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¢HJIJ1Hl10B A.T. E2 · ll434 
KBapKosag crreKrpocKorrHR H yron Ka5u66o 

Ha ocHose yro~HeHHR u o6o6meHHR uneH BaHH6epra " ~pHT~a rrony~eHa 
¢opMyna, BbrpmKaromaR yron Ka6u66o (} c ~epe3 napaMerp HapymeHuR CHM

MerpuH CHRbHOrO B38HMO!letfCTBHSI r. H3 ycJIOBHH CT8UHOH8pHOCTH (j(}c/Qr.Q 

Hail:neao 3HatieHHe Oc npn: nocraroqao npoCTbiX rrpennono>KeHHRX o xapaKTe-
pe HapyrnemHf CHMM8TpUH CRJibHOI'O B38HMOll8liCTBHSI. flpocTeii:ruag nonyqeH-

' 2 -t 1 - -1 HaH 1'aKHM crroco6oM <j>opMyna tg 0 c •(y - "3 )( v 3 + 3) uaeT 3HB'IeHHe 

(} c ::: 12,794 °, 6neCTSilll88 cornacyromeeCSJ C 8KCI18pHM8HTOM. noK838HO, 'l{TO 

ciJeHOM8HOJ10I'JP-I8CKUfi 8H8JIH3 HapymeHHst SU (4) -CUMM8TpHH B Cll8KTpe Me3o

HOB xopowo cornacyeTCSI c rrpenrrono>KeHHSIMH, caenaHHbiMH rrpH BbiBoae ¢op
MYJlbi JlllSI yrn:a Ka6u66o. 

Pa6ora BblflOJJHeHa B fla6oparopHH reoperw-IecKoii ¢uauKu OHHH. 

TipenpHHT 06bellHHeHHOl'O HHCTHTyTa S!llepHblX HCCneJlOB8HHil, lly6HB 1978 

Filippov A,T. E2 · 11434 

Quark Spectroscopy and Cabibbo Angle 

The expression of the Cabibbo angle Oc in terms of the u 
d , s , c quark masses is obtained by using a generalization of 
Weinberg-Fritzsch arguments. Introducing as the symmetry breaking 
parameter r - d 1 s and requil'ing that ddOc - 0 we find for the simplest 

r -
quark mass spectrum the formula: tg 20 c -( y t -t )( y"jJ:..3) - 1. The cor-

responding values Oc ~ 12.8° and r ~ 0.454 are in very good 
agreement ·with experiment. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR, 
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Sinee the introduction of the generali~ed un1Tersalit7 of 

the weak interaction, baaed on a possib1lit7 of rotating the 

hadronio weak 0111'rent b7 the Ca'bibbo angle e< , there were lllall7 

attempts te oalcu1ate thie angle or, at least, to explain its 

llll&ll ll&gnit114e ( (}< ~ 13° ) • 1'he idea of .. tillating ec is 

euggeeted b7 an eapirioal relation +a e ~ Yl'llf 
(I "- mK which poeaib-

17 tells ue that e. ie somehow related to strong interaction 

s~etr7 breaking. In refa.ll/, 121 it was Shown how the cendi

tion of cancellation of diTergenoea, induced in the quark aatrix 

b7 weak interaotiena, llight giTe a relation like ~2 8"- ~ d h 
( J, :) 4enote the 11&8188 ef the quarks d and -:S ) • In the 

appreaoh /I/,/2/ the Cabibbo anile prGTed to be intrinaioall7 

relatet to the atrong ohiral a~etr7 5U2L x SU21( , and the 

..all aasnitu4e ef the ec was explained in terms of the small 

·~•tr.r breakiag paraaeter. 

!he inTention of the o -quark aade the theor.r of the weak 

iateraotien aero e~etrio /J/aad gaTe rise to new approaches 

for oaloll.latiq e. • !he pair• ( u c ) ( d-:S) oan independent-

17 lte rotate4 'b7 &D&le• ef and e2' reap.' while the ha4ron1o 

o11rrent "1 = c,., 18 + fie de can 'be represented in the standard d '17t 2 f 2 
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fiJrlll J:::; c :)" + iJ de , where e< =e. -e1' de "'"cl CO;) t?, + 11<he .etc. c. £". .L c t:: 

Using such rotations and some plausible assu.ptions on the form 

of the quark mass matrix in one of the bases, Weinberg / 4/ and 

Fritzsch / 5/ diSCOTered new formulae which express ec in terms 

of u, d, :) 1 c • !rllese fo:r~~ulae ooinside ·nth the Gatto et al. 
u J 1 old formula in the 11111 t z ~ ::f ~ J.a asau.ed in 

these papers, the mass matrbes of the pairs (uc) and (d-j) 
(<) .... (1) 

satisf71 in the arig:lna.l Wyeak• basis, the relations Q uc = Qcu, 

Q 1J~= Q~~ ,Q:~=Gj~=O. It follows that cletQo>= -let~~~~ 
olet (t2~= -/ Qd~(z, ieee ,eigenTalUU Of the matrices, Which are 

to be identified with the quark masses, must be of apposite 

signs. 

For this reason we first propose a new deriTation of similar 

formulae starting from somewhat different assumptions. When the 
Ill n<l) weak interaction is SY1 tohed off, :the lllatrioea Q i/ and "t ij 

are supposed to be diagonal, their eigenTalues being equal to 

the masses of the quarks (uc) and (d-J), reap. !hese are 

the •constituent• quark masses, in terms of wioh the masses 

of the hadrons are defined. Switching on the weak interaction 
(IJ Q{;l) • r•l _ t:)IIJ _ rtl ~ n<2) =a 

makes Q and non-diagonal. Q uc:- '-f.<u-at, Q d~ '-Y~d -2, 

where a,1 a2 E Re • Let us assume that the weak interaction 

J ) Q(iJ •chooses• such a basis (Lie., C6 ) ( e :'J8 that are 
• I I 21 2 

diagonal and, moreoTer, Q~~ = Qjj=O • This condition is essen-

tially equiTalent to the Tanishing of u and d •current• 

quark masses, and in the new basis the ohiral 5U2L X SU.:H' 818-

metr,- will be exact • .An eleaentar,- calculation, with tile oendi-
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tiona Q/f) - Q(~)-
11-U - Jd -0 properl7 taken into account, giTes the 

relations 

t3 2e1 = zJCU (C-U)-f_ I tf}.2e;z_ =2/1Cl o-ol)-:1 

nis results in the Weinberg - P'ritzsoh 15/ formula wJUoh we 

rewrite in the fora 

'"L- 't, 

tae"= (+'t'Ij_ 
'LL=_i_ 'l:L=!::!_• 

-3 J I C 

(2) 

(i) 
If we had added tli also to the diagonal elements of Q , 

we would obtain the same eq. (2) for ec , except for the 
- J - lL relation between quark masses and 'l, '1:L: 'L-7-'L=::r, 't,~'"l,= c. 

If the weak interaction terms in the Q r;J ~trices had a more 

complicated structure ( e.g., ai are added to all the elements 

Q
l<) (Z) . 

except for uu ) Q cld ) ' the formula for ec would be the 

sa~~e, but the relation of -z, 'Z:L to the quark mass ratios would 

be more complicated. The structure of the "weak• mass matrix 

is essentially dependent on a weak 1Dteraotion model used. As 

expressed in refs. / 4/,/5/ and in references therein, the 
'""' vJ vi 111atrioes in tho SU2L xSU2R xU1 type theories probabl7 meet our 

requirements. 

The h7Pothesis of Ta.Idshing the •current • quark masses 

U 1 d. gaTe US the non-triT1aJ. relations a< = {r;U_ I Q:z= m 1 

which in principle could be satisfied in a unified theory of 

strong, electromagnetic and weak interactions (of.,e.g.,/4/ ), 

As we are not in a position to really calculate ai. and u,J,1,c. 
we instead will use a necessary condition for the existence of 

such a relation- a principle of extremality of e~ with 

respect to aaall Tariations of a S7888trT break1D£ taraaeter 
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near its true vallleo Aa auoh a paraaeter we ohoese "l 

impl.~ that "(_1 = "[t ('I) / '1.1 < "(. I 0 < '1/ ('r) < i. 
!hie aesuaption oan be approximatel:r satisfied in a theo%7 of 

apontaneousl:r broken U nL x UnR sJJaet%7 161 • In this theo%7 

the apontaneolls breakiq of the U,. -a;rmmet%7 oooura through 

an interference of lldiagonal• m ( <t<cti __, q,, ~j) ~ ~:p 
and a! "non-41agoDal 11 m c <t-i ~i -)- 'Vj 'L·) ~ ~ F quark-

-trana1tiona. For 9E:I'iJv4:=i the nona,.aetrio solutions of the 

self-consistent equations for the quark propagators are 

energetioal.l.7 aore favourable than the IJIIII&trio ones, aDd 

the sequential. &1JIIIletr:r breaking Un "J U 11 -~ :::> ... :::> Uz 

can be real.illed under oonditions -3' ~4 ~ ~ ~ (@teellJv) 161. 

The saae aeohaniea of the quark~ expl.aills the large 

~-1(' - 111x1ng, and c; (m~ -v <Je I<J1> ( froa the aaaa fern-

lae we obtained Etfm:Z "' 11' ) 171 • 

As the (l.i 1Dipl.ioitl7 depend on 6 ( e.g., 1n the siapleat 

aodsl of ref. /27 a1 ~rue 1l1:112 f7 ) , the requireaent 1~c = 0 

seems to be neoessar:r to guarantee a self - oonsistent solution 

of all the oonstraints.Amore formal arguaent in favour of this 

requirement can be deduced from the quark confineaent h;rpothesis. 

Aa aeon as there are no free quarks, their uaaea Cf.-< and the 

sJIIIIetr:r breaking paraaeter are defined b;r soae aTeraging pro

cess /II. Jn:r ph7aioall:r aoceptable solution has to be stable 

with respeot to corresponding nuotuatiena of 'l hence e'(TJ=O. 

Fro• the equation e' (7o)= 0 we now obtain 'to and tfc ('r") 

I . Z - _L i_ e ( ) 'Lo - "( 1 (7 o) 
"1'1 ('to)=[1+1}('lo)}(l+'to) 1 ~ < 'l'o = :1_ + '<o'r

1
(
7

o) • (3) 

With the aiaplest assuaption '1. 1 = 'l2.. one can eas1l7 deduoe 

froa eq. (3) the amusing foraala 
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If~ 
l + [3- (i )"4

- '·J<h tc/9 = 
3 - 3 e c::.12.19LJ 0 (4) 

Lo = -2- 4 ~ • '7 J 7 ' U c .[3 + 3 J c 

The relation 71='Lz and the 11extrellal 11 val.ue of the s7J1111etr:r 

breaking parameter "to are to be ooapared with the eapirica.l 

relation between ~ and 1 obtaiaed in 171. One can roughly 

reproduce the results of this paper by introducing the effecti

ve maaa q,.,., of the i-th quark in a vector ( "'= V ) or pseudo-
.:~. 'l ~ 

scalar ( IX= P ) aeeon: qi« = q.,i +mel. ,where q., is the •true" 

aaas of the quark. Then, for states with eaall llixing of quarks 

( &2
- o ) the ra.a) aeson 11asa isM·· =0. +D. (see 16/,/7l " l'~t lJ o( IJel VW VJ" ), 

Using the 11asses of p 
1 

4' , 'D 1 <JJ* as the input para11etera and 
:z. 2- 2. ~ 

expl.oitiq the obvious relation q.,,
01 
-~jet= q.,, -'}j ,one can 

easil:r cal.culate u,..::::: cC", 10( and Co~ • To find the true 

masses lA, d 1 -1 1 c. we o bssrve that in the limit u, d -7 0 the 

pion mass has to vanish, therefore WI~= 2(uz +cf-). Performing 

a aore rigorous oa.lculation, which accounts for the u-ol aasa 

difference and the quark aixing ( see 17/ ) we arrive at the 

final result 
U '-'::,063 J i'c::,O'f3, 1 z.33t 1 C ~159 (5) 

2 11 
For these asses ef quarks the relation 't~::::: "[ · is satisfied 

and the oorreapondiq ec ( as obtained from eq. (2) ) is slight

ly larser than that g1Ten b;r eqo (4). Negleotiq the U-d 
splitting we have a remarkably simple pattern of symmetry breaking 

1n the ctuark uase s: u ; d : 1 "" ~ :::::: 'l_ 
2 

, where 't. = • 4 '>'t 
ia rather oleae to the •extreaal.• value 'lo ill eq. (4). Reaark: 

1n paaa1ng that the relation "tz ---(£;/ rn~) "-i.<JE" /~n) is al.so 

satisfied. 

Otlaer ass .. pt1ona oa -..u:• oorreotioas &114 •• u,~1, c 
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( 
, _,.., 2+-E ) mass spectrUII e.g., t 1- '- would give somewhat different 

formulae for gc • However, the simplest one, given b7 eq. 

(4), is in the best agreement with the experimental value 

ec ~ 1.3 ° and w1 th the empirical mass spectrum (5). 
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