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Lepton distribution in rare B decays
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We study lepton distributions in flavor-changing neutral current indieteson decays into a pair of light
leptons along with strange states. In addition to the invariant mass distribution, we examine the polarization,
forward-backward, and polarization forward-backward asymmetries of the final state leptons. The standard
model predictions for these distributions are at a level which is accessible to the forthddrfaotpries. We
also investigate the consequence of extensions of the standard model, including models with two Higgs
doublets and supersymmetric extensions. Substantial deviations in individual distributions are found in certain
regions of the parameter space of specific models. Therefore confronting these findings with future measure-
ments may either highlight new physics or place constraints on extensions beyond the standard model. We
derive results determined by the structure of the effective Hamiltonian which is common to the standard model
and other models, independently of the values of couplings which can vary from model to model.
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[. INTRODUCTION larization, forward-backward, and polarization forward-
backward double asymmetries corresponding to three sepa-
Flavor-changing neutral-currenFCNC-) induced dilep- rate differences. To our knowledge, the polarization forward-
ton B decays, like their radiative counterparts, proceedbackward asymmetry of lepton production in the
through loop diagrams within the standard model and thu8— X/ *1~ is considered for the first time in the context of
are sensitive to new physics. The recent measurement ¢iie standard model as well as its extensions. The effect of the
B— Xy by the CLEO groug1] results in constraints on the two-Higgs-doublet model | on the dilepton decay width has
parameter space of extensions of the standard midjel been studied previousfj12,13. We now reexamine the sub-
Present searches for FCNC decays into final dileptons hayect in the light of a tightly constrained parameter space in-
set an upper limit within a factor of 3 of the branching ratio duced by the recent measurements3B— Xsy) and m;.
predicted by the standard modé&l]. We expect that forth- Interestingly, the constrained model | is still able to increase
coming experiments in the curreBtfacilities and at future TI'|+,- substantially; the prediction changes slightly with the
B factories will offer much more information about these mass of the charged Higgs bosgRlodel Il is embraced by
leptonic channels. Because of the several sources which caupersymmetric mode)sAlthough the polarization of light
lead to these decays, including even the long-distance comeptons has been studied in the standard model, it has not yet
tribution fromJ/ ¢ and ¢’ resonances, the proper method of been examined in the context of extended models, especially
isolating different effects in the dileptonic channel is to mea-in supersymmetric ones. We thus consider the polarization in
sure a number of kinematic distributions of the final statea number of extended models of electroweak interactions.
particles. So far, apart from extensive studies about the inAli, Giudice, and Mannel have attempted to study the impact
variant mass spectrum of dileptons, there is published workf a supersymmetric model on th&—XJ"1~, but they
on the leptonic polarizatiof4,5], forward-backward asym- mainly concentrated on the parameter spggk Here we
metry [6-9], the lepton-antilepton energy asymmefd0], present the direct consequence of the supersymmetric model
and the polarization oK* in the exclusive channg¢lL1]. In  on individual lepton distributions. Moreover, we are able to
this paper, we present our analysis for the leptonic distribuderive results which are the consequences of the structure of
tions and asymmetries in the deddy- X "1~ (I=eandu)  an effective Hamiltonian for the transitidB— X and thus
within and beyond the standard model. apply not only to the standard model, but also to a large
As most of the phase space of the transitibn: X, has  number of its extensions. For instance, we find that the lep-
momentum transfer much greater than the mass of light lepgon polarization approaches twice as large as the forward-
tons, we will evaluate our amplitudes in the limit of—0 backward asymmetry at the upper boundary of the phase
and neglect the mixting between the left- and right-handedépace and the polarization forward-backward asymmetry
leptons when it is appropriate to consider the decay distribu¢normalized to the widthgoes to— 3/4 at the lower bound-
tions in terms of the lepton handness. At the same time wary. Also, we propose a method for determining experimen-
want to account for the angular distribution of lepton produc-tally the short-distance coefficientdoth their magnitudes
tion. We shall derive the decay distribution for left-handedand signg governing theB— X, transition, using a dilepton
leptons over all angles and their right-handed counterparinvariant mass spectrum along with asymmetries yet to be
However, the practical observables are the invariant maswmeasured. By following such a procedure, we are able to
spectrum of dileptons which is obtained by summing thesgrobe new physics in a model-independent way. We do not
handed components in the forward and backward directionsonsider ther™ 7~ channel here for two reasons: first, the
separately; from these four distributions, we also obtain pophase space is limited and appreciably reduces the
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branching fraction; second, the left- and right-handed chiraWW,Z bosons in the standard model. They are very sensitive
projections do not quite correspond to helicities for massiveao new physics and take different values in different models.
leptons, and so the kinematics is rather more complicated. We divide them further into two parts, writing them in the

In the following section we shall set out the formalism. form A;=ASM+A! (the same applies t®;). Here ASM
After a brief review of an effective Hamiltonian inducing the (BfM) accounts for the contribution of the standard model
transitionb—s, we summarize the expressions of the differ-[15], which we shall always include in what follows. The
ential distributions of decay width, polarization, forward- effects of new physic§whatsoever the sourtare repre-
backward, and polarization forward-backward asymmetriessented byA; (B}). The termA, (=B,) arises from the
In Sec. lll we report model calculations of these distribu-aqditive QCD renormalization and the loops of light quarks
tions, corresponding t6) the standard modeiji) @ model  active at an energy scale of about 1 G2]. It is indepen-
with two Higgs doublets of type I, andii) the supersym-  gent of schemes as explicitly demonstrated at next-to-leading
metric extension of the standard model in the context ofyrger by the authers of Refil6, 17. This part is related to
minimal ~ supergravity ~ with ~ radiative ~ breaking  of the Jow energy scale and, we believe, remains unchanged in
SU2)XU(1). We highlight model-independent results in extensions of the standard model when no new operators are
Sec. IV as well as describing a proposal to determine théntroduced.(By contrast, in certain extensions such as left-
coefficients for the effective Hamiltonian experimentally. yight symmetric models low energy operators are also
The last section is devoted to conclusions. The coefficientghangeg. Finally, the contribution of vector resonances such
arising from nonstandard models are presented in the AppeRs 3/ and ¢’ via current-current four-quark operators are
dix. taken into account by, (=B,), which may be given by

vector-meson dominandd8]. We point out that the differ-

Il. LEPTON DISTRIBUTIONS AND ASYMMETRIES ence between left- and right-handed leptons lies in the short-
distance coefficientd, andB;. In other words, the combi-
nation A—B remains equal to its high energy scale value,
A1—B;. In this work, we restrict ourselves into the structure
of Eg. (1), which incorporates, in addition to the standard
G model, a number of new models such as the two-Higgs-
=k (%) [EAbl_y“(l— vs)l doublet model and a minimal supersymmetric model. Allow-
v2 \4msy . ing for nonzero inputs ofA; and B; in extensions of the

standard model, we are able to study the consequences of
new physics in the decaB— X/ "1 7, in terms of different
decay distributions or, put another way, we derive bounds on
A; andBj and, consequently, constraints on new models by
using these distributions when they become available experi-

Let us begin with an effective Hamiltonian relevant to
flavor-changing neutral current processe®(P)—
s(p)! " (p)! ~(p2) [24]:

eff—

+STBbly#(1+ ys)l], (1)

with  the  effective  vertex Th=Ay,(1-ys)
—impSEF20,,0"(1+ vs)/q? andT' is obtained by substi-
tuting B for A. Heresy, denotes sif, 6y being the weak mentally.

mixing angle, m; is the mass of the bottom quark, and | et ys now consider the decay distributions. With the
q=(p1+pz), is the total momentum of the outgoing lepton A sector of Eq(1), a double-differential distribution in the

pair. The fine structure constant of electromagnetic interacp)it, plot for left-handed leptons is calculated to be
tion « takes a value of 1/133 at the mass scale of the bottom

qguark. In the standard model, tik, term arises from the

photon penguimliagram in which th&V boson and top quark dr, G2m; ( @ )2( A

— 2 l 2\ _y2__
circulate. It is necessarily the same for left- and right-handed gsdx 16#° [4 (1=-89)—x"—sx
leptons in order to produce a purely vectorial interaction at
the photon end, while the ({ys) factor at the quark end is
dictated by the handedness of the quarks. The CLEO mea-
surement oB— Xy results in a constraint on the magnitude
of F,, which is consistent with the value of the standard
model and leaves limited room for new physics. Because
they are absent in the radiative decays, the coefficitratad

B can only be tested in dilepton processes. Howevel as ) ) .
(and B) consists of several parts associated with differentvhereC=syF,. In this form we have ignored the mass of
contributions, to obtain bounds on the parameters for exterfhe strange quark and measuseih units of mj so that the
sions of the standard model from experiments needs sonffuared invariant mass of the dilepton ranges over
degree of sophistication. For the sake of a precise descrig2m,/my)><s<1. Also, x stands for k-p/m2  with

tion, it is appropriate to decompose these two coefficient&k=p;—p,, ranging from —(1-s)/2 to (1-s)/2. If the

into (1"17) frame is specified, the ratiox2(1—s) turns out to be
cos§ wherem- 6, is the polar angle of the* with respect to

the direction of motion of the decaying particle. Such an
effect disappears in thedistribution obtained by integrating
overx and can only be detected by measurements of angular
where the short-distance compone®ts and B; represent distributions such as a forward-backward asymmetry. To ob-
the contribution of heavy particles such as top quarks andlin a corresponding result for right-handed leptons substi-

2
Amsy,

1 1
+2 0l (1-2)+x2+
S|C|Ll(1 S%)+ X+ X

+2 Re(A*C)E (1—s)—x ) 3

A=A +A,+> Ay, B=B;+B,+> By, (2
i i
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tute B for A in Eq. (3) and flip the sign of terms linear in ¢ dl g 1 a2 3
x. Now we are in a position to write out individual distribu- — =— 7= (—2) (1—5){— s(|B|2—|A?)
tions. Iy ds 87| Vyd“fhe \ sy 2
First, the differential decay width in the dilepton invariant
mass squared reads +3R4(B—A)*C]|. (6)
1dr 1 )’ _ _ o
o —2) (1-9)?[ (1+2s)(|A|? It is also proportional to the combinatiof-B and should
[gds 87 Vyd*fpe | s become an effective test of new physics. In parallel, we de-
) fine the polarization forward-backward asymmetry as
+|B|?)+2| 1+ —||C|*+ 6 Rg(A+B)*C]|, 1 0
s drgg‘(s)=f0 dI'P(cos 9|)—J 1de°'(cos 0),

(4)

with I'=T'g+1I"| . This distribution is normalized to the
width of the semileptoni® decayl', dominated by the pro- 1 dFE%' 1
cessh—cly,. Ty itself containsmg and thereby eliminates T a2 pry

. st . Iy ds 8 |Vbc| foc
the uncertainty that is highly sensitive to the bottom quark
mass; nevertheless, there is moderate dependenizg oh 3 5
my, a product of the phase space factor and the one-loop T |C|*+3 R4 (A+B)*C]
QCD correction to the semileptonig decay, which will be
taken equal to 0.39 numerically in this work. In addition, we Note that the dependence on the coefficient functions in the
obtain the differential distribution for the lepton polarization: equation is analogous to that in E@l). As far as theu

channel is concerned, the polarization forward-backward

which is derived to have the form
2
o
2

Sy

(H)ZB S(IAP+[BJ)

. (7)

1 dree 1 al’ ) ) asymmetry of the.* production may be indirectly measured
F_ ds - g2V |2“f‘ - | (179 [(1+2s)(|B| via the correlation between the decay distributions of the
sl bel Toe | Sw w’ u” pair as the decay distribution of a single lepton only
—|A]2)+6 RE(B—A)*C]], (5) depends on its polarization.

with TP'=T'r—T', . Clearly, it is a parity-violating effect lll. MODEL PREDICTIONS

revealed by the overall factd-B, which depends solely on A. Lepton distributions in the standard model

the short-distance coefficients. So we expect that the lepton The standard model calculation for the coefficients in the

_effective Hamiltonian of Eq(1) has been carried out in

A o . Pﬁany works. It is well known now that the main contribution
ats=0 in Eq. (5) the polquzatlon Q|fference between e_Iec- to B— X, *1~ arises from the photon penguid,boson pen-
tron and muon channels is negligible. In thechannel this  g,in, andw boson box diagrams. Given the large top quark
polarization should be readily found via the energy distribu-p555. namelym,=175.2 GeV, obtained by averaging the
tions of the decay products in the subsequgntlecays, gata of Collider Detector at Fermilai€DF) and DO groups
which depend on the. polarization. However, for th@  [1g] theZ boson penguin along wit/ boson box diagrams
channel this may be a little more difficult to test experimen-iake over the the photon penguin one, except reab.

tally as the efficiency is usually rather low. Measurements of the dilepton process offer an opportunity to
The differential forward-backward asymmetry of the  est aspects of the standard model which are hardly detect-
production that we are to consider is defined by able in radiative decays. Fé¢" andBS™, we will use their

explicit form given in Refs[14,15,

1 0
dFFB(S)zf dF(cos&)—f dI'(cos§)),
0 -1 AfM:stthAt, BEM:V:CSthBt’ 8

where thez axis is along the direction of the bottom quark in whereV,s andV,, are Cabibbo-Kobayashi-Maskaw@kM)
the center-of-mass frame of the lepton pair. It involves thematrix elements. At the energy scale equal to Wdeéboson
chirality of lepton currents and takes the form mass,A,; andB, take the formgwith x= mf/M\zN)

+—3 +—23X2 |
*T1ox (1—x) nxp

At(x,1)=Bt(x,1)+%

3 x 32x2—xI 4 1) 1 82x3—151x°+ 63«
5 In X §(nx ) 36 1=x)7°

1
B D=5 Xt g7 5 2@

1 10x*+59x3— 1382+ 63X

2
" 36 1—x)?

In x|sg - €)
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The current-current and gluon penguin four-quark operatorsvhere the scale-dependent parameter ag(u)/ as(My),
also give rise tdA andB through the mixing due to the QCD with a((My,) taking a value of 0.120. The effect arising
renormalization. From unitarity of the CKM matrix, we have from the one-loop matrix elements of the four-quark opera-

. tors is given by
A2=ViVin(Agco— Af),

whenV{V,, is negligible. The evaluation afocp has been
performed at next-to-leading order by the authors of Refs. A;=s2/|(a,+a,+ag) b(mZ/m?,q%m2)—
[16,17]. Here we adopt their results in the naive dimension
reduction(NDR) scheme:

agt+as+ag
2

a 2
X G(LGYME) ~ 5 $(04%MY)~ 3 (as+as) |,
T

6
AQCD(”):_SSVIEJ-[(“S(MW) pi+Si (1—77_ai_1)

where a,=C;+Cy/3, az=cs/3+cCy, a4=C3+C4/3, ag
+ri(1- n‘ai)}, =c5+Cg/3, and the functionp reads

4 | 8 4 4rqu 2 1 ar, - ar, | 1+V1-4rgls ar,

3"fa"37 375 '3 s\ s ”Tm, ' (?<1>

rg,S)= )

#rq.9) 4 | 8 44rq+4 [ar, s 4ry, t 1 (4rq>1)
shhrg—=—s—+zs\/—— — | arctan——= o
3 a 9 3 3 S S \ 4rq/s_l S

|
When =1 corresponding taw= My, one hasa,=1/3 and The standard model predictions for the leptonic distribu-

az=ay=ag=0. The QCD renormalization decreasesand tions discussed in the previous section are summarized in
gives rise to the other coefficients. Nevertheless, the charmigs. 1 and 2. In Fig. (B), we plot the differential decay
quark essentially dominates the effect of these active quarkgidth of the theB— X *1~. Obviously, the soft photon

at the scale near the bottom quark mass, as indicated by thanguin governs the regiam=0. Thus measurements of the
numerical values of these coefficients fpr=1.75. As for  (distribution in this region provide a cross-check of the
the long-distance effects arising from vector resonances, Wgagnetic-moment operator. The two pronounced peaks in
shall follow the notation of Ref.9]: the middle region correspond to the contributions of the
2 J/y and ¢’ via V—IT1~. They are insensitive to short-
_) *Vep =5 — _ distance physics, but dominate thrgegratedwidth of the

My/ "7 g*=My+iM Ty B— X4 *1~. To probe the effects oASM and BSM on the

) spectrum, we have to examine the regions outside these
Last but not Ieas_t, the _magnetlc-r_nomer_lt operator has Nosasks. As we can see in Fig(al, the photon and vector
zero anomalous dimension and mixes with other operatorg;p|es are relatively localized and we are left with three win-

the coefficient for it is given byF,=F;+V{Vi,F, where  gows to observe the effects of the short-distance components

B 1672

325\2/\/
Ay 3

fv

[16] of A, and B, ,. The first window is the region above the
3 > 3 5 ' resonance, sag=0.65, where the left-handed magnetic-
Fl(x,7)= 5~ 162 1 8x7+5x _7X+ 13x"—2x moment operator enters mainly through interference which
2AX,m)=7n —\3 —4 InX - ) . . ,
12 (1-x) 2 (1-x) slightly lower the differential rate; the’ resonance has very

limited impact. We believe that this region may be one of the
ideal places where the decay behavior is determined by the
short-distance physics and where we can compare the model

(2251 2x3-5x2—2x  4x? I
(D3 T @0t X

3 prediction with experimental measurements, in spite of the
- fact that the phase space tends to be small there. In the sec-
+2 hjp . (10) : .
i=1 ond window, namely, the region between the two reso-

nances, the situation is more involved. Although the contri-
Here F, (switched off in this section represents the butions of A;+A, and B;+B, are important, the
magnetic-moment form factor arising from extensions of theinterference between them ang, (B,) along withF, has
standard model. It mixes with the chromomagnetic Pauli in-much more influence on the spectrum. We may make the
teraction as the energy scale goes down, but this mixing ithird window by a cut below thé/ ¢ peak and by excluding
actually rather weak; for instance??*— 1 is merely 5% for  the very smalk region. The measurement of the lepton spec-
n=1.75. trum in this region will not only provide information about



7048 DONGSHENG LIU AND R. DELBOURGO 55

(a)

FIG. 1. (a) The standard model prediction for the differential decay width ofBheX | *|~ in the dilepton invariant mass squared in
units of mZ (solid line); the dashed line corresponds to the contribution solely from the coeffichentsA, and B+ B,, while the
dot-dashed line stands for the contribution of the vector resonances along with the photon penguin diagram, namelrrthef Eq.(1)
(all plots are rescaled by the semileptonic decay width oftreeson, multiplied by the factor of §f) and(b) the differential distribution
of lepton polarization normalized to differential decay widtd['?°/ds)/(dT’/ds), in the standard model wittsolid line) and without
(dashed lingvector resonances.
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the short-distance componentsAfandB, but also help us two separate regions in the parameter plane of model |
to determine the relative sign between the coefficiepand [2,24]. One is a band with moderate,; ~2 for
ASM or BV as the interference between them becomes sulm,,- =100 GeV (referred to as thex region hereafter
stantial. which will shrink as the measurement is improved; the other
The differential distribution of lepton polarization, nor- (3 region is presently consistent with vanishing,. Note
malized to differential decay width, is plotted in Figbl As  that there is no actual bound on the mass of charged Higgs
we know, it scales a8-B and thus reveals the short-distance hosons in both of them. Our scheme of choosing parameters
physics even in the vector resonant region. Note that thgy the o region is as follows. We define a path in the

polarization is sizable and negative in most of the phase _m,_ plane for thea region such that it reproduces the
space, which indicates left-handed lepton dominance, exceplean  value of the CLEO data namely

for the two resonance arsi=0 regions; note also that at the B(B—X.y)=2.32x10"%. Given the masses of charged
actual resonance peaks the polarization is negligible as it i|§|'ggs bsosonsl.)zl is fixéd (or conversely. We regard the

near 'the. photon mass shell. This means that t'he Integrat th as a representative of theegion and observe that both
polarization over the three ranges stated above is comparable

to the corresponding integrated width. %Mand B; add considerably and constructively A" and
The forward-backward asymmetry in Figa2is likewise ~B1 for alarge range of then,- from 50 GeV to 1600 GeV.
governed byA-B, vanishing at the exact resonance peaks; afh fact, oncev s_atlsfles the ,constralnt of fixed rate of the
the extreme limis=1, it is predicted to be exactly 1/2 for ~ B—Xs7, the leading term oA; andB; (see the Appendix
the left-handed leptons as can be checked by taking the ratfer large charged Higgs boson mass if#f-)/m;,- cancels
of Egs.(6) and(4). There is a small region near=0 where out and these two coefficients are approximately independent
the forward-backward asymmetry is positive, however, re-of my- as it becomes heavy along the particular path in the
vealing the contribution of the photon penguin. So far as Figmy-—v 5, plane. Moreover, the interference in E@) be-
2(b) is concerned the resonance peaks almost cancel out sbmes constructive. As a result, the invariant mass distribu-
the ratio of Eq.(7) to Eq. (4), which is a nice feature as it tion of model I[see Fig. 83)] is substantiallyenhanced over
washes out the spikes in the resonant region to a large dé#hat of the standard model in the three windows stated pre-
gree. Once again, there is a prediction thas-asl this par-  viously. This large enhancement in decay width was ad-
ticular asymmetry tends to 1/2 as the effect of the photordressed by Grinstein, Savage, and Wi$g|. Here we have
penguin is bounded in the sandlregion, where we have demonstrated that it still survives after practical constraints
—3/4 regardless of the actual values of the coefficients.  from the B—Xgy are placed on the parameter plane. The
Finally, we observe that with respect to integrals owef  integrated widths without the vector resonant contributions
asymmetries expressed in E@S) and (6), the polarization over the whole phase space are calculated to be
asymmetry is much more significant than the forward-I'¢e=29.6x10 °T'y,  and I,,=27.6X 10°°ry for
backward asymmetry; the latter suffers from cancellation inmy-=100 GeV. Using the CLEO 95% C.L. bounds on
the smalls region and is about half of the former in the B(B—Xgy), we end up with ranges of (24-36J10 °T'
s=1 region. and (23-33x 10 °T', for the electron and muon channels,
respectively. They are over a half of the current experimental
B. Effects of charged Higgs bosons upper limits. We have evaluated these widths for a range of
the charged Higgs boson mass from 50 GeV to 1600 GeV
and found that they decrease slightly with increasimg-.
We may, therefore, regard the above predictions for the de-

In models with two Higgs doublets, there is a pair of
physically charged Higgs particles, which can add to\tthe
boson contribution in the loops of the standard model, giVingcay width as typical of the whole region.

rise to extra diagrams inducing the FCNBCdecay[20-23. The distributions of lepton asymmetries are plotted in Fig.

In this situation, two additional parameters enter the analysis; ¢, the same parameters. We observe that the polarization

one is the mass of the charged Higgs bosa-, and the 1400 Fig. g)] is reduced by the extra effects, apart from

other is the ratio of the vacuum expectation valueSgy s where it is enhanced in magnitudae resonant re-
v,1=v,lv, associated with the two neutral scalar Higgs

0 0 ' ) Tgion is hardly affected, of courseThe forward-backward
bosonsé; and ¢,. Here we investigate the consequences ofysymmetny[Fig. 3(c)] for s=0 reverses its sign and there is

two versions(l and II) of two-Higgs-doublet models, where 5" |onger cancellation when we integrate. Since the short-
the FCNC is absent at the tree level. In model | igiythat  gistance component is enhanced overall, the contribution of
is involved in Yukawa couplings and gives rise to the massyector resonances is accordingly less apparent in the polar-
of all quarks, whileg3 decouples from them. In model Il, by ization forward-backward asymmetfyFig. 3(d)]. Interest-
contrast,d;(l) generates the mass of the up-type quarks anéhgly, this particular asymmetry does not seem to change
#93 is responsible for the mass of down-type quarks. above they' and is pinned down at the lower boundary of
Let us consider model | first. In this case the interactionghe phase space.

of the charged Higgs bosons with quarks are proportional to The situation for parameters falling in tigeregion on the

the ratio of the two vacuum expectation values and as a@,;-my- plane is distinctly different from the region. The
result the loop amplitude of the FCNE decay grows qua- rate of theB— Xgy with charged Higgs bosons is smaller
dratically withv,,. Depending upom,; andm,,-, the addi- than without them. Thus the CLEO lower limit at 95% C.L.
tional photon penguin diagram can either enhance or sup3(B— Xsy)>1.0x 10 * sets up a boundary of this region.
press the FCNC radiativB decay rate over the standard Only smallv,, or heavymy- is allowed. On the other hand,
model. Consequently, the CLEO data of e X,y allows  theB— Xl *1~ rate, as we shall soon see, is enhanced by the
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|
[y

(b)
o

-0.25 } ' : -

-0.75 F ]

s

FIG. 2. (@ The differential distribution of the forward-backward asymmetry of the production in thel*l~ frame,
(dT'gg/ds)/(dI'/ds), in the standard model wittsolid line) and without(dashed lingvector resonancesbh) the same for the polarization
forward-backward asymmetry of IeptonﬂI(E%'/ds)/(dF/d S).

charged Higgs boson contribution, but to a lesser extent. Thisarameters on it, sayn,- =100 GeV and the associated
is due to the fact thaf; and B still add constructively to v,,. For them we plot the decay width and asymmetry dis-
ASM andB3M even though their magnitudes are strongly con-tributions in Fig. 4.

strained by the measurements. Once again, we find that the The increase of about 50% in decay width of faghan-

A andB; change slightly along the stated boundary and wenel may be compared with only 10% of teechannel. As far
expect the lepton distributions to be represented by a set @fs FCNC dileptorB decays are concerned, it seems difficult
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to observe the consequence of further reducigigor heavy

in measurements.
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FIG. 4. The same as Fig. 3 fon, in the B region.

In model I, vgl appears in the coupling of the charged
my-, unless there is a dramatic improvement in the calculaHiggs bosons to left-handed quarks ang3lin right-handed

tion of the QCD renormalization and a high level of accuracyones; they cancel out when they meet in the cross term of the
photon penguin amplitude21,22. Hence we are left with a
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v,-independent part in the magnetic, monent form factorment due to the heavy top quark. Here one has two masses
which enhanceghe rate oB— X,y (as it does in the invari- mt, and my, along with a mixing angleg; . The effects of

ant mass spectrum for smad). This property leads to a charginos which are mass eigenstates of Weno and
lower bound on the charged Higgs boson mass in model llHiggsino, supersymmetric partners of tkié and charged
regardless of the value of;, obtained from the CLEO data Higgs bosons, are parametrized by their masses and two
of the rate of the FCNC radiativ® decay. The bound is far mixing angles. As well, the supersymmetric counterpart of
higher than that from the direct search at the CE’N™  pox diagrams involves the mass of the degenerate sneutrinos
collider LEP[25]. But when the Higgs boson of model Il is in the first two generations. Such a large number of param-
considered in the context of supersymmetric theory, as Weters is undesirable when conducting a phenomenological
shall do presently, its contribution to the ded®y-Xsy is  study.

sometimes destroyed by the chargino effect and the resulting | jke many others have done, we proceed to a further
experimental bound is modified dramatically. Moreover, theanalysis in the context of the minimal supergravity theory
mass of charged Higgs bosons is no longer necessarily a frégin, “radiative breaking of S(2)xU(1) [27]. In this theory
parameter; it may be evaluated in terms of other parameterg, oo running gauge couplings meet each other at a unifica-

In th? followmg sub;ecnon we continue our analysis bytion scaleM y, which defines an universal coupling constant
combining charged Higgs bosons arising from the supersym- In practice M~ alond with re determined by a fit of
metric extension of the standard model with other supersym>X- " P Mx along ax are cetermined by a it o
metric particles. the three gauge co_uplmgs measure_dpgtwa renormaliza- _
tion group equations of the minimal supersymmetric
C. Minimal supergravity with radiative breaking SU(3)><SU(2)><U(1) [28]. It is also assumed _that the mass of
of SU)xU(1) every scalar particle runs and reaches.a universal scalar mass
mg at My, and so gaugino masses unifyrtg,,. Moreover,
In supersymmetric extensions of the standard model, sucthere is a common trilinear couplingy, for the soft scalar
as minimal supersymmetry standard mo@SSM), loop  terms responsible for explicit supersymmetric breaking. Thus
diagrams of supersymmetric particles contribute to theone has three parametershy plus the tan3 defined earlier
FCNC B meson decays. The authors of Rgf6] have pre-  at the weak scale which is the fourth parameter. Finally, the
sented a comprehensive analysis of Bie X, transition in  sign of the Higgs mixing parameter, (which is sometimes
the context of the MSSM. They pointed out that in additiondenoted byu in the literaturg is free although its magnitude
to W™-t and model IIH™-t loops, there are chargino-up- is fixed in terms of the measured, along with the above
squark (¢~ -U), gluino-down-squark, and neutralino-down- four parameters. We take no account of the phasés, iand
squark loops. Nevertheless, the latter two do not contributen, and assumd&-parity conservation. The masses or mass
to the proces8— X "1~ as significantly as the others. This matrices of supersymmetric particles at the weak scale are
observation was recently confirmed by the authors of Refcomputed via one-loop renormalization group equations
[10]. We shall not, therefore, consider them at the presenivhich determine the evolution of these masses below the
stage. The s[lort-distan(:at the weak scajecoefficients aris-  unification scale. In this procedure we only take into account
ing from y ~-U diagrams computed in Refsl0,26 are sum-  the Yukawa coupling of top quarks and restrict ourselves
marized in the Appendix. It should be remarked that the sigrinto tan3<35, above which the bottom quark Yukawa cou-
of the amplitude arising from the chargino box diagram inpling is enhanced so much that it is comparable to the top
Ref. [26] differs from that in Ref[10]. We notice that this quark one. On the other hand, to avoid a Landau pole of the
amplitude turns out not to be substantial numerically andop quark Yukawa coupling below the unification scale we
thus this sign discrepancy hardly impacts on our phenomendiave to set a lower limit of tap=1.98 for a top quark mass
logical analysis reported below. The partial width of theof 175.2 GeV.

B— X4 "1~ has been investigated in Refd0,26 and we In the supersymmetry (SUSY) limit, namely,
extend the study to various lepton distributions in this subm;,=m,=0 and tan3=1, the magnetic operator cancels
section. out, resulting inB(B— Xgy) =0 [29]. This is in conflict with

Clearly, the analysis in the context of the supersymmeCLEO measurements of the rate &—Xgy. Further,
trized standard model involves many extra parameters in adan8=1 leads to a Landau pole for the Yukawa coupling of
dition to the standard model parameters. Two of them coméhe top quark. However, a partial cancellation between vari-
from the above stated charged Higgs boson contribution, besus contributions to the radiative decaysBfmesons still
ing its mass and the ratio of the two neutral Higgs vacuunoccurs away from the SUSY limit due to the fact that in
expectations, tag=1/v,,. The right-handed squarks of the certain regions of the parameter space, especially for large
first two generations are ignored since their effects are supsalues of tan3 andm,>0, the chargino loop amplitude has
pressed by a factor af, /M. We also notice that the an opposite sign to that of th&/ and charged Higgs loops.
B— X, transition is insensitive to the mass difference of theConsequently, as the rate of the de@y: Xy is irrelevant
(left-handed up and charm squarks due to the small quarkto the sign ofF,, we cannot distinguish between two pos-
mixing V,, compared withV,,. As a result, provided no sible cases; one is the small deviatiorFgffrom its standard
mixing occurs between or within these flavors, only one outmodel prediction within the current uncertainties of both ex-
of the four masses is important as far as first two generatioperimental measurements and theoretical calculations. The
up-type squarks are concerned. By contrast, we need to dother is a large deviation producing &3 of a similar mag-
agonalize the mass-squared matrix of left- and right-handeditude, but opposite sign to the standard model. The mea-
top squarks states, which has a rather large off-diagonal elsurement ofB— X “1~ will enable us to disentangle the
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FIG. 5. The same as Fig. 3 for supersymmetric extensions of the standard fsolélline). The parameters are taken &%
m,;,=100 GeV, my=300 GeV, A;=2.50, and tar8=18 (dashed ling (ii) m;;»,=120 GeV, my=300 GeV, A;=2.65, and tarB=28
(dot-dashed line

ambiguity as its width tends to be greater in the latter than irand I,,=16.6(15.9% 10T’ for the first (second set of
the former[8]. Therefore, large tap is of particular interest, parameters. The increase in decay width is roughly a factor
which enhances the effect of chargino loopsFin[30] and  of 2 and far beyond the uncertainty due to the calculation of
suppresses charged Higgs contributionsAfoand B} . For ~ QCD renormalizatiori16,17. We increasedn, to 500 GeV
m,>0, we evaluate the lepton distributions for two represen&nd 800 GeV, respectively, and correspondingly adjusted the
tative sets of parameters; the first is chosen such that low/alue 0fA to keepmy, to be around 100 GeV, but we failed
lying supersymmetric particles such as the light top squarko find larger decay widths. Unlike the width, the deviations
and chargino are heavier than bounds set up by direcf asymmetries from the standard model prediction mainly
searches at LEP-1.5, but within the reach of LEP-2, namelyoccur in the smalb region, say, below the/4 peak. With
that m; =80.9, M, =75.7 (the light neutral scalar Higgs respect to polarization it seems that thgre is rarely a dnffer—
boson ﬁow has a r;ass abomy): the second results in the ence between the standard mo_del and its supersymmetric ex-
B tension whers>0.2. In the region above th¢’ resonance
masses of all supersymmetric particles greater than 90 Ge\yhere the impact of the magnetic operator fades out, nearly
for example my =99.7 andM, =92.9. complete lepton polarizationear —1) indicates that the
Some remarks are in ordeft) These sets of parameters left-handed lepton dominance is retained to a great extent
both repreduce the decay rates of Bie> Xgy, agreeing with  after the effects of supersymmetric particles are taken into
the CLEO data, but the resulting, is now positive.(2)  account, at least for the parameters used in this work.
A+ B (mainly arising from chargino loopghanges less than Forward-backward asymmetries flip their sign o+ 0, and
10%, while A—B adds by about 50% constructively; the as a result, an integrated asymmetry will be greatly en-
reason for this is that the dominant chargino loop is that ofanced. A sign change also occurs in polarization forward-
Z penguin type, for which the ratio of vector to axial vector backward asymmetries in the smalregion. We may con-
lepton currents is 4s?,. (3) In fact, if a squark mass is clude that for the parameters used in this analysis all
much greater than a chargino mdesconverselyall ampli- ~ integratedasymmetries, like decay width, are enhanced in
tudes of chargino loops are finite, except for that of the the supersymmetrized standard model.
penguin diagram which diverges logarithmically with the ~\We can also reverse the sign i for these two sets of
squark massthe standard model penguin increases qua- Parameters and find that the mass of top squarks is driven
dratically with the top quark maks down to 28.1 GeV, well below the lower limit of LEP's
Our numerical results are shown in Fig. 5. Obviously, wedirect searches an8(B— Xsy) almost reaches the CLEO
observe a large enhancement in the decay width distributiodPPer limit at 95% C.L. in the first case, while in the second
over the standard model prediction. The integrated width§asemy, drops to 76.6 GeV, buB(B—Xsy) violates the
without the vector resonant contributions over the wholeupper limit. In other words, a negativae, corresponding to
phase space are calculated tolhg=19.6(19.0)10 °T'y,  these values of parameters is not viable.
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IV. MODEL-INDEPENDENT ANALYSIS imaginary part depends anand appears in the region above

In this section we first highlight results of lepton distribu- the charm quark threshold % s o
. . o Next, we move on to the invariant mass distribution from
tions which are not dependent on the specific values of the

coefficientsA, B, andF,. Thus these results are regarded asWthh we may extract the combinatioA{B) up to a sign;

consequences of the structure of the effective Hamiltinian o*o obtain the sign, one needs the individual asymmetry. Tak-

FCNCB decays in the context of standard model, as well asd the polarization as an example, we have

its supersymmetric extensions. We believe that violation of
them, if observed in future experiments, can be regarded a&l’ pol
evidence of new physics. We shall now show how to deter- g
mine the three coefficients both in magnitude and in sign

using the measurements of the width and asymmetries of the .
decayB— X/ *1~ along with the width of the8— X.y. where e, stands for the sign ofA—B)C and can be even-

We begin by considering the polarization and forward-tually read off once the polarization measurement is carried
backward asymmetry, both of which measure the magnitud@Ut- This gives rise to an additional way of measuring the
of the axial vector component of the lepton curreat(B) |~ Bl (Alternatively, the goal can be achieved by using

interfering with the polar vector component. It is illuminat- forw?rd-paqkward dasymmeltrr:es. h b
ing to write out the ratio Ali, Giudice, and Mannel have proposed a method to ob-

tain coefficientsA andB (which are linear combinations of
dreolds  (1+2s)(|B|>—|A|?)+6 Rg(B—A)*C] th%irhnotlationsc_la ?nd Clc?)busil?g pé;lrtial integr?etgd_rgepay
= > > = widths along with forward-backward asymmetr[@&3. Their
dlep/ds 3s(|B|*~|A[)+6 R4 (B—A)*C] method results in four possible solutions. The advantage of
including lepton polarizations, as we have shown above, is
that we can work out amnique solution to simultaneous
fequations determined by measured decay widttegrated

RY(A+B)C]

C2 6 ’ (13)

xe,|(A—B)C|| (1+2s)

Taking the limit ass— 1 produces a factor of 2, irrespective
of A, B, andC. Remembering the neglect of the mass o e ) L
strange quarks, which can modify decay distributions a ver a certain kinematic rangqoolar_lza_tlon, and forward-
s=1, we expect the polarization to be approximately twice ackwarq asymmet.ry. Let us explam. It gepmetrlcally. The
as large as the forward-backward asymmetry in the regioGONtour line of a given decay width is a ring on theB
near the upper boundary of the phase space. Another limRlane. The center of the ring is located on the e B, but

for the polarization forward-backward asymmetry is not on the lineA=—B. The contour line of polarization
(forward-backward asymmetrhas two branches; one is as-

dreoids 3 sociated with a positivd— B, while the other with negative
ﬁ ==z A—B. When we just combine the width either with polariza-
S lso tion or with forward-backward asymmetry, each of these two

] o branches can cross over the ring, resulting in four intersec-

To extract unambiguously the coefficients relevant totions at most. It is also possible that only one branch crosses
B— X4l "1™ from measurements is not so straightforward aspyer the ring and we end up with two intersections. In such a
we might think because they involve observables bilinearlycase, we obtain two values of the combinatidn B: they
At this stage, we examine the situation by assuming thajye of the same sign, but different magnitudes. Once we put
A1, By, andC (or F») are real, disregarding the likelihood g three sorts of contour lines on t#eB plane, they will
that an imaginary part of them arises from new physics at thgytersect at one poinfThe failure to intersect indicates that
weak scale. The assumption does apply to a large number gie effective Hamiltonian in Eq. (1) needs to be modiffes
models.(Strictly speaking, all these coefficients contain thefgr a5 signs are concerned, we are able to constrain the rela-
CKM matrix element having a phase factor, but each of then;e signs betweer© and A—B as well as the real part of
is proportional toV{Vy,; only does its modulus appear in A+B (or the sign ofA+B since the sign of its imaginary
the observableplt is interesting that a real{—B) actually  part is irrelevant to the observables in questidthere is still
cancels out of numerator and denominator of @d) for the 3 free sign which we cannot determine. In fact, under the
whole range of. In this case we may rewrite this ratio as exchange ofA——A, B——B, andC——C in Egs. (4)—

o 5 (7), the decay width along with these asymmetries remain
dr'®/ds _(1+2s)Rg(A+B)C]+6C (12 unchanged. It is worthwhile pointing out that the efficiency
dlgg/ds 3s R4 (A+B)C]+6C? of our method decreases near el where, as discussed

above, the ratio of leptonic polarizations to forward-
Here we have deliberately put an ex@ain both numerator backward asymmetries becomes rather insensitive to these
and denominator in order to determine the productcoefficients.
R (A+B)C] experimentally, using? (rather thanC) fixed A comparison of these experimental outputs with that ob-
by the B— X4y as input, when the data of the polarization tained by model calculations certainly offers a direct test of
along with the forward-backward asymmetry is available.different models. Nevertheless, we may carry out a model-
The linear dependence on IR@A+B)C] enables us to obtain independent check since we are now in a position to predict
its size as well as the sign. Note th& - B) has an imagi- the polarization forward-backward asymmetries given in Eq.
nary part coming from the one-loop matrix elements of four-(7), normalized to the decay width of E@) without involv-
guark operators and the resonant contributions, which arng specific model calculations. Once again, when we con-
given by the measurements of nonleptoBicdecays. The duct such an analysis we need to be away fsa0 where
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this particular asymmetry tends to be independent of the spe- A= Bi—v§1Xb(y),
cific values of these coefficients.
B1=0v32xb(y) +f(y)]sf, (A1)
V. CONCLUSION
with y= mf/Mﬁ_ , Whereb(y) represents the contribution of
We have investigated lepton distributions in the decayz penguin diagrams ani{y) comes from photon ones. Also,
B— X4l "I in number of various models as well as made thephoton penguin diagram give rise to
analysis in a model-independent way. For model calcula-

tions, we summarized the results in Figs. 1-5. For param- F§=2v§17f16’23(g(y)— Lay)+ 2 (97#%-1)
eters of the extensions of the standard model satisfying con-
straints placed by direct searchs in collider and by the decay X[h(y)— & e(y)]), (A2)

B— Xy, we still observed large deviations from the stan-
dard model predictions in these distributions. We have drawih models of type I. The box diagrams withH ~-» loops
conclusions which are independent of these models. As welkre negligible due to the weak Yukawa coupling of leptons.
we have proposed ways to determine the coefficients for thgy model 11, A} and B remain unchanged, but

effective Hamiltonian via the measured decay width, polar-

ization, and forward-backward asymmetries. The advantage 031 8

of our proposal is that both magnitudes and signs of relevant ~ F;=—27" 16’23( g(y)+ &= aly)+ 5(772’23— 1)
coefficients can be unambiguously extracted from experi-

ments once they become available.

In this work we have assumed lepton distributions in the X
inclusive proces8— X¢ ¥~ to be the corresponding ones
of the free quark decap—sl|™I~. The scheme is justified
by a systematic expansion in inverse powers of the mass (ﬁ : ; : . N
the bottom quark31,37. For instance, Falk, Luke, and Sav- agg\\fznéfqﬁ ;’:i'éilfszgrg rl}gtgg r;)oetfsvzgnctlons appearing in the
age have evaluated leading corrections to free quark decay '

U%l
h(y)+ 5 e(y) ) (A3)

n interesting property of; is that in the latter case, it does

and have found that these corrections increase the dilepton y [18y2+5y—7 3y2-2y

invariant mass spectrum by about 10% over the whole range aly)=—= | = T+ 7 Iny|, (Ad)
of g%. Recently, Aliet al. reported their calculation of the 216 (1-y) (1=y)

leading power correction to the dilepton invariant mass spec-

trum as well as forward-backward asymmetries of the lepto (y)= y [i n 1 Iny (A5)
production. They found these distributions to be stable 41—y (1-y)? ’

against the corrections, except in the region near the high

g? end point, where, in contrast with the previous work of y [1y?-5y—2 3y

Falk et al, they observed a large power correction. Powel?Y)=~5 |5 1-v)°  (1-y)? Inyl, (AB)
corrections to leptonic polarization have been calculated

lately by Ba and Pott who take a different value of the y [147y2—79+38 3y3—6y+4

parameten ; from that used in the work of Falét al; they  f(y)= 18 [E 1—v)2 + 1=v)2 Iny|, (A7)
have shown the correction to the free quark decay is at most (1=y) (1=y)

3.5% for q?>0.4m2 and 5.2% forq?=0.1m2 [33]. They 5

also found a small power correction for the invariant masgy(y) = y F 5y—32 + 3y~ s Iny (A8)
spectrum, compared with what Fagk al. suggested. With 6[2(1-y)° (1-y) '

respect to lepton polarization forward-backward asymmetry

we do not expect the correction to be substantial in the small1 y|l y=-3 1

and mediumg? region. ¥=3|3 (1-y)2 (1-y)? Iny|. (A9)

Now we move on to loop diagrams containing charginos.
We use the notations, andF, to represent the monopole

The authors are grateful to the Australian Research Courgind dipole form factors, respectively, for the photon penguin
cil for their financial support, under Grant No. A69231484.diagram with chargino-up-squark loops. As well? and
We also thank N. R. Jones for his assistance in usiNgH-  CP° denote the contributions & penguin and box diagrams
EMATICA. (both of which contain chargino-up-squark lopp$hen, in
addition to the effect of charged Higgs bosons in model II,
we have
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APPENDIX: SHORT-DISTANCE COEFFICIENTS IN
EXTENSIONS OF THE STANDARD MODEL A= Bi+'éz+'ébox, (A10)

We present short-distance coefficie®$, B;, and F; - -
arising from extensions of the standard model. For the am- B;=—s4(F,+2C?), (Al11)
plitude of loop diagrams with charged Higgs bosons, we
have and the dipole form factoF; is augmented by
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. 2 M\%v andR are made up of various mixing matrices which trans-
Fo=—4p 1028 2 form weak interaction eigenstates into mass ones. Under the
2 = M 2

circumstance where we just account for the dominant mixing
between the left- and right-handed supersymmetry partners
(A12) of top quarkst, andtg, the mass eigenstate of up squarks
' reads

Nik
Rix9(Zyj) — 5 a(zy)

6
X > Mk
=

with z,;= m%k/Mf(j, wherem, andM, stand for the mass U= (UL ,Cp,t3,UR,CR,t2). (A13)
of the six up squarks and two charginos, respectivéfly. N,  Thus one has

m; ¥
Miy=| =V Kx, =V KE, | =Vc+ ————— V57 |KE, ————— VKX,
jk j1M™us j1fcs j1%t \/EMWsinﬁ j2 t) ts f2MWsin,8 j2™us
Mo vkt | vas— e |k (A14)
v2ZMy sin 8 J2%cs: et v2Myy sin B jemt s

and\j, (associated with the incoming bottom quark )ine It is associated with a vector lepton current and thus contrib-
obtained by replacement &3¢ by the corresponding(,,  utes toA; and B; equally. We can read off a logarithmic
(we useK to stand for the CKM matrix in this Appendix  dependence afl(z) on smallz. This indicates a potentially
Moreover, we have large effect of the lightest up-type squark such as the top
squark. However, such a logarithmic enhancement may
manifest itself only for a lightest top squark with a mass less

m
jk:‘f—b UjZ[KuvaCblC?Ktb 10101_ S‘.{Ktb]' than theW mass. ~
2My cospB The coefficient arising from the box diagram@®® is
(A15) given by

Here s7(c7) stands for sirg(cosé,), 6; being the mixing 2 M\ZN 6

angle betweerf, andtr. V along with U transform the %Ztl M2 gl MiNikViaVj1é(zig 2l z.2), (A1)
W-ino and Higgsino(the supersymmetric partners of tk¢ : X

boson and the charged Higgs bogomwhich are interaction
eigenstates, into the charginos that are mass eigenstates. W
may safely overlook the weak mixing between supersymmet-

. 2,042
gh Z|j —m‘;/MXj and

2
. . . . . 7z51n z
ric magnetic and chromomagnetic operators if the latter IS§(21122,23)= 1 1 2,02, 23025
not particularly large. (z1-1)(z1-2)(z3— 23)
It is worthwhile noting the property of a Glashow- (A19)

lliopoulos-Maiani(GIM)-like cancellation(with unitarity of it tibut W to the left-handed t of lent q
: = : contributes only to the left-handed current of leptons an
the CKM mat d bl¥,. As d trated lic- . ) !
© matriy possessed by, . As demonstrated explic ought to be added td\; . Like the ordinary neutrino, the

ity by Garisto and Ng30], the R-related part of, disap- sneutrinosy appear in the box diagrams, and when we re-
pears when all up-type squarks involved have the same mas v app 9 '

. ) Strict ourselves te and u channels only the first two gen-
But we point out thgt the\-related partandF, given be- erations of sneutrinos, which are assumed to be degenerate
low) vanishes only if the up-type quarks are degenerate.

The photon penguin diagranwith the chargino-up- with a masa;, are involved. The functiog is not bounded

squark loop, in addition to dipole form factor, gives rise to when all z; are simultaneously small. To reveal the feature
d ' P + 9 we examine a special case bf=z,=z3=2, where¢ re-
the monopole form factor

duces to
2 2 6
~ 2 My ~ _z—3 Inz
Fl:§j:l szl Mjk./\/}kd(zkj), (AlG) §(z)— 2(2_ 1)2+ (Z— 1)3- (AZO)
]
_ Obviously, it goes logarithmically with a vanishiray Nev-
whered is defined as ertheless, once again the factor Mﬁ,/M)Z(J_ can reduce the
, . , contribution with small; . When up-type squarks are degen-
111522°-101z+43 62°—92°+2 erate C** also experiences a GIM-like cancellation, pro-

d2="% & 1-2°  (1-2° Inz/. vided that the two charginos have the same mass or do not

(A17) mix or if the quarks of up type are mass degenerate.



Finally, the short-distance coefficient arising frahpen-
guin diagrams takes the form

2 6

> > Mlk'/\/Jk'[ Sij Yk §1(Zj 1 Zkrj)

d=1 gk’ =

1
4,

+ 5kk/Vi1V11§2(Zki 1Zj) + Ok UiaU 1324, 2i)
(A21)
Where Ykk! = ‘ykﬁkk/ - CTST( 6k35k’6+ k<—> k,) and Yk

=(1,1,C%,0,0,S%). Also, we define above threositive
definite) functions as

Z% Inz,
=+
£1(21.2,) (zi—1)(z1-2,) 2123, (A22)
£ ) In z, Z+z5-21—-2,
Z1,25)= 2125~

2T 2(2- 1) (- 1) |\ TP 2172

+Zl<—>22, (A23)

In 2z,

£3(21,2)=—2V2;32 T]-_ZZ)-FZlHZZ. (A24)

Note that¢, and &, increase logarithmically with large, or

Z,, while &; decreases. To illustrate the situation we con-

sider a special case af=z,=z, where¢;'s reduce to

(Z ) (A25)

&1(2)=z2

—F— In z],
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1 z?

&(2)= =) ﬁ(z 1 Inz, (A26)
2 2z

&(2)= (Z =17 In z. (A27)

Clearly, asz becomes large¢; , become Irg, while &; is
vanishing. We have checked the GIM-like cancellation for
CZ. If all up-type squarks have the same mass,jthe term
disappears directly as does theV term with the same
additional conditions which apply t6°°*. However, for de-
generate squarks and charginos as wellUl®eU term can-
cels out only when th&V-ino—Higgsino mass matrix is sym-
metric, namely, tagg=1. This will be badly broken by a
large tang.

Note that M, (and\j,) for k=4,5 are effectively sup-
pressed, which violates the GIM-like cancellation Forand
partially for F,. In this work we neglect them and thus the
contributions of the right-handed supersymmetric partners of
up and charm quarks. Applying unitarity of the CKM matrix
we may further isolate a particular part of these coefficients
such that it is determined by the mass difference of the left-
handed supersymmetric partners of up and charm quarks, but
suppressed biK,,K?.. Thus we can safely ignore this part
as long agmg —myg |<|my —mg | is satisfied. As a re-
sult, we end up with coefficients proportional K,Kf;
they depend explicitly upon six masses, , M, M and

the

X112
m;, as well as three mixing angle@l 6V, and 6, ; t
latter two angles apply to thé/-ino and Higgsino.

[1] CLEO Collaboration, R. Ammaet al, Phys. Rev. Lett71,
674 (1993; B. Barishet al, ibid. 74, 2885(1995.
[2] J. L. Hewett, inSpin-Structure in High Energy Process@so-

ceedings of the 21st SLAC Summer Institute, Stanford, Cali-

fornia, 1993, edited by L. De Porcel and C. Dunwoo@eAC
Report No. 444, Stanford, 1994

[3] CLEO Collaboration, B. Baleset al, Report No. CLEO
CONF 94-4 (unpublishegf CDF Collaboration, C. Anway-
Wiese, inThe Albugquerque Meetingroceedings of the Meet-
ing of the Division of Particles and Fields of the APS, Albu-
querque, New Mexico, 1994, edited by S. Seidéorld
Scientific, Singapore, 1993

[4] Dongsheng Liu and R. Delbourgo, Phys. Rev.53, 548
(1996.

[5] J. L. Hewett, Phys. Rev. B3, 4964(1996.

[6] A. Ali, T. Mannel, and T. Morozumi, Phys. Lett. B73 505
(1992).

[7] R. Delbourgo and Dongsheng Liu, Phys. Rev.5D, 118
(1995.

[8] A. Ali, G. F. Giudice, and T. Mannel, Z. Phys. 67, 417
(1995.

[9] Dongsheng Liu, Phys. Lett. B46, 355(1995; Phys. Rev. D
52, 5056(1995.

[10] P. Cho, M. Misiak, and D. Wyler, Phys. Rev. B4, 3329
(1996.

[11] C. Greub, A. loannissian, and D. Wyler, Phys. Lett346, 149
(1995.

[12] B. Grinstein, M. J. Savage, and M. B. Wise, Nucl. PHy319,
271(1989; R. Griganis, P. J. O’'Donnell, M. Sutherland, and
H. Navelet, Phys. Lett. 23 239(1989; G. Cella, G. Ric-
ciardi, and A. Vicerejbid. 258 212 (199J).

[13] N. G. Deshpande, K. Panose, and J. Trampetic, Phys. Lett. B
308, 322(1993.

[14] N. G. Deshpande and J. Trampetic, Phys. Rev. [68t2583
(1988.

[15] T. Inami and C. S. Lim, Prog. Theor. Phyg5, 297 (1981).

[16] M. Misiak, Nucl. PhysB393 23(1993; B439 461(E) (1995.

[17] A. J. Buras and M. Muenz, Phys. Rev.32, 186(1995.

[18] N. G. Deshpande, J. Trampetic, and K. Panose, Phys. Rev. D
39, 1461(1989; C. S. Lim, T. Morozumi, and A. |. Sanda,
Phys. Lett. B218 343(1989; C. A. Dominguez, N. Paver,
and Riazuddin, Z. Phys. @8, 55 (1990.

[19] Particle Data Group, R. M. Barnettf al. Phys. Rev. D54, 1
(1996.

[20] R. G. Ellis, G. C. Joshi, and M. Matsuda, Phys. Lett1B9,
119(1986.

[21] B. Grinstein and M. B. Wise, Phys. Lett. B1, 274 (1988.

[22] Wei-Shu Hou and R. S. Willey, Phys. Lett.Z292, 391(1988.

[23] B. Grinstein, M. J. Savage, and M. B. Wise, Nucl. PHy339,

26 (1990.

[24] C-H. Chang and C. Lu Report
hep-ph/9507384unpublished

[25] J. L. Hewett, Phys. Rev. Lett0, 1045(1993; V. Barger, M.

No. AS-ITP-95-23,



7058 DONGSHENG LIU AND R. DELBOURGO 55

S. Berger, and R. Phillipshid. 70, 1368(1993. 1371(1995.
[26] S. Bertolini, F. Borzumati, and A. Masisero, Nucl. PhB853 [29] R. Barbieri and G. F. Giudice, Phys. Lett. 389, 86 (1993.
591 (199)). [30] R. Garisto and J. N. Ng, Phys. Lett. ®5 372(1993.
[27] See, for example, A. B. Lahanas and D. V. Nanopoulos, Phys[31] A. F. Falk, M. Luke, and M. J. Savage, Phys. Rev4®) 3367
Rep.145 1(1998; H. E. Haber and G. L. Kanébid. 117, 75 (1994.
(1987). [32] A. Ali, G. Hiller, L. T. Handoko and T. Morozumi, Phys. Rev.
[28] Numerically, we adoptedy=1/24.11 andVy=10'%18"GeV D 55, 4105(1997.

obtained in J. Wu, R. Arnowitt, and P. Nath, Phys. Re\6I)  [33] O. Ba and N. Pott, Phys. Rev. B5, 1684 (1997.



