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Large effects onBSES mixing by vectorlike quarks
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We calculate the contributions of the vectorlike quark modeBtB¢ mixing, taking into account the
constraints from the deca— Xgy. In this model the neutral bosons mediate flavor-changing interactions at
the tree level. HoweveB B, mixing is dominated by contributions from the box diagrams with the top quark
and the extra up-type quark. In sizable ranges of the model parameters, the mixing pasanieteruch
different from the standard model prediction.
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The standard moddlSM) may have to be extended to  We assume, for definiteness, that there exist two vector-
describe physics around or above the electroweak scaléke quarksU andD with electric charge 2/3 and 1/3, re-
Various works have thus discussed phenomena involving thepectively. The CKM matriXV is then enlarged to be a 4
B meson which are sensitive to new phys[dd. For in- X4 matrix and expressed as

stance, the radiativB-meson deca— Xy andBB mixing 3

could receive nontrivial contributions from supersymmetry _2 ut d

[2,3]. The vectorlike quark modgVQM) could also affect Vab_i:1 (AL ai(ADib @
these processes of flavor-changing neutral currght.

In this Brief Report we discusBsBs mixing within the A and A being unitary matrices which diagonalize the
framework of the VQM which is one of the minimal exten- mass matrices for up-type and down-type quarks, respec-
sions of the SM. The mixing parametey is evaluated and tively. It should be noted that the matrixis not unitary:
its dependencies on the model parameters are analyzed.

These model parameters are constrained by the branching (VIV) ap= 6ap— AL AL . (2
ratio of the decayd— Xgy. Even under these constraints, the
value ofxg can be much different from the SM prediction. The interaction Lagrangian for the quarks with téand

The VQM incorporates extra quarks whose left-handedGoldstone bosons is given by
components, as well as right-handed ones, are singlets under
the SU2) gauge transformation. Then, the interactions of g 4 1— vy
quarks become different from those in the SM. The CabibboL= —= X uVg,y* > d°w/,
Kobayashi-Maskaw&CKM) matrix for the interactions with ‘/E ab=1

the W boson is extended and not unitary. TEeboson g 4 me (11— Mo (14
couples directly to the quarks with different flavors. The neu- + = z W#ﬂ(_yf’) _ ﬂ’(_ﬁ’) ] dect
tral Higgs boson also mediates flavor-changing interactions 2 ab=1 Mw! 2 Mw!| 2
at the tree level.
+H.c. (3

Our study concentrates d315§5 mixing at the one-loop

level through box diagrams. The contributions at the €Qere, the mass eigenstates for the up-type and down-type
level have already been analyzed in the literature. The ordef 1 ks are denoted hy? andd®, a andb being the genera-

of these tree-level diagrams is lower than the box diagram on indices, andn,, and my, represent the corresponding

of the SM. However, the experimental bounds on the branChr'nass eigenvalues. These eigenstates will also be denoted as

. . P
ing ratio of the decayg—~Kpn"u~ suggest very weak cou- (u,c,t,U) and (d,s,b,D). The interaction Lagrangian for the

plings for the flavor-changing interactions at the tree Ievel'down-type quarks with th&, Higgs, and Goldstone bosons

Consequently, the tree-level contributions turn out to bjs given by

smaller than the one-loop contributions. On the other hand,

the new box diagrams in the VQM are expected to contribute 4 1 1—

at the same order as those of the SM. Although these new L=— g > d—ayu[ —Z(VIV) g s
contributions do not yield a drastic change from the SM COSOyy ab=1 2 2
prediction, precise measurements in near-future experiments, 1

such as BTeV and the CERN Large Handron Collider + —Sin20w5ab]dbz

(LHCb), may be able to distinguish the VQM and the SM. 3 a

Indeed, the VQM could give sizable new contributions to the
decayB— Xy at the one-loop levdE], imposing non-trivial
constraints on the model.

mda( 1- 75)

qayt
d (V V)ab[MW 2

N|Q

a 1
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Mao( 1+ s\ ] 4 10 ligible. The second term arises from the box diagrams. Ne-
Myl 2 ) d°H glecting the masses of theandc quarks, we obtain
4 4
95 Tty | Mda(17s VEN aaVE N sS4
+|§a§;l d3(Vv V)ab[MW( > ) a%‘;l a2Va3Vp2Vb3S(ra,p)
+
_ Map (1% 7 dbGO. (4) ={(VIV)2g2+2 2, (VIV)2V5,Vasl 1(ra)
MW 2 a=3,4

Since the matrixV is not unitary, there appear flavor- . 2 . .
changing interactions at the tree level. The Lagrangians in +a:23,4(va2va3) 12(ra) +2V3V33VaVagl a(ra.ra),

Egs. (3) and (4) contain also new sources &P violation 7)
[6].
The amount ofB,B, mixing is described by the mixing Where the functions,, I, |5 are defined by
arameteig, which becomes
g : 11(r2)=S(0r)—S(0,0), ®
G
o (B fe, M, macors (V) (12 =SiF.12) = 2801+ S(00. ©

13(r3,ra)=S(r3,rs) —S(0r3) —S(0r4)+5(0,0).

4

Gr 10

+ 72 zMﬁ/abzzl VaoVasVioVosS(ra )|, (5) (10

7 ' In our numerical calculations we take the bag fadfigg, the
5 Ca-Tr, . 4—8ry+r.0, . Qec'ay constanfBS, the meson masi By and the meson
(ra’rb)_4(1—fa)(1—fb) 411 )2(ra—ry) rainra lifetime 7B, for ‘/BBSfBS=267 MeV [?], Mg =5.37 .GeV,
and BT 1.49 pg8]. The QCD correction factofgcp is set

4=8ratrar, at 0.55[9].

rplnTy, (6) The mixing parametekg depends on thé&J-quark mass

2. —
4(1=rp) (o= ra) my and the CKM matrix elementsViVas, ViVas,
with faZmﬁa/M\zN- The first term in Eq(5) comes from the (V'V),3. The mass should be larger than the top-quark mass.

diagram exchanging th& boson at the tree level. The con- 'N€ matrix elements are related Q,, Vig, Vap, andVas
tribution from the tree-level diagram exchanging the HiggsWh'Ch have been directly measured in experiments. Their

boson is suppressed by a factor af,(/My)? and thus neg- &xPerimental valueg] give a constraint

(x107 (x107)
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FIG. 1. The branching ratio d— X,y for V3,V33,=0.035 as a FIG. 2. The branching ratio d&— Xy for V3,V33=0.045 as a

function of theU-quark mass. Four curves correspond to the fourfunction of theU-quark mass. Four curves correspond to the four
parameter sets given in Table I. Theslallowed range of the parameter sets given in Table Il. Theslallowed range of the
branching ratio from CLEQ11] and ALEPH[12] are also shown. branching ratio from CLEQ11] and ALEPH[12] are also shown.
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TABLE I. The values ofV},V,3 and (\/TV)23in Figs. 1 and 3. 80 Err T T T T T T T T T O T T O T O T T T
(i.a) (i.b) (ii.a) (iib) 70 E TS
ViVas ~0.002 —0.002 0.010 0.010 60 § (...3)_1.;;::——” ;
(VV) 3 —0.002 0.002  —0.002 0.002 _.=2TEET i)
50 % _/;f:"’ é
0.03<|VE Va3t ViVas— (VIV),d<0.05. (11) ¥4F E
As seen in Eq.(4), the value of Y¥'V),; determines the %0 %: ________ (i.a) é
flavor-changing interactions at the tree level. From the upper ,, ;‘“"““"'-_-'-7‘_"“"'—'—'—'ﬁ ''''''' =
bounds on the branching ratio of the de@ysKu " u~ [8], E oM (i) 3
a constraint 10 E 3
|(VTV)23|<2.O><1073 (12) 02||||||||I|||||||||I|||||||||I|||||||||I|||||||||I||||||||E
200 300 400 500 600 700 800
is derived! The U-quark mass and the CKM matrix elements m, (GeV)

are related to each other through the mass matrices of the
up-type and down-type quarks. However, there are many uns,
knOV\{n_f_a_CtorS for these_mass matrices, leaving open VanoU3meter sets given in Table I. The solid horizontal line represents
possibilities for the relationgl0]. Therefore, for our numeri- the SM prediction fom,=177 GeV.

cal analyses, we assume that the model paramebgrs

V§2V3_3' ;2y43’ and (VTV)_23 are independent of each other. petween the curve§) and i) in Fig. 3 and the curveii)
For simplicity, these matrix elements are tak_en as real. and (iv) in Fig. 4 for the ranges o¥%,V,; allowed by the
The model parameters are further constrairigdrom the CLEO bounds. A larger value fov*,V,; leads to a larger
branching ratio ofB— Xgy, which has been measured by val for x.. Eor VEV _003542 nd —0.002<V*.V
CLEO [11] and ALEPH[12] as, respectivelyBr(B—X.y) - oode 10f Xs. POl VgpVag=0.130 & oesVapVas
’ S =<0.010, the value ot is larger than the SM value, and their

=(3.15+0.35-0.32+0.26)x10 % (1-0) and Br(B di
_ 4 1. . ifference can be as much as a factor of 2 or more. As the
—Xgy)=(3.11+-0.80+0.72)x10"* (1-0). We show its value of V},V43 increases, this difference becomes small.

predicted brinchlng ratio in Flgs. L and 2 fM§2V33 Still, a deviation by a factor of 0.5 of the SM value can occur
=0.035 andv3,V33=0.045, respectively, as a function of the for V4Vs5=0.045 and—0.011=V%V,5<0.001. The value

U-quark mass. The values V43 and (V'V)o; are listed of (V'V),5 does not affect mucks, while a larger mass of
o o . Yhe U quark tends to give a larger value foy. The magni-
solid lines. F:)rv32v33—0.035, the range¥y;,Vys<—0.002  y,qe of the tree-level contribution tq is at most 20% of the
and 0.016<V},V,3 are not allowed from the CLEO bounds, gp value. It should be noted that the valuesaf may be

irespectively of the value for\("V) 3. For V3, V33=0.045,  smaller than the SM value, which stands in contrast to the
similarly excluded are the range¥;,V,;<—0.011 and

0.001<V3,V,3. The allowed ranges o,V and (VTV),3 80

FIG. 3. The mixing parametet; for V3,V33=0.035 as a func-
n of the U-quark mass. Four curves correspond to the four pa-

EllI||III||IIIIIIIII|||II||II||III|IIIII|I|III||II||II||IIIIE
do not depend very much on thé-quark mass. A rather 3 3
large part of the region which satisfies Eqsl) and (12) 70 & E
becomes inconsistent with— Xgy. 60 E 3
We now evaluat®Bs mixing within the obtained param- g E
eter ranges consistent with the experiments. In Figs. 3 and « gg £ (iv.a) 3
the mixing parametekg is shown for the same parameter B - -t ITITUUTITITOIIITITIIIUTITIONS
sets as those in Figs. 1 and 2, respectively. The solid lines 40 £ (iv.b) 3
represents the SM prediction. The parametghas a value = T E
30 SM 3
SRmumaoL ia) __.meziT
1The present experimental bounds do not give non-trivial con- 2° g TR ) E
straints onV3,V43 and Vi,V 43 which affect the decay through one- 10 E 3
loop diagrams. For further discussions, see RES]. E 3
0 ;||||||||I|||||||||I|||||||||I|||||||||I|||||||||I||||||||E
TABLE Il. The values ofV},V,; and (V'V),5 in Figs. 2 and 4. 200 300 400 500 600 700 800
m,, (GeV)
(iii.a) (iii.b) (iv.a) (iv.b) .
FIG. 4. The mixing parametet; for V3,V33=0.045 as a func-
Vi Va3 —0.011 —0.011 0.001 0.001 tion of the U-quark mass. Four curves correspond to the four pa-
(VIV) 5 —0.002 0.002 —0.002 0.002 rameter sets given in Table Il. The solid horizontal line represents

the SM prediction fom,=177 GeV.
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prediction by the supersymmetric standard md@&gl at the one-loop level could be sizably different from that in
In the SM, the measurement xf determines the value of the SM. On the other hand, themediated diagrams at the
V3,Va3, which is examined from the point of unitarity for the tree level cause merely a small effect. The VQM is con-
CKM matrix. Within the present accuracies for the values ofstrained from experimental results for the radiative deBay
V1,Vi3 andV3,Vys, the rangexs™>50 leads to unitarity vio-  —Xsy. Under these constraints, the mixing parameteran

|lation. More precise measurements \q2vl3 and V§2V23' non-triVia”y be |a|’ger or smaller than the SM prediction. Its
together with smaller errors in calculatifiy_and fg_, wil value could be more than twice the SM value. The measure-

make it possible to examine the range<50. Alternatively, ment ofxs provides a useful test for the VQM.

the value ofV3,V33 may be compared with that measured by

the top-quark decays. A possible contradiction in these ex- The authors thank T. Onogi and M. Yamauchi for discus-

aminations within the framework of the SM could lmpIy the sions. The work of M.A. is Supported in part by a Grant-in-

existence of the vector-like quarks. Aid for Scientific Research from the Ministry of Education,
In summary, we have studied the effects of the VQM ongcience and Culture, Japan. M.A. thanks the JSPS for finan-

BB mixing. The contribution of th&\V-mediated diagrams cial support.

[1] For reviews, see P.J. Franzini, Phys. REf3 1(1989; Y. Nir Sugamoto, Phys. Lett. B87, 321 (2000.
and H.R. Quinn, Annu. Rev. Nucl. Part. SéR, 211 (1992. [6] E. Asakawa, M. Marui, N. Oshimo, T. Saito, and A. Sugamoto,
[2] N. Oshimo, Nucl. PhysB404, 20 (1993. Eur. Phys. J. 10, 327(1999.
[3] G.C. Branco, G.C. Cho, Y. Kizukuri, and N. Oshimo, Phys. [7] C. Bernard, hep-lat/0011064.
Lett. B 337, 316 (1994); Nucl. Phys.B449 483(1995. [8] Particle Data Group, D. Grooret al,, Eur. Phys. J. C15, 1
[4] Y. Nir and D. Silverman, Phys. Rev. B2, 1477 (1990; D. (2000.
Silverman,ibid. 45, 1800(1992; G.C. Branco, T. Morozumi, [9] A.J. Buras and R. Fleischardeavy Flavours II(World Scien-
P.A. Parada, and M.N. Rebeldpid. 48, 1167 (1993; K. tific, Singapore, 1998 p. 65.
Fujikawa, Prog. Theor. Phy92, 1149 (1994; G. Bhatta- [10] See, e.g., K. Higuchi and K. Yamamoto, Phys. Rev6D)
charyya, G.C. Branco, and D. Choudhury, Phys. LetB83S, 073005(2000.
487(1994; V. Barger, M.S. Berger, and R.J.N. Phillips, Phys. [11] CLEO Collaboration, S. Ahmee@t al, CLEO CONF 99-10
Rev. D 52, 1663 (1995; L.T. Handoko and T. Morozumi, (1999.
Mod. Phys. Lett. A10, 309 (1995; 10, 1733E) (1995; C.- [12] ALEPH Collaboration, R. Baratet al, Phys. Lett. B429 169
H.V. Chang, D. Chang, and W.-Y. Keung, Phys. Rev6D) (1998.
053007(2000. [13] M.R. Ahmady, M. Nagashima, and A. Sugamoto, Phys. Rev. D

[5] M. Aoki, E. Asakawa, M. Nagashima, N. Oshimo, and A. 64, 054011(2002).

117305-4



