
, '-'./ I' /.. ., 
c l'II~~'~~I~mm~ljjil~I~I~lrl 

UdeM·LPN·TH·101 " o 11bO 0022120 4 

) 


June 1992 

CP VIOLATION AND QUARK M ASS MAT RlCES 

G. Belanger 


Laboratoire de Physique Nuc1eaire, Universite de Montreal 


C.P. 6128 Montreal, PQ, Canada H3C 3J7 


and 


E. Boridy, C. Hamzaoui and G. Jakimow 


Departement de Physique, Universite du Quebec aMontreal 


C.P. 8888, Succ. A, Montreal, P.Q. Canada H3C 3P8 


Abstract 


Mass matrices are discussed in the vanishing limit of CP violation in 


the standard model in order to disclose possible patterns. A particular 


mass pattern emerges in the limit J == 0 and w = O. In this case, we 


obtain 1Vd>1 ~ (V2m./fnh) which is in a very good agreement with the 


data. This new value of 1Vd>1 coincides with the findings of ROlner and 


Worah in the context of a compolite model and with Giudice in the 


context of grand unified superaymmetric theories. 




The issue of quark muse. and mixing! through the weu interadiona Ui 

interesting and puzzling at the same time. The 6tandard model, in .pite of ita 

extraordinarily success, does Dot give any explanation of luch fundamental iJluea 

as the number of generations and bow they mix. To discover realistic quark mUI 

matrices where one haa a relation between muleS and mixinS elementl Ui in seneral 

very difficult.1 This is obvioully due to tbe many free parameterl contained in 

tbe tbeory. However, taking into account tbe ob.etnd hierarchy eQjoyed by the 

Kobayashi·Maskawa (KM) matrix', we can actually derive .ome genuine pattern •. 

We can obtain interesting relationl between muses and mixing. in the limit J = 0 

and IN = 0 (the symmetric KM matrix). For example in the cue where Ho; =M"M! 

is diagonal and one of tbe element oC Htl = MtlM] vaniahea ... consequence of the 

absence oC CP violation, we obtain that IV..I = ,.I2m./m.. The purpo.e of doing 

tbat is to unveil lome realidic pattern in the mUI matrice., however note th.t we 

are not switching of( CP violation alltogether, it will be reinatored later on. 

10 general we consider non-hennitean man matrices, we use HOI and Hoi. 

There are 10 obsetVl.ble parameters amons: the muses and mixingl, .ix quark 

masSeB and four KM elements. UnnecCllIllY parameters can be eliminated since 

the phYlica it invariant under unitary han.formation. of HOI and Hoi : 

HOI - UH..Ut,Hd - UH~Ut (1) 

We can choose U to diagonalise H.. and reduce the number of parameters in H~ 

from nine to seven. Thi, is a straightforward exercise and the re.ulh are 

I> (2)(~ 
d 

,:;g )H. = 
f - ig 

and the other possible form for H~ il 

..... 

a d ie) 
Btl = ~ b. f +ig (3) 

( 
-Ie f - Ig C 

where ., b, c, d, e, f and g are real numbers.' A aimilar reault i. obtained in the up 

quark sector when U diagonalizea Hti• We will dudy these two cues separately, 

l)H~,HtI 

2)H",Hf 

and see what re&liatic m.... matrices can be derived in the limit J = 0 and WI = O. 

Before we deal with the mus matrices, we abow tbat certain element. in the 

Kobayashi-M.ubwa matm are not sensitive to the valuea of the meuure of CP 

violation, J, and the asymmetry parameter WI. The Kobayashi-Mubwa matm is 

written in terma of the four independent parameten 

a == Iv...I , {J == lVebl , .., == lVubl, WI == lVall' -IV...I' , (4) 

The parameter w is given by 

w = IVall' -.1V...12 = IVa.12 -1V..12 = IV...I' -IVatll' (5) 

and represenh the deviation from the symmetric KM m.trix. in which lV;jl = IVj,I. 
The smallest elemenh in the KM matrix are IV.. I :::: .004 and IVitil :::: .01 

(note that there are large error bars on these two parametera). The quantity J 

and the asymmetry parameter WI are even smaller 0(10-S). Since IV...I :::: .22 and 

IV..I :::: .045,3 it is clear that 

IJI, Iwl ¢: IV..I¢: IV... I 
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We can then write 

IV... I= 1V...I(J=..,=o) + IV... I(J....) (6) 

IUld similarly for IV..I. The correction term C&Jl be .ately neglected. and theae two 

matrix elementl C&Jl be evaluated at J =1M = o. 
In our parametmation, the KM matrix i. liven by 

';l -Q~~ a 

VKU(J ~'" ~ 0) ~ ~. ';1 - a' =- 7' - '! 
( 

-p ..,~-Vl~~-7' ) 
(7) 

with the following constraint imposed by the vani.hinS CP violation 

2a{J7/1 - a' - 7~ = a'p' +P'7' - a27' (8) 

which leads to 

/y... I/IVc61 ~ /Y...1/2. (9) 

This is in a very good agreement with the experimental central value. Probabably 

one of the main reason why CP violation in the s1andud model is small is due to 

the preferred central value of IV... I//Yc61 ~ 0.11. 

In the following we will work ollly in the case J = 1M = 0, the detaila of how 

to recover the r;eneral cue and the consequences of reintroducing the CP violation 

will be discussed in a future publication.4 The measure of CP violation is liven by 

.leg 
(10)J =, 2 ')( 2 ')(' " m. - md m. - md m. - m. 

We start with the case where B. i. diagonal, then Bd = VK MHfVJ",. Although 

Hd is unknown, it is interesting to see which form lead. to reasonable values for the 

KM angles. From the equation above, J vanishes when either d or e or , vanish. 
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One can easily show that among these pouibilities, the only reali&tic one is when 

d = 0, in Eq. 2. In this cue we obtain the following relation between mixing angles 

and masse. 

(m! - m~)21V... 12 IVaI2= (m~ - m~)2IVuhI21V..1'. (11) 

Replacing the value of 1V..Ii l in Eq. 9, we obtain 

1Vc61 = v'2m./mb (12) 

IUld 

IV. I' - 2 (a ­ m~) 
... - 3(m! -m}} (13) 

Note that IVc6 1 agrees very well with the measured value. This new value coincides 

with the findings of Rosner and Worah in the context of composite modell and 

with Giudice in the context of grand unified supersymmetric theories.5 This result 

is general as it is valid for both forms of Bd • Some comments are in order. Since 

we have five parameters in the mass matrix and three C&Jl be eliminated using the 

invariants, we are left with two parameters, say a &Jld b. In the mixing matrix we 

also have two parameter., IV...I and /Yc61 which in general are function. of a aDd 

b. It turns out that the dependence of /Yc61 on a and b i. contained in /Yal. Since 

this element is almost one, /Yc61 depends very mildly on a and b. On the other 

hand /Y...I has a .trong dependence on a but not b. Thi. behaviour is useful when 

reconstructing the mast matrix in the general cue where J and w are different 

than zero. No realistic value for the KM parameters are obtained if any other of 

the elements of Bd vanish . 

In the case where Bd is diagonal we can show that none of the elements of 

Bu can vanish without contradicting experiment. We are left with six parameters 

in Hu and /Y... Iand /Yc61 are liven as a function of the elements of Bu , say a,b and 

d. The two mixing matrix elements depend strongly on these three parameters, in 

contrast with the previous case. 
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We have Itudied mus matrice. in the limit of vanilhing CP violation and 

we have shown that .ome of the KM dementi CaD be calculated l&fely in tbia 

limit. We obtained that [v..I ~ (../2m./m,) which it in !ood agreemCDt with tbe 

measured value. We have SbOWD also that the dependence of the KM elementl on 

the unknowns in the masa matrix il very mild. Such a feature it very udul in 

building malil matricea colllilitent with the data. 
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