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The effect of lepton transverse polarizationB—D | "y, B+*>50|+V| decays (= r,u) is analyzed
within the framework of the standard model in the leading order of heavy quark effective theory. It is shown
that a nonzero transverse polarization appears due to the electromagnetic final state interaction. The diagrams
with intermediateD,D* mesons contributing to the nonvanishifg are considered. Regarding only the
contribution of these mesons, the values of thkepton transverse polarization averaged over the physical
region in theB®>—~D~ 7" »; andB* — D" v, decays are equal to 2.600 3 and—1.59x 103, respectively.
In the case of muon decay modes the valueéRyf) are equal to 2.92 10 % and —6.79x 10 .
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I. INTRODUCTION experiment, where the following result was obtainégl
In spite of the remarkable phenomenological success of P+=—0.0042+ 0.0049 stah + 0.0009sysb. 1)

the standard moddISM) the problem of theC P-violation

mechanism still remains unexplained. In the €NP viola-  This experimental result does not allow us to state that the
tion appears due to the complexity of the Cabibbo-value ofPy is stipulated by new physics effects. However, an
Kobayashi-Maskaw&CKM) matrix; however, there is a set increase of experimental accuracy is planned in the nearest
of models offering other mechanisms ©fP violation. For  future, which seems very promising from the point of
instance, the Weinberg three Higgs boson doublets model i€ P-violation research.
one of the simplest SM extensions, wh&® violation ap- Another experimental observable, suppressed in the SM,
pears due to the complex Higgs boson couplings to fermionis the T-odd correlation in charged kaon decdy$ (the dis-
[1]. Investigation of theC P-violation phenomenon will help tribution of the decay width over the kinematical variable,
us to understand this mechanism and, hence, to clarify one gfhich is the mixing product of the final particle momenta,
the fundamental problems of elementary particle physics. for instance,p,-[p,Xd] in K*—mu*vy decay. The
The experimental observables sensitiveQ®-violating  small SM contribution to this observable can be explained in
effects are, for example, transverse lepton polarization ithe same way, as the SM contribution to the lepton transverse
weak decays and thBodd correlation. Muon transverse po- polarization inK,,, decay. Here, new perspectives to search
larization in theK " — u " v#%, K" — u* vy processes is ob- for T-odd contributions from new physiscs are connected
ject of intensive study by many theoretical and experimentaWith the OKA experimen{8], where it is planned to achieve
groups. In some SM extensions a nonzero transverse muen7 X 10° events forK,3, decay.
polarization appears already at the tree 1§28]. The SM Aside from K-meson decays, it is possible to study the
contribution to lepton transverse polarization is equal to zerdepton transverse polarization in similBrmeson decays. It
in the leading order, and this fact explains the smallness o$hould be noted that the value Bf is especially sensitive to
the SM background. The final state interaction gives rise to & P-violating Higgs boson Yukawa couplings in these de-
nonzero CP-conserving contribution toPy. In K™ cays. Obviously, in the case Bf~D®*)rv_, the value of the
— u" vy decay the lepton transverse polarization appears dtansverse polarization, due to the complexity of these cou-
the one-loop level and varies in the range of (0:01.1)  plings, is (mym,)/(msm,) ~800 times greater theRr in the
x 1072 on a Dalitz plot. TheP; value averaged over the analogouK — 7w v, decay.
physical region with the cut on photon enerdy, In [9-11] the effects ofC P-violating transverse polariza-
=20 MeV is equal to 4.7810 4 [2]. In K" = u*v7Y de-  tion of leptons in the decayB— D (*)l v in various SM ex-
cay the muon transverse polarization is of ordefl0®  tensions were analyzed. From these studies it follows that the
[4,5], and therefore this decay is rather effective in searching-lepton transverse polarization can have valgs<1 in
for new physics effects. A measurement of muon transversmodels with C P-violation in the Higgs sectof9,10], and
polarization in this process was carried out by the KEK-E246P+<0.26 in the leptoquark mode[d1]. Thus, one can ex-
pect that the value of the transverse polarization in various
extensions of the SM is rather large. However, to estimate
*On leave of absence from Institute for High Energy Physics,the impact of new physics and perform a dedicated study of
Protvino, 142284 Russia. Email address: andre@ift.unesp.br the polarization phenomenon it is necessary to carry out the
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calculation of the SM contribution to this observable. In thisments of the vector current betweBnandD (D* andD)
paper we calculate th€ P-conserving SM contribution to states. In the framework of HQET the form factors of these
P in B*—D% " v decays (= 7,u). For simplicity, the cal- Matrix elements are also expressed through the Isgur-Wise
culations are carried out in the framework of heavy quarkfunction:

effective theory(HQET) the leading approximation of ihg

expansion. It is shown below that the value of the transverse (D(p")|cy*c|D(k))=E&(w")(p'*+kH),
polarization is not equal to zero if and only if there is a

nonzero phase shift of decay form factors. The electromag- o g( D

netic final state interaction induces a nonzero phase shift at (D(p")|cy*c|D* (k,e))=— — ———eHrabe €,0.Kg,

the one-loop level and that, in turn, results in a nonzero value
of Pt. In our calculations we take into account only the
(D,D*) doublet contribution to the transverse polarization.

In the next section we discuss the matrix elements con
tributing to the polarization value. In Sec. Il the procedure
for the transverse polarization calculation is given. The las
section contains results and discussion.

4

wherew’=(kp’)/(mpmg). TheD andD* mass difference
is neglected in Eqs(3) and (4) as it does not contribute to
%hese matrix elements in the leading order of HQET.

The function¢ is conventionally parametrized as

— 2
Il. MATRIX ELEMENTS Hw)=1-pHo-1). ®
The general form for théD(D*)|V#(A*)|B) matrix el-  In numerical estimates we use the vapfe=0.94 obtained in
ements is as follows: [14] within the framework of the potential quark model. This

result is in good agreement with the experimental {ag.
(D(K)|[VH[B(p))=T,(p*+k*)+f_(p“—kH), Different values cannot drastically change the numerical re-
sults, since the kinematical area of the decay is quite narrow.

(D(k)|A*[B(p))=0, In the B—Drv, decay, o varies from 1 to M3+m3

—m?)/2mgmp=1.43, and in thé— D wv,, decay this value
varies in the range of 1-1.59.

The (D|J%,/D*) and (D|J%,|D) matrix elements,
whereJ4 , is the electromagnetic current, are also required.
+ag(e* p)kH, (2 It is possible to write down this operator as the sum of heavy
and light quark components:

(D*(k,€)|V¥[B(p))= —ive*"*Pek,pg,

(D*(k,€)|A[B(p))=ay(€" )" +ay(e*p)p”

whereV#=by*c and A*=by*ysc.

The (D(k)|A*|B(p)) matrix element is equal to zero, JE =IR+HI. (6)
since it is impossible to construct an axial vector composed
of the two momenta available. In our calculations we use thQ'he matrix elements of the heavy component of this electro-

following definition of the Levi-Civitatensor:e®'?%=1. “magnetic current are expressed through the Isgur-Wise func-
Estimates of the transverse polarization are carried out ifion (4):

the leading order of HQET, i.e., under the assumption of
my ,m.—o0. In this approximation the form factors of the (D(p")|IEID(K)) = — qeé(w” ) (p'#+ kM),
process are expressed in terms of the Isgur-Wise function
£(vv') [12,13 and, accordingly, expressiolig) can be re-

written as (D(p’)|Jﬁ|D*(k,e)>=|qc§i§;)e‘”“ﬁeyp;kﬂ, ()
D(k)|V*|B = {(w) # k#
(D) V¥[B(p))= m(mDp +mgk®), whereq, is the c-quark charge. The matrix elements

have the form
(D(k)|A¥|B(p))=0, -
(D(pHIIDK))=afi(q%)(p*+k*),

. (o)
* " — i 2 T aMvaeB_* , B va ’
(D* (k) V¥IB(p) =~ ==, Kab. (D(p")|3|D* (k,€))=iq BIA(aP) e Pe,plks,  (8)
o whereq, is the light quark charge arf§?(0)=1. The con-
(D*(k,e)|A*|B(p))= \/_ [(mgmp+ pk) e*# stantg evaluated ir{15] is equal to 1.9 GeV™. In our cal-
MpMg culations we use g° dependence of thg(g?) form factors
—(e*p)k¥], (3) (i=1,2), obtained under the assumption of the dominant

contribution of thew andp resonances to these form factors
where o= (pk)/(mpmg). Except for the given matrix ele- [16]. Neglecting thew- and p-meson mass difference, the
ments, it is necessary to take into account the matrix eleexpressions fof;| take the form
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1

=7, i=1,2,
1-g?/m}

9)

fl
wherem,, is the p-meson mass.

IIl. LEPTON TRANSVERSE POLARIZATION

The amplitude oB—D(D*)I* v, decay can be written as
follows:

Gr —
M= EVZb<DIV“—A“IB>u(pV)(1+ ¥s) Y0 (P1),

(10
whereGg is the Fermi constant andf,, is the corresponding
CKM matrix element. The matrix element®|V*—A*|B)
are discussed in the previous section. For the case oBthe

— DIl v, process it is convenient to introduce the following
parametrization of the amplitude:

MZG—\/gVé‘bU(pv)(l—i- ¥5)(C1p+Cou(p). (11

It should be noted that Eq11) is the most general form
of the decay amplitude. The expressions @y,C, in the
leading order of HQET can be written as follows:

é(w)
VmgMp

é(w)
Vmgmp

The partial width of theB— DI *», decay in theB-meson
rest frame can be expressed as

2 M?

- A5(D—Dr— D) —
mg (2™ 0P~ P PI—P,)

Ci= (mp+mg),

C,= (mgmy). (12

dr

cpp  dp Oy
(2m)32E, (2m)°2E, (2m)32E,,

13

where summation over lepton and photon spin states is pefjone in[17] for the case of thé°

formed.

Introducing the unit vector along the muon spin direction

in the lepton rest frames, wheree (i=L,N,T) are the unit

PHYSICAL REVIEW D 66, 074019 (2002
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v

D (D) D

FIG. 1. Feynman diagrams contributing to lepton transverse po-
larization inB°—D "1y, decay at the one-loop level of the SM.

- by s P X (PoXPy)

==, &N ==,
pil [P X (PpX Py

. PpXp

b= Pl (15)
[Po X pil

With this definition of theé vectors,Pt,P, , andPy denote
the transverse, longitudinal, and normal components of the
muon polarization, respectively.

The Dalitz plot probability density has the following
form:

po=G&|Vep|T4|C1|2(pp,) (PP +2/Col%(p,p)
—2|C4/%(p,p)) Mz —4m Re(C,CY ) (pp,)]. (16)

The expression for transverse polarization can be written as
follows:

pT
PT:_, (17)
Po
wherept has the form
pr=4GE|Vey|’mg IM(C,C3)[pox Pyl (18)

Obviously, the lepton transverse polarization arises only in
the case of nonzero phase shift betwe&enand C, form
factors. At the tree level of the SM these form factors are real
and thus the lepton transverse polarization in this case is
equal to zero. The nonvanishify arises due to the effect of
the final state interaction. To calculate the imaginary parts of
the form factors one can use tl&ematrix unitarity as was
— uv decay.

The diagrams inducing the transverse lepton polarization
are shown in Fig. 1. As was mentioned earlier, in our calcu-
lations we take into account only the diagrams with interme-

vectors along the longitudinal, normal, and transverse comdiate D,D* mesons. The contribution of these diagrams to
ponents of the lepton polarization, one can write down thehe imaginary part of the decay amplitude can be written as
matrix element squared for the transition into the particulafg|lows:

lepton polarization state in the following form:

IM[2=po[ 1+ (P& +Pyén+ Préy)-sl, (14)

wherep, is the Dalitz plot probability density averaged over

polarization states. The unit vectoés can be expressed in
terms of the three-momenta of the final particles:

Ge. .

ImM=— cbzif d—si(pv)(“75)70(R|—m|)wv(P|)
2 2m) @

>

n=D,D*

(D]35In){n|V7—A"|B), (19)
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where k| ,kp denote the four-momenta of the intermediate
D,D* mesons, respectivelk’=(kp—pp)? is the squared
transferred momentum, andp is the two-particle phase
space. Expressions for td®|J} ,,/n),(n|V7—A?|B) matrix
elements are given in the previous section.

It should be noted that in the case Bf—D ~|v, decay
the D™ -meson contribution to the imaginary part comprises
an infrared divergence, but the latter does not affect the value
of transverse polarization. One may explain this fact by the
factorization of the soft photon contribution, which, in turn,
does not lead to the nonzero phase difference of form factors
required for a nonvanishing transverse polarization. Really,
in the limit of soft photon exchange,—0, one may disre-
gard the difference betweds, ,k, andpp ,p, in the numera-
tor of Eq.(19). Regarding the divergent part only and apply-  FIG. 2. The 3D plot forr-lepton transverse polarization for the
ing the Dirac equation, the formuld9) may be rewritten as case ofB°—~D "~ 7v, decay.
follows:

IV. NUMERICAL RESULTS AND DISCUSSION

e a o It is convenient to use the following,y variables:
ImM =~ —=V,—(D[(V—-A)?[B)u(p,)(1+7s)

V2
mg Mg

dp ED: X, Ey:7y, (20)

Xy.v(P)(2PPp) | —- 2
f K2

. whereEp andE,, are theD-meson and photon energiesg

So we see that the above expression repeats forthQla s the B-meson mass.
up to the divergent coefficient that leads to equal phase shifts The three-dimensional distributions of lepton transverse
in C;,C,. As for theD*-meson contribution, it is free from  polarization in the kinematical regiomy) for the processes
infrared divergence, since the matrix elem@dtJe ,,|D*) is BO—>D_TVM, B~ D~ uv, are shown in Figs. 2 and 3, re-
proportional tok,, . spectively. The contour lines foP; in these decays are

In contrast to theB°—D 1y, decay, formula(19) for  shown in Figs. 4 and 5.
B —D%y, is free from infrared divergence since the matrix  In our calculation we have taken into accolhand D*

elements forD*-D and D°-D° electromagnetic transitions contributions only. In the8°—D "1 v decay theD~ meson
are proportional tc.,, and k2, respectively. gives theldomlnant contribution to lepton polarization. Keep-

Evidently, there are contributions to transverse polarizaind in mind tzhat electromagnatic form factors reach their
tion coming from excitedD-meson states. But we assume Maximum atk’—0 one may expect thdt; reaches a maxi-
that this contribution cannot change the result dramaticallyfmum at
since the Isgur-Wise function defined in E&) is greater
than that in the case d8-meson decay into an excitdd
meson. The Isgur-Wise function for transition into the
(0*,1%) doubslet,r,(w), was calculated if18]. The value
of 71/5(1) obtained in this paper is equal to 0.24. One can se
that the heavy quark contribution By is proportional to the —P h A

. o T e s

second power ofry5(1) and the light quark contribution is 0 ,”,Z.,’.:.::.#:.;-'-? L
linear in7,,(1). Furthermore, the physical region, where the_g . 0005 TH 2

value of transverse polarization is not equal to zero is —-0.001 .8
bounded by inequalityf; + pp)?=(mp+m;)2. In the case -0.0015

of the intermediat®* meson this restriction does not cutthe =0.002

physical region significantly. Contrary to the case of the in-

termediate state with@* meson, the physical region for the y

(0*,17) case is strongly confined, which results in the re-
duction of the average transverse polarization.

The integrals entering the imaginary part of the one-loog X
decay amplitude are given in Appendix A, and Appendix B
contains expressions for the imaginary parts of the form fac- FIG. 3. The 3D plot for muon transverse polarization for the
tors. case of8’—D "~ v, decay.
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Pr-10°

FIG. 4. The level lines forr-lepton transverse polarization for
the case oB°—D ™ 7v_ decay.

Mo mé+(mD+ m,)? FIG. 6. The 3D plot forr-lepton transverse polarization for the
, case ofB* — D%, decay.

X=
mp+m, m3

behaves as- ki S0 one may suppose that the maximum of
P+ is shifted from the point defined by EQ1) that corre-
sponds to our result.

The values of transverse polarization averaged over the
physical region are shown in Table I.

Finally, we would like to remark that the averaged values
) .__of Py in the SM are quite small in comparison to the predic-
(0.76,0.72. The maximum of the muon transverse poIanza—tions of some modelf9—11]. This allows one to conclude

tion is at(1.08,0.08. i ; . S
The three-dimensional distributions of lepton '[ransversethat B-meson decays provide an appealing possibility to

polarization in the kinematical regiox(y) for the processes search for new physics effects.
B*—D%v,, andB*—D%uw, are shown in Figs. 6 and 7,

respectively. The contour lines fd?; in these decays are ACKNOWLEDGMENTS
shown in Figs. 8 and 9.

2 2
_om mgt(mp+m)
mp+m, m3

y (21)

Indeed, the three-dimensional distribution of-lepton
transverse polarization(Fig. 2. has a maximum at

- - The authors thank Dr. V. V. Kiselev and Dr. A. K.
| B—D"| th tribution of the Biaaie . :
_n con_trast_;o e de(?ay, © (ion 1‘3“ ‘on of the Likhoded for fruitful discussion and valuable remarks. This
intermediateD " does not dominate " —D"l» decay. ok is in part supported by the Russian Foundation for
This fact may be explained by the partial cancellation of theBasic Research, grants 99-02-16558 and 00-15-96645; the
heavy and light components of the electromagnetic current iy \ccian Education Ministry, grant E00-3.3-62, and CRDF
the physical region due to the neutrality of thd meson. If  M0-011-0. The work of A.A.L. is partially supported by
k2y< mi, the electromagnetic current of tB¥-D° transition ~ FAPESP under grant 01/0639-04.

Pr-10°

FIG. 5. The level lines for muon transverse polarization for the ~ FIG. 7. The 3D plot for muon transverse polarization for the
case ofB°—>D’,uvM decay. case OfB+—>DO,u,VM decay.
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—Pp-10°
1
0.9
y
0.8
0.7
0.7 0.8 0.9 1

FIG. 8. The level lines for-lepton transverse polarization for
the case oB*—D%7v_ decay.

APPENDIX A

Let us introduce the following notation:

P#=p{'+pp.

_ (Ppp) pu
(P?)

| “=pH

=Pb

1
PkD=§(P2+m§*—m|2),

|2 2_(PpD)2
=mp P2 ,
2 o (Pkp)?
llimD*_ P2 ’
2 (Pkp)(Ppp)
7]2=sz+ D*izipz .
—Pr-10°
1 .
0.8
0.6
Yy
0.4
0.2

FIG. 9. The level lines for muon transverse polarization for the

case ofB*—D%uv, decay.

PHYSICAL REVIEW D 66, 074019 (2002

TABLE |. Values of averaged transverse polarization.

Decay (P1)
B°—D v, 2.60x10° 3
B°—D uv, 2.97x10°*
B+*>507'V7 —1.59x10°8
B*—D%u, —6.79x10°*

So the integrals contributing the imaginary parts of the one-
loop amplitude can be written as follows:

3 f dpf(kz) iy 1 | —9?=2 Iilz‘
el q v
R AN = e PN
| |_7’2_2 |§|2+m§) (A1)
—In ,
— 7P+ 21512+ m?

Jff dpf (k%)

T mi | *772*2\/|i|2+m,§ (A2)
= — — n — ,
4 J=17P2\ | — 2+ 2\121%4+ m?
V-igp?
J3=fdp=w bz (A3)
12 dp=ayPe s byl A4
2 i(ky)dp=ay (L (A4)
Y
where
Pkp
al_ P2 J11
2
n
bi=—3,— —J,; A5
1= 5T 522 (AS)
Jkgfl(ki)dp:AlpaJrBlw, (AB)
where
Pkp
Al_ P2 ‘J21
2 2
Ui m,
Bi=—J,— —(J,—J3);
1752 2 2|2( 2= J3)
(AT)
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KEkA peps Pko
| o N1()dp=ag*+b,— 8= 5z %
Y
Cof o B [@A 1
+Cz(| P +| P )+d2|_2, b3:ﬁ(7’2a2_A2)'
(A8)
C3= ’b,—B,),
where 3 2I2P2(7] 2—B2)
|i 772 1
a,==J;——b;+—, Pk
2727t 47t g d3:_P2|f;d2,
(Pkp)?
bzzv 1~ az, 1 (7?d,—D,) 2b
€3= - - ’
3 2(12)2 7 Uz 2 |2 3
Pkp
€2~ 5o P fie TR0 o) (A13)
3T 5,02 zay);
) (P2)2
n B
dzszl_?_aZ; (A9)

f KEKEK3 1 (K2)dp=As(G0pP 7+ UayPP+ 0, P)

paeph +Bg(gaﬁ|y+ga'ylﬁ+gﬁ)’l )

+C,(1°PAPY+1Ppaph 1 | 1peph)

f kgkEfi(K3)dp=A,g*#+B,

|8 +D4(1418P Y+ Bl *ph 4| 7| 2PF)

+Cy(1*PA+1PPY) +D, 7

+E5l P17+ F3PPAPY,  (Al4)

(A10)
where
where
Pkp
poe23,- T g 4 o e
2 2 2 4 1 4
(Pkp)? Bs= iz( 7?A,— oA+ }mﬁli\h),
BZZ > JZ_AZ! 2| 3
P
1 (Pkp)2 13 )
C3= ?B,—mZ| B,— I+ >33,
Com PkDBl, 3T S2p2 7" B2 p( 2 pz 3T 33
P2
, ) b PkDD
m:B 3= 55 Y2,
Do= 2By 0 — Ay, (A11) P22
2 2
kekBky Es= (ﬂzDz_szz)_EBs
D™D™D a 2\2 P 2 !
J 2 dp:a3(gaﬁpy+ga'ypﬁ+gﬁyp ) 2(| ) l
Y
+D3(Gupl 7+ Guyd P+ Gl Pko
3(Gapl "+ 9oyl P+ 9p, %) Fa= (PZ)Z(BZ—ZAZ). (A15)
+c3(I1*PPPY+1PPaPE+ | YPPF)
+d3(141PPY+ 1A 2PA+| Y| «PB) APPENDIX B
+esl A7+ f,PePAPY, (A12) First, we take into account the contribution of the diagram
with an intermediateD meson to lepton polarization. The
where expression for ImC,C3) entering Eq.(18) can be repre-
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sented as the sum of heavy and light components:

2

IM(C,C%) = — _m (1+ C,— c’)— 1+p?)Cp— r C’) (BY)
M(C1C3)= 5 6(w) il (1+p7)Ci— e CF | =l (14%)Ch = = Ch |,

where £(w) is the Isgur-Wise functionp? is the slope of this functiong, ,q. are the light quark and-quark charges. The
coefficientsC, andC| entering Eq(B1) have the form

P
C|=2b1%(m§mf— M2P?), (B2)

(Pp)
P2

2
C/ =a,[2P?(m3—m3) +4(Pp)Mmp—2m3m?]+ 2b, (P2M2—m3m?) + ;cz(mémf— M?2P?)

2(Ppp)(Ip)

22 d,(m3mZ—M2P?), (B3)

X[~ (Ip)P?+(Pp)(Ppp)]+

whereM =mg+mp. In Appendix A we present the coeffi- transverse polarization and can be omitted. To obtain the
cientsby,a,,b;,c,,d, which are valid for the case of an C,,C/ coefficients one has to expai@|,C, in powers of
intermediateD* -meson, i.e., the integration is performed as-1/m2 up to linear terms and substitutenfj by p2/(2m%).
sumingmps #Mp . To obtain these coefficients for the case  Ag for the contribution of the intermedia2* meson to

of the intermediateD-meson one should substitutes« by e imaginary parts o€;,C,, we do not give them here
mp . After the substitution the integrdh becomes divergent, gince the formulas are too bulky.

but, as mentioned above, it will not affect the value of the
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