ISSN1330-0016
CODEN FIZBE7

CONSTRAINTON THE TRILINEAR GAUGE COUPLINGBY THE
b — sy DECAY CONSIDERINGTHE POSSIBILITY OF THE FOURTH
GENERATION OF QUARKS

SURATH KUMAR BISWAS andV. P. GAUTAM'

Theoretical Physics Department, Indian Association for the Cultivation of Science, Jadavpur,
Calcutta 700032, India

Receved3 April 1998;Accepted24 Junel998

We examinetheindirecteffectof thenew physics.Thevirtual effectsof thetrilineargauge
couplingof the photonto WHW= ontheb — sy decayhasbeentestedconsideringthe

possibilityof thefourth generationn the quarksectorwith correctionaupto leadingQCD

logarithmasusingevolutionof thefourth-generatio€ KM matrixwith CP-violationphase
equalto zero.Rangeof massof thefourth-generatiodown-typequarkd’ andthatof fourth

generatiorup-typequarkt’ have beentakenwith dueobsenanceof theconstrainimposed
by the presenexperimentalalueof the p parameterkeepingin view the masddifference
of thefourth-generatiomuarkdoublet. Strong-interactiortouplingconstanthowever, is

takenon matchingscaleof Z-bosonmass.

PACSnumbers:12.60.-i UDC539.126
Keywords:fourth generatiorof quarks masse®f b’ andt’, b — sy decaybranchingatios

1. Introduction

It is afactthatdueto theunitarity of the Cabibbo-Kobayashi-Maskaa (CKM) matrix
[1] in the flavour changingneutralcurrent(FCNC) processe the StandardModel (SM)
[2], theleadingordermass-independetgrmis stronglysuppressetly GIM [3] cancella-
tion mechanismyhich is experimentallyconfirmed,and pavesthe way for investigating
the new sourcesof FCNC. So, the study of virtual effectsopenechydraheadeavindows
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on electraveaksymmetrybreakingandphysicsbeyondthe SM. The examinationof these
indirecteffectsof new physicsin higherorderprocessegieldsacomplementargapproach
to thesearcHfor directproductionof new particlesat high-enegy colliders.

The new resultsopenedthe scopefor investigationsin various classesof models,
namely anomaloustop-quarkcouplings[4], anomaloustrilinear gaugecouplings[5],
fourth generatior[6], two-Higgs-doubleimodel[7], three-Higgs-doublemodel[8], su-
persymmetry[9], extendedtechnicolour[10], leptoquarkg11] and left-right symmetric
models[12].

Recentexperimentalfiindings have pointedtowardsthe existenceof the fourth gener
ationin the quarksector: down-typequarksd,s,b,andb’, andup-typequarks:u,c,tand
t' [13]. Several collidersrecentlyendeaour to find somesignaturefor the decaymodes
likeb’” — by andb’ — bg[14], andso the mattermay be dealtwith separatelyr asan
extensionof theformulationfor thethreegenerationso thefour generations.

For the third generatiorat the electraveak scale,the radiatve b decayis known to
be extremelysensitve to the structureof fundamentalnteractions.This doesnot ariseat
the treelevel in the SM, like any other FCNC process.Actually, one-loopW-exchange
diagramsgeneratehis decayat the lowestorderin SM [15]. The modelis basedon the
gaugegroup SU(3)x SU(2)x U(1), wherethe quark couplesto the W bosonyielding the
weakcurrent
(1= 75)Vpedg = ;%quJz‘fq- (1)

In theaboveexpressionp, ¢ = 1, 2, . .. n aregenerationndicesandV,, is ann x n unitary
CKM matrix thatarisesfrom the quark-massnatrices.

Theradiatve b decayprocesss particularlyinterestingbecauséts rateis of the order
G2 aggp, andall otherFCNC processegvolving leptonsandphotonsareof the order
G% aQQED. At the sametime, the long-rangestronginteractionsare expectedto play a
minor role in the exclusive processof the radiatve B-mesondecay(by requiring £., >
(m% — m%)/(2mp)), andits effect cannotbe ignoredwhile consideringthe inclusive
procesof radiative b-quarkdecay However, it is known thatthe short-distanceffect of
QCD[16-18],dueto thegluonexchangebetweerthe quarklines of the leadingone-loop
electraveak diagrams,enhancehe radiatve b-decayrate in the SM by a factor2 to 5,
dependingon the top quarkmass.Furtherimportantcontributionsin the relateddomain
have beenmadeby Deshpandelrampet€ andotherg19-22],wherelong-distanceffects
have beenduly considered.Otherq — q'v transitionsare very hard to measure And
recently theb — sy decayandthetop-quarkmasshave beenmeasured23,24].

In view of thesedevelopmentsit is the purposeof the presentpaperto analysethe
theoreticaluncertaintiesn the calculationof the decaywidth I'(b — sv). Firstly, this
requiresthe choiceof the fourth generatiomuarkmasseswhich arenot free parameters,
ratherthey areconstrainedy the experimentalvalue of the parametep. The parameter
p, in termsof the trans\ersepart of the W- andZ-bosonself enegiesat zeromomentum
transferis givenby [25]:

g _
Jb = g,y
2\/5 pY

_ v _1Iz2(0)  Iww(0)

106 FIZIKA B 7(1998)2,105-118



BISWAS AND GAUTAM: CONSTRAINT ON THE TRILINEAR GAUGE COUPLING. ..

In the SM, the contribution of afermionisodoublef(u,d)to Ap atone-looporderreads:

NGr
872/2

with the colourfactor V, wherethe function Fj is givenby:

Ang = ¥ (miam?i)a (3)

22Y 152, (4)
Ty oy

F(z,y)=z+y-—

In the SM, the only relevantcontrikbutionis from thetop/bottomweakisodoubletBecause
my > my yields Aps™ = (3Gym?)/(87%V/2), and sincethe massof the top quark
is now known to be very high, the fourth-generatiorquark massdoubletis left with the
constraintp(t’ — b’) < 0.002 [26] by the experimentaldata. Adoptingm;, = 4.6 GeV
andm; = 160 GeV (i.e., ms(pole) = 169 GeV) for tan 3 = 1.5 the allowedregion s
extendeduptomy , my < 120—125 GeV, for tan 8 = 2.2 (andhigher),largermy values
but smalleror equalthanm; arepossiblebut only for my < Mz. The constrainton my,
dependgreatly uponthe mannerin which it decays.If my hassignificantmixing with
thesecondr first generationthenb’ — (c, u)+W (whereW mayberealor virtual) decay
will be dominant.andm;, > 85 GeV atthe 98% C.L. However, if unmixedwith lower
generationgheb’ will decayvia FCNCchannelsb — sy, bgor bz* for my < Mz, and
with b’ — bZ becomingdominantfor my > M.

Holdom[27] remarledthatthe CP violation, originatingin theright-handecheutrino
sector canfeedinto the quarksector in an otherwiseCP-invarianttheory The dominant
effectsaresuperweakandit builds on andextendsa previously proposednodelof quark
massedasedon anew strongflavour interactionabove the weakscale andthis yieldsthe
(t', b’) massesloseto aTeV. Thequarkandthe chaged-leptormassesnaybe described
in termsof operatorof the LRLR form, andthevalueof the up-typemassess(0.002,74,
160,1000)GeV, andthe down-typemassess(0.005,0.1, 3, 1000)GeV areexpectedto
be approximateor the massesenormalizedat a TeV, andthata fourth family with these
dynamicalmassesganstill be consistentvith the precisionelectraveakmeasurements.

However, Grounauand London [28] are of the opinion that there is a model-
independenibwerboundof 45GeVonthemasft' comingfrom LEP. Therearestronger
constraint®nthem,: of O(100)GeV, comingfrom hadrorcolliders,butthiscanbeevaded
sincethey dependnhow stronglyt’ coupleswith b-quark.Thereis anupperboundof 550
GeVonmy comingfrom partial-waeve unitarity [29]. A heaviert’ will leadto abreakdaevn
of the perturbatiortheory

However, the model-independeribwer boundof the b’-quark masshasbeensetas
45 GeV [30]. For the presentpaper the value of my hasbeenkeptlessthan550 GeV,
andm; hasbeenkept45 GeVandabove,andthepair of valuesof (my, my) werechosen
keepingduerespecto p(t' — b’) < 0.002, andonecantake thepairof massess(45,110),
(45,115),(50,110),(50,115),(50,120),(60,110),(60,115),(60,120),(60,130),a setwith
my < Mz, andformy > Mgz, (85,110),(85,115),85,120),85,130),(85,140),85,150),
(90,110),(90,120),(90,130),(90,140),(90,150),for my > My . Also, for my > mq
but lessthan550 GeV, the following setwasassumedi440,500),(450,500),(460,500),
(470,500),(480,540)(490,540)(500,540).
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Secondlythe dominantuncertaintyin the existing leadinglogarithmiccalculationds
dueto the choiceof the renormalizationscaleyu [31]. Suchan uncertainty inherentin
ary finite-orderperturbatiortheory hasrecentlybeenanalysedn severalpaperd32-34].
Also, it hasbeendemonstratedn sereral papersthat the inclusion of next-to-leading-
ordercorrectiongeducesconsiderablythe ¢ dependencef the relevantamplitudes.The
radiative decayof the B-mesonwhichis formedof b-quark,is dominatedy QCD effects.
It is notunnaturalthatthe scaleuncertaintyin the leading-ordercalculationof this decay
is particularlylarge, it amountgo around+ 25%. Therefore pnefindsrestrictionson the
SM or its extensionawvhich canbe obtainedwith the help of experimentafindingsandthe
leading-ordempproximationwhich are substantiallywealer than found without taking
thetheoreticalincertaintiesnto account.

The u-dependencn the branchingratioscanbereducedn the samemanneraswas
donefor otherdecays[32—34]. The full next-to-leadinglog calculationof radiatve de-
cayswouldrequireconsideratiomf three-loopmixing betweercertaineffective operators,
beforeoneundertalessuchaneffort. It is muchbetterto make aformalanalysisof thecon-
sidereddecayat the next-to-leadinglevel andto checkto what extent the y-dependence
canbereducedonceall the necessargalculationshave beenperformed.A review paper
by Greubet al. hasappearedat a recentsymposium[35] on the next-to-leadingloga-
rithmic resultsfor FCNC of radiatve b decays.Chetyrkinet al. [36] have obtainedthe
resultsfor three-loopanomalouslimensionsvhile analysingB — X~ decay andreport
thebranchingatio Br(B — X,v) = (3.28 £ 0.33) - 10~%. Thepredictionsof the SM are
in conformitywith the CLEO dataatthe 2o level.

However, for the presentthe analysisof b — sy decayis restrictedto leadingloga-
rithmic calculationgakinginto accounthetrilinear gaugecouplingof photonto W+w-—,
consideringthe possibility of the fourth generationin the quarksector We endeaour to
find the constrainton the parameterdakingthe CLEO data[23] onb — sy decayas

107* < Br(b =+ sy) <4 x 107

The paperis organizedasfollows: Section2 summariseshe formulationof b — sy
decayupto theleadinglogarithmic(LL) calculationsadoptingoperatoproductexpansion
andincorporationof thetrilinear gauge andalsothe effect of the fourth generationdias
beentakeninto accountIn Section3, resultsarediscussedandthe methodof calculation
of fourth-generatio€KM mixing matricesfrom quarkmassess givenin the Appendix.

2. Theory

This sectionbriefly summarisesiow the leadinglogarithmic calculationof b — sy
decaymaybe appliedto thetrilinear gaugecouplingof photonto WTW—.

Theprocesd — sy maybetakenvia W-bosonandu-, c-, t-quarkexchangéan aone-
loop penguin-typaliagramandfor this the factorizatiorof the effective Hamiltonianmay
bewrittenin theform

4
Hef = —ﬁvtsvtb Zc (5)
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The QCD correctionsto theb — sy decaycontainlarge logarithmsln(A£3,/m3) which
have to beresummeadvith therenormalizatiorgroupequationRGE).In orderto do this,
onehasto introducean effective Hamiltonian,built out of operatorsof dimensionhigher
thanfour. HereV;; arethe CKM matrix elements(;(u) arethe relevantoperatorsand
C;(u) arethe correspondindVilson coeficientsin the massscaleu. The completesetof
operatorgiecessarin theb — sy, afterthet-quarkandW-bosonhave beenintegratedout,
may betakenfrom Ref.37.

With this Hamiltonian,oneobtainsthe partialdecaywidth for b — sy as

2 05
aGEmy

Toat VeVl 1ICT W), (6)

F'b—sy) =
in the massscaleu of the decayingparticle, namely the b-quark. The calculationof
C7(u) hasbeendone by mary authors[38], and we just quote the results. The cor
rectionsof O(a;), dueto gluon bremsstrahlundor m; > My have beentaken into
account. The running of the coupling constant,evaluatedat the m,; scale, hasbeen
matchedto the value at the W-massscale. Taking A = a,(Mw)/as(), one has

C7(,ll,) = 1.0hC7(mt, MW)SM + 2.66667(9 - h)Cs (mt, MW)SM
+(—0.4286a — 0.0714b — 0.6494¢ — 0.038d — 0.0186¢ (7)
—0.0057f + 2.2996g — 1.08797h)Ca(ms, My ) s,
where one has the SM values of the Wilson coeficients collected from Ref. 39

at the My, scaleas a function of z = m2/M2,, written as C;(my, My ), which
are functions of mass of t-quark and the mass of W-boson, and are given by

Co(my, Mw)sm = -1,
8z% + 522 — 7z 3z° — 222
M, = — 1
Crme, Mw)sm Uz — 1) A@@-1)F ®)
3 _h5x2 -2 32
Colme, My)sy = +o 22 "84 9 g

8(z — 1)3 Az — 1)t

anda = M\0-26086 p — )\—0.521739 o _ )0.4086189 j _ \—0.42298 o _ 3-0.899393 ¢ _
AO-1456 g — 20608695 f, — 0.695654

2.1. Trilinear gauge coupling

The trilinear gaugecoupling of the photonto WHW— may be testedin theb — sy
decayin thefollowing way. AnomalousgWW verticescanbe investigatedy finding the
deviationsfrom the SM in tree-level processessuchasete~ — WHW— andpp — Wy,
or by their influenceon loop-orderprocesses e.g.,the g — 2 of the muon. In the latter
case,cut-offs mustbe usedin orderto regulatethe the divergentloop integralsand can
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introduceerrorshby attributing a physicalsignificanceto the cut-off [40]. However, the
loop processessuchasb — sy decay avoid this problemdueto the GIM cancellation
mechanismandgive cut-off-independenboundson anomalougouplings.

ThegeneralCP-conserving.agrangiarfor WWW interactioncanbewritten as[41]
Lwww = L1 + Lo,

where
Ly =igwww [(W]LWHEVY = WIV,W*) + ey WIW,V#],

A
Ly =igwww +M—‘;W;MW#V")‘ —igs N (WA W, — W, WV, |,
w

wheresymbolically F,, = 8,F, — 0, F,, gwww = gcu(e) forV, = Z,(A,), andthe
parameter§Axy = x — 1) take onthevaluesAx, Ay andgy = 0 in the SM.

£a.noma.lous trilinear gauge couplings —

We cannow write the CP-conserving.agrangiarfor WW- interactionas
P (W, WeAb — WiAW®) +i¢,W

(9) wheresymbolicallyG,,, = 8,6, — 8,G,,, andthetwo parameterg., andqy,, aresuch
that¢, = 1 andy, = 0 in the SM. To make the calculation,we adoptthe following
procedureThecouplingpresentedh Eq. (9) is putinto thediagramin whichthe photonis
emittedfrom theinternaltop-quarkine andwe extractthe puredipole-like termsafterper
formingtheloopintegrations All otherpotentialLorentzstructuresvanishdueto theelec-
tromagnetiggauganvariance andbecausé¢hephotonis on-shell.Now, theoperatoiO; of
theHamiltonian thatis the coeficientof thedipoleb — stransitionoperatorsis modified
dueto the presencef the anomalougrilinear gaugecouplings.At the My scale, 07 is
theonly operatormediatingtheb — sy decay But mixing occursbetweervariousb — s
transitionoperatorgluringthe evolution of the coeficientof O; to theb-quarkmassscale.
In the My, scale,only the Wilson coeficient C7 (my, Mw ) is changedandonehas[42]

C’?ff(mtaMW) =

(10)
Cr(me, Mw)sm + (9 — 1)G1(me, Mw) + 1y Ga(me, Mw) = Ad + Byp + C,
wheregp = ¢, — 1,9 =+, and
_ 2*(z—3) T _
Gl(mt,Mw)—4(1_x)3 111.’1,'—2(1_1:)2 :A, (11)
z? 4+
GQ(mt,Mw):—4(1_x)3 111.’1,'—2(1_1:)2 :B, (12)
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Usingthelifetime of the B-meson[13] andthe limits prescribedby the CLEO data[23],
theconstraint®on ¢ andy canbeestimated.

2.2. Fourth generation

At this stage the effectsof the fourth generatiorof quarkareintroduced.The intro-
ductionof the effect of the virtual exchangeof the fourth generatiorup quarkt’ hasbeen
discussedh Ref.43. Here,we utilize thatapproachThe Wilson coeficientsof thedipole
operatorsat the W-bosonmassscale,in the limit of vanishingup andcharmmassesgan
bewritten simply by replacingtheterm ViV, C; (my, Mw ) by

‘/tt;‘/tbci(mta MW) + VTS‘/t’bCi(mt’ ) MW)7

whereV,, representthe4 x 4 CKM matrix elementsand: = 7, 8.
So,thefourth generatiorWilson coeficientat the W-massscalecanbewritten as

Ci, fourth generation (mt, MW) =

Ci(mt,Mw) + ‘;’f“f'bCi(mt:,MW) = Ci(mt,Mw) + VCi(mt:,MW), fori=7,8
ts V'tb
Equation(6) now yieldsT'(b — sv) by replacingCs// (1) by C574 11 seneration (1)

which is obtainedfrom Eq. (8) with C7(m:, Mw)sam andCs(my, Mw )sau replacedoy
C7, fourth generation (me, Mw) andCs, fourth generation (my, Mw ), respectiely. Rewrit-
ing C;ff(,u) givenin (7) as

Cef () = A1Cr(my, Mw) sar + BiCs(my, M) su + Ch

whereA;, B; andC; arefunctionsof A, onehas

C’?,f;ourth generation =P+ Q¢ + R’l,[), (13)
where
P = A1[07(mt, MW)SM —+ VC7(mt:,MW)5M] —+ (14)
B:[Cs(my, My )sm + VCs(my, My )su] + Ch,
Q = A[Gi(my, Mw) + VGi(my, Mw)], (15)
R = A [G2 (mt, Mw) + VGg(mt:,MW)]. (16)

Theconstrainton ¢ ands cannow be estimatedisingresultsof Refs.13and15.
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3. Results and conclusion

Nowadaysit is customaryto calculatestrong-couplingconstantsvith a,(Mz) asan
initial condition.A straightforvardcalculationgivesthesolution[39] of theform

_ as(Mz) (- Bias(Mz)Ina(p)
as(p) = () (1 R a(p,)) (17)
where  a() = 1- 425 (22), (18)

Thus,A = as(Mw)/as(p) cannow becalculated.

For thecalculationjn thepresentasefy = (11N — 2ny)/3, andB; = (34/3)N? —
(10/3)Nns — 2cgnyg, with N thenumberof colours,ny thenumberof active flavoursand
ey = (N? —1)/(2N). Here,N = 3 andn; = 5. Thefollowing valuesweretaken [44]:
a~! =137.036, Gr = 1.166372x 10~°5 Ge\? andMz = 91.187 GeV, and My, = 80.33
GeV hasbeenused.

Thevaluesof a,;(M2) sofaravailableare: (i) 0.118 £ 0.007 [44], (i) 0.118 £ 0.006
[45], (i) 0.1212 + 0.0044 from the O(a2) analysis0.1131 + 0.0028 from the O(a?)
analysig46], andrecentlythe Giele-determinedalue[47] by the “evolution rate” of the
parton-densityunctionsratherthanby the“eventrate” as

alO(Myz) = 0.110 £ 0.001(stat) £ 0.004(theory) (19)
0.114 £ 0.001(stat) & 0.004(theory)

Q
=z
h
Q
S
I

Theaverageof all theseprescriptionsyis. 0.1157 hasbeentakenin our calculation.

Thevaluesof a, (i) atthe Mz scalefor differentvaluesof m;, arecalculatedwith the
helpof Egs.(17) and(18). Thecalculationof A is trivial.

We useEq. (6) to calculatel'(b — sv), andusingthe meanlife of B [13], onehas
the total decaywidth T'y = 4.274105 x 10~'3 GeV. The branchingratio is calculatedor
differentvaluesof m; andm,. Theresultsaregivenin Tablel.

112 FIZIKA B 7(1998)2,105-118



BISWAS AND GAUTAM: CONSTRAINT ON THE TRILINEAR GAUGE COUPLING. ..

TABLE 1. Branchingratio Br(b — sv), andupperandlower limits of ¢ andy for a set
of assumedaluesof m; andrm,.

my my | Br(b— sy) ¢ (4
(GeV) | (GeV) In units Lower | Upper | Lower | Upper
of 1074 limit limit limit limit
180 5.0 1814 0.6779] 0.6934| 1.0275| 1.0511
4.6 1.229 0.6907| 0.7099| 1.0470| 1.0760
175 5.0 1.787 0.6891| 0.7051| 0.9945| 1.0175
4.6 1.211 0.7024| 0.7220| 1.0136| 1.0419
170 5.0 1.760 0.7011| 0.7174| 0.9592| 0.9815
4.6 1.194 0.7147| 0.7349| 0.9778| 1.0053
160 5.0 1.703 0.7273| 0.7445| 0.8803| 0.9011
4.6 1.156 0.7419| 0.7631| 0.8979| 0.9235

But this doesnotincludethe SM values,andsowe alsocalculatethe upperandlower
limits of ¢ for the norvanishingvalue of ), the SM value, and the samefor ¢ for the
vanishingvalueof ¢. Thisis givenin Table2.

TABLE 2. The SM valuesof ¢(ip = 0) andy)(¢ = 0) for a setof assumedaluesof m
andmg,.

my my P(y =0) P(¢=0)
(GeV) | (GeV) | Lower | Upper| Lower | Upper
limit limit limit limit

180 5.0 -0.32 | 164 | -048 | 0.25
46 | -0.539| 1.88 | -0.81 | 0.09
175 5.0 -0.33 | 1.68 | -048 | 0.24
4.6 -0.55 | 1.92 | -0.804| 0.09
170 5.0 -0.34 | 1.71 | -047 | 0.23
4.6 -0.57 | 196 | -0.78 | 0.08
160 5.0 -0.37 | 1.75 | -045 | 0.20
4.6 -0.61 | 2.06 | -0.75 | 0.07

With m; = 180 GeV andm; = 4.6 GeV, keepingthe lower limit of ¢ fixed, the
allowableregionfor ¢ is foundto be betweer0.0002and0.91.

To obseretheeffectsof thefourth generationyve calculatethe branchingratio for the
m; = 180 GeV andm,; = 4.6 GeV with differentvaluesof the fourth-generatiomuark
massesandalsothe limits of ¢ and« asconstrainedy the CLEO data.Theresultsare
givenin Table3.
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TABLE 3. Branchingratio Br(b — sy) for m; = 180 GeV andm; = 4.6 GeV, for dif-
ferentvaluesof thefourth-generatioiquarkmassesandthelimits on¢ andi), constrained
by the CLEO data.

mg my | Br(b— ) ¢ ()

(GeV) | (GeV) In units Lower | Upper | Lower | Upper
of 10~* limit limit limit limit

45 110 1.78 0.884 | 0.905| 0.643 | 0.657
50 110 1.82 0.879 | 0.899 | 0.626 | 0.641
120 1.81 0.875 | 0.895| 0.821 | 0.839
60 110 1.88 0.869 | 0.889 | 0.599 | 0.612
120 1.87 0.866 | 0.885| 0.792 | 0.809
130 1.86 0.862 | 0.881 | 0.939 | 0.960
85 110 2.00 0.849 | 0.868 | 0.551 | 0.564
120 2.05 0.838 | 0.856 | 0.722 | 0.738
130 1.97 0.845 | 0.864 | 0.895 | 0.915
140 211 0.820 | 0.838 | 0.957 | 0.978
90 110 2.01 0.850 | 0.869 | 0.551 | 0.563
120 1.99 0.844 | 0.863 | 0.740 | 0.756
130 1.98 0.841 | 0.859 | 0.888 | 0.907
140 1.97 0.837 | 0.855| 1.002 | 1.024
150 1.96 0.835| 0.853| 1.085 | 1.108

For themassesf my andmy above thetop-quarkmassno appreciable/ariationhas
beenobsenred. The valuesobtainedfor the branchingratio with the effect of the fourth
generation

for my = 500 GeV, my = 400 GeV, Br(b — sy) = 1.229023 x 1074,
and

for my = 540 GeV, my = 500 GeV, Br(b — sy) = 1.229020 x 1074,
andthecorrespondingf P, 2 andR donotundego suficientchangeThelimits of ¢ are
1.037to 1.066,andof 3 1.572t0 1.616.

Fromtheabove resultswe cansafelyconcludethatthe allowableregionfor ¢ is from
-0.61to 2.06,andthatfor ¢ from -0.81to 0.25.

Whatis interestingn thisformulationis thatwe geta differentregionfor theallowable
rangethanpredictedn Ref. 43, but atthe sametime it conformsto the CLEO data.

This formulationis donekeepingin mind thata fourth generationis consistentwvith
the LEP/SLCdataaslong asthe fourth neutrinois heavy, i.e.,m,, > Mz /2, andsucha
heary fourth neutrinocould mediatea see-sa-type mechanismthusgeneratinga small
massfor v, v, andv,. The possibility of a fourth family of fermionsmay be takenasa
popularextension.

Appendix

The following method has been used for the calculation of the fourth gener
ation CKM-mixing matrices from quark masses. It contains six angles§;,i =
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1,..., 6, 0 < 6 < x/2 andfour CP-nonconservingphasess;, i =
1,2,3, = < é; < m,suchthatthefourth-generatiomatrix reducego three-generation
CKM matrix[1] when8, = 85 = g = 0 andds = 63 = 0. Thisis givenbelow [48]:

1 0 0 0 1 0 0 0 cgc s 0 0O
V= 01 0 0 0 Co —82 0 —81 C 0 0
10 0 e —sa )]0 s2 e O 0 0 €&" 0
0 0 s4 ¢4 0 0 0 ¢ 0 0 0 1
1 0 0 0 1 0 0 0 1 0 O 0
» 01 0 0 0 ¢33 s3 O 01 0 0
00 Cg S¢ 0 —83 C3 0 00 Cs S5
0 0 —s5 cg 0 0 0 eb% 0 0 —s5 cs
wheres; = sin§; ande; = cos8;. Sowe have:
Vug=c1, Vus=s103, Vup = 518305, Vup = 518385, Veg = 5102,
Vs = C1CaC3 + S283¢66'%",  Vip = c10283C5 — S2C3C5c6e'0" + 323536ei(‘51+53),

Vi = C1028385 — 82C5C5C6€01 — soc5s6ei(01198)
Via = —s182¢4, Vis = C182C3Cs — C283C4C6€0" — 535456612,

_ i (6146 s i(62+6
Vib = €18283C4C5 + C2C3C4C5C6€00 + Cocas556601198) 4 cas4c556€192 + s485c6e!(02103)
Vi = €18283C48Cs +CaC3C185¢66'0" +cacacs sﬁe‘(‘51+‘53) +¢3545556€192 +3435c6e‘(‘52+‘53),
Vig = —818284, Virs = C182C384 — C283Cace€™®! — 83c486€1%2,
Virp = €1828354C5 + C2C354C5C6€'0" — Cas48556€(81198) 4 cacqescee'®® + cqs5c6ei(P2103)
Virp: = €182838485 +CQC3S4S5Cﬁei61 _62343536ei(61+63) —C3C43536ei62 +C4C566ei(62+63).
Now, to have an estimateof the CKM matrix elements the following matricesare

taken:

0 az 0 O
up __ a1 0 a1 0
M o 0 a9 0 a3
0 a3 a4 O
and
0 B 0 0O
0 B O
Mdown — /61 2
0 B 0 g5
0 0 B3 Ba
Also, v'? = —my,v9¥ = me,v3¥ = —my andvy;* = my . Then,onegets:
4
a4 = Z'Yla
i=1
(f +ag)s = — Z YiViVe;
i<j<k
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o +aj+a; = —Z%'Vj,
i<j
of ‘o5 = MY2vsV4,

V (the CKM matrix) = U*U?1,
Theunnormalized?® row of U%, correspondingo up-typequarks,is givenby

L vifou, (7 = a})/(enos), vi(vi — of — 03)/ (a1 asas).

The calculationof U? for the down-typequarksis similar. Thus, for a setof masses
in respectof u, ¢, t, t' andd, s, b, b’, onecancalculateall the sixteenmatrix elements
Vij,i =u,c,t,t andj =d, s,b,b’.

Thesetof massegcurrentquarkmass)akenfor the computationsare:

up: my = 0.005GeV, m.=13GeV, m;=180GeV,
andthevaluesof my weretakenasstatedearlier
down: mg=0.01GeV, m;=0.2GeV, mp=4.6GeV,

andthevaluesof my weretakenasstatedearlier

It maybenotedthatthe CPviolation phases; have beenassumedio beapproximately
equalo, or nggligibly small,andthe elementf U*(4 arefunctionsof massesHowever,
verysmallmasgatiosareneglectedsothatthemassdependencef mixing anglesbecomes
simpler andthe matrixelementsrecalculatedipto theninedecimalplacesptherwisehe
mixing anglescannot be estimatedeliably. This is alsodoneto avoid the absurdresults
likecos8 > 1.

References

1) K. KobayashandT. Maskava, Progr Theor Phys.49 (1973)625;

2) S.Weinbeg, Phys.Rev. D 5(1972)1412;A. Salam,Proc. 8th Nobel Symposium, Stockholm,
1968,p. 367;

3) S.L. Glashav, J.lliopoulosandL. Maiani, Phys.Rev. D 2 (1970)1285;
4) J.L. HewettandT. G. Rizzo,Phys.Rev. D 49 (1994)319;

5) T. G. Rizzo, Phys. Lett. B 315 (1993)471; S.-P Chia, Phys. Lett. B 240 (1990)465; K. A.
PetersonPhys.Lett. 282 (1992)207; X.-G. He andB. McKellar, Phys.Lett. B 320 (1994)165;

6) N. G. Deshpandeand J. Trampet€, Phys. Rev. D 40 (1989)3773; N. G. Deshpandeand J.
Trampett, Mod. Phys.Lett. A 4 (1989)2095;J. L. Hewett, Phys.Rev. Lett. B 193 (1987)327;
W.-S.Hou, A. SoniandH. Steger, Phys.Lett. B 192 (1987)441;S.K. BiswasandV. P. Gautam,
Possihility of the Fourth Generation on Quark Sector through the Sudy of and the Dipole Moment
of the Top Quark, to be publishedn HadronicJournal;

7) N. G. DeshpandandJ. Trampett, Mod. Phys.Lett. A 4 (1989)2095;J. L. Hewett, Phys.Rev.
Lett. 70 (1993)1045;V. Barger, M. BergerandR. N. J. Phillips, Phys.Rev. Lett. 70 (1993)1368;
M. A. Diaz,Phys.Lett. B 304 (1993)278;G. T. Park, Mod. Phys.Lett. A 9 (1994)321;

116 FIZIKA B 7(1998)2,105-118



BISWAS AND GAUTAM: CONSTRAINT ON THE TRILINEAR GAUGE COUPLING. ..

8) C.Albright, J. SmithandS.-H.Tye, Phys.Rev. D 21 ((1980)711;G. C. Branco,A. J. Burasand
J.-M. Gerard Nucl. Phys.B 259 (1985)306;

9) N. G. DeshpandandJ. Trampett, Mod. Phys.Lett. A 4 (1989)2095; R. BarbieriandG. F.
Guidice,Phys.Lett. B 309 (1993)86; M. A. Diaz, Phys.Lett. B 322 (1994)207;

10) L. RandallandR. SundrumPhys.Lett. B 312 (1993)148;

11) H. Dreiner Mod. Phys.Lett. A 3 (1988)867; S. Davidson,D. Baily andB. A. Campbell LBL
ReportCfPA-93-TH-29(1993);

12) A. Sirlin, NYU ReportNYU-TH-93/11/01/(1993);
13) Review of Particle Properties, Partl, Phys.Rev. D 54 (1996)p. 314—315,andreferencesherein;

14) K. Abeetal., Phys.Rev. Lett. 63 (1989)1776;S. Enoetal., Phys.Rev. Lett. 63 (1989)1910].
Adachietal., Phys.Lett. B 234 (1990)197; M. Z. Akrawi etal., Phys.Lett. B 236 (1990)364;
D. Decampetal., Phys.Lett. B 236 (1990)511;

15) N. G.DeshpandandG. Eilam,Phys.Rev. D 26 (1982)2463;

16) N. G.DeshpandeR Lo, J. Trampett, G. EilamandP. Singer Phys.Rev. Lett. A59 (1987)183;
17) S.Bertolini, F. BorzumatiandA. Masiero,Phys.Rev. Lett. 59 (1987)180;

18) N. G. Deshpande? Lo andJ. Trampet€, Z. Phys.C40 (1988)369;

19) N. G. DeshpandeX-G. He andJ. Trampet€, Phys.Lett. B 367 (1996)362;

20) G.Eilam,A. loannissianR. R. MendelandP. Singer Phys.Rev. D 53 (1996)3629;

21) N. G. Deshpande]. Trampet€ andK. PanosePhys.Lett. B 214 (1988)467;

22) N. G. DeshpandeX-G. He andJ. Trampett, Phys.Lett. B 345 (1995)547;

23) The Albuguerque Meeting, Univ. of New Mexico, August2 -6 1994,Vol. 1,ed.S. Seidel p. 915;
24) F. Abeetal.,Phys.Rev. Lett. 73 (1994)225;

25) A. Djouadi,P. Gambino,S. Heinemger, W. Hollik, C. JungerandG. Weiglein,Phys.Rev. Lett.
78(1997)3626;

26) J.F. Gunion,D. W. McKey andH. Pois,Phys.Lett. B 334 (1994)339;
27) B. Holdom,Phys.Rev. D 54 (1996)1068;UTPT-97-10,hep-ph/9705231;
28) M. GronauandF. London,Phys.Rev. D 55 (1997)2845;

29) M. S.Chanaevitz M. A. Furmanandl. Hincliffe, Phys.Lett. B 78 (1978)285;Nucl. Phys.B 153
(1979)402;

30) O. Adriani etal., Phys.Lett. 313 (1993)326; P. Abreuetal., Phys.Lett. B 242 (1990)536; D.
Bisculicetal., Phys.Lett. B 384 (1996)439;

31) A. Ali andC. Greub,Phys.Lett. B 293 (1992)226;

32) A. J.Buras,M. JaminandP. H. Weisz,Nucl. Phys.B 347 (1990)491;

33) S.HerlichandU. Nierste,Nucl. Phys.B 419 (1994)292;

34) G.BuchallaandA. J.Buras,Nucl. Phys.B 398 (1993)285;B 400 (1993)225;B 412 (1994)106;

35) C. Greuband T. Hurth, Next-to-Leading Logarithmic Results in B —X,y, (ITP-SB-97-25—
DESY-97-071),1st Symposiunon Flavor ChangingNeutralCurrentsFCNC’'97, SantaMonica,
CA, USA, 19-21Feh 1997,Proc.1997hep-ph/9704350,

36) K. Chetyrkin,M. MisiacandM. Miinz,Phys.Lett. B 400 (1997)206;
37) B. Grinstein,R. SpringerandM. B. Wise,Nucl. Phys.B 339 (1990)269;

38) A. Ali, CERN-TH.7455/94publishedin Proc. QCD’94 Conf., Montpellier July 7 — 13, 1994,
andreferencesherein;

FIZIKA B 7(1998)2,105-118 117



BISWAS AND GAUTAM: CONSTRAINT ON THE TRILINEAR GAUGE COUPLING. ..

39) A. J.Buras,M. Misiak, M. MiinzandS. Polorski, Nucl. Phys.B 424 (1994)374;

40) C.P BurgessandD. London,Phys.Rev. Lett. 69 (1992)3482;Phys.Rev. D 48 (1993)4337;
41) K. Hagiwaraetal., Nucl. Phys.B 282 (1987)253;

42) T. G.Rizzo,Phys.Lett. B 315 (1993)471;S.-P Chia,Phys.Lett. B 240 (1990)465;

43) J. L. Hewett, SLAC-PUB-6521,May 1994, T/E, presentedat the 21st Annual SLAC Summer
Ingtitute on Particle Physics: Spin Sructure in High Energy Processes, Stanford CA, USA, July
26— August6, 1993;

44) G. Altaralli, R. BarbierieandF. Caravaglios,Nucl. Phys.B 405 (1993)3; A. Ali andC. Greub,
Phys.Lett. B 361 (1995)146;

45) S.Narison,Phys.Lett. B 341 (1994)73;
46) P.N. Burrows, T. Abrah,M. SamuelE. SteinfeldsandH. MasudaPhys.Lett. B 341 (1994)74;

47) W.T. Giele, Talk givenatthe 5th Int. Workshop on Deep Inelastic Scattering and QCD, Chicago,
April 1997 ,FERMILAB-Conf-97/240-T

48) V. Bamger, K. WhisnantandR. J.N. Phillips, Phys.Rev. D 23 (1981)2773.

OGRANIéENJETRILINEARNQGA BAZDARNOG VEZANJA RASFADOM
b — sy UZEVSIU OBZIR MOGUCNOSTCETVRTE GENERACIJEKVARKOVA

Virtualni u€inci trilinearnogabazdarnogvezanjafotonana W¥W— naraspadb — sy
se provjeravaju uz pretpostaku mogte Cetvrte generacijekvarkova, s popraskamado
vodecih QCD logaritama,primjenomrazwja CKM matrice Cetvrte generacijei fazom
krSenjaCP-invarijantnostijednalom nula. Uzetasu u obzir ograntenjaizmjerenomvri-
jednastu parametra.

118 FIZIKA B 7(1998)2,105-118



