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Thedecayof thefourth-generationlown-typequarkb’ — by andb’ — bg hasbeenstudied
asanextensionof the standardnodelusingevolution of the mass-basefiburth generation
CKM matrix with CP violation phasesqualto zero.Rangeof the masse®f fourth gener
ationdown-typequarkb’ andup-typequarkt’ have beentakenwith dueobsenanceof the
constrainimposedby the presenexperimentalalueof the p parameterkeepingin view
the massdifferenceof the fourth generatiorquarkdoublet. The decaywidth of b’ — by
alsohasbeenstudied,however, with correctionup to the leadingQCD logarithmsfor six
active flavoursafterthe W boson t andt’ quarkshave beenintegratedout usingoperator
productexpansion.Stronginteractioncoupling constanis taken on matchingscaleof Z
bosonmass.
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1. Introduction

Recenexperimentabndtheoreticaktudieshave stimulatedheattempdo demonstrate
the existenceof the fourth generatiorin the quarksector With the assumedy down-type
andt’ up-typefourth-generatiomuarksthe down-typequarkswould bed,s,b andb’ and
the up-type quarks wuct and t. At the large colliders,
attemptsare madeto find signaturefor the decaymodeslike b’ — by andb’ — bg [2,3].
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Onemaystudythe b’ quarkdecayseparatelyr asanextensionof the formulationfor the
threegenerationso thefour generations.

For thethird generationit is well known thatthe radiative b decayis extremelysen-
sitive to the structureof fundamentainteractionsat the electraveak scale. This hasa
chequereatareer;this processhasdeparturdrom otherflavour changingneutralcurrent
(FCNC) processewhich normally ariseat thetreelevel in the standardnodel(SM). Ac-
tually, one-loopW-exchangediagramsgeneratehis decayat the lowestorderin the SM.
Themodelis basednthegaugegroupSU(3:x SU(2). x U(1), wherethequarkcouples
to the W bosonyielding theweakcurrent[4].

Theradiatve b’ quarkdecaymaybetreatedn the sameway asthatof b quarkdecay
The latter hasa rate of the order of G|2:C(QED, and all other FCNC processesnvolving
leptonsand photonsare of the order G,Z: aéED. At the sametime, the long-rangestrong
interactionsareexpectedto play a minor role in the exclusive procesof theradiative B-
mesondecay(by requiring g, > (m% - m%)/ZmB), soits effect cannotbe ignoredwhile
consideringheinclusive proces®f radiatve b quarkdecay However, it is known thatthe
short-distanceffect of QCD [5-7] dueto gluon exchangebetweerthe quarklines of the
leadingone-loopelectraveakdiagramsenhanceheradiatve b decayratein the SM by 2
to 5 times,dependingnthetop quarkmass Furtherimportantcontritutionsin therelated
domainhave beenmadeby Deshpandelrampet€ andothers[8—11], wherelong-distance
effects have beenduly considered Otherq — 'y transitionsare very hardto obsere.
Recentlythel (b — sy) andthetop quarkmasshasbeenmeasured1,12].

In view of thesenew developmentsit is the purposeof the presentpaperto analyse
thetheoreticaluncertaintiesn the calculationof the decaywidth ' (b' — by). Firstly, this
requiresthe choiceof the fourth generatiorquarkmassesvhich arenot free parameters,
ratherthey areconstrainedby the experimentalalueof the p parameterThe p parameter
in termsof the trans\ersepart of the W- and Z-bosonself enegies at zero momentum
transferis givenin Ref. 13,

1 ap = M220) _ Mww(0)

_~ _ipp= 1
1-np M2 MZ, @)

p:

Thechoiceof the pair of massegmy, my), keepingin view the upperboundof 550GeV
for themasof thet’ quarkcomingfrom partial-waeve unitarity[14], themodel-independent
lower boundof theb’ quarkmasswhich hasbeenset[15] as45 GeV, andconstrainbnthe
masddifferenceof thefourth generatiomquarkdoubletenforcedby theexperimentalvalue
of the p parametemasbeenrecentlydonein Ref. 16, andwe arefreeto utilize it.

Secondlythe dominantuncertaintyin the existing leadinglogarithmicQCD calcula-
tionsis dueto the choiceof the renormalizatiorscalep [17]. In ary finite-orderof per
turbationtheory suchan uncertaintyis inherent. Several papers[18—20] have recently
analysedhis problem.However, the p-dependencef the relevantamplitudess reduced
considerabl\py theinclusionof next-to-leading-ordecorrection It maybenotedthatthe
scaleuncertaintyin the leading-ordecalculationof this decayrateis particularlylarge, it
amountgo around+25%. Thereforewe have therestrictionsonthe SM or its extensions,
which canbe obtainedwith the help of the experimentalfindingsandthe leadingorder
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approximationswhich aresubstantiallywealer thanfound without taking the theoretical
uncertaintiesnto account.

Thep—dependencgresentn thebranchingatios,canbereducedn thesamemanner
asit wasdonefor otherdecayqd18—20]. The full next-to-leadinglog calculationof radia-
tive decayswould require consideratiorof three-loopmixing betweencertain effective
operatorsBeforeoneundertalkessuchaneffort, it is muchbetterto make a formal analy-
sisof theconsiderediecayattheleadinglogarithmiclevel, andto checkto whatextentthe
p—dependenceanbereducednceall thenecessargalculationhave beenperformed A
review by Greub et al. on FCNC proces®f radiatve b decaysandon the next-to-leading
logarithmicresultshasappeareéh theproceedingsf arecentSymposiunj21]. Chetyrkin
et al. [22] have obtainedtheresultsfor three-loopanomalouglimensionsvhile analyzing
B — Xsy decayand reportthe branchingratio B(B — Xsy) to be (3.28+0.33) x 1074,
The predictionsof the SM arein conformitywith the CLEO dataat 2o level. So,we may
proceedollowing the sameway. However, for the presentthe analysisof b’ — by decay
is restrictedo theleadinglogarithmiccalculationsto begivenin the next section.

Thepaperis organizedasfollows: Section2 summarisetheresultsof theformulation
of b’ — by in four generationgor ary my, i.e., my < My andevenbeyondthe W boson
massIn Sect.3 calculationsof the decaywidth for b’ — bg for four generationfiasbeen
considerecdhlongwith the ratio of I'(b" = by) to I'(b’ = bg); Section4 summarisethe
resultsof theleadinglogarithmic(LL) calculationsadoptingoperatomproductexpansion
whichis usedto evolve anomalouglimensionmatrix for four generationandto perform
leadinglogarithmiccalculationfor the decaywidth takingthevalueof my < M. In Sect.
5 theresultsarediscussed.

2. Calculationof I' (b — by) for my belowandabove My,

Thetransitionb’ — by occursthroughthe processof one-looppenguin-typediagram
whichadmitsW bosonandu, c,t,t’ quarkexchangelt maybetreatedasadirectextension
of the SM. Thematrix elemenftor this processs givenby [23]

M —by) = \/— 2{'3ub0WQV(meo'+b M)}
Xy VipVip(106) = 1(x)- @
i=u,ct,t/

Vpq's areelementsof the four generation®CKM matrix, calculatedas prescribedn Ref.
16, x=m? / M3, thefunction|(x) is the InamiandLim function[24], &, is photonpolar
ization vector, g, is photonmomentumandao®’ =(i/2)[y,y"], br =(1/2)(1+ ys)b/,
bl =(1/2)(1-ys)b'.

In this weakproces®f loop-inducedcoupling,the Glashav-1liopoulos-Maiani(GIM)
[25] cancellatioris important.Takingthis into accountandwith the LL approximatiorto
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thefirst orderin as [26], the QCD correctiongead:

Corredions = % Vi’t‘,\/,b,euSGF\/_ In(n? /M%), for m <My

i=u,c,t,t/
= 0, for m>Mw. 3)
CombiningEgs.(2) and(3), andneglectingthetermsof the ordermg/ mﬁ, onehas

aFmg/

F( - by) =~ @

VJqukfl(Xu) +V(';kaCU (I(XC)+ w |:|nMﬁ2 _ In “r;fv]) +

2

Vi (100 - 228 ﬁ) ViV (100) - MInﬁ)

3m M3 31 M3,
where
_ 2x 7x X (3x3—2x3)
0 = 3o T a0 T a-17 T 2mmF X ©®)

Theabove expressionis valid for my < My aswell asfor my > My.

3. Decaywidth (b’ — bg) andtheratioto I'(b’ — by)

For the decaychannel’ — bg the one-loopcalculationis straightforvard from Ref.
23,asanextensionof SM. It hasbeenascertaineth Ref. 26 thatfor thisdecaymode,even
large QCD correctiongannotallow this procesgo reachthefew percentevel. Thus,even
for theextensionto fourth generationye negglectthe QCD correctionsandfollowing Refs.
23and27,thedecaywidth maybewrittenas

Géa
F(b' - bg) %ﬁfﬁ Vio Vi F (%) | (®)

i=u,ct,t/

whereCy(F) = 4/3, x, = / MZ andF(x) is the InamiandLim functionfor this decay
Herethetermsof the ordermﬁ/ m[z), have beenngglected.Theratiois givenby

(o' — by) 3a ‘Nl 2 %

T Tl—=by  das(my) N2
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where,

N1 = ViipVuw | (xu)+ (8)

Ads(my) [Inﬁ—lnﬁ])+

Vi Ve (| (xe) +

3n M3 M3
X 4a X 4a
Vi iy (I(xt) - Ao, Mﬁz) + Vi Ve (l(xﬂ) - %In%)
W W

andN2 =3 o1 Vip Vi F(Xi). HereRis afunctionof my for agivenmy.

4. Theleadinglogarithmiccalculationsof b’ — by decay

This sectionbriefly summariseshe leadinglogarithmiccalculationof b’ — by decay
in generaterms.Thetheoreticaluncertaintieglueto the dependencen the massscalep
canbereducedafterperformingsuchcalculations.

TheQCD correctiongo theb’ — by decaycontainlargelogarithmsln(M&V/mﬁ,) which
have to beresummeadvith therenormalizatiorgroupequationRGE). In orderto do this,
onehasto introducean effective Hamiltonianbuilt of operatorof dimensionhigherthan
four,

8
Heft — —th:\/t’g%_;Qi(H)Ci(H) E—th:\/t’{,%QT(H)C(H) 9)

whereVj; arethe CKM matrix elementsQ;() arethe relevant operatorsandGC;(l) are
the correspondindVilson coeficientsin the massscalep. The completesetof operators
necessann theb’ — by aftert quark,t’ quarkandW bosonhave beenintegratedout is

thefollowing [28] :

Q = (EGCB)V_A (G0 )y _a-
Q = (bac®)y_, (C_Bb’B)V A

QG = (bab®),_ ), -
3 ( a )v Aq=u,d%c,b,b’( B )V_A

Q = (bgb® 69%)y_a-
4 ( o )V_A q=u,d%c,b,b’ (@a%)y_a

Q = (bab®),_ B .
5 ( a )v quu’déc’b’u( B )V+A
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% = (Ea b,B)V_A q=u,d%c,b,|y (B )vn

Q: = (e/8mM)mybya™ (1+ys) b Fy
Qs = (9/8™)mybga™ (1+ys)(THELPGS, (10)

whereT?2 arethe SU(3). Gell-Manncolour matricesnormalizedby Tr(T2TP) = 1/25%,

(A )yea=avu(1£ys)d, Qu, Q2 arethecurrent-currenbperatorsQs, Qa,Qs, Qs arethe
QCD penguinoperatorandQy, Qg arethe“magneticpenguin’operators.

In the latter operatorsthetermsproportionalto b-quarkmasshave beenneglectedin
comparisornto b’ quark mass,sincethey give only a correctionof the ordermﬁ/mﬁ, to
thedecayrate(my > 45 GeV andm, = 4.6 GeV). In the presenitaseN = 3, numberof
up-typequarksis u = 2, of down-type quarksd = 4 andthe numberof actie flavours
f=u+d=6.

Theinclusionof the couplingsin the definition of Q7 andQs allows usto discusshe
evolution of therenormalizatiorgroupin full analogywith the caseof theusualAS= 1 or
AB = 1 Hamiltoniansfor the nonleptonicdecaysof the b quark. Following Ref. 29, one
maywrite

CH) = U(KMw)C(Mw). (11)
Heretherenormalizatiorgroupevolution matrix may bewritten as

3 9(my)
Um,my) = Tge| [ dgv'(@)/B(d) 12)
g(my)

with my < mp. HereTy denotessuchorderingin the couplingconstantshatthey increase
fromright to left.

Next, y(g) is the 8 x 8 anomalouglimensionmatrix of the operatorQ; andp(g) is the
usualrenormalizatiorgroupfunctionwhich governsevolution of as.

Keepingthefirst two termsin the expansiorfor y(g) andB(g), onehas

Mo = VO s+

161'[2 (13)

P
(161'[2)

16T[2

B@ = —Bo - B +.. (14)

16T[2

wherefo= (11N —2n;)/3 andp; = (34/3) N2 — (10/3) Nn¢ — 2c¢n¢, N is thenumber
of colours,ns thenumberof active flavoursandct = (N? — 1) /(2N). With this, onefinds

Gmym) = (T4 2 3) GO m,my) (1- 24 5) s
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Where_U_(O)(ml, mp) denotesevolution matrix in the leadinglogarithmic approximation
(LL), 1 is unit matrix andJ summarizeshe next-to-leadingcorrectiongo this evolution.
If

Y = v-IYOTY, and G =ViDTY, (16)

Where\_/g’) denotesa diagonalmatrix whosediagonalelementsarethe component®f the

vectoryl?, then
(Gs(mz) ) P V(O)
as(m

v~ with P:Z—BO. (17)

U_(O) (m17 rnZ) = \7

D

For the matrix J onehas
J = vsv? (18)

wherethe elementof S_aregiven by

s yo B Gij
S R ety )

with y¥ denotingthe elemenbf (9, and G;; the elemenbof G.
Thefunction3(g) governstheevolution of the effective couplingconstang,

dg? Q? _
E = g_B(g_)a t= In?a g(O) =0, (20)
Q beingsomescalewith the solution
as(@®) _ G(D)
4 16m (21)
_ 1 _&In |H(Q2//\f/l—s) 40 1
Boln(QZ/AZg) ~ B3 IN%(Q2/ A2 I3(Q2/ A2y

whereA is the QCD scaleparametewhich hasbeentakento bein theMS schemeTrun-
catingatthe seconderm,onehasfor theflavour f, thefollowing expressiorfor o (Q)

R S
BoIn(Q2/N3)

By InIN(Q?/Af)

as(Q) = TR InQ@/A)

(22)

with At in theMS schemeThe continuityof a ¢ (Q) hasbeenunderstood.
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Theratio as(mp) / as(my) in Eq. (17) abore hasnow to be calculatedwith the help of
the two-loop renormalizatiorgroupequationfor as(p). Nowadaysit is customaryto cal-
culatewith as(Mz) asaninitial conditionfor this equation A straightforvard calculation
givesthesolutionof theform

_as(Mz) (- Bias(Mz) Ina(y
as(M) = a(p) (1 Bo 4m  a(Ww )’ (23)
where
C((p.) = 1—80(]—3(2'\_‘_/:2) In(%) (24)

Thusn =as(Mw) /as(l) cannow becalculated.

To find the anomalouglimensionmatrix, the calculationof the one-loopmatrix ele-
mentsof the operator);, Q2, Qs, Qs, Qs andQg is encounteredvith logarithmicdiver
gencesn the effective theory which correspondo thelogarithmof My in thefull theory
To calculateheanomalouglimensiormatrix from this, we justpick up atermof theorder
a?. Sincetheselogarithmsarenotinducedby QCD effects,they arepresenevenwithout
arny QCD.

Calculationsto leadinglogarithmic (LL) level were donefollowing Ref. 30, which
givesthe scheme-independentatrix {9 &' definedin (13) that governsthe LL QCD
correctiongo b’ — by.

TakingJ=0, Eq.(11) reads

CH) = U(u,Mw)C(Mw) = UO(u,Mw)C(Mw)
- Vv [nv(‘” /2BO]D\7—1C(MW) (25)

whereV diagonalize?, i.e.,
Y = y-oTy (26)

wherey9 arethediagonalelementf ?(DO). C(Mw) mayalsobeexpandedas

CMw) = COw) + MW @)

andto getonly LL approximationpnemaytake C(Y (My)=0 andthiswill give C(9eff (1.

In the’t Hooft andVeltman(HV) schemethis matrix is equalto Y9 of the Eq. (13).
For thesale of simplicity, in this papemwe do nottake into accounthevirtual effectsof the
fourth generatiorup-typequarkt’. Thefiguresaretakenfrom Ref. 31 for (i) theleading-
ordermatchingconditionsatthetop-quarkscalefor the 1PI Greenfunctionsin thefull SM
andin the intermediateeffective field theory and (ii) for the matchingconditionsat p=
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My for four quarksandtwo quarks1PI Greenfunctionsin theintermediateeffective-field
theoryandeffective-fieldtheorybelav W scale however, with replacementf b by b’ and

of shyb.

For the evolution from p= My to p = my, with the numberof active flavours f= 6,
Q1= Qu=2/3,Q2= Q¢= —1/3,Q=2Q, + 4Qqy= 0, onegetstheanomalouslimensiormatrix
[32] for theoperatorgyivenin (10) as:

-2 6 0 o 0 o0 0 3
6 —2 -2/9 2/3 -2/9 2/3 416/81 70/27
0 0 -22/9 22/3 —4/9 4/3 -—464/81 626/27
Jo_| 0 0 143 2 -43 4 3227 1949 28)
=l o o o 0 2 -6 32/9 —68/3
0 0 -4/3 4 —4/3 —12 -32/27 —274/9
0 0 0 O 0 0 323 0
0 0 0 0O 0 0 —32/9 283

Theeighteigervaluesare{4.,—8.,—13.54846.81377~5.97777,2.267969.33333,10.666%
andthecorrespondingigervectorsare:

1st 2nd 3rd 4th
0.707107 0.707107 -0.0228936 -0.069976
0.707107 -0.707107 0.044064 -0.102792

0.0 0.0 —0.0492333 —-0.62544
0.0 0.0 0.218597 -0.756705
0.0 0.0 —0.350862  0.159358
0.0 0.0 -0.909224 -0.127852
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0

5th 6th 7th 8th

—0.19046 —-0.0448565 0.802291 -1.2376
0.126268 -0.0319076 1.01544 -1.27937

—0.890227 -0.332954  6.84462 -13.1557
0.376687 -0.281159 7.69721 -14.18
0.288386 -0.977828 -2.90253  6.39838
0.383446 0.0436695 -0.230236 1.42456
0.0 0.0 0.0 1.0
0.0 0.0 1.0 —2.66667

Neglecting the effects of the fourth generationup quarkt’, one hasthe SM values
of the Wilson coeficientscollectedfrom Ref. 24 at the Myy massscaleasa function of
x = ¢ / Mg, written asC; (W), which arefunctionsof the massof t quarkandthe massof
W bosonandaregivenby:
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W) = -1

BC+52—T7x 33—2¢2
C/(W) = - |
W) 2Ux—13  ax—1F

X -5 -2 3x?
CeWw) = + 8(xf1)3x+4(xf1)4 Inx (29)

Thuswe have from Eq. (17) the diagonalmatrix [(as(Mw) / as(my))7]

DiagonaIM atr IX[ n 2/7, n —4/7, n —0.967742852 n0.486697853 n —0.426983572!. (30)

r]0.16199714% r]0.66666642§ r]0.76190714? = DiagonaIMatrix [{a, b, c, d, e f,g, h}],

wheren = as(Mw) /as(my), taken at p=my massscale;The coeficientsCs, C4, Cs, Cs
arenow assumedo vanishatthe matchingscalep=Myy.

Now, settingd =0 andCY =0, Egs.(15) and(27) give C@ e f () in theleadingloga-
rithmic approximatioratthepu=my scalejustby straightforvardcalculations.
Theresultsaregivenbelow:-

Ci) = (0.5a— 0.5b)Cy(W), (31)
Co() = (0.5a+ 0.5b)Cr(W), (32)
Ca() = (—0.0625a+ 0.125b — 0.0121761 + 0.0400364

—0.096406% + 0.00604658 ) Co(W), (33)
Ca() = (—0.0625a— 0.125b+ 0.0167488& + 0.0890896

+0.0786656 + 0.0029959) Co(W), (34)
Cs(W) = (—0.0025804% — 0.037738H

+0.0110945% + 0.0292247F) Co(W), (35)
Cs() = (—0.042781% + 0.0338142

+0.01985% — 0.0108847f) Co(W), (36)

C/() = 1.0hCy(W) + 2.66667(g— h)Cs(W) + (—0.45a
—0.10714% — 0.013014% — 0.84745d — 0.00906636

—0.0017948% + 2.70784g — 1.27937h) Co(W), (37)
Cs(W) = 1.0gCs(W) + (—0.06291& — 1.06153d
+0.091135% + 0.0178728f + 1.01544g) Co(W). (38)
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Above formulaearethe valuesof effective Wilson coeficientsat the pj=my massscale.
Theresultingleadinglogarithmicexpressiorfor ' (' — by) maybereadas

aG2
Mot = I )P (39)

whereVypqis a4 x 4 CKM matrixelememandcgo) eff (my) is givenby (37),(29) and(30).

5. Resultsandconclusion

For thecalculation,n thepresent:aseBo:%(ll N —2n¢)=7,andp;= 18. Thevalues
of the constantsx~1=137.036,Gr=1.166372x 10~° Gev?, andMz =91.187 weretaken
from Ref. 33, and Myw=80.33[34] hasbeenused. The value of as(M§) hasbeentaken
as0.1157[16]. Thevaluesof as() atthe Mz massscalefor differentvaluesof my were
calculatedwith thehelpof Eqgs.(23) and(24).

(' — by), F(b' = bg), andR arecalculatedby Eqs(4), (6) and(7), respectiely, and
aregivenin Tablel.

TABLE 1. Calculatedwidths of b — by andb’ — bg decaysandtheratioR=T (b —
by)/T(b' — bg), for m=180GeV.

my my r(b'—by) | F(b'— bg) R
(GeV) | (GeV) (eV) (eV)

45 110 0.066 0.146 0.453
115 0.062 0.121 0.515

50 110 0.119 0.249 0.477
115 0.106 0.206 0.514
120 0.096 0.171 0.559

60 110 0.296 0.621 0.478
115 0.266 0.517 0.515
120 0.238 0.427 0.558
130 0.211 0.299 0.674

85 110 0.169 3.506 0.483
115 1.504 2.909 0.517
120 1.347 2.415 0.557
130 1.125 1.682 0.669
140 1.026 1.231 0.833
150 1.072 1.021 1.049

90 110 2.252 4.650 0.484
120 1.788 3.202 0.558
130 1.490 2.230 0.668
140 1.356 1.356 0.831
150 1.413 1.349 1.047
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I (b" — by) is monotonicallyincreasingfor increasingmy andfixed my, but mono-
tonically decreasindor the increasingmy andmy fixed. I'(b' — bg) is monotonically
increasingfor increasingmy andfixed my, but monotonicallydecreasingor increasing
my andfixedmy mass.

Scenaridor theb' quarkmasshelow theW bosonmass For the rangeof mass110
GeV< my <120GeV, I'(b' — bg) > (b" — by), however, ' (b" — by) increasesteadily

Scenaridor theb’ massabovethe W bosonmass Calculationswere done only for
my =85 GeV and90 GeV, andfor the valuesof m: rangingfrom 110 GeV to 140GeV,
rb"— bg) > r' — by) . Butat my=150GeV, the positionis reversed: I (b’ — by)
becomegreaterthanl (b/ — bg).

So, the formulationis very sensitve to thet’ quarkmassin the range130 GeV to
150 GeV. The massof thet’ quarkis constrainedy the experimentalvalue of the p pa-
rameter For my =60 GeV, t' massis not allowed above 130 GeV, alsofor the b’ quark
massof 85 GeVand90 GeV, themassof thet’ quarkis not permittedabose 150GeV, the
calculationsveretruncatedat this stage.

Fromthe sharplyincreasingmonotonicityof (b’ — by), it is expectedthatmoreen-
hancementaybe achievedif QCD correctionaup to the leadinglogarithmicor the next-
to-leadingordercalculationscouldbe done.

The QCD correctedvaluesof b’ — by were calculatedusing Eq. (39) for m = 175
GeV and180GeV andmy = 45,50 and60 GeV. The massof the fourth generatiorup-
type quarkhasbeentakenin the permissiblerangeof 110-130GeV for the calculationof
the CKM matrix elementsput it hasbeenobsenredthatthe valuesare not that sensitve
to thet’ quarkmassandthesecalculationsarereportedonly for m:= 110GeV. They are
givenin Table2.

TABLE 2.LL QCDcorrectedy — by decay

My m | [(b'—by)
(GeV) | (GeV) (eV)
45 175 0.1420

180 0.1461
50 175 0.2375
180 0.2446
60 175 0.5745
180 0.5923

The decaywidth is muchmore sensitve to the my quarkmassthanto the top quark
mass.For anincreaseof massof my from 45 GeV to 50 GeV, the enhancemeris by the
factorof 1.6, from 45 GeV to 60 GeV, the enhancemeris by a factorof 4.05,andfrom
50 GeVto 60 GeVit is by afactorof 2.4;the effect of m mayaccountfor approximately
1%. Further it is obsenedthatthereis anenhancemerdf the decaywidth from thatgiven
in Table 1 (without the QCD corrections)andthis rateis approximatelydoubledin the
presentasewhenthe QCD correctionsaretakeninto account.

Theintroductionof the effect of thevirtual exchangeof thefourth generatiorup quark
t' hasbeendiscussedn Refs.35and36. Here,we utilize this approachFor this, onehas
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to rewrite C7(W) asCy(m,Mw) andCg(W) asCg(m, My ), andwith these the Wilson
coeficientsof the dipole operatorsat the W massscalein the limit of vanishingup and
charmquarkmassesan be written simply by replacingthe termV;j Viy Ci(m, Mw) by
Vi Vi Gi(m,Mw) + Vi, Ve Gi(my, M) whereVyg representhe 4 x 4 CKM matrix
elementandi = 7,8.

So,thefourth-generatioWilson coeficientat the W-massscalecanbewritten as

V;k V/b’ .
Gi ath gener(m, Mw) = Ci(m, Mw) + ﬁci(m’a Mw), 1=7,8.
th Vit

Equation(39) yieldsT (b' — by) by replacingct® " (my) bycg%lf;ener(ny) whichis ob-
tained from Eq. (37) with Cy(W) and GCg(W) replaced by
C7,4th gener(M, Mw) andCg ath gener(M, Mw ), respectiely. The resultsare shavn in Ta-
ble 3.

TABLE 3.LL QCDcorrectedy — by decayconsideringhefourth generation.

My m my | F(t'—by)
(GeV) | (GeV) | (GeV) (eV)

45 175 110 0.365988
180 110 0.372515
50 175 110 0.624785
120 0.639156
180 110 0.636124
120 0.650437
60 175 110 1.566482
120 1.611991
130 1.644182
180 110 1.595772
120 1.641211
130 1.673314

Theintroductionof thet’ quarkin thearenashiftstheobsenationsof thepreviouspara-
graphslightly. For anincreasef massof my from 45 GeVto 50 GeV, theenhancemeris
by thefactorof 1.7,from 45 GeV to 60 GeV, theenhancemeris by afactorof 4.28,and
from 50 GeVto 60 GeVit is by afactorof 2.5. Theratio of theresultsfor ' (' — by) with
andwithouttheconsideratiomf thet’ quarkmassn theinternalloopliesin therange2.58
to 2.8. So, the fourth-generatiomp-quarkmasshasquite large effects. It is expectedthat
thenext-to-leadingordercalculationgnay enhanceheratefurther.

If we take the massof t’ quarkasthe free parameterandtaking the valuesof my of
400,500,600,700,800,and900GeV, thecalculationof b’ — by for my = 45GeVwithout
LL QCD correctionsyields the following results,namely;0.0901eV, 0.0699¢eV, 0.0531
eV, 0.0398eV, 0.0295eV and0.0216eV, respectrely. Theresultsarecomparablégo the
valuesarrivedatfor m»=110GeVand115GeV i.e.,0.064eV (average).
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Testinggroundof this formulation are the future experimentalmeasurementss at
presentime thereis no evidencefor the b’ quark, exceptfor someimplicit signatureas
reportedn Ref. 3. ThesearchHor new physicsis conductedhrougha three-prongttack:
(i) direct productionof new particlesat high enepgy colliders, (ii) deviationsfrom SM
predictiondn precisionmeasurementand(iii) indirectobsenationof new physicsin rare
or forbiddenprocessesThe presenfformulationwasdonekeepingin mind thata fourth
generationis consistentwith the LEP/SLC dataaslong asthe fourth neutrinois heavy,
i.e.,, my, > Mz/2, andthat sucha heavy fourth neutrinocould mediatea see-se type
mechanisnthusgeneratinga smallmassfor ve,r. And the possibility of a fourth family
of fermionsmaybetakenasa popularpotentialextension.
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PROUCAVANJE CETVRTE GENERACIJEKVARKOVA | NEUTRALNIH STRUJA
KOJEMIJENJAJU OKUS

Razmatrajuse raspadiCetvrte generacijekvarkova tipa "dolje” b’ — by i b’ — bg kao
prosirenjestandardnognodela,primjenomevolucije CKM matricecetvrtegeneracijeza-
snovane na masi, s fazomkrSenjaCP simetrije jednalom nula. Izabrali smo podritje
masakvarkova Cetvrte generacijetipa "dolje” b’ i tipa "gore” t' gledaji€i ograntenje
koje postalja sad&njaeksperimentalnarijednostparametra, drzeti u vidu razlikumasa
kvarkovskog dubletatetvrtegeneracije Takoder se prowtava Sirinaraspadd’ — by, ali s
popravkom do vodetih QCD logaritamaza Sestaktivnih okusa,nakon 5to su W bozon,
tet i t' kvarkovi izintegrirani primjenomrazwja operatorskg umndska. Konstantgake
interakcijeuzelaseje u skladus masomZ bozona.
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