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Tree-level flavor-changing neutral currents in theB system: From CP asymmetries to rare decays
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Tree-level flavor-changing neutral curref&CNC) are characteristic of models with extra vectorlike quarks.
These new couplings can strongly modify tB& CP asymmetries without conflicting with low-energy con-
straints. In the light of lowC P asymmetry iBB—J/¢ Kg, we discuss the implications of these contributions.

We find that even these low values can be easily accommodated in these models. Furthermore, we show that
the new data fronB factories tend to favor a®(20) enhancement of the—dll transition over the SM
expectation.

DOI: 10.1103/PhysRevD.64.015007 PACS nuni®er12.60—i, 11.30.Er, 12.15.Mm, 13.25.Hw

The achievements of the standard md@&W) in the man-  metry in B—J/¢ Kg can be easily accommodated within
ner of Cabibbo, Kobayashi, and Maska(@KM) are really the model, and we point out other observables, correlated
impressive, even in the flavor ai@P violation sectors. It is  with a low CP asymmetry, which clearly deviate from their
worth remembering that, within the standard model, it is posSM values.
sible to “detect” CP violation using purelyC P-conserving The model we discuss has been thoroughly described in
observable$1,2]. This has been achieved through the com-Ref.[7]. The presence of an additional down quark implies a
bination of Ry=|V{Vid/|VepVed, [VepVed and Amg.  4x4 matrix, Vi, (i=u,c,t4, a=d,s,b,b"), diagonalizing
Furthermore, thisCP violation is compatible withsy, the ~ the down quark mass matrix. For our purpose, the relevant
measurement of the indire@P violation in the kaon sys- information for the low-energy physics is encoded in this
tem. In fact, taking into account the hadronic uncertainties, i€xtended mixing matrix. The charged currents are unchanged
is hard (today) to say that there is real trouble in the kaon €XCept thatVcyy is now the 3<4 upper submatrix oV.
sector of the SM, even after the inclusion /e and rare However, the distinctive feature of this model is that FCNC
kaon decays. The situation is slowly changing with the newgnter the neutral current Lagrangian of the left-handed down
data in theB sector, after the Babar and Belle Collaborationsduarks:
have started to give results on tBe—J/¢ Kg asymmetry

z g — —
ay,. The reported values to date aeg,,=0.34+0.20 Ly==——[uy*u;—d, U,zy"d,
+0.05 (Babar [3]), a,,=0.58$%22% (Belle [4) and 2cosfy -7 prLE
aJ,w=0.79f8:ﬁLl1 [Collider Detector at FermilatCDF) [5]]; —9 sin?eWng]zM,

they correspond to an average valuegf,=0.51+0.18. On
the other hand, the SM prediction is

UCYB:A 2 Vliviﬁzéaﬁ_vzavug, (2)
f V:chd I=uct
ayy=sin(2p), p=arg — — , (1) o |
VipVid where Ugys, Ups Or Upg=—V3,V,44#0 would signal new

physics and the presence of FCNC at tree level. In order to
corresponding to 0.58sin(28)<0.82, which is certainly fully include all the correlations in the analysis below, we
outside the & Babar range but not outside the world aver- use the following parametrizatidri] for the mixing matrix
age. This potential discrepancy is at the origin of severaV:
papers[6] studying the implications of a smad,, in the ou
search of new physics. V=R 0340)Ros( 024, $3)R14( 014, 62)Vikm, (3

In this paper, we analyze the implications of this situation sM ) .

for a realistic model, obtained with the only addition of an WhereVeyw(612,613,623,¢1) is 4X4 block diagonal ma-
isosinglet down vector-like quark7] to the SM spectrum.  trix composed of the standard CKM,9] and a <1 identity
This model naturally arises, for instance, as the Iow-energ%1 the (4,4) element, andR;;(6;; , #y) is a complex rotation
limit of an E4 grand unified theory. At a more phenomeno- between the andj “families.” Note that, in the limit of
logical level, models with isosinglet quarks provide the sim-small new angles, we follow the usual phase conventions.
plest self-consistent framework to study deviations of 3 Charged-current tree-level decays are not affected by new
unitarity Of the CKM matrix as We” aﬁavor_changing neu- phyS|CS at |ead|ng Ordel’; we therefore use the Pal’thle Data
tral currents (FCNC) at the tree leveln the rest of the Group (PDG) constraints[9] for [Vyql, [Vug, [Ved, [Ved,
paper, we update the strong low-energy constraints on th&/cel @nd [Vyy|/[Vepl. Another constrain{10,11,7 comes
tree-level FCNC couplings, we show that a I@P asym-  from the SU(2), coupling of thez® to bb. In the SM, this
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coupling is N(T;KM-VCKM)bbzl, but in this model it is impact on the unitarity triangle fit, i.e. in the SM
modified to Upp=1—|V,,|% hence, we havgll] |V, CP-violating phasep,. More precisely, in the SM the con-
=<0.095. This bound is indeed very important, because fronstraint frome selects only positive values of and hence
unitarity it sets the maximum value for any off-diagonal el- constrains3 to be in the range € 8= /2. In this model, the
ement in the fourth row and column ®t new contributions modify slightly this picture, but they still
The next set of constraints involves FCNC processedix a minimal value of. This constraint is new with respect
where new physics tree-level diagrams compete with théo the analysis presented i&1].
Glashow-lliopoulos-Maiani(GIM-)suppressed one-loop SM In the B sector, the relevant constraints come framd g ,

diagrams. Let us start with the kaon sector. Here we hava Mg andB—XI"1". ForAMB we have[20]
Br(K_—uu)sp and e'/e, that are, as shown in RefL2],
the relevant constraints to restrictys. For Br(K. G2 Mw’?B BBf Mg,
—upm)sp We have used the equations and bounds of Ref. AMg = 62 i - Sp(x) A PI2A|
[12], which agree with the long distance contributior] 113], ™
— 2
Br(K, — um)sp=6.32< 10 3[CyoyRE Uy — 6.54x 105 Ayy=1- 3£i_+16%u )’ -
+Yo(x)RENS)?<2.8x 107, @ N

where Cpy=— (J2G¢ Mw/ﬂ'z) 1. _927, )\ab VAV, where the new parameters are defined in RE3], and the

: _ 2 1
andY, is the Inami-Lim function[14] defined |n[15] The experimental values :‘rA'\de_(O'MZt 0.017)x10" s
calculation of'/s is more unsettled, so we have used the@nd AMg_>10.6<10'* s™*. From the upper bound oB
equations of Refl12], but with two different hadronic inputs — Xl "1~ [22] we have[15,23
in the parameteB{"?:

Y o(X) A%+ Cy2zUp <0.15. (8)
8!
s = BuCuzzIM(Usg) + BIm(AY) Note that the SM prediction is much below the actual experi-
mental bound; therefore, in order to constrdih it is
Bu=[1.2-R rZB(3/2)] enough to include the leading SM contributidhe one with
L= S 8

Yo(X¢)], the leading new physics one, and their interference.
_ _ (1/2) (3/2) Other subleading piec¢45] have been neglected in E@).
= . 3t . +(1.0+0. .
Pi=PBu-Co= 2.3t R{LIrzBg ™+ (1.0+0.127)By ](5) For completeness, we recall that the boufidly<1.6
x 1072 is obtained fromB— X4l "1, neglecting the SM
The first analysis us3g1’2>=1io.2 asin Refg[12,16, and ~ contribution. Nevertheless, this bound is not relevant once

this tends to favor the presence of new physictljp. The  the constraint from\Mg is included.

second one useB{’?=1.3+0.5 in order to incorporate the ~ To find the allowed region in the 9-dimensional parameter
predictions of Refs[17,18, where inclusion of the correc- space of the matri¥, we impose the 95% C.L. experimental
tion from final-state interactions tends to favor the SM rangeconstraints and we treat hadronic uncertainties as indepen-
Other parameters are taken as [ihi2]. Once these two dent theoretical errors atol The important quantities to
bounds are imposed, the theoretically cleaner bound frorgignal new physics in these models are the FCNC couplings
K*—atvy is not relevant[12,19. For sy, the leading- Yds: Upa andUyps. In afirst analysis we leave aside tag,,

order expression ig20] constrgint. 0
Taking B{¥?=1.3+0.5 (the case where the SM calcula-

tion includes the experimental result ef/¢), we get an

e ™GB F2my
2 . . K
— i Im{ = (Usg) approximate rectangular region in the platgg: —3

oK 6AmMK —6 —6 -6
X 10 °<Re(Uy9)=4X10 and —1.7<10 °<Im(Uyy)
t =<5.5x10 . These bounds turn to be a factor 2 better than
+——00/8> Yo(X)A WU gq the bounds usually quoted in the literature, because of the
AmsintOy| =c inclusion of all the different correlations by using a complete

6) expression is similar to the SM one, and hence a bound on
v= ¢4, the SMCP-violating phase, is also obtained. In or-
der to fulfill the e constraint, we get 06 ¢,=3. More-

whereS, is another Inami-Lim functiof15]. The QCD cor-  over, with the help of the unitarity quadrang®4], including

rections are incorporated as [ih2]. Contrary to Ref[12],  the general bound obl,4, we get also—0.06<3=<0.6, a

the coefficientYy(x) of the linear term inUys is character-  bigger range than in the SM model but in any case essen-

istic of the present model, therefore the irrelevancepto tially positive[21]. Notice that for lowU,q4, the correlation

constraintU 45 is not fully guaranteed. On average, orsge  betweeng and ¢, is similar to the usual one in the SM

is irrelevant to constraitl 45, the contribution tcey is very  analysis of the unitarity triangle. In Fig. 1, we present a

similar to the SM one. Therefore, it is natural to expect someomplete scatter plot fdd,,4 andU¢ varying all the angles

} parametrization fol. For such small values df 45, the ey

t
- 2 Solx; XN
i,j=c
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FIG. 1. Scatter plot of the allowed 4 and U, with all the FIG. 2. The same plot as before with the additional requirement
constraints described in the text, butB% CP asymmetry require- on theay, CP asymmetry to reproduce the Babar valag,
ment. =0.34+0.20.

and phases in their allowed ranges and imposing all the corvant changes appear in Fig. 1, that is, at this level the
straints discussed above. As we can see inthgplot, we ~ bounds onUys and Upy are not modified. Of course, the
obtain [Upg <1.2x 103, which is controlled by the\Mg_ rectangle7 in thel 45 plane Chagge_s its imaginary region to
upper bound24,25. To set a reference scale, we include in 1:9¢10 "=ImM(Uqg)=6.2x10°7, indicating the need of
the figure the circle corresponding to tBe- X4l *I~ bound €W ph_ySICS fors'/e. 0 )
which, noticeably, is only a factoy2 above the final upper In this model, theB™—J/yKs CP asymmetryay,, is

bound. In theU 5 plane, the lower bound o;ﬁMBS does not  9'VEN by

fix an upper value fotU,, and this is controlled by the ay,=sin(2f—arg\pq). 9
curve from Eq.(8), i.e. B—X4 "l is the relevant bound,

which roughly fixegUp<2x10"3. In order to illustrate the effects of a lowy,, value, we have

If we useBgl’z)zliO.z to perform the analysis, no rel- incorporated to the previous analysis the Babar range 0.14
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<ay,=0.54. Figure 2 shows the corresponding scatter ploB_, X1 . In this case, the branching ratios for tkig decays
for the Upg andUp planes. It is important to emphasize that are strongly enhanced from the SM prediction, reaching val-
these plots are directly obtained from Fig. 1, with the onlyyes of 1.0¢107 8<BR(B—X4l*17)<1.8x10"® and 6.0

additional requirement of the Babar asymmetry, that is, thes§< 10 5<BR(B—X V;)<1 0x 104 While. on the other
- d - . . [}

points are only a subset of the allowed region in Fig. 1. : .
Therefore, we can see here the very strong impact of thif2nd: the low values dfl,s imply that theX, decays remain
roughly at the SM value.

asymmetry both in theJ,4 and Uy couplings[21]. From ) : _ .

Fig. 2 we see that, in thg,,4 plane, the great majority of the N Fig. 2, we also find a few po'”tsz(o;lsﬁ’ of the points
allowed points are in the range >2l0 %<|U,J=12 Which have simultaneouslji),|=1x10"* and |Upq =<3

X 1073, i.e. a large, non-vanishing .4 coupling is required X 10 °. This second class of points is only possible in the
to reproduce the Babar asymmetry. In particular, this mean¥icinity of the SM and they disappear if the value of the
that, within this model, a lowCP asymmetry implies the asymmetry is reduced ta,,,<0.52. Still, it is important to
presence of new physics in th&system, independently of emphasize that these points also require the presence of new
the existence of non-vanishing contributions to kheystem  physics inB decays. In fact, although there is no sizeable
(Usg# 0). Concerning this, we must remember that, in prin-departure from the SM expectationsBa-X4lI , the X, de-
ciple, a lowCP asymmetry could also be due to a large newcays are now close to the experimental upper range. Namely,
contribution in kaon physics with a negligible contribution to we optain, for the point to the right of Fig. 2, with
the B system[6] (see, in particular, the last two referen_ces iNReU,)=1Xx10"% BR(B-XJ"17)=2.7x10"° to be

[6] for an example of'thbs However, as we have seen, in this compared with the experimental upper bounds of BR(
mode_l, thes constraint does not depa.rt largely from the SM . XJ*17)=4.2x10°5. However, this possibility is mar-
situation, and so, only a largeyq con_JpImg can produce thg ginal in the 1o Babar range, and we do not discuss it any
required effept. Indeed,. models with _addltlonal Vecmr'“kefurther here.

quarks constitute the simplest extensions of the SM which If the analysis is made with the world average, thg,

modify strongly theB® CP asymmetries through a new con- . - .
tribult%n in tr?eyB system y I "a W scatter plot is very similar to the one of Fig. 1. Tgy plot

On the other hand, we see that, for these points, the Cod:_hanges significantly from Fig. 1. The outer regions in the
pling Uy, is always restricted to the range,J=2x 104 second and fourth quadrants are reduced and the central re-
S sl ~ )

hence all the allowed points have simultaneously Hidy| gion correspoqding to the SM remains filled; .this situation.
and low|U,J. Indeed, it is easy to obtain, from E(®), the represents an improved version of the analysis presented in
Sl 1 ’ [l

. - L Ref.[21].
relation Uy, qU = — Ugg Vap|?. The region in thel 44 plane . .
does not change with the inclusion of tag,, constraint, and We have _to conclude that, in the context of m_odel_s with
then we still have|U<6x 106 and|V,,|2<0.009. Tak- vector-like singlet quarks, a low value af,,<0.5 implies
ing into account thast a lovay,, requires|Up=2x 104 the presence of FCNC in the—d transition and its absence
this clearly implies an ab;/c;[iute upper ki)douridub |$3’ in b—s transitions. This _is completely indgpenden_t of_ the_
%10~ that turns to be= 104 when all the correlatigns are Presence or absence of sizeable new-physics contributions in

ncluges Trerfore, for s et of pon,we camot expec 12 207 YT, Mo nberanty, o acitons v ton
new-physics contribution in thie— s transition. It is impor- 9 9

tant to emphasize, once more, that these results are indepdif2"ching ratios of the_treg-level dominated rare decBys:
dent of the existence of sizeable effects in the kaon systenr Xdl |~ and B—Xqvv, with enhancement factor§(20)
and, in particular of the chosen value Bf"?. over the SM expectations.

At this point, it is very interesting to examine the pre-  The work of F.B. and O.V. was partially supported by the
dicted branching ratios of the decaBs— Xy ¢ll for this set ~ Spanish CICYT AEN-99/0692 and from the EU network
of points. From Fig. 2, where we have included the circle“Eurodaphne,” contract number ERBFMRX-CT98-0169.
corresponding to the experimental bounds in these decays,@.V. acknowledges financial support from a Marie Curie EC
is clear that we can also expect a very large contribution tgrant(HPMF-CT-2000-0045)7
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