PHYSICAL REVIEW D, VOLUME 60, 014005

Exclusive B— |l *1~ and B—pl *1~ decays in the two Higgs doublet model
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We investigate the exclusii@— ol "1~ andB— pl "1~ decays in the framework of the general two Higgs
doublet modelmodel Ill), in which an extra phase angle in the charged-Higgs fermion coupling, i.e., a new
source forCP violation, exists. TheCP violation for both decays is calculated and it is observed that the
CP-violating asymmetry in model Il differs significantly from the one predicted by the standard model and
model Il which is a special case of model Ill. Furthermore, it is shown that the zero value of forward backward
asymmetryAg is shifted when compared with the standard model value, which can also serve as an efficiency
tool for establishing new physicS0556-282(199)02611-9

PACS numbes): 13.20.He, 12.60.Fr

I. INTRODUCTION channelsB— 71 "1~ andB—pl "I~ are more preferable. In
general, the inclusive decays are rather difficult to measure in
RareB meson decays, induced by flavor-changing neutratomparison to the exclusive oneGP-violating effects in
current (FCNC) b—s(d) transitions, is one of the most inclusive b—dl"l~ and exclusiveB—al"1~, B—pl ™I~
promising research areas in particle physics. The theoreticghannels were studied within the framework of the SM in
interest inB meson decays lies in their role as a potential[15,16].
precision testing ground for the standard mo@) at loop The aim of the present work is to derive quantitative pre-
level. Experimentally, these decays will provide quantitativegictions for theC P violation in the exclusivl8— 1 71~ and
information about the Cabibbo-Kobayashi-Maskai@M) B—pl*1~ decays, in context of the general two Higgs dou-
elementsVyy, Vs, andVy,. In addition, these rare decays piet model, in which a new source fd€P violation is
have the potential for e_stabllshlng new physics beyond th?)resen‘(see below. The 2HDM model is one of the simplest
SM, such as the two Higgs dou.blet mod2HDM) and the extensions of the SM, which contains two complex Higgs
minimal supersymmetric extension of the SMSSM) [1] doublets, while the SM contains only one. In general, in

F'rSHY’ the most.rellable quantitative test of F.CNC PTO" 51IDM the FCNC that appear at tree level are avoided by
cesses irB decays is expected to be measured in inclusive

channels. In particular, the decaBs—X 4l "1~ are impor- Imposing anad hoc discrete symmetry18]. One possible_

tant probes of the effective Hamiltonian governing theapproach to avoid these unwanted FCNC's at tree level is to

FCNC transitionb—s(d)I*1~. The hope thaB— X1 couple all fermions to only one of the above-mentioned
" S

decay will be measurable in experiments in the near futur&!99s doubletsmodel ). The other possibility is the cou-

encourage extensive investigation of this process in the SMP!iNg of the up and down quarks to the first and second
2HDM, and MSSM[2—15|. The matrix element of thé Higgs doublets, with the vacuum expectation valugsand

—sl1~ contains terms describing the virtual effects in- V1 respectivelymodel Il). Model Il is more attractive, since
- — — ; . its Higgs sector coincides with the ones in the supersymmet-
duced bytt, cc, anduu loops which are proportional to

" . d * el X tarity of ric model. In this model there exist five physical Higgs
VipVis: VpcVes, andVp Vs, respectively. Using unitarity of - fie\gs: neutral scalar#i®, h?, neutral pseudoscalak, and

the CKM matrix and neglectiny/,,V, in comparison to  charged Higgs bosorid . The interaction vertex of fermi-
VipVis andVy,cVig, it is obvious that the matrix element for ons with Higgs fields depends on t@r v, /v, which is the
the b—sl™1~ involves only one independent CKM factor free parameter of the model. The new experimental results of
VipVis so thatCP violation in this channel is strongly sup- CLEO and ALEPH Collaborationgl9,20 on the branching
pressed in the SM. ratio b— sy decay impose strict restrictions on the charged
The situation is totally different for the—dI "1~ decay, Higgs boson mass and t@n Recently, the lower bound on
since all three CKM factor®,V{y, VepVag, andV, Vi,  these parameters were determined from the analysis of the
are all of the same orddin SM) and therefore can induce b—sy decay, including next-to-leading-ordékLO) QCD
considerableCP-violating difference between the decay corrections [21,22. Other indirect bound on the ratio

rates of the reactions—dI*I1~ andb—dI*1~. my=/tang come from B—Drv, decay, wherem,=
It should be noted here that in the presence of a much=2.2tang GeV [23], and from ther lepton decaysn,-
stronger decayp—sl|™1~, the detection of theb—dl™|~ =1.5tanB8 GeV[24]. The consequence of an analysis with-

decay seems to be more problematic. For this reason, iout discrete symmetry has been investigated in a more gen-
search ofCP violation, the corresponding exclusive decay eral model in 2HDM, namely, model 11]25,26. In this
model FCNC appears naturally at tree level. However, the
FCNC's involving the first two generations are highly sup-
*Email address: taliev@rorqual.cc.metu.edu.tr pressed, as is observed in the low-energy experiments, and
"Email address: savci@rorqual.cc.metu.edu.tr those involving the third generation is not as severely sup-
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pressed as the first two generations, which are restricted by (1—y5)/2 andR=(1+ yg)/2 are the left- and right-handed
the existing experimental results. projection operators. In Eql) all states are weak states that
In this work we assume that all tree level FCNC couplingscan be transformed to the mass eigenstates by rotation. After
are negligible. It should be noted however that, even withperforming this rotation on the Yukawa Lagrangian, we get
this assumption, the couplings of fermions to Higgs bosons
may ha\{e a complex phas¥. Iq othgr wordg, in this model Ly=— H+U[VCKM§DR— EU+VCKML]D1 )
there exists a new source Gf° violation that is absent in the
SM, model | and model Il. The effects of such an extra phase .
. . where U(D) represents the mass eigenstates of
in the b—sy decay were discussed {27,28. The con- . .
) . . u, ¢, t(d, s, b) quarks. In the present analysis, we will
straints on the phase angiein the product\ A, of Higgs- , P
fermion coupling(see belowimposed by the neutron elec- US€ @ simple ansatz fg * [25],
tric dipole momentB®—B® mixing. p, parameter and,, is
discussed ii28]. %U+,D_)\ gvm;m;
The paper is organized as follows: In Sec. Il we present T \/Emw :
the necessary theoretical framework. The branching ratios,
CPolatig efects 1 he Saral widie and foruart, fiso s assumed it 1 compex, .~ . ang
cay channels are studied in Sec. Ill. Section IV is devoted tefor simplicity we choose”” to be diagonal to suppress all
L Uee level FCNC couplings, and as a resul’s are also
diagonal, but remain complex. Note that the results for

the numerical analysis and concluding remarks.
model | and model Il can be obtained from model Il by the

()

Il. THEORETICAL FRAMEWORK following substitutions:
Before presenting the necessary theoretical background,
let us go through the main essential points of the general Ag=cotB App=—cotg for modell,
Higgs doublet mode{model lll). In this model, both Higgs
doublets can couple to up and down quarks. Without loss of Ag=COtB A\pp=-+tanB for model Il, (4)

generality, we can work in a basis such that the first doublet
generates all the fermion and gauge boson masses, Whoggq g=0.

vacuum expectation values are After this brief introduction about the general Higgs dou-
0 blet model, let us return our attention to the-dl*1~ de-
cay. The powerful framework into which the perturbative
($))= ($,)=0. QCD corrections to the physical decay amplitude are incor-
v porated in a systematic way is the effective Hamiltonian
J2 method. In this approach, the heavy degrees of freedom in

the present case, i.e.,quark, W=, H*, h® HO are inte-
In this basis the first doublep, is the same as in the SM, grated out. The procedure is to match the full theory with the
and all new Higgs bosons result from the second doubjet effective theory at high scale=m,,, and then calculate the

which can be written in the following form: Wilson coefficients at lowep~ O(m,) using the renormal-
ization group equations. In our calculations we choose the
1 V2G* 1 V2H* higher scale agt=m,,, since the charged Higgs boson is
¢1=—= y P=—= , heavy enoughrq,==210 GeV se¢21]) to neglect the evo-
V2 v+ x)+iGe V2 X9+iA° lution from my= to myy.

. 0 In the version of the 2HDM we consider in this work, the
wher%G andG" are the Goldstone bosons. The neu.j{%I charged Higgs boson exchange diagrams do not produce new
and y, are not the physical mass eigenstate, but their lineapperators and the operator basis is the same as the one used

combinations give the neutréd® andh® Higgs bosons: for the b—dI*1~ decay in the SM. For this reason in the
010 0. model under consideration, the charged Higgs boson contri-
x1=H"cosa—h"sina, butions to leading ordefLO) change only the value of the

0 110 0 Wilson coefficients atn,y scale, i.e.,
X>=H"sina+h" cosa.

2HDM _(SM H™
The general Yukawa Lagrangian can be written as C7 (my) =C7"(my) +C7 (My),
Ly= ﬂiLfaiL?f’lujR"‘ n€6iL¢1DjR+ filfaiLszujR C2HPM(my) =C3M(myy) + Cgt(mw),
+£QiL b D+ H.c., (D

~ CZ5 M (my) = CTp'(my) + Cly (My).
wherei, j are the generation indiceg=io,¢, 7", and

&, in general, are the nondiagonal coupling matrides, The coefficientsC?"°M

(my,) to the LO are given by
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(7—5x—8x%) x%(3x—2)

+ In x
24(x—1)3 4(x—1)%
y(7-5y-8y) y*3y-2) )
72y-1)° 1y-1)*

( y(3-5y) y(8y-2)
P 1ay-1)2  B(y-1)%

CZPM (my) =x

+ |7\tt|2<

ny>, 5

8N (my) = —

s 19x3+ 25¢?
36(x—1)°2

—3x*+30x3—54x%2+32x—8 4
+ Inx+ <
18(x—1)* 9

1-4sirfoy xy[ 1
sirfg,, 8\y—-1
L ) (47y2—79y+38

n j— _—

-1z ) | T10ay-1)3

3y —6y3+4

- ny||,
18y—1)*

+ N yl?

(6)

CiHPM(my) = [B(my)—C(my)]

1
Sirf 6y

+|)\tt|2

1 xy( N )
| ——= n
sifgy 8\ Y—1 (y—1)2 |
)

where

X

X
BO=" 2D T a2

X[ X—6 N 3x+2 |
>y In X y
4\3(x=1) 2(x—1)2

C(x)=-—

mg
X=—,
miy

y:_21 (8)

and sif6,,=0.23 is the Weinberg angle. It follows from

Egs.(5)—(7) that among all the Wilson coefficients, orGs

involves the new phase angle We have neglected the neu-
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tral Higgs boson exchange diagram contributions, since the
Higgs-boson—fermion interaction is proportional to the lep-
ton mass.

The effective Hamiltonian for thé—dI*I~ decay is
[29-32

10
;0 Ci(w)O5( )

Gr
2\2

2
+xui§1 Ci(w)[Oi(p)—OM(w)]

H=—-4 VipVig

where

VipVig

VipViy |

u

andC; are the Wilson coefficients. The explicit form of all
operatorsO; can be found if29-32.

The evolution of the Wilson coefficients from the higher
scale u=my, down to the low-energy scalg=m, is de-
scribed by the renormalization group equation

d
M@C?”(“)ZC?”(M)YZ”(M),
wherey is the anomalous dimension matrix. The coefficient
ceM(w) at the scal@(my) in NLO is calculated if21,22:

ag(mp)
4

C8"(my)=CUmy) + c3*(my),

whereC%(m,) is the LO term andC3®"'(m,) describes the

NLO terms, whose explicit forms can be found[d]. In

our case, the expressions for these coefficients can be ob-

tained from the results d21] by making the following re-

placements:
[Y[?=\g® and  XY*—[N\hpple'”.

In the SM, the QCD corrected Wilson coefficie@t(m,),

which enters into the decay amplitude up to the NLO has

been calculated if29-32. The Wilson coefficienC,, does

not receive any new corrections at all, i.eGo(my)

=C2HPM(m,,). As we have already noted, in the version of

the 2HDM we consider in this work, there does not appear

any new operator other than those that exist in the SM, there-

fore it is enough to make the replaceme6g"(my,)

—C3"PM(m,,) in [29-32, in order to calculateC3™"®M at

m, scale. Hence, including the NLO QCD corrections,

Cq(my) can be written as

1+ ag(um)

Col(p)=C3"PM (1)

w(é))

+9(m,S)[3Cy(p)+ Ca ) +3Cs(p)
+Cy(u)+3Cs(u)+Cq(u)]
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+2y9(Mc,5)—g(0,8)][3Cy (1) +Cap)]

1 -
—Eg(O,S)(Cg(M)+3C4(M))

1 -
— Eg(l,s)(4C3+4C4+ 3C5+Cg)

1. 2
~ 59(08)(C3+3Cy) + 5 (3C3+Ca+3Cs+ Co),

9
wherem,=m./m,, s=p?mZ, and
g 2 o 42
a)(S)——§7T —§L|2(s)—§n(s) n(l-s)
5+4s . 25(1+s)(1-2s) .
———FIn(1—-s)— = —In(s)
3(1+2s) 3(1-5s)%(1+2s)
5+9s— 652
(10)

+f
3(1-s)(1+2s)

represent thé&(«,) correction from the one gluon exchange

in the matrix element oDy, while the functiong(m,,s)

PHYSICAL REVIEW D 60 014005

In order to avoid the double counting, in this work, as an
alternative to the functiong(m,,s) and g(m.,s) that de-

scribe the effects aﬁUanchloops, we have used a differ-
ent procedure, in which these functions are expressed

through the normalized vacuum polarizatiﬂﬁad(é) that is
related to the experimentally measurable quantity

-~ owi(eTe” —hadrons
Rhad S) = cee o) (13

via the dispersion relatiofsee[16,17] for more detail. In

this way it is possible to include the, o, J/¢, ',
resonances into the differential cross section in an approxi-
mate way, consistent with the idea of global duality. In this
approach thew and J/¢ family resonances are well de-
scribed through the Breit-Wigner form and resonance is
introduced by

1 2\ 312
Rres 4(1 4_) |F7T(S)|2, (14)

wherer(g) is the pion form factor that is represented by a
modified Gounaris-Sakurai formulaee[34,35).

The effective short-distance Hamiltonian for-dl™1~
decay[29-37 leads to the QCD corrected matrix element

arises from one loop contributions of the four-quark opera{when thed quark mass is neglected

tors O,—0g, Whose form is

. .8 8
g(mg,s)= In(m)+ 9y. (2+yi)
T @1y ni V=l )
+V|1-yil|©(1 y.)(lnl_m i
1
+0(y;—1)2 t , 11
(y )arcan\/ﬁ] (13)

wherey; = 4m?/p?.

M= —E2 vV
7T

\/_

+Cydy, (1= ys5)b Ty ysl

C§"dy,(1—ys)blyHl

Mpy— ) —
_207Fd|0,wp (1+ys)bly*l |, (15

wherep? is the invariant dilepton mass. In E(L.2) all Wil-
son coefficients are evaluated at the-m, scale.

lll. THE EXCLUSIVE B—al*1~ AND B—pl*|~ DECAYS

The Wilson coefficientsCq receives also Iong distance

contributions, which have their origin in the real, dd, and In this section, we proceed to calculate the branching ratio
cc intermediate states, i.g, , andJd/y, ¢, .Inthe  and CP-violating asymmetry in theB—l*l~ and B
case of thel/ family, this is usually accomplished by in- — pl*|~ decays. It follows from the matrix element of the
troducing a Breit-Wigner distribution for the resonancepb—d|™|~ that in order to be able to calculate the matrix
through the replacemeit4—7,33) element of the exclusive dec&—MI 1", the matrix ele-

ments(M|dy,(1+ ys)b|B) and (M|dic,,p,(1+ ys)b|B)

9(M,,8)—g(M g)_3_7TK (M= or p) have to be calculated. These matrix elements
¢ ¢ a? can be parametrized in the following way:
em
s my I(Vi—1717) a2 (m(px)[dy,(1=5)b|B(Ps))
X
Vet (PP=mg)+imy Ty = (p?)(Pe+ P o+ T (P?)P,, (16)

where the phenomenological parameter 2.3 is chosen in
order to reproduce correctly the experimental value of the
branching ratiosee for examplé16])

(p7T |d|0-,uvp (1+75)b|B pB)>

T(p)
mg+m,

=[(pg+Pn) P2 =P (ME—M2)]——,  (17)

B(B—JIpX—XIH17)=B(B— I yX) B p— X171 7).
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TABLE I. B—m and B—p transition form factors in a three-

< pp ’ |d7ﬂ(1 75)b|B(pB)> parameter fit.

* VAN 0'2 (pZ) 3 2
=7 €uno® ppmeB+m _ISM(mB+mp)Al(p ) F(0) ag be
p

A(p2) ) AB—# 0.26+0.04 0.29 —0.415
, 2(P , m, AB—e 0.22+0.03 0.93 ~0.092

+i + * +i *n)—LTA 2 2 . . . .
(PetPy)u(e™P) (—m - +1P.u(e7P) pZ[ 3(P9) VB—p 0.34+0.05 1.37 0.315
) TB=r 0.15+0.02 1.41 0.361
~Ao(PI)], 18 8- 0.15+0.02 0.28 ~0.500
_ TB=r 0.10+0.02 1.06 —0.076
(p(P,,&)|dio,,p"(1+ vs)b[B(pg)) fBom 0.30+0.04 1.35 0.270
v o : Bom —0.30+0.04 1.34 0.260

=4e,,0,8* P} P7T1(p?) +2i[ 6% (ME—m?) ¥
—(Pe+P,) . (e*P)IT2pP?)
2 eff 2
p B;=Cg (mg+m )A1+4C7 (mB mo)T,,
+2i(e*p)| P (Pe+P,) i3] Ta(P?). ’ p? g
m mp
19 A m 2
( ) Bzzcgff—2+4C7_b T2+ 2p 2T3 ]
mg+ mp p2 mB_mp

In all of the matrix elements above=pg—py (M= or
p) ande* is the four-polarization vector of the meson.
Using Eqgs.(15—-(19), we obtain for the matrix elements of

eff_
theB—al I~ andB—pl "I~ decays: —Co p2 (Ag— A0)+4C7p2T3’

Gua _

MB=T= =2\ VE[(2Ap,,+Bp,)T 7, Ci—Cpp— o
2\/577 mg+m,
+(2CPr, 0Py, 751, (20 D,=Cy(mg+m,)A,,
Ga

ME=r= =V VETY, [ 286,00 08* 'PADG Dy=Cio——,
227 mg+m,

+iB1e), —iBo(e*p) (Pt Py,
D3_C10 p (AS AO)-

—iB3(e*p)p,]
+ 1y y5I[2C €0 0€* PLPE+ID 1€} Using EQgs.(20) and (21) and performing summation over
. . final lepton andp meson polarization(in the B—pl "I~
— * — *
iD2(e™P)(PatPy)u~iD3(e*PIP,I}, casg, we obtained the following results for the double dif-
(21 ferential decay ratehe masses of the leptons, in our case
electron or muon, are neglecled
where
dré=7  G2a? [VypVig2Vh
2m,f(p? = Ami(1—22)[(|A]2+]|C|?
A:Csfff+_c7 b—:(p ) , (22) dpzdz 211775 mB B( )[(l | | | )]
2 2 A2
B= Ceff(f++f—)+c7 zmsz (mB m77 p ), dI‘B"P: c;za’2|vtbv'?—d|2\/X
p Mg+ My dp?dz 2%275mg
C=Cyf ",
0 X | 2Xmg[MEs(1+22)(|Ag>+[Cy[?)]
D=Cy(f"+f7), L
+ 5 [ME(A(1—2%)+8rs)(|By|?+[D4|?)
m
_ eff b
A1=Cs mB+mpJr4C7 ple —2xmg(1—r—s)(1-2z*)[ReB;Bj)
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FIG. 1. Invariant mass squareg?) distribu-
tion of the branching ratio of the electron pair in
theB— me* e~ decay. Line 1 corresponds to the
mass spectrum including the effects@mfw, and
J/'V resonances, whereas line 2 corresponds to
the nonresonant invariant mass spectrum, in the
SM. Analogously, lines 3 and 4 represent the
same distributions, respectively, in the model II,
at tanB=1. In both models the Wolfenstein pa-
rameters are chosen to bg, ) =(0.3,0.34).

FIG. 2. The same as in Fig. 1, but for tBe
—pe’e” decay.

FIG. 3. CP-violating partial width asymmetry
in theB— we*e™ decay as a function gb? for
the values of the Wolfenstein parametefs #)
=(0.3,0.34), includingp, o, and J/¥ reso-
nances. Line 1 represents the SM. Lines 2 and 3
correspond to the model Il case for the different
choices of the charged Higgs boson mass
=500 GeV, andn§:250 GeV, respectively.
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FIG. 4. The same as in Fig. 3, but for tBe
—pete” decay.

Acp (B = peter)

+ReD,D3)]] where
R B dr _dre-mit dr'  dr(B—MI*I7)
—_ R —_— an —_——,
+A“mg(1l-2 )2r(|82| +|Dol%) dp? dp? dp? dp?

The differential decay widthB— 7l *1~ andB—pl "1~ can
+8mgsz/\[Re(B;CY)+ReaA;D¥)]|, (24  easily be obtained from Eq$23) and (24) by integrating
overz Finally, we get the following results faZ P-violating
asymmetry for th— =l *1~ andB—pl "1~ decays
wherez=cos#, 6 is the angle between the three-momentum
of thel * lepton and that of thB meson in the center of mass AsT(P?)

frame of the lepton pain(1,ry,S)=1+ r§,|+sz—2r,\,|—23
—2rys, ry=mz/m2, and s=p%m% (M= or p). The 2

S =M/ Ma Pima (M=m orp). The =t l2ima)(m g1 &)
CP-violating asymmetry betweenB—MI"I~ and B (|A]*+]C|?)

—MI*1~ decays is defined as om
b
+f+me[(|m E1)ma—(IMN)(Im &) 71

,. dr/dp’—dr/dp?
Acp(p9) = T o (25)
dT'/dp? +dT/dp +(Re\y)(Im &) n,] 1, (26)

n8=r0021— 2| otmaim e e PBames Y \2+ 2N mg| A, |2
cp (P )—5 (Imxy)(Im &7 &) 3 AMES mg+m,)| 3r |mg+tm,)
1 (4 , 4 ,(1-r—s)
+EmB §)\+16I’S (mB+mp) Al _§AmeAlA2

+[2(Im 1) 7= 2(Im N y)(Im &) 1+ 2(ReN ) (Im &) 77,]

p? )
T+ T3
(mg—m?)

y 6Amgmy,s T,V +8)\2mgmb A,
3p2 mB+mp 3rp2 mB+mp

2mam, (4 .
o2 §)\+16I'S A1 T2(mg+my)(mg—m:)
2 4m 2 4my(mg—m
——)\m‘é(l—r—s) (mg+m )—bAl T2+p— 3)+b(—8”)A2T2 ) 27
3 o) 2 2_ 2 2
p (mg—my) p
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TABLE II. The values of the total branching ratios for tie

—mete” andB—pe*e” decays in the SM and THDM, at three

different sets of the Wolfenstein parametdysz,) and for the
charged Higgs boson massg; =250 GeV.

B(B—me*e")

(p; m) SM THDM SM THDM

(+0.3; 0.3 3.27x10°8 4.11x10°® 5.99x10° 8 8.45<10°8
(—0.3; 0.3 3.31x10°® 4.15x10°° 6.00x10 8 8.46x10°8
(—0.07; 0.34 3.30x10°% 4.14x10°8 6.00<10°® 8.46x10°8

B(B—peteT)

where

16 2
7= Amgs(| A2 +|C[2) + 2 Nmg(|Bo >+ |Dol?)

4
—\+16rs

+1
2r| Bl 3

2r

m3 (|B1?+[D4[?)

8
—§)\m‘é(1—r—s)[(ReBle)+(ReD1D2)] .

(28

PHYSICAL REVIEW D 60 014005

8mgsyA[(ReB;C})+(ReA;DY)]
3P '

p _
Arg=

(31)

Finally, we examine th€ P-violating difference between
Arg andAgg, i.e.,

5AFB:AFB_KFBi

with KFB being the forward-backward asymmetry in the an-
tiparticle channel, which can be obtained by the replacement

C§' (N~ CE" =Ny,

whose explicit expressions can easily be obtained from Eq.
(31), with the above-mentioned replacement&@‘”.

IV. NUMERICAL ANALYSIS

Before presentation of our quantitative calculations and
graphics, we would like to note that we have considered two
different versions, namely model Il and model Il of the
2HDM, in our analysis. For the free parametagg and
of model 1ll, we have used the restrictions coming fr@n

—Xgy decay, B-B° mixing, p parameter and neutron

In deriving these expressions, we have used the followinglectric-dipole momen{28], that yields |\pp| =50, |\y

parametrizations:
Cs''=&+ Mo,

CS''=my+in,, (29

and assumed that all form factors are positigee below.
Interference ofCS'" and CE''
to the CP-violating asymmetry. The results for the P
asymmetry in model Il can be obtained from E¢@6) and

(27) by substituting Eq(3) (i.e., 7,=0).

terms gives a new contribution

=<0.03.

The values of the main input parameters, which appear
in the expressions for the branching ratio&cg and
Acp are my=4.8 GeV,m.=1.4 GeV,m_=1.78 GeV,mg
=5.28 GeV,m_=0.14 GeV. ForB meson lifetime we take
7(B)=1.56x 10 12 s[36]. The values of the Wilson coeffi-
cients areC,=—0.249, C,=1.108, C;=1.112x10 2, C,
=-2569<1072, Cs=7.4x103, Cg=—3.144<10 2
Throughout the course of the numerical analysis, we have
used the Wolfenstein parametrization of the CKM matrix
elements, i.e.,

At the end of this section, we present forward-backward

asymmetryAgg, which involve different combinations of

the Wilson coefficients. The analysis Afg is very useful in

VipVig _p(l—p)— 7P +i

7
(1-p)2+7° OO,

VipVig

u

extracting precise information about the sign of the Wilson
coefficients and the new physics. The forward-backwardor which we have used the following three different sets of

asymmetry is defined as

1 0
f dz dl"/dpzdz—f dzd'/dp?dz
0 -1

Arg(p?) = . (30

1 0
f dz dF/dedz+J dz d'/dp?dz
0 -1

The forward-backward asymmetry for tlBe— 71 *1~ decay
is zero, both in SM and 2HDM, in the limih)— 0. We can

parameters,
(0.3;0.34
(p,y)={ (—0.07,0.34
(—0.3;0.39.

Of course the explicit expressions for the form factors are
needed in the present numerical analysis. In the current lit-

explain this fact briefly as follows: The hadronic current for erature these form factors have been calculated in the frame-
B—wl*1~ decay is a pure vector and the lepton current iswork of the three point QCD sum ru[87], relativistic quark

also conserved whem,—0. The charge asymmetrior

Agg) is nonzero if there exisC-violating terms, but such

terms are clearly absent in ti&e— =l *1~. Using Eq.(24),
the forward-backward asymmetry for tie—pl ™|~ takes
the following form:

model[38], and light cone QCD sum ruld89—-41]. In fur-
ther numerical analysis, we have used the light cone QCD
sum rule predictions on the form factors. It should be noted
that the light cone QCD sum rule predictions on the form
factors are reliable in the regian2— p2~ O (few Ge\?). In

014005-8
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the interpretation of lines 1 to 4.
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TABLE Ill. The average values of th€P violating asymmetry
in the low invariant mass region 1 G&¥p3?<(my,
—0.02 GeV)?, for (p,7)=(0.3,0.34 and taB=1.

PHYSICAL REVIEW D 60 014005

TABLE IV. The values of the total branching ratios for tBe
—meTe” andB—pete” andB—pe’e  decays at different val-
ues of the phase angtin model IIl.

(Acp)®=m (Acp)®? 0 B(B—me'e") B(B—pe*e")
my+=250 GeV —-0.048 —-0.030 0 3.12x10°8 7.41x10°8
my+==500 GeV —-0.054 —-0.031 w4 3.16x10°8 7.08x10° 8

w2 3.26x10°8 6.34x 1078

order to extend to the full physical region, we have used best . o )
fitted expressions by extrapolating the numerical results wit}}: With the same set of parameters as in Fig. 1. It is observed
the condition that these approximate formulas reproduce thiat the value op® at whichAgg becomes zero is shifted in

light cone QCD sum rule predictions to a good accuracy, if" . f . .
9 Q b 9 y hof the value ofp? at whichAgg is zero can give unambigu-

the above-mentioned region. The form of form factors whic
satisfy this condition can be written in terms of three param
eters a§39,40

F(0)

2 =
1—-app?/ma+be(p?/mg)?’

F(

where the values of parametef{0), ar and bg for the
relevant decaysB— 7 andB— p, are listed in Table [this
Table is taken fronj39,40.

Firstly, we consider model Il for numerical calculations.

odel Il. Therefore, in future experiments, the determination

ous information about the presence of new physics. In Fig. 6

we plot the resulting difference in the forward-backward
asymmetry for the values of Wolfenstein parametersy
=(—0.07;0.2), with and without the long distance effects.
From these figures we observe thaF,g for the B
—pe’e” decay is positive in the nonresonant region for all
values ofp?, both in SM and model II.

Note that, the results we have presented for forward-
backward asymmetry and its difference are performed for
(p,m)=(—0.07;0.2). However, for sake of completeness,
we have gone through the same analysis for two different

In Figs. 1 and 2 we present the dependence of the differentialets of the Wolfenstein parameters, namely, 7() =

decay widths of th&8— we*e™ andB—pe*e™ on p? for
(p,1)=(0.3;0.34) atmy+=250 GeV and ta@=1, with

(—0.3;0.34) and 4,7)=(—0.07;0.34), as well as several
different choices of tag. The numerical results and the rel-

and without long distance contributions, correspondingly. Inevant graphical presentations have demonstrated that no re-

Figs. 3 and 4 we plot the variation of tlzP-violating asym-
metry Acp With respect top?, with the following set of pa-
rameters: 6,7)=(0.3;0.34) and tag=1. In both figures,

markable differences have been observed among these dif-
ferent choices. In Figs. 7 and 8 we present the dependence of
the CP asymmetryAcp, integrated overp?, for the B

the solid line corresponds to the SM case, dash-dotted and- me" e~ andB—pe*e~ decays on the phase angleat

dotted lines represent th€ P-violating asymmetry at two
different values of the mass of charged Higgs bosgp-

my+=250 GeV, |\p,/=50 and |\,|=0.03, without the
long distance effects in model Il as presented in Table IV.

=250 GeV and 500 GeV, respectively. The total branching=rom both figures, especially froB— pe* e case, we ob-

ratios for theB— me*e™ and B—pe*e™ decays at three
different sets of Wolfenstein parameters and rat+

serve that the averag€P asymmetry differs essentially
from the one predicted by model II. In the regier2< 6

=250 GeV are presented in Table Il. From Figs. 1-4 we<3/2, the change iAcp) is more than 2.5 times than that
see that, in model Il the dependences of the branching ratipredicted by model II. This fact can be explained by the

andAcp asymmetry orp? are very similar to those predicted

charged Higgs and SM contributions interfering destruc-

by the SM, but their magnitudes are different in these modtively in the above-mentioned region &. It should be
els. These results are expected, since in model Il, the chargetiessed that, depending on the value of the phase a#hgle
Higgs contributions change only the values of the Wilsonthe charged Higgs contributions can interfere with the SM

coefficientsC,, Cq, andC,q. In this version of the 2HDM

results, either constructively or destructively. This case is

charged Higgs contributions give rise to constructive inter-absolutely different in model Il, where the above-mentioned
ference to the SM result. Therefore the branching ratio incontributions interfere only constructively. The values of the

creases an@ P asymmetry decreases.

branching ratio8— #1*1~ andB—pl "1~ decays at differ-

We presented in Table Ill, the numerical values of theent values of the phase anglén model Il are presented in

average values of thé P-violating asymmetr{Acp), in the
region 1 GeVW<p?<(my,—0.02 GeV}, using the same

Table V.
In conclusion, the exclusiv8— arl "1~ and B—pl "1~

values of the Wolfenstein parameters used in Figs. 3 and 4ecays are analyzed in the 2HDM and it is found that the
The dependence of the forward-backward asymmetry o€ P-violating asymmetry in model 111 differs essentially from

p? Arg(B—pete™) is plotted in Fig. 5 for SM and model

the ones predicted by model II.

014005-10



EXCLUSIVE B— 7l "1~ AND B—pl*I~ DECAYS IN THE ... PHYSICAL REVIEW D 60 014005

[1] J. L. Hewett, inSpin Structure in High Energy Process@so-  [21] F. Borzumati and C. Greub, Phys. Rev.58, 074004(1998.
ceedings of the 21st Annual SLAC Summer Institute on Par{22] M. Ciuchini, G. Degrassi, P. Gambino, and G. F. Giudice,
ticle Physics, Stanford, California, 1993, edited by L. De Por- Nucl. Phys.B527, 21 (1998.

cel and C. Dunwoodi€Stanford, 1998 p. 463. [23] K. Kiers and A. Soni, Phys. Rev. b6, 5786(1997.
[2] W. S. Hou, R. S. Willey, and A. Soni, Phys. Rev. L€iB, [24] A. Stahl and H. Voss, Z. Phys. T4, 73 (1997).
1608(1987). [25] T. P. Cheng and M. Sher, Phys. Rev.3B, 3484(1987); 44,
[3] N. G. Deshpande and J. Trampetic, Phys. Rev. [6&t2583 1461(1991); W. S. Hou, Phys. Lett. B296, 179 (1992; A.
(1988. Antaramian, L. Hall, and A. Rasin, Phys. Rev. L&, 1871
[4] C. S. Lim, T. Morozumi, and A. |. Sanda, Phys. Lett.2R8 (1992; L. Hall and S. Weinberg, Phys. Rev.48, 979(1993;
343(1989. M. J. Savage, Phys. Lett. B66, 135(1991.
[5] B. Grinstein, M. J. Savage, and M. B. Wise, Nucl. PH§319, [26] D. Atwood, L. Reina, and A. Soni, Phys. Rev. &5, 3156
271(1989. (1997.
[6] C. Dominguez, N. Paver, and Riazuddin, Phys. LetB} [27] L. Wolfenstein and Y. L. Wu, Phys. Rev. Let?.3, 2809
459 (1988. (1994.
[7] N. G. Deshpande, J. Trampetic, and K. Ponose, Phys. Rev. [28] D. Bowser-Chao, K. Cheung, and W.-Y. Keung, Phys. Rev. D
39, 1461(1989. (to be publishephep-ph/9811235.
[8] P. J. O’'Donnell and H. K. Tung, Phys. Rev. £8, 2067 [29] G. Buchalla, A. Buras, and M. Lautenbacher, Rev. Mod. Phys.
(1991 68, 1125(1996.
[9] N. Paver and Riazuddin, Phys. Rev.4B, 978(1992. [30] A. J. Buras, M. Misiak, M. Muz, and S. Pokorski, Nucl. Phys.
[10] A. Ali, T. Mannel, and T. Morozumi, Phys. Lett. B73 505 B424, 374(1994).
(1992. [31] B. Grinstein, R. Springer, and M. Wise, Nucl. Phi2839, 269
[11] A. Ali, G. F. Giudice, and T. Mannel, Z. Phys. 67, 417 (1990.
(1995. [32] M. Misiak, Nucl. PhysB393 23(1993; B439, 461(E) (1995;
[12] C. Greub, A. loannissian, and D. Wyler, Phys. Let346, 145 A. J. Buras and M. Moz, Phys. Rev. 32, 186(1995.
(1999; D. Liu, ibid. 346, 355(1999; G. Burdman, Phys. Rev. [33] A. I. Vainshtein, V. I. Zakharov, L. B. Okun, and M. A. Shif-
D 52, 6400(1995; Y. Okada, Y. Shimizu, and M. Tanaka, man, Yad. Fiz.24, 820 (1976 [Sov. J. Nucl. Phys24, 427
Phys. Lett. B405, 297 (1997). (1976].
[13] A. J. Buras and M. Mnz, Phys. Rev. [52, 186(1995. [34] F. Jegerlehner, Nucl. Phys. @roc. Supp).51C, 131(1995.
[14] N. G. Deshpande, X. -G. He, and J. Trampetic, Phys. Lett. B[35] T. Kinoshita, B. Niz¢, and Y. Okamata, Phys. Rev. B,
367, 362(1996. 2108(1985.
[15] S. Bertolini, F. Borzumati, A. Masiero, and G. Ridolfi, Nucl. [36] Particle Data Group, R. M. Barnett al, Phys. Rev. D64, 1
Phys.B353 591 (1991). (1996.
[16] F. Kruger and L. M. Sehgal, Phys. Rev. 35, 2799(1997. [37] P. Colangelo, F. De Fazio, P. Santorelli, and E. Scrimieri,
[17] F. Kruger and L. M. Sehgal, Phys. Rev. &5, 5452(1997. Phys. Rev. Db63, 3672(1996.

[18] S. Glashow and S. Weinberg, Phys. Revl® 1958(1977. [38] W. Jaus and D. Wyler, Phys. Rev. @1, 3405 (1990; D.
[19] Talk by R. Briere, in Proceedings of ICHEP98, Vancouver, Melikhov, N. Nikitin, and S. Simula, Phys. Lett. B10, 290
Canada, 1998, Report No. CLEO-CONF-98-17, ICHEP98- (1999.
1011; talk by J. Alexander, in Proceedings of ICHEP98, Van-[39] P. Ball, J. High Energy Phy€9, 005(1998.

couver, Canada, 1998. [40] P. Ball and V. M. Braun, Phys. Rev. B8, 094016(1998.
[20] ALEPH Collaboration, R. Baratet al,, Phys. Lett. B429 169  [41] T. M. Aliev, A. Ozpineci, and M. Savci, Phys. Rev. 55,
(1998. 4260(1997.

014005-11



