PHYSICAL REVIEW D, VOLUME 64, 055007

New physics effects to the lepton polarizations in th&—KI|*1~ decay
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Using the general, model independent form of the effective Hamiltonian, the general expressions of the
longitudinal, normal, and transversal polarization asymmetries fandl * and combinations of them for the
exclusiveB—KI*1~ decay are found. The sensitivity of lepton polarizations and their combinations on new
Wilson coefficients are studied. It is found that there exist regions of Wilson coefficients for which the
branching ratio coincides with the standard model result while the lepton polarizations differ substantially from
the standard model prediction. Hence, studying lepton polarization in these regions of new Wilson coefficients
can serve as a promising tool for establishing new physics beyond the standard model.
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[. INTRODUCTION possible to measure them, especially in the™ channel.
This work is organized as follows. In Sec. Il, using a

The twoB meson factories BaBar and Belle, which havegeneral form of four-Fermi interaction, we derive general
already started operation, have opened an exciting new era @xpressions for the longitudinal, transversal, and normal po-
studying the physics oB mesons. Both factories already larizations of leptons. In Sec. Ill we investigate the sensitiv-
presented thrilling results 0@ P violation [1]. The physics ity of the above-mentioned polarizations to the new Wilson
program of theB factories contain two main directions: de- coefficients. At the end of this section we also present our
tailed study ofCP violation in B4 decays and precise mea- conclusions.
surement of rare flavor changing neutral cur@f@NC) pro-
cesses. It is well known that FCNC processes are very |I. CALCULATION OF LEPTON POLARIZATIONS
sensitive to new physics beyond the standard mog#). ) ) o
So, the main goal of the ongoing investigation®dactories In this section we compute the lepton polarization asym-
is to find inconsistencies within the SM, in particular, to find Metries, using the most general, model independent form of
indications of new physics in the flavor ar@P violating the efﬁre(itlve Hgmﬂtqman. The effective Hgmﬂtonlan for the
sectorg2]. New physics effects can appear in r&eneson b—>sI_ _I tran§|t|on in terms Qf 12_mode| independent four-
decays in two different ways: either through new contribu-F&rmi interactions can be written in the form
tions to the Wilson coefficients existing in the SM, or )
through new structures in the effective Hamiltonian which :E * <. 4T

. ; eff VisVip| Csisio,, —Lbly*l

are absent in the SM. Rai meson decays induced by the NY G
b—s(d)I*1~ transition were extensively studied in the
framework of the SM and its various extensi¢Bs-19. One
of the efficient ways to establish new physics beyond the SM
is the measurement of the lepton polarizatjd®—26. All
previous studies of the lepton polarization were limited to the
SM and its minimal extensions, except in Ref23,24. In

14

+ CppSi 0, RBTyH +CI9'5; y,b, T, 71,
q

+CL%SLY,ubU RYIR T CriSrY,ubRILY#1L

Ref. [23] an analysis of ther lepton polarization for the +CRR§R7’MbR|_R7’“|R+ CLrLrSLbRI IR
inclusiveb—sr* 7~ decay was presented in a model inde- . - _
pendent way, and in Ref26] lepton polarizations were in- +CriLrSRPLI LIRT CLrRriSLPRIRIL+ CririSRPLRIL

vestigated using the most general model independent Hamil-
tonian for theB—K*1 %1~ decay.

The aim of this work is to study lepton polarizations in
the exclusiveB— K1 *1~ decay using the general form of the
effective Hamiltonian including all possible forms of inter- where the chiral projection operatdrsandR in Eq. (1) are
actions. Here we will study. and 7 leptonic modes for the defined as
following two reasons. First, electron polarization is hard to
measure experimentally, and second, it is well known that in 1-vs R— 1+ys
the SM the normaP, and transversaP polarizations are 2 2

both proportional to the lepton mass and hence it might be o o _
Cy are the coefficients of the four-Fermi interactions, and

d=ps— Pk IS the momentum transfer. Note that among 12

+C1S0,,blo*| +iCreet"Psa, blogl i, (1)

*Email address: taliev@metu.edu.tr Wilson coefficients several already exist in the SM. The co-
. L ff

"Email address: altugoz@metu.edu.tr efficients C5. and Cgg correspond to—2m,C?" and

*Email address: savci@metu.edu.tr —2m,CE'" in the SM, respectively. The next four terms in

0556-2821/2001/6%)/05500710)/$20.00 64 055007-1 ©2001 The American Physical Society



T. M. ALIEV, M. K. CAKMAK, A. O ZPINECI, AND M. SAVCI PHYSICAL REVIEW D 64 055007

Eq. (1) are vector type interactions with coefficien®]',  Taking Egs.(1)—(4) into account, the matrix element of the

Cl Cg., andCgrg. Two of these vector interactions con- B—KI ™1~ decay can be written as

taining C{$' and C[% also exist in the SM in the form

eff eff ot M(B—KITI7)
(ce'—Cyp) and (C§'"'+ Cy). Therefore we can say tha{'
andC|% describe the sum of the contributions from the SM Gra _
and the new physics, and they can be written as :thbvfsﬁ YI[A(ps+pk) .+ Ba,]
o

CtOt:Ceff_C +C, . _ -
Lo T + 1yl [C(ps+Pk) ,+ DA, ]+ 11Q+1y5IN

+4lo#*"1(—iG)[ (Pt Pk) .8, — (Pt Pk)10,]
The terms with coefficientC g r, Criir: CiLrrL, and B _
Cr.r. describe scalar-type interactions. The last two terms, FH T gl (Pet Pl (Pat PG
with the coefficient<C; andC+g, obviously describe tensor- (6)
type interactions.
Exclusive B—KI "1~ decay is described by the matrix
element of an effective Hamiltonian ov@& and K meson

tot _ ff
CiR=C§"+Co+Cr.

The auxiliary functions above are defined as

f
states, which can be parametrized in terms of form factors. ItA=(C{{'+C{R+ CrL+Crp)f+ +2(Cgr+ C50ﬁ1
follows from Eq.(1) that in order to calculate the amplitude BTUK

T . .
21‘83(1;3 KI™1~ decay, the following matrix elements are B:(CtLoLt+C}_oF§+ Cri+Crr)f_—2(Car+Csl)
_ fr
(K|sy,b|B), X———————(mg—m2),
g (mg+my)q?
(K|sir,,a"bIB), C=(Cl%+ Cra— CIY'— L)t
(Klsb[B), D=(C{k+Crr—CiT—Cruf -,
(K|so,,b[B). m2 —m2
Q:fom(CLRLR+ CrLLrtT Cirrit CrirD:
These matrix elements are defined as b s
2 2
P mé_mﬁ N:fOM(CLRLR—’_ CRLLR_CLRRL_ CRLRL)!
(K(pk)[sy,b[B(pe)) =T | (Pa+Pk) .~ = Ay Mp— Mg
C
2 2 T
mg—m G= fr,
+fo———0,, ) mg+mg T
q
i e CTE g 7
with f, (0)=f,(0): = Marme T (0
— . T where
(K(pi)ls0,.,b|B(pe))=—i =" [(Ps+ P)ud,
mg — mg
—d,(Ps+t Pk),]- 3 fo=(fo—f,) 7

The_ matrix  elements (K(py)|si U“Vg b|B(pB)_> and It follows immediately from Eq.(6) that the difference
(K|sb|B) can be calculated by contracting both sides of EdStrom the SM is due to the last four terms only, namely,

(2) and (3) with g*, and using the equation of motion we gca|ar- and tensor-type interactions. In other words, the SM

obtain result for the matrix element of tH@— K| "1~ decay can be
o 5 obtained from Eq(6) by making the following replacement:
oF Mg~ Mi Q=N=G=H=0; in the expressions fak B, C, andD [see
(K(pk)|sb[B(pg))=fo——, 4 N o e Ll
mb mS Eq (7)] we takeCLL—CLR— CRL_ CRR_O' US|ng Eq(6)
we next calculate the final lepton polarizations for tRe
— , fr ) —KI*I~ decay. For this purpose we define the orthogonal
(K(pk)lsio,,q b|B(pB)>_mB+mK[(pB+ Pk) .4 unit vectorS, “ in the rest frame of ~, and the unitS/ * in
. the rest frame of *, for the polarization of leptons along the
—d,(mg—mi)]. () longitudinal (L), transversal T), and normalN) directions:
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-

S e (04) (0 p_ A=—128mgm RgAG*)+32mim?(1—r) Rg CD*)
L =Ue )= U=
Ip-|

+16m3m;(1—r)Re(CN*)+ 16m3m?s| D |2+ 4m3s|N|?

. 1024
Pr X p) +16m2msRe(DN*) + —— xmsv2|H|?

s#z(o,é)z(o, A 3
A N Pk p_|

4
+4masv?|QI2+ ; Amgs(3—v?)[Al

Sr#=(0er)=(0eyxep), 3
256
) B, +T)\mgs(3—vz)|G|2
sfﬂz(o,ef)=(o, = )
Ip-|

4
o + gmes{2a— (1-v?)[22-3(1-n)*[C|>
sgﬂz(o,é,;)=(o,‘3Kx—E+),
X
[PX | The polarizationd, , Py, andP+ are defined as

Sy#=(0e7)=(0ey xe), ®
> > = dr A(F) = a(+) dr A(F) = — al¥)
wherep- andpg are the three momenta bf andK meson d_qz(n =€ )_d_qz(n =—&")
in the center of maséc.m) frame of thel I~ system, re- P(F)(g?)= ,
spectively. The longitudinal unit vector§, and S are £(ﬁ(¢)_é’(1))+£(ﬁ(1)__é’(:))
boosted to the c.m. frame of |~ by Lorentz transforma- dq? o dg? I
tions,
) p_| Ep_ where P(*) represents the charged lepttri) polarization
S Em= WW , asymmetry foi =L,N, T, i.e.,P, andP are the longitudinal
|

and transversal asymmetries in the decay plane, respectively,
(9 andPy is the normal component to both of them. With re-
lp_|  Ep- ) spect to the direction of the lepton polarizatidh, and P+

are P odd andT even, whilePy is P even,T odd, andCP
odd. Calculations lead to the following results for longitudi-
nal, transversal, and normal polarizations of the:

m m||f),|

while vectorsSy and§T are not changed by the boost.
The differential decay rate of thB—KI*|~ decay for

any spin directiom™) of the I*), wheren) is the unit (;)_4”1%0

vector in thel () rest frame, can be written as A

4 5 64 >
ig)\mB Re(AC*)ig)\mBm, ReCG*)

> 64
dr(n®) _1fdr 25) 4 o2 — — xmém, Re(AH*)—4m(1—r) Re(CQ*
—a7 " 2lag [1+ (P& + P(Ie( 3 MMM R(AH™) i(1-r) Re(CQ*)
° 256
+PEIE) . A, (10 + T>\mgs Re(GH*)—4m;s R¢DQ*)
where @I'/dg?), corresponds to the unpolarized di'ffergntial _9 RE(NQ*)], (12)
decay rate, an®, , Py, and Pt represent the longitudinal,

normal, and transversal polarizations, respectively. The ex-
pression for the unpolarized differential decay rate in Eq.

(10) is o amiys\ [ 4
P{=————{ =-m(1-r) R(AC*)
dr Gia?
(—2) =%|vtbv:s|2>\l’2(1,r,s)vA, (11 64 ) . .

dq 0 2> mg ﬂug(l—r)mI ReCG*)*+=4m, Rg AD*)
where \(1r,8)=1+r2+s?—2r—2s—2rs, s=q?/m3, r +64m’ Re(DG*) =2 RgAN*)+32m Re(GN*)
=m2/m3, andv=\/1—4m?/q? is the lepton velocity. The
explicit form of A is +20? Re(CQ*)], (13
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B mgv\/a . TABLE I. Central values of the parameters for the parametriza-
P('\r):T{A'm' Im(CD*)+2 Im(CN*) tion [Eg. (15)] of the B—K decay form factors.
T2 Im(AQ*)+32m, Im(CG*)}. (14) fe fo fr
F(0) 0.319 0.319 0.355
From these expressions we can make the following con¢: 1.465 0.633 1.478
clusion. Contributions from the SM tB_ and P, are ex- Cz 0.372 —0.095 0.373
actly the same but with the opposite sign. However, contri€s 0.782 0.591 0.700

butions toP, and P,” coming from new interactions can

have the same sign or opposite signs. This can be useful in

looking for new physics. F(s)=F(0)exp(c 5+ Cys°+¢38%), (15
From Eg.(13) we observe that at the zero lepton mass

limit, contributions coming from scalar interactions survive. Where the values of parameté¥¢0), ¢, c3, andcs for the

Similarly, terms coming from scalar and tensor interactiond3— K decay are listed in Table I. o
survive in the massless lepton limit 18 . Therefore, the ~__FTOM the expressions for the lepton polarizations we see
experimentally measured value Bf ) for B— Kt x~ can that they all de_pend oQ a_nql the new Wilson coefficients. It

: - : ’ . . may be experimentally difficult to study the dependence of
give a very promising hint when looking for new physics

b L he the polarizations of each lepton on both quantities. There-
eyond the SM. About normal polarization we can commen ore, we eliminate the dependence of the lepton polarizations
as follows. In the present work we assume that all form = ™’ P pton p

2 . - . -
factors and all new Wilson coefficients are real. Under thisﬁi?ﬂ' grr;ak'zi}éfflergoirg?:ngoafhg':t?hger?gotnor?vqofalrri]zglﬁ)r?s”(;vrveeiver-
condition the function€, D, N, andG are real in the SM and gon, P P

beyond it, and only the functiod has an imaginary part aged. The averaged lepton polarizations are defined as

coming from C§'". Therefore, the term+ Im (AQ*) : dB
makes a contribution to botRy , and for this reasorPy J(mb_mK) P, — dc?

1
=P =0 in the SM andP+P,;=0 beyond it, under the (P)— am; dq? 16
above-mentioned condition. It follows from E(.4) that the : (my-mg)2 dB '
difference betweerPy and Py is due to the existence of L 2 dq2dq2
m,

scalar interaction. Incidentally, we should note that a similar

situation takes place for lepton polarizations in tBe We present our results in a series of figures. Note that in

—K*1 "1~ decay[26]. It follows from this discussion that a Il figures we presented the value @§'" is chosen to have
measurement of the lepton polarization of each lepton, and q'ng P

combined analysis of lepton and antilepton polariza’[ions'.tS SM value, i.e.C7''=~0.313, F|gure§ L and 2. degt the
P +P; andP; —P$, can provide very useful information d€pendence of the averaged IonE]|tud|naI polariza(ien)
to constrain or discover new physics beyond the SM; thef |~ and the fcfomblnatloKIPL +P’) on new Wilson coef-
polarizations are all zero in the SM in the limit of masslessficients, atC7"'=—0.313 for B»Ku"u~ decay. From
leptons. Therefore if in experiments of nonzero value of thehese figures we see the, ) is sensitive to the existence of
above mentioned combined lepton asymmetries was olall new interactions except to vector and scalar interactions
served, this can be considered the discovery of new physiagith coefficientsC | ,Cg andCg | r,C rLr, respectively,
beyond that of the SM. while the combined averad®, + P|") is sensitive to scalar-
type interactions only. It is interesting that contributions from
CrLLr'CLrLr (CLRrRL,CrLRrL to the combined asymmetry
are always negativgpositive). Therefore, a determination of
First we introduce the values of the input parameters usethe sign of(P_ +P") can be useful in discriminating the
in the present work:|Vy,V%|=0.0385, o 1=129, G-  type of the interaction. From Fig. 2 we see ti&{ +P)
=1.17xX107° GeV ?, [g=4.22¥ 1013 Gev, cgff =0 at Cx=0, which confirms the SM result, as expected.
—4.344, andC = —4.669. It is well known that the Wilson For the other choice oE$'", i.e., C5''=0.313, the situation
coefficientC§'" receives short as well as long distance con-is similar to the previous case, but the magnitude(®f
tributions from the reatc intermediate states, i.e., with the T P ) i smaller. Figures 3 and 4 are the same as Figs. 1 and
3/ family, but in this work we consider only short distance 2, but for B—K7" 7~ decay. In this case the difference of
contributions. Experimental data @#{B— Xy) fix only the  the dependence of the longitudinal polarizat{h ) on new
modulo of C$'". For this reason, throughout our analysis we Wilson coefficients from the muon case is as follows: In the
have considered both possibilities, i65''= +0.313, where Muon cas¢P, ) is negative for all values of the new Wilson
the upper sign corresponds to the SM prediction. coefficients, while for ther case(P, ) can receive both val-
For the values of the form factors, we have used the retes; for example foCy<—1, (P_) is positive, and for
sults of Ref[27] (also see Ref$28,29). Theq? dependence C;>—1, (P_) is negative.
of the form factors can be represented in terms of three pa- It is obvious from Fig. 4 that if the values of the new
rameters as Wilson coefficientsC, grri» Cirir: CriLr:» CrLrL, @nd

I1l. NUMERICAL ANALYSIS
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FIG. 1. The dependence of the
average longitudinal polarization
asymmetry(P_) of a muon on
the new Wilson coefficients.

FIG. 2. The dependence of the
combined average longitudinal
polarization — asymmetry (P,
+P/) of I~ and|* on the new
Wilson coefficients for theB
—Ku~ u* decay.

FIG. 3. The same as in Fig. 1,
but for theB— K7~ 7" decay.
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FIG. 4. The same as Fig. 2, but
for theB—Kr 7" decay.

+ P]:I'>(B — K r%)

L

P

{

] 1 ] 1 ]
-4.0 -2.0 0.0 2.0 4.0

Cx

Cre are negative(positive, (P_ +P,") is negative(posi- for the negative(positive) values of the new Wilson coeffi-

tive). A similar situation takes place fa8$'™>0. For these ~cientsCirgr  andCg g, and positive(negative for the co-

reasons a determination of the sign and of course magnitud®ficientsCi ri g and Cgy r. Remember that in the SM, in

of (P{+P;") can give promising information about new the massless lepton cas¢Pr)~0 and (Py—Pr)~0.

physics. Therefore, a determination of the signs and magnitudes of
In Figs. 5 and 6 the dependence of the average transversdft) and (Pt —Pr) can give provide useful information

polarization(P;) and the combinatiofP; —P1) on the about the existence of new physics. For the choic€gf

new Wilson coefficients are presented for esKu ™ u™ =0.313, apart from the minor differences in their magni-

decay, respectively. From Fig. 5 we observe that the averagéides, the behaviors ¢P) and(P; —P7) are similar to

transversal polarization is strongly dependent onlyCppg, ~ What they were in the previous case.

and Cg gL, and quite weakly dependent on the remaining As is obvious from Figs. 7 and §P7) and(P; —P{)

Wilson coefficients. It is also interesting to note that for theshow stronger dependences only @ for the B—K 7" 7~

negative(positive) values of these scalar coefficied®; ) is  decay. Again(P1) and(P; —P7) change sign a€~ —1.

negative(positive. For the(P; —PF) case, there appears to As already noted, a determination of the sign and magnitude

be strong dependence on all four scalar interactions with coof (P1) and(Pt —P{) provides useful hints when looking

efficientsC, grri» CriLr, CLrLR: @aNdCg gL The behavior for new physics.

of this combined average transversal polarization is identical In Figs. 9 and 10 we present the dependence of averaged

for the coefficient<C, g r,Crir@NdC\ gr1,CrigLin pairs, normal asymmetry(Py) for the B—Ku*u~ and B

so that four lines responsible for these interactions appearK 7" v~ decays, respectively. From these figures we see

only to be two. MoreovefP; —P) is negative(positive  that (Py) is strongly dependent on all scalar-type interac-

1 1 I I )
CT - e -
Crg --&-- -
0.6 - Cr1,Chri > 7
Ry CLR ——=-- P
—_ Crrrr, CLRLR = o
Ti 03k Crrrr, CrLRL === il
3
S
T 0.0 FIG. 5. The same as Fig. 1, but
Q ’ for the average transversal polar-
T; ization asymmetry(P7y) of a
muon.
E“/ -03} . .
06F T .
i ] 1 1 ]
-4.0 -2.0 0.0 2.0 4.0
Cx
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FIG. 6. The same as Fig. 2, but
for the transversal polarization
asymmetry{ P; —P1).

FIG. 7. The same as Fig. 5, but
for theB—K7 7" decay.

FIG. 8. The same as Fig. 6, but
for theB—K 7~ 7" decay.
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o 0.02 .
=

3

S

T 0.00 = FIG. 9. The dependence of the
[Q average normal asymmetPy,)
I/E of a muon on the new Wilson co-

efficients.

& -0.02 s

1 1 n

0.0 2.0 4.0

Cx

tions forB—Ku*u~ andB—Kr* 7~ decays. The changes that there indeed exist such regionsf in which the value
in the sign and magnitude ¢Py) that are observed in these of the branching ratio does agree with the SM result, while
figures is an indication of the fact that an experimental verithe lepton polarizations differ from the SM prediction. It

fication of them can provide unambiguous information aboufollows from pairing of Figs. 3 and 11, 7 and 13, and 8 and
14 that if C; lies in the region—2<C;=<0, the above-

the new physics.

In the present work we analyzed the possibility of pinningMentioned condition, i.e., the mismatch of the polarizations

down new physics beyond that of the SM by studying lepto

rin the standard model and the new physics, is fulfilled. On

the other hand, one can immediately see from Fig. 12 that
ing ratio of theB—KI*I~ decay also depends on the new such a region for the combined average longitudinal lepton

Wilson coefficients, and hence we expect that it can giVé:)olarlzatlon does not exist, and he_nce it is not swte_able toa
search for new physics. Note that in all figures the intersec-

information about the new physics. In this connection there[ion point of all curves correspond to the SM case. This

follows a question: Can one establish new physics by studyz,5\vsis allows us to conclude that there exist certain regions

ing the lepton polarizations only? In other words, are there,t ney wilson coefficients for which a study of the lepton
regions of the new Wilson coefficienG in which the value —|arization itself can give promising information about new
of the branching ratio coincides with that of the SM predic- ppysics,

tion, but the value of the lepton polarization does not? In Finally, a few words about the detectibilty of the lepton
order to answer this question, in Figs. 11-14 we present thgolarization asymmetries & factories or future hadron col-
dependence of the branching ratio on the average and coriders are in order. As an estimation, we choose the averaged
bined average polarizations of the leptons. In these figuregalues of the longitudinal polarization of muon and transver-
the value of the branching ratio ranges between the valuesal and normal polarizations of thelepton, which are ap-
10 '<sB(B—K7"77)<3.5x10 ’. These figures depict proximately close to the SM prediction, i.€P )=—0.9,

polarizations only. It follows from Eq(11) that the branch-

u 1 I I L
0.04 Criir,CLrir
Crrrr, CRLRL — ==
o
-
~
S
T FIG. 10. The dependence of
0 the average normal polarization
= asymmetry( Py ) on the new Wil-
IQ? . son coefficients for the B
~  -0.02} e _ —K7~ 7" decay.
-0.04 1 1 ] ] [
-4.0 -2.0 0.0 2.0 4.0
Cx
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0.2 e o =
e T o A
',A_.:_’__-A——'— &
1 T
+
l\ - .
" - FIG. 11. Parametric plot of the
o 02 correlation between the integrated
T ’ branching ratio B (in units of
S N e VOO 10~7) and the average longitudi-
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(Pr)=0.6, and(Py)=—0.01. Experimentally, to measure hand, the number dB pairs that is expected to be produced
an asymmetry P;) of a decay with the branching rat®at  at B factories is aboutN~5x10°. A comparison of these
the no level, the required number of events is given by thenumbers allows us to conclude that while a measurement of
formulaN=n?/(B(P;)2. It follows from this expression that the normal polarization of the lepton is impossible, mea-

to observe the lepton polarizatiofB, ), (Pt), and(Py) in  surements of the longitudinal polarization of muon and trans-
B—K7" 7~ decay at the & level, the expected number of versal polarization of- lepton could be accessible Btfac-
events areN=(1;3;10")x 10, respectively. On the other tories[30].
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