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1 Introduction 

Iu t.lu' st.;uu.hu'<l ('l('(~h'owf'fl.k 1110llc·I'! Ule fnullly st.l'uctUl'C of ·YukawH. ('()upli11~s 

is uot. (Ooust.rniu(·d hy gauge i!n'Rl'huu'.e so t.ha.t. t.he valltes of til(" fel'llU()U lURSS('S, 
aud t.Iu' HftY01' luixiug pnl'alU(·t,C'I'sfu'e ('ol111>let.('ly uludl·l-uud(·te1'ullu('d. 1u h'yiug 

to lUlllel'Rt.uud t.his iut.l'iguiug puzzl<:, val'ious fOl'nls of lunss UUtt.I'i(~l'S lutvl' 1)('('11 

proposed t.u deal wHh <Iual'k 11lixiug and C P viull1,tiou in the clt'ct.rowenk iut.('l'­

fU~t.ious [1). Al110ug tbose suggested Rnsat.zc, tbe 1110St. popula.r aud e('onolui('nl 

01U' is Ule Fl'itzs(~b Rusatz [2] ,,'hl'l'(~ the UU1.sS('S of Ule bea\~y (11Utrks t aud I, nl'(' 

iuh'oduc('rl iuitially, nud the lllaSSeS of th(' light. (IUft.rks tt, (I, ", nud c ar(' gell(,l·n.t.('d 

h:v \v('nk-int.('l'nct.ion uuxing. Ullfurhllutt,(·ly, t,he plU"llollleUol( ,gi(0al predi«·t.iou ()f 

t.l!(l Frit.z:;wh. ausa.t.1; t.o t.llf' t.op (lua.l'k nUl-SS 'U, [3) iR 1)(,luw 01' at. 1u.'Rt. llf'fU' t.o Hl(, 

low{'1' houud of '''' iu«iic;-tt('·d hl' the (~url'("llt. ('XIH:'l'hu('ubtl dn.t,a [4]. ThiR itllpli('s 

t.hat .. he Fl'it.zR('h nppruadl shuuld he dtJU'I' nhnlulolle(l or ul()(lifi('(l t.o fit. OUI' l)('t,­

t.('1' f'xp('ritueuhti kuowl('dg~ of t.ll(:~ l(o),nynshi-l\la.ccknwn (1(1\1) llUth'ix aud Uu' t.op 

quark l1lnRS. R,ee('ut.ll', t.111'e~ dif£('l'("llt phf"uoulenologi('al approacbes lun·(, h(~(lU nt.­

t,el11pte<l for Ule 1110difi(~atioll of Ule Fl'itzs(~h llUt..4JS uUt.trit'es .1\I}.!') Rud .1\IJ;~) [5-8], 

TIl(' first, i~ t.o t,1'(:'at. t.11(· Fl'itzsdi RURnt·z ns the t.l'f'f' apPl'oxi111at,iou l'csn1t.iug frolll 

n spoutaueously hrokcll Syull11ct.ry of Ule Ittl:?rttllgia,u, 8.u(1 t,o tltke iut.o IlC('01tllt t.1le 

cOl'l'espoudiug rn.diative cOI'r('ctiolls so as t.o Illnkc Ule nllsatz cOlupatihlf:- wHh all 

t.lu~ pI'eS("ut dat.n [5]. Allotherapproadl is t.o illt.l'o(.hU'e t.,,~() addHiollnluouzc'ro 

off-diagoual ('1<.'l11('Ut.S iut.o Ule ol-igiunl Fri t.zsdt lua.t,rit'es .1\J~!••d) RO t.1Utt. t.he' g('ll­

('l'alized lunss 11lnt,l'ices CRU serve ns n full r('olizat.io11 of t,he id<"8 t.hnt, Uu" light,('r 

quarks iu en.ch eluu'g(' suhset't.ol' get. llU1SSCS through lluxiug [0,;]. Ho"·('\·('r~ t,his 

t.rcnf.tucut. fnilR to lead t.o a.ll apprpdahle jUt'I'ea.se ill t.he llp1>('r hOlllUl of t,he t.op 

quark llU1SS [;]. The t.hird a'PPI'oneh, eXfl.lllitU·d hy Gupt.a and .1ohuR()n [8], is t,o 

illt.roduec au addHiollUlllouZel'o diagonal elellleut, for the CIUtl'll1 (11l81'k c iut.o Hle 

Fl'Hzsdl lluttrix .1\11;') hased ou t.he fRct. that tbe 1uass of the c qua.l'k is ll11U-b 

htrger t.lIRll those of the ''', tl, aud 8 quarks, hut. C()111parahh3 wHh t.lu..~, oft.lle " 
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(Ittark [0]. They ohta.ill,u~'lrflJJ 5 170 GeV by cOlupnritlg their thC:'OI'ct,it-al'l'cstt!tR 

for t.he I(l\llllfttriX elel11cnts wHb tbe rplcv8ut cxperitllcllt,a1 dat,a [1()]. 

Here~ 'v~ also follow a phf'nOl11enol()gi('al a.pin'oach t,o pl'est':'nt. a nu)(lifiC'(l fOI'111 

of Ule FrHzseh nutss llul.t.ri(~es~ in whkh the dia.gonal elClu('uts for HoUt UU:l duu'lll 

and st,ra.nge qnarks nUl.y he nonzero as the (t(tdHional first.-ol'(1C:'1· l)('rhtrhnt.ioll. In 

sneh a t.l'cnt,ll1('nt" t.he nutsses of t.he heavy t and 1, (tltnrks llught ,dill ht':' l'f'gnr(l('(l ' 

as t.he " driving t,('rlllS " , and t.1u:' llUtsscs of til(' light. II, aud rl (lUnl'ks flS Ule:' 

seeond-order pertl.lrbat,ioll which pi(~k ttp values throngI,l luixillg ~)f the first nlld 

sc:'('()ud fanulies. The iut{'rlllt'(liate lllasses of t.he c aud ., quu,rks, 1'(\gardcd as tbe 

nddHional first-or(ler pC'rtul'bathre t. t':'l'IllS , lllight, uot. gaiu t.heir ,-n.llles fully vin. 

lllixillg of t.h~ sc('oud a.nd t,hird f~tlllili('s siuce they a'renot. t.oo suutll ('olupar(,d 

wHh t.he t and I, quarks. In<ic'pd, t.11crC:' is n sitllple hnt. nouh'ivial 1'('a80U ,,-hkh 

lllot.iYnt.es one t.o itupl'OYC and develop Gupta. a.nd Johnson's "l'ork by int.l'o<1using 

an nddHionnlnonz('ro diagonal elC-'lucllt fOl' the " qual'k illt,o l\I};~/), ()U 011f' hand, 

Ut<' nutsscs '''t and n'b set, t.he s('ules for 111};')aud 1\IJi~/) , l'espectiYcly. ()n t.h(\ ot.lu\r 

hauel, t.he l'atio U1· 8 /11J." is hugel't.han Ule rnt~o ""'e/""" in v~e:w of t.be (\xisHllg lower 

hound of 'Ill, given by the ('xpel'itllcnt,at da.ta [4]. Hence H. is UlOl'(' unhual ol~cl 

reasouable to iut,l'oduee hoth HlP UOllzel'O diagonal olCUlcnt for ..he c (11U1rk iut,o 

1\I},!') a.nd that, for the " quark into 1\lJ~/) fO,I' Ute \luulifieatioll O£.U1P. FrH.~sch alll'mt.z. 

Not.e t.hat t,his t,reat.tllent illehui<'st.lu·\ salue 11111u1>('1' of pnl'tllU('t.ers as t.hat. wHh 

fttll off-diagonnlulixillg [G,;], so t.hat. it. is also w()l,t.111ooking at.. 

()f (~ottl'se, it. will h(\ uin.' t.o jnst.ify t.he Fl'it.~s('h ansa.t.z nu(1 it.s gcu('l'nlizpd 

fol'1uS hy dynaluical priudples. SOU1<' at.t.('ulpt.S havf' b('(~n luadc' fOl' t.his pnrpos~ 

in t.lU\ previous Ii t.<-'l'ahu('s [1]. Illst,Pful of h'ying t.o ('onst.l'1t('t, a 1l10(ld giviug ris(' 

to Ule lllOdifif'd FrHzsch HUlSS luntric~s ill a uat.ural way, he}'e we arC' going t.o 

c·'xplo}'c' Uu' ('()n~W(lUf'll<'('S of our f\,lls~d.z Oil UIC flavor luixiug Cl.lld t.hc" t.op quark 

lllass. A rC:'luarkahle resnlt. is that, our ausnt.~ ('au Blake Ule upper houucl of ""t 
twiee a.s Hlndl as t,hat, predicted hy t.he origilla1 Frit.~sdl al~sa.t,z. 'V~"filldt,hat, t.he 
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luagnitudes of tbe 1(h'I matrix Clt~lnents call be restricted very well hy tbe (lttork 

l11asses, aud t.he interestillg rcla.tiuu8 Il~,b/l'd,12 R:: 'U .. /"le, Il~d/l~,12 ~ "ttl/'''" 
luul 11:"'1 R:: IVi.1 (~an be oht.ahlf~d theoretically in a better accuracy. Th('r<'{ure.,· 

we €'xP('ct. thltt nur gent~raiized Fdtzsch ansatz wigbt provide SOlne. dttps to Ute 

()light of the ferlluon 11188S 111atriccs and he b(~lt,f\tl in cOllstrtu."ting 1110d(,ls of the 

Higgs-husun rouI,lings of (IUarks, whicb are cltl'rent,ly of I11Udt exp('riul(~ntR1 and 

thC'ort't.ical intnrC'st .• 

2 The modified Fritz8ch ansatz and the KM matrix 

0111' iut.er('st. is focused ou the follc)wing forlu of t,hc Illollifie(l Fl'itzsch llUlRS 

I1lftt,ric('R "rj t.b tbrf.'C fallulics of (lttarks: 

() ;Jteict 0 

~l ­ ~e-ict tIl yet/J (1) 

0 ye-itJ z 

,,'1lf"r(~ tbe r("ul pnrft,Ulct.crs :r., y, z, 'II' anti tlte phas("s 0, ,3 (lif£()r for J,/(II) aud ~/(tI) 

lltat.riCf's. In Efl.( 1),we bave rC<luircd that tbe diagonal t~lt'lneuts corrcspoll(liu.g t.u 

t.he light. 11. and (I (IU8rks are vallisbillgly SU1all. Bec8use t.he 11lftSRCS of tbe b('a,~y t 

anti I, (lltarks Sf~t the scales of 1\/(11) and l\J(d), respectively, ,,'e can lC<ltth'c fttrt.b(~r· 

that Hle (Uagoual elc1l1euts cotte81)(lltdillg to t allcl b Me apl>roxiulatcly e<lual t(~ 

Ute obser\,('<l values of tbeir masses: 

(2) 

It shottl(l he noted t.bat the mass 1111l.t!'ix 1\1 call yi{'ltlz(") R:: ,n, and z(tI) R:: ""b 
nahtl'ally only if :r. < y < Z Rud If' < z. Da.c;cd 011 tbe iltt~a t.bat Ute illt.eruledint.e 

ntasses of t.lte c and s tl1tR1'ks twght not lJi{'k ttl' valueR fully t.hrottgh mixiug of the 

S(,C.()I1<1 ftud tbird falwlies, we can t.l'eat w(u, Rnel W(d) as t.he first-order perhtrbative 

,·tu'iables as y(fa) I:uid y(d) iu tbe corrcsl)otldiug A/(") and J'J(d) u1ah-ices, aud restrict 

theil' ,,-alues in tbe following l'anges: 

(3) 
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It. ('.all be seel!' latel' ()ll that Ule llOl1zel'O to IUtti litt.le effect 011 the scale ter.u. Z" 

and Ule secoud-ordcl: pcrtul'bntive terll! :t! ill t.he 111MB llutttix AI, hl,t af£(~(~t.s the 

first-order PC1't.urbativc terlll Y. 

111 ord..>r t.o e,·alttat.e tbe I(~'I llut.hix, 011e dia.gollalizes Hle (lttal~k 111MB UUtt.rix 

111 thrungh t.he following llwta.l'Y t.!'allsfol'luat.ioll: 

111 - UJ.1Ididg U+ (4) 

"rit.h 
1n.1 0 0 

Aldi(lg - 0 - 1U'l 0 (5) 

0 0 1n.a 

Here 1n I, ''''2 fl11d ''''3 correspond- to ""u, "Uc, 'Ill, for AJJ;~g, R11tl''''d, 1",,, ''''b fOl' 1IJJ~g' 
rcspecth"cly. 111 view of Qur k110wlcdge of the (luttrk lUaBSes. [11] , we ret.w11 0111y 

tbe lea(li11g PO'VCl'S of 1nt/1I12, ""'t/''':)' ''''2/1l''::hRlld W/.,U3, and ohtain 

,n1''''2'''3 ) t/2 ( 1/2
:r. = ( ~ ""J1)"2) ,''''1 - "'2 + 1Il3 - 'w 

2 .)1/2. 1/2 (0)
Y - ( + %1(' + "'·.'''2 + '''2''''3 - ''''t'U:, [('''2 + tl' )""'3] ,-;r. ~ 

Tb1\S Ule llUl,t.tiX U eall be approxitllatl~ly given hy 

_(!!!.L) 1/2 
"*2 

e.- iaU­ . (i) 
_ ('J!2+!~!) 1/2 e-Ho +lf) 

"'3 

Tbf.' flavor luixillg lllah'ix 

(8) 

is t.lu'u oht.aitH'd as follows 

ACi-p) (e D - (C' eit/>2 ) 

e.if/JI «(D - (e'ct4»2) 

1 

"' : •.1 ~ . ; ! 

Ci(f/JI +4»2) 

(9) 
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, 
' ­

where 

{",..)t/2 _ {''''d)1/2 _ {"~C)t/2 '{'''.)i/2,A-- tD-- ,d- ,D-
Ule . In. ,,~, ,u" 

, _ {tUc+ tf;U)1/2, (_ (,n.+tf,d)I/2, 
Ule til. 

(10) 

Rll<.l 

(11) 

In ohtaining E<1.(9),we have ·kept ouly the leacUng term of every matrix eleluent 

[12]. To transform Vi<A·1 iu E<1.(9) illto a shllplcr form, we ma.ke the following 

successh'e rotations of the (1ttark fields: 

(2) 

(3) 

(12) 


. . . [ Sill,pl ]
4> = arctA.ll 4> A' 

cos 1-11 
(13) 

, [ siu 4>2 ]
(J = arctall J.!2 • 

- cos,4>'l + '(c. 

Accordiugly, we ohtaiu 

1 - i'12 Ape'"" 
Vj(/tl ­ -'1 . 1 _ ~112 P (14) 

- B f'e;(q,I-fP) -f' 1 

where 

(15) 
p _ «2C2 +{2D2 - 2({CD t~()S 412)l./2, 

aud we bnve a(tded the llext-to-Iea<.ling terlllS ill tbe (Uagona! elemellts V~ 8.11(1 

l~. by ttsillg the uuitary COll(Ution. 
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Clearly, the {orl11 of l'/{Al ill E(1.(14) is quite sillular to that }>ru.'alllehized hy 

'Volfcllst.eill [13]. To SOnl(~ extt~llt, this shuiIarity llught itul'ly t.he rea.c;oluthl{'lleSS 

of Hle fluark UUtSS Illatl'ix Itl givCll ill E<l.(1), and one luay be interested ill s}>cc­

ttlnt,iug t.he luulerlying physics whidl gives rise to AI. In the uext. section, ,,'c will 

f~xl)l()rc SOIU~ COUSCClUCll(tes of our ulodified Flitzscb allsatz by lucaus of E(lR.( 1) 

and (14). 

3 Predictions and discussion 

Ex(,!:'}>t. Ule t.o}> (l'U:ll'k lU8SS, t.hert' sUll exist fonr uuknowll pl\1'alllet.f~rs ill t.1u~ 

1\:1\·1 luat.rix Vio\! (see EflS.( 13-15»: 4>[' 4>2, weu ) aud w(t'), origiuating frolu t1lf~ 

proposed UUlSS llud.ri(~es AJ(u) aud l\l(c'). Here "~e do llot ,vallt. t,O allo,v those 

ullkuowu pn.l'l\.lllt'tt~rs t,o vn.ry lUUUt'I'ically so as t,o a(',hieve close agre(~ul('ut, hetw{"f'n 

Ule t.hcol'f.~tical l'esuu.s and the experin1(~utal tleterluiuetl (t.elltt'al valnes of the 

llutguiht<lt's of t.he 1(1\'1 ulat,rix elelllCllt.S [8]. Instead of (lUant.itat.ive evaluation, . 
"TC nsc 011r ausatz to rest.riet t,he 1llagnitttdes of tbe uiue 1(1\11uah'ix ('leluents~ t.o 

gh'~ au nppcr hottlltl of t,be t,op (lllftl'k UU\SS, aud t,O look at Ule repluu;iug-iu,rR,I'iunt 

UU'US1.U'C (J.f (.P violatiou. 

Aceol'diug to Ollr arg1l1llf"ut. tbat t.he diagounl eh:,ulellt W(IC) (",(d) 111ay ",.ry 

f1'0111 zero t,o Inc (111. 3 ) iu t,be 111odifit·d luass 111at.l'ix 11J(ta) (AI(tl), ",-e ohtaiu frolll . 

E(lS.(3) n.nd (10) t.bat 

(10) 

For variOllS possihle values of t.he uukuowu phases 4J1 and 4>2, t.llf- rallgf'S of '1 nnd 

p ill ECl.( 15) are liuut("'d hy 

n - A < '1 ::=; n + . .4. , 
(Ii) 

D - hc! ::=; P ::=; V2(D + (') . 

III ohtaillillgt.he lower hottud of p iu E<t.(1i), we baye taken <= v'2 I\ud e= 1, 

iu vic,,' of the fact ',nrbYB > 89 GeV and C < D [4,11], to ensure suffideut 
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c.ancellatioubetweeu C sudD. Using Eqs.(14-17), the lllagnitudes or the 1(1\1 

luatrix elelucuts C·RU be approxitllately. restricted by the quark IUMses as follows: 

1}'u ",'d ("1'U 'Jr.d) 1/2 IV 1 IV,I ',Jr.u 'Ud 2 (',nU 1J,'d)t/21 	 ----2 < ltd ~ < 1----+ ' ,
1I',c ",'. ""cn". 

C8 

tnc '''', 'Uc'''', 

('Ud) t/2 _('U,,) 1/2 < 	 (',".1) 1/2+ (,,,, •• )1/2 .lVu8'~IVctll:::;' 1 

In.1J 'II1c 	 'u's 1Ilc 

('''8) t/2 _h (U'c) 1/2 :::; IVcbl ~ IV'lsl :::; v'2 .[( """.) t/2 + (ute) t/2] , 
'II' b "Ut 	 tUb lilt· 

I" ulJl (mu) 1/2 ,
::::::-s 

U&eIVcbl 
"'tdl (III,,) '/2 , 

tnlJIV.,,,I ~ 

IVI.t,I ~ 1. 
(18) 

Tbrce fcat,nres should he not.ed in the ahlnrc expressiollR. 

(i) Tbe lllagllitudes of l~,,, and l/~ (l~uJ aud l-::.), whir.b COI'I'(~RPOlld to t.ll(~ fl,n·or 

uIixillg b(~twecn (wit.hiu)tbe first, and second <fuark fauulies, arc niaillly linut.ed 

hy 1I1u, 'Ud, file and tn,_ Tbcy are apPI'oxinlately indepcndent of the IUMses of tbe 

t.bird (l1tark falu.ily, ,n, and ''''b. 

(ii) The lliagnitudes of Vd> and l-t. .. , whicb correspond to the flavor lwxillg 

hf.,twf'cn t.be secolld aud tbhcl, quark fauIilies, are luaiuly dt,teruuucd by Ulc , ,11." "" 

a.nd 117,,- They are approxit1l8,t('ly iudepCIHlellt of the llU1SSCS of tbe fil'st (IttRrk 

fauIily"l II'" all<i "'(1' 

(iii) The rat.ios Il~.b/l~,,12 allli Il~(';V;.,12 are apl'roxilllately ('<Iual t.o ,nu/"'l' 
alul "",dl'H", respect.i,,·(~ly [0,14]. Thf'y are ahllost irreleVfl,llt, t.o t.bf' ('OITf'Spoll<iillg 

heayy quark luasses tU.b and "",. 

It; is r(~lllarkable t.hat. Etl.(18) can st.l'aight.forwardly yield the upper hound of 

Ut(' t()P <11ta.l'k lliass: 

.. (19) 
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This result shows that 01t1" luodified ansatz (··all luake the upl)er 1,011lul of It"t twi(~e 

as lU1U,·h fl., tlU\t. p1'cllicted 1,y the ol'iginal Fritzsch ansatz [3]. The coefficieut 2 in 

Eq.(10)' COllte out unller t.be con(lition t~'(U) = tile and t,,(fl) =o. Tbis WC8.uS that. in 

our genern1iz(~d (lUark mass lllat.rices tbe maxilllal value of the UPl)(~r hound of nl, 

ea.u he ohtained ,,''lll~n tbe diagonal (~ll~wents correspunding to tbe ligbt. (lnarks ft, 

(1, and II 8fC vanishingly Slllall, while tbose corresponding to tbe bl'avy (l1tarks .. ,I" 

and t a1'C npproxi1uately ('(tual to t.he obser,~cd valttes of tbt'ir lll8.SSes. Tbis flll("t'inl 

situation hR.8 j1tst b~ll chosen by Gupta and .Johnson [8]. Here we get it. in a 

1110r<:' g(~neral 8ll(I11atural way. Using tbe l·urr(~nt. values Il/d,I = 0.030 - 0.058 [10]; 

,,,("(1 GeV)=1.35 ± 0.05 GeV and ,n./"'-b = 0.033 ± 0.011 [11], and transforllung 

,,,,( 1 GeV) into ".,(t",) [15], we oht.aiu the approxitllate ,-alne of tbe upp('r houud 

of U1e t.op <iuark I11MS as follows: 

::; 100 GeV. (20) 

()f ~Olt1"S(', t.his result. increa..,es t.be pre,riotts '7ldues of tbe 1tl)pcr houud of ",., 

Iu·edit·ted ill Rc:-fs.t3,G,7]. 

Fiually, l(~t us look at the rcphasing-invariallt measure of (~P ,"ioluf,ion flO]: 

(21) 


Using ottr flavor lluxing matrix li<M witb.lc.~adillg-ordl'r el<.~wellts in E(l-(14). ""e 

oht.ain 

(22) 


Note that. 0111" C P-'''iolat.illg phfl.Cif' fact.01' (ci4t1 ) is assodatc:~l1 ""itb t.be sf'l'oud-orc.lt'r 

pertttrbat.ive t.erll1S ill the (IUark ~llass l11atri~es 1\/(u) aUll1\/(d). Tbus C P violat.ion 

llught. be vauishingly slluul if lIlu and "'d t.eud to he z('ro or a., is f'(111al t,O 0d­

A siuulal" l'CSlt!t. bas also ht~u ohblhu.'d ill Ref.[O] with 1110re lIet.ailed argttull'utS. 

As a. l"t'sltlt, tll(,~ 11laxiuud vnhu.' of .T ill E(1.(22) is giVl"'ll hy 

(23) 


which is of ordt'r 10-4 - 10-3 for current values of the (lUark lua.,ses [4,11]_ 
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4 Summary 

'Ve hayc followed a pbCll01U('uological approach to fiud a w()di~ed forl11 of the 

Fl°itzscb 'lluuok. Ulft,.'.iS ulahoices to deal with. the fia,ror luixing and C P ,·iolatioll 
; . . , , ~. 

inth(~ clect.roweak iutera.ctions. Dascd 011 Ule idca t.bat the iutf:'~ulf:,(liate llU\SSCS 

of. Ule c aud ~ qUft.r.~s 111ight uot pick ttl> values fully via. llJ.ixil~g ,of .the second 
, , • .' f , ~ ,. t ' , ".' ~ ":; 

and third fallulies, we ltave inbOodtt(~ed tw() l1Ol1zero (Uagona1 elelllent.s for Ute 
, : ' ;' • " ,: .. t ',,' ~. 

c and .'J q1taJ.°ks illto the C;)ligina1 Fl°U,.zscb llul.tri(~es as t1u~. a<illit.iolla1first-ordl"ri 

pt'lohtrbntiou. OtU" Rllsatz lea(ls, J.o au int,f.'r~stillg 'iVolfellsteiul~n.t.tcrll.of the fia"or 

uuxillg 11lat.rix, alld luRkes Utc 1tpp~r bouud uf the top quark !llRS,S twi('~ ns 1l11u~b 
i' - , ." .' , , 

as tbat pr~dicte(t by t.he Fl°itzscb aus;. ..t.z. III ad«litiou, the 11lagnitttdes ~)f tbe 
, " ~. . ' ..... 

I(~I lllat.loix ('lelucut.s cau be r(~st.ric.ted ,·cry wf.~ll byJ.he cluark lUMBes, aud SOl11e 

rdnt.iolls stu"h a..c; Il'~b/l;d,12 ~ ·"'... /Ulc and Il~(tlV;.12 .~ ""d/'Il, aloe oht.uiUf:'d iu a 

hcUer accurn.ey. 'Vc have also looked at. Ule rephasiug-iuvru:iaut llleasure of CP 

,~ioh\t.ioll 1.tSillg our'llla.4JS luatrices. 

III ("ol1(~lttsiou, our 1110clified Fritzsdl allsatz for the quark 11~ass 111atlices is 

in ngrc(,lllCut with the preseut.. expclilliclltal knowledge ott t.tl(~ I(~I uut.trix: au(I 

Ule top <luark 1118.8S. No (loubt, any silUl)Jcallsatz (coutaitullg ouly a few free 

parfllueters),whi(~h call accouut for the oLs(~rved systewfttics of feruuou llla8SeS, 

is useful ill order to find clues of the' ol-igin of the ferllu~n lllMS' l11atrict.~. \Vt.-" 

aloe looking forlvard t.o ohtainillg IUOloe prf."cise experh11elltal dat.a to eXBuune ottr 

phell( )11lel101ogic~nl111olle1. 
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