidean Bethe-Salpeter equation. Negleoting the
spin- spin interaotion we may ohoose the potnetial in the form

Vi) = é}[g,fl +g,p+ 3,,67)3 +9.4p?] ) f:é‘ .

The value of (5 obtalned above agrees well with the osoilla-
tor potential. However, the linear one, givesrather similar
results, and even an admixture of the Coulomb and logarithmio
potentlals 1s impossible to exolude provided that g-+ and 9,
are not large . Suoh an admixture changes the dependence of

T(vy,>e'e™) on X, as

F(Vy > e'e) ~ Lo M2 5 w1 = w24y, (0)

Using this faot one oan obtain a good fit for [ (4'):[(¢"):[(y")
with reasonably small admixtures of the logarithmio and
Coulomd potentials, not spoiling the nioce result for the ¢ .

In addition to the notorious VCVX problem we have

a problem of explaining the states Y(3.77), ¢ (3.95),

Y (4.03). As their masses are almost equal to 2p 999,
and 29, resp., and there are some arguments in favour of a
rather strong interaotion between the pairs 95, va

and DD, 1n the 1= 1 state 72/ s We may try to
interprete these resongnoes as threshold resonanoes in oorresg—
ponding ohannels, If Y (3.77) is the L=1 9OF resonanoe,
and Y (4.03) - L=1 9,9, resonance, the O** 2D and 9,3,
bound states must exist due to exchange degeneraoy of the forces.
Following this reasoning we speoulated in 71/ that the X(2.82)
oould be suoh a bound state x) + As the effeotive radii of the
oharmed partioles are smaller than those ofthe old Particles,
and as the foroes between P ang 5) have praotioally the
same radius ~ (2”’?7[ )’t it is legitimate to use for desoribing
the 1)5 bound states the relativistio quasipotential equation/J{

negleoting the struoture of D-particles, For soalar particles.
-2mp7

T
verslon of the Logunov-Tavkhelidze equation seems to be most

interaoting via the Yukawa exohange ~ 8 the Todorov's
appropriate. ( One oan formally derive the equation by consi-—
dering 7 in eq. (2) as a three dimensional veotor and by
introduoing in the potential the dependence on the mass of

x) This possibility was later oconsidered in more detail by a
student of mine O.Rassi-Zadech; to be published,



the bound state: V>V /M), Then, by fitting the mass of the
=0 state X (2.82) we prediot the mass of the L=1

state ~ 3.74 whioh reasonably agrees with the ¢ (317

ott

mass, Desoribing and 1~ 9,5, states by the same equat-

ion with the same potential we prediot thelr masses to be
3,53 and 4,02 resp.y, and this allows us to identify them with
X' (3.454), V¥ (4.03) .
Having understood the pattern of the meson spectrum and
af the symmetry breaking, we are now in a positlon to make
a definite statement about the quark mass spectrum. Modifying
the arguments of Weinberg and Fritzsch 14/ s We can also glve

a very reasonable prediotion for the Cablbbo angle 6. .+ Assume

that m;—> 0 when u,v{ >0 while the parameters moz//qu)

and Eg(nl) remaln essentially oonstant., Then U :¢f== il
and we can obtain the "true® masses of the oonstituent quarks:
W =.0%0, 5=.33% ,c =159,

These masses satisfy & remarkably simple relation
’(.2: L—é—:i :—d— ~ .21
so as the Weilnberg-Fritzsoh formula 14/ may be written in the
form:
(3)

6, = culcfg T - aﬂcig 1?

In the original derivation this formula related 0, to

the ourrent quark masses and here we used instead the "oonsti-

tuent® ones .In fact, we have presently derived the same

.

formula starting from other assumptions whioh are, to our mind,
more oonsistent than the original ones ( to be published).
In our derivation the quark masses in the Welnberg~Fritzsoh
formula are to be unambiguously interpreted as the “oonstituent®
masses. If, in addition, we subjeot O.(1) to a natural
stability condition

d6.co/de =0 | =1
¥e can derive from (3) the 7, . After simple oaloulations
we finally obtaln an amusing formula

1
B e e B
=128 _(2)" | tfe 2 6.~ 1279°.

Bz 4

This result 1s dependent on neglecting the heavier quarks,
on simplest possible assumption about the quark mass ratios,

etc. However, the agreement of (3) and (4) with experiment

is 1mpreasivo!
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