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The effective bsZ vertex may beinfluencedby treeuu'Z vertex formedby a mixing with
heary exotic isosingletup-typequarks.The electraveakpenguindiagramsinvolving one
insertionof the uu'Z vertex have beenconsiderec@ndwe have calculatedhe contrikution
arisingfrom thosediagramsusingthefourthgeneratiorCabbibo-kKobayashi-Maskaama-
trix elementsalsothe applicability of the generalizedslashav-lliopoulos-Maianimecha-
nismis consideredThe additionaleffectsof the heavy isosingletsare comparedwith the
effectsof exotic heavy isodoubletsaappearingn multi-generationamodels.We seethat
in the effective vertex amplitude the up-flavour-changingcontribution interferesconstruc-
tively anddestructvely with theoneloop-penguirdiagramswith andwithoutary insertion
of flavour changingcoupling,respectiely.

1. Introduction

It is an admittedfact that due to the unitarity of the Cabbibo-Kobayashi-Maskaa
(CKM) matrix [1], in the flavour-changingneutralcurrent(FCNC) processef the Stan-
dardModel (SM) [2], the leading-ordemass-independetgrmis stronglysuppressetdly
the Glashav-lliopoulos-Maiani(GIM) [3] cancellationmechanism.This is experimen-
tally confirmedandit pavesthe way for investigatingthe new sourcesof FCNC. So, the
studyof virtual effectsopenechydraheadewindows on electraveaksymmetrybreaking
andphysicsbeyondthe SM. The examinationof theseindirect effectson new physicsin
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higherorderprocessegieldsacomplementarapproacho thesearctor directproduction
of new particlesat high enegy colliders.

To probeFCNC of radiative b decayswe seethatapartfrom uncertaintiesthe CLEO
data[4] arein goodagreeementith the leading-logarithmidQCD correctionsand par
tial calculationsof next-to-leadinglogarithmicorderis underway [5]. Thesenew results
openedhe scopefor investigationsn variousclasse®f models,namely:anomalougop-
quarkcouplings[6], anomalougrilinear gaugecouplings[7], fourth generatior{8], two-
Higgs-doubletmodel[9], three-Higgs-doublenhodel[10], supersymmetry11], extended
technicolouf12], leptoquarkg13] andleft-right symmetricmodels[14].

Apart from thesemodels,in the line of investigationconductedecentlyin LEP, we
are contemplatinghe existenceof a new U(1) gauge-bosomroupling, predominantlyto
thethird family, andit may have the consequencef enhancinghe b-quarkdecaymodes
[15]. The sourcef FCNC mayalsobe comingfrom (i) theratiosbetweerthe massesf
fermionsinvolvedin theflavour-changing(FC) transitions pr (ii) somenex massscaleof
theorderof electraveakbreakingscale or it maybelargerwhereit mayarisefrom mixing
betweerthe light fermionsandnew heavy stateswith non-standar®U(2) assignments
[16-19], or from multi-Higgs doubletsmodel without naturalflavour conseration [20-
21], or by horizontalsymmetrieg22] in fermion masshierarchy Dueto the factthatthe
fermionmassesiresmall,the effectsarenaturallysuppressedut now, theappearencef
thetop quark,with a heavry massof 180GeV, haschangedhe scenariabruptlywhenthe
FCtransitioninvolvesthet quark.Oflateinvestigatioris goingonatthephenomenological
level [23-25] andalsofor modelbuilding [20-21].

Herewetry to find outto whatextentthe effective bsZvertex is modifiedby insertinga
treelevel uuUZ FCNCvertex, assuminga mixing betweenru, c,t quarksandnew isosinglet
heary statesof chage?2/3.

2. Geneanl formulation

We assumethe existenceof n new Q = 2/3 isosingletL—handedquarksU,?. They can
appeaiin vectorlike muItipIetsU,?,U,g andthey aremixedwith unknown up-typequarks
u?,uS. The numbern of U2,U3 pairsis not thatrelevantfor our formulationin general,
andwe keepit unspecifiedor the presentug and ug, beingboth colourtriplet Q = 2/3
isosingletstates have the samegaugequantumnumbersand, therefore their couplings
to the gaugebosonsareunafectedby the mixing. This is not the casefor the L-chirality

statesThevector
0 uP
ﬂuL: ( UO )
L

of the doublet(u®) andthe singlet(U°) gaugeeigenstatess relatedto the corresponding
vectorof the“light” (u) and“heavy” (U) masseigenstates

u
UUL:(U)
L
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througha unitarymatrix N suchthat

(#)0(3)
g @

HereU = [t3,tp,...,tn]T andu= [u,c,t]T. Yet, I is unitary P andR are not themseles
unitary. In theweakbasis the chagedfermionneutralcurrentshallcontainP™P andR'R
whicharenotnecessarilgiagonal andthusthe mixing in generainducesFCNC’'samong
thelight particles.In orderto avoid this problemstheassumptiongl 8] aremadethateach
ordinaryleft- andright-handedermionmixeswith its own exotic partnerin thiscaseP t P
andRtR arediagonal,andthuseliminateFCNC’s. With this assumptionwe canwrite

(PIPa);, = CAR:T and (RIRa);; = (s,)* 8, wherea = Left, Right. Here (3,)* = 1 -
(ci,,l)2 = sirel, WhereeiLeﬂ’(Right) is mixing anglein theith Left-handedRight-handed)
ordinary fermion andits exotic partner The unitarity of M implies MM = MNT = unit

matrix, andso
00
1 0 |. 3)
0 1

We now introducea unitarymatrix A for the L-handeddown type quarks sothat

(oNeN

PIP+R'IR=PP' +QQ = I3x3= (

d = Ad
AT = ATA = I3 N

We alsointroducea (3+ n) x 3 matrix X, givenby

(oNeNel
oNoN o)
OoOr OO

®)
000
andwith the helpof (1) we write the chagedcurrent(CC) coupledto theW* bosonsas
Iw _ 750y xd0
EJ“ = Uy ypXd
= UuyN'Xe (6)
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Fromtheabove, we seethatwe candefinea (3+ n) x 3 mixing matrixV givenby

V:I'ITXAE(CP; 2) ()

Weidentify PTA asthe3 x 3 Cabbibo—tobayashi-Maskaa(CKM) matrix[1] for thelight
statesu andwe seethatit is not unitary. We seefrom (3) and(4)

viv = AT(PPT+QQT)A
= lI3x3 8

ThusV is analogougo theunitary CKM matrix.

Now for 6y, the“Weinbeg weakmixing angle”,s= sinBy, c = cosBy, andwe define
a (34 n) x (34 n) matrix

I;,~,:X><XTE(|363 8), 9)

theprojectoroperatoractingon theL-handedl/2 isospindoubletstatesAnd we canwrite
theneutralcurrent(NC) coupledto theZ bosonin termsof the masseigenstatess

1 1 —
EJXV = 5T VAT 1A Uy — & Uy YEU, (10)
In (10), the secondterm remainsflavour diagonalsincethe matrix of electricchage E
is proportionalto the “Identity”, i.e., E = (2/3)x Identity. But whenwe considerthe

currentmatrix, the isospinpart %|3 is not proportionalto the Identity, and, therefore the
correspondingsospincouplingsareflavour changing.

Let usnow definethe NC-mixing matrix

T T
A= Han = ( gTﬁ ng ) (11)

We seethat A is notunitary.
But from (4), (7) and(11),we get

AN = W,
NN = A% =4, and (12)
AV = V.

We seethat A isidempotentsincefrom (11) we caninterpret’ astheprojectionoperator
onthelL-doubletswrittenonthebasisof masseigenstate€Onactualcalculationwe obtain
that AL,y = 0.9999,and Agc = 0.9974,i.e., all areapproximatelyequall. Now, we may
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notefurtherthat Af,y ~ A = 1 becausef the experimentaboundson theleft handedup
andcharmquarkswhich areflavour diagonal We noteagainthat,as

i MNoa=Tr(VV) =3, (13)

a=1

we getyh_ s Aga~ 1. Further we maynotethat A is notsymmetricj.e., ALy F Ay

Now, VIV = I3x3 and AV =V imply VIAV = VTV = I3,3, and so all the mass
independertermsin thenew penguindiagramswvhich carrystructurev TA/V arecancelled
off in spiteof the presencef the FC couplings.Actually, from (8) and(12), we canwrite

sz*s(g\Gk =iV =0 (14)

J

Following [26], we getthe usualSM L-handedand R-handecthiral couplingsof up
typequarksas

1 2
u f— —_—-— =
a@ = 3 332, and

2

u _—  _=

From (9), it is evident that L-handedup quark couplingschangedfor mixing with the
new isosingletsandintroducean FC term. For the sale of generality we write 2y, Uy, Z
couplingas

! 1.2
1
= o8+ E(Mj —9ij), where (16)

iaj = Uu,GCt,tg,t,...,th

Thetermg}' representshe extensionof SM to 3+ n L-handeddoubletswith no treelevel
FCNC,andtheterm 3(A{; — &;) shavsthatthe new n statesareisosinglets.

Thefirst termgivesusthe scopeto compareresultsfor theisosingletscasewith those
of a multigenerationamodel. Further from (16), we seethatthe calculationof effective
bsZ vertex in the presencef thetreelevel FC couplingscanbe doneby calculatingSM
contribution[27] extendedo 3+ ngenerationsandby computingtwo additionaldiagrams
givenin Fig. 1 which arisefrom the secondermin (16).
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W™,
kK Kk K %k %
| |
} f
* *

S ‘ T ‘ b
Vk*s ﬂUJ R Uy, ij
|
[
[
Aj — Oj
|
[
2

Fig. 1. Electraveakpenguindiagramswith W bosonand scalarp which include flavour
changingvertex \y;, i+k- Therelevantmixing matricesappearingttheverticesareshavn

explicitly, andP. = %(1— ys) is the L-handedchiral projector

3. Calculationof amplitudewith andwithout FC

Theamplitudefor the sumof theoneloop penguindiagramswhich do not containarny
insertionof the FC couplingsin the 't Hooft—Fe/nmangaugecanbe written with the help

of [27] with x, = mg/mG, and&; = ViV, as

_ 3
AYNOUFC _ (42[)2(; ( _z tEuFl(Xu)) (X Yubu), (17)

whereF;(x) anlnamiandLim functiongivenby

Fi() = x2—x—5+ 3% + 2X
YT -1 T ax—1)2

Inx (18)

Dueto therelation(8), we have §; & = 0, andthusthe massindependentermsarecan-
celledoutanddivergencesareeliminatedik e in the GIM mechanism.

We seethat(17)is notgaugenvariantby itself. To make it gaugenvariant,we have to
addbox diagramdor theprocesseb — sil, with | = v, %,
Introducingthe InamiandLim function

2[ 1 xInx ] (19)

RO=5 1 x-12

104 FIZIKA B 6(1997)2,99-110



BISWAS AND GAUTAM: STUDY OF LEPTONIC AND RADIATIVE...

we have the physicalgaugenvariantquantityfor therdecayamplitude

) 3
AT = e (u:éc,f“(ﬁ(x“’ + Fz(Xu))> X (X Yubt) (20)

Now we turn our attentionto the secondermin (16), namely %(Mj —&ij). We have
consideredhew stateqo beisosingletsothereshallbe no extra contritutionsfrom the FC
couplings.Thediagramcorrespondingo thisterm,asstatedearlier is givenin Fig. 1. The
loopsat W bosonor the scalarg arelogarithmically divergent. But the chiral projection
operatorP. = %(1 —ys) reduceghe degreeof divergenceby a factorof 2, andthusthe
divergenceis eliminated.

From(14), we seethatwhenwe sumover all theu andU, all termsindependenof u
andU massesandin particularthepolesatD = 4, arewipedoutliketheGIM cancellation
law andthusleadto afinite contribution from the diagraminvolving W bosonloop.

Now we write theamplitudeobtainedrom the secondermin (16) as

3

AWNFC — Ay + A= (ngtﬁ: (ZVQ‘S(MJ — & )ijFl(Xkan)> (SC yubu), (21)
J

where

L (vl
F(xy) = Ixy) (x—lx Inx y_:Lyzlny). (22)

Herek, j runoveru,c,t,ts,to, ..., th. We maynotethat(21)is alsogaugenvariant.
Amplitudefor the effective bsZvertex now canbewrittenas

ﬂbsz — ﬂ\g\]/(itfhouFC_i_ﬂgitthc
3
= (4%20 (ZEU(Fl(XU)-FFz(Xu))) (X yubr)
3
" e ( Vsl Mot = 5““)deF(Xu’Xw>> Gwb) @3
We seethatasx — v,
Fixy) — 2— 2(Xx|rlX1) =R(X) (24)

whichisincludedin F;.
Thenwe canwrite theamplitudeas

7 - 9 ( Eu(Fax) + F2(%) ) (S Yiby)
= @k Zu 1(Xu Xu SL YubL
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g3 Un
W: (zVJS(%U - 1)VubF3(Xu)> (S yub)

g3 u#£U
e ( ZU/ Vis(Mow Virb) Fl(XUaXu’)> X (I Yubr) (25)

u

Thusfrom the notebelov Eq. (12), we seethat for the secondsumin the above ex-
pressiorthe first two termsare not contritutting, and contributionsare coming from the
top quarkandty,to, . ...

4. Resultsaanddiscusion

We take my = 0.007 GeV,. m. = 1.5 GeV. m = 180GeV, andmy = 88.22 GeV. The
first termof (25)is without FC.

TABLE 1. FunctionsF(x), F2(x) andtheir sumfor differentvaluesof the parameter =

Mg /mgy.

my 0.007 1.50 180 200 250
Fi(x) | 1.2499| 1.2491| 3.0864| 3.4691| 4.1066
F(x) | -2.4999| -2.4939| -0.6301| -0.5643 | -0.4403
Total | -1.2501| -1.2448| 2.4563| 2.9048| 3.6663

We seethatthe dominantcontritutionis comingfrom thetop quark.

Next, we look atthe seconderm. Thefunction F5(x) is calculatedor differentvalues
of massof the up type quark,for m = 180 Gev andabove, viz.; 200, 250,300,400 and
500GeV, andis givenin the Table2.

TABLE 2. FunctionFs(X) for differentvaluesof the parametex = g, /mg,.

my 180 200| 250| 300| 400| 500
Fs(x) | 0.250| 0.465| 1.160| 2.076| 4.524 | 7.834

We seethatthe seconderm, which is alsoflavour diagonal,givesdominantcontribu-
tion for largemasse®sf U. Of coursemixing with theisosingletseducesghis contribution
to someextentbecaus®f whatwe have notedbelow Eq. (25).

For thethird term,whichis theadditionaleffect of the FC vertices we notethefollow-
ing:

(i) F(x,y) is asymmetricfunctionon exchangeof x andy.

(i) For small valuesof quark massesi,ts value is negligibly small: F(xy,%c) =
—0.0006959 Evenfor intergenerationainixing like (x,xy) or (X, Xc), thevalueis nega-
tive but small,F (x,x,) = —0,0504244andF (x,X:) = —0.504103resultingin reduction
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of the contritution ascomparedo valuesin Table1. The FC generationamixing of top
quarkinterferesdestructvely uponthe contributionswithout FC and, consequentlythe
strengthof theeffective bsZvertex is wealenedwith respecto thedoubletcase Thus,we
may expectreductionin b — sI™|~ decayrates.

(iii) As F(x,y) = F(y,X), keepingm = 180 GeV fixed, we vary the masse®f exotic
U’s, takingthevalues200,250,300,400,500and600GeV theresultsaregivenin Table
3. We seethatF (x,y) is amonotonicfunctionof exotic quarkmassedJ;.

TABLE 3. FunctionF (x,xy) with m = 180 GeV for differentvaluesof the parameter

=y

my 180 200 250 300 400 500 600
F(x,x) | 0.2502| 0.3472| 0.0591| 0.7946| 1.1580| 1.5110| 1.8020

For heary massesthevaluesof F(x,y) arepositive andincreasewvith themass:

F (Uo0,Ua00) = 3.0508,  F(Ua00,Uso0) = 5.9296,
F (Uo0,Uso0) = 3.9335,  F(U400,Uso0) = 7.2116
F (U300, Usoo) = 4.7279.

Themixing of thetop quarkwith theheary massesppreciatetherates,andthesame
is truefor the caseof mixing of ary pair of the exotic massve stateqU;,U;).

(iv) Themixing of highergenerationamasse®f 500 Gev and600 GeV with u quark
andc quarksyield virtually the sameresults:

—1.02439
—1.02439

—0.9390, F(xu=600,Xu)
—0.93877, F(xu=600,%c)

F (Xu=500,Xu)
F (Xu=500,Xc)

Thus,the effectsof massve singlets’FC mixing with up andcharmquarkaresameas
thosenotedin (ii), andsothe effective bsZvertex is furtherwealened.

Now weturnto thematricesV and(. As statecearlier \y is notunitary, andfollowing
[18], theelementanbewrittenas

i~
Viij=clc VLij (26)

whereV, is the usualunitary CKM matrix. Thevaluesof ¢' andcﬁj werecalculatedrom
thevaluesof s's collectedfrom [28] andaregivenbelow:

()2 =0.0023 ($)?>=0.019
($)?=0.0036 (s})?=0.021
(£)2=0.0042 (s£)2=0.010
()2 =0.0020 (})?>=0.010
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Now we calculatethe amplitude 4°5% givenin Eq. (24), term by term, in units of

&(q yubL). We alsotake the CKM matrix elementdrom the fourth generatiorcalcu-
latedin Ref.29.

The first term, consideringthe sum up to the t quark, hasthe contritutions: +
0.00021533:+ 0.01901459'and+ 0.160212211from the u,c andt quarks,respectiely,
yieldingthetotal valueof 0.141412944.

For theseconderm,thecontributionfrom u is only positive andall othercontributions
arenegative. To have anestimatewe calculatedhetermsupto t;, andassuming; = 400
GeV andt; = 500 GeV. The contributionscomingfrom u,c,t,t1, andt, areof the order
1077,1074,10-3 and8 x 10~2, respectiely. Thetotal contritution of the secondermup
toty is - 0.163019137We seethatthe secondermactsdestructvely uponthefirst term.
Thus,the penguindiagramfor the effective bsZvertex is reducedo - 0.021,whichis less
then+ 0.14in absolutevalue,i.e.,

|Sumof thefirst andseconderm < |Firstterm

Hence the experimentalupperlimit of b — sll(I = v,I*) doesnot putary restriction
for mixing producedby theuu'Z vertex.

Thethird termhasa chequere@haracterThe u-block with atotal of four cross-alues
of F(x,y) givesthe value + 0.000104866the c-block with a total of threecross-alues
gives— 0.009075973the t-block with two cross-aluegives+ 0.04496702&ndthet;-
block hasonly onetermandthatis + 0.010810562As the sumof thefirst two termsis —
0.021606193the additionof the u-block doesnot mattermuch,while the additionof the
c-block reduceghe valueto — 0.0305773 But the addition of thet-block is substantial,
asit ratherrestoreshevalueof 4 to its positive value,i.e., to + 0.0143andthent;-block
addsandfinally takingall termsuptot,, we getthe valueof 4°SZ of + 0.02520029We
expectprogressiely increasingvaluesfrom furtherterms. So, the introductionof exotic
up typeheavy singletsslowly augmentshe decayrateandwe geta cleartestinggroundto
investigatahe presencef thefourth generation.

5. Conclusion

The contrikution to the effective bsZ vertex of the new penguindiagramsnducedby
auu'Z vertex is boundto be smallerthanthe SM result,andinterferesdestructiely with
it. Hence theratefor the FC decayis loweredby this effect, andthe experimentalupper
limits onb — sI™1~ andonb — svv do notimply any constraintbnamixing induceduu Z
vertex, but it mayhelptheinvestigatiorof the existanceof the fourth generation.
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MULTIDUBLETNI MODEL ZA LEPTONSKEI RADIJATIVNE RASFADE b
KVARKA U SVJETLUDOPRINOSAOD PROMJENEOKUSA u-KVARKA

Na efektivan vrh bsZ moZe utjecati vrh udZ krosdnje koji je nastaomijeSanjemteskih
egzoticnih kvarkova tipa u. Razmatrajuse elektroslabipingvinski dijagrami s jednim
ubacianjem vrha uu'Z i izratunavaju doprinosi koji nastajuzbog tih dijagramauz
primjenu Cabbibo-kKobayashi-Maskainih matricnih elemenata. Razmatrase takoder
primjenjivost pooptenog Glashav-lliopoulos-Maiani mehanizma. Dodatni se ucinci
teSkih izosingletausporedju s u€incima egzoticnih teSkih izodubletakoji sejavljaju u
visSggeneracijskinmodelimaNalazisedau efektivnojvrsnojamplitudidoprinosod prom-
jeneu-okusainterferirakonstruktivnoi destruktno s pingvinskimdijagramimas jednom
petljomsaodnosndezumetanjarezanjakoje mijenjaokus.
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