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1 Introduction

Rare B decays are induced by flavor changing neutral cur(EQsIC) at loop level in the Standard
model (SM) and they are rich phenomenologically. They opemadow for the determination of free
parameters in the SM and also the investigation of the phymgyond, such as, two Higgs Doublet
model (2HDM), Minimal Supersymmetric extension of the SMISM) [1], etc. The experimental
work for rare B decays continue at SLAC (BaBar), KEK (BELLB)}Factories, DESY (HERA-B)
and this stimulates the theoretical effort on them.

The exclusiveB — K*I*[~ process is an important candidate among rare B decays. Bénce
branching ratio Br) predicted in the SM is large, there is a strong hope thatsical quantity is
measured in the near future. The inclusive decay which ieslc— K*I*[~ process i$ — siti~
transition and it is extensively studied in the literatuire the framework of the SM, 2HDM and
MSSM. In [2]-[I3],b — si*l~ process is studied for light lepton pairs, namedy e, i In this case,
the neutral Higgs boson (NHB) effects can be neglected shase contributions are proportional to
the light lepton masses or corresponding Yukawa couplimt¢mvever forl = 7, the NHB effects
give sizable contributions. IfiTL§, 1B — X,77~ process was studied in the model I, Il versions
the 2HDM and it was shown that NHB effects are important fogéavalues otan. Currently the
inclusiveb — si™1~ decay was studied in the model Il version of 2HDM][18] and #&srobserved
that NHB effects can give considerable contribution if thekafva interaction betweenlepton and
neutral Higgs bosons is large.

The theoretical analysis of exclusive decays is difficuke o the hadronic form factors which
contain uncertainities. However, their experimental gtigation is easier compared to the one for the
inclusive decays. The calculation of physical observaipléise hadronic level needs non-perturbative
methods. In the literature there are different studiesdasedifferent approches, such as relativistic
quark model by lightfront formalisni [15], chiral theoiy 1 $hree point QCD sum rules methdd]20],
effective heavy quark theory [R1] and light cone QCD sums(E2,[Z3B].

With the measured upper limit2 x 1076 (4.0 x 10~°) for the Br of the decayBt — K*tutu~-
(B — K*%u*pu™) [P4], the processB — K*ITI~ have reached great interest. There are various
studies on these decays in the SM, SM with fourth generatmiti Higgs doublet models, MSSM
and in a model independent way, in the literatiite [2]-[15] #D]-[B8].

The CP violating effect is an important physical quantitgtsure the information about the free
parameters of the model used. Since the CP violatiomBfors K*I7~ decay almost vanishes in
the SM due to the unitarity of Cabibbo-Kobayashi-MaskawdN{J matrix elements and smallness
of the termV,, V*

us!

we have a chance to investigate the physics beyond the SMdghing the



CP violating effects. In the model Ill version of the 2HDM¢gtie is a new source for CP violation,
namely complex Yukawa couplings. In[26] 27], CP violatifigets due to new phases in the model
Il and three Higgs doublet mod&lH DM (O-), were studied and it was observed that a considerable
CP asymmetry was obtained.

In this work, we study the exclusivi@ — K*7* 7~ decay in the general 2HDM , so-called model
lll, by including NHB effects. We use the quark level effeetiHamiltonian which is calculated
in [L8] and investigate thel-p and the forward-backward asymmetryx(z) of the lepton pair for
the process underconsideration. Further, we calculat€hasymmetry iz, (Acp(Arp)) and
observe that it can be measured in the forthcoming expetanen

The paper is organized as follows: In Section 2, we preserietiding order (LO) QCD corrected
effective Hamiltonian and the corresponding matrix elenrfenthe inclusiveb — sr"7~ decay,
including NHB effects. Further, we give the matrix elememtthe exclusiveB — K*r*r~ decay
and the explicit expressions felrz, Acp andAcp(Arp). Section 3 is devoted to the analysis of the
dependencies ofl 3, Acp and Acp(Arp) on the CP parametein 0, Yukawa couplinf}@w and
the mass ratiéﬁ% and to the discussion of our results. In Appendices, we ¢igeskplicit forms of
the operators appearing in the effective Hamiltonian, treesponding Wilson coefficients and the
form factors existing in the hadronic matrix elements.

2 The exclusiveB — K*r"r~ decay in the model Il including
NHB effects.

In the model Ill, the flavour changing neutral currents in tree level are permitted and various
new parameters, such as Yukawa couplings, masses of new Hagpns, exist. Yukawa couplings
describe the interaction of fermions with gauge bosons.stauting point is the inclusive— s7 7~
process which induces the exclusie— K*r" 7~ decay and the corresponding Yukawa interaction
is given by

Ly = U%QiLéglUjR + nilj)‘QiL¢1DjR + §ZTQ2‘L¢~2UJR + 5£QiL¢2Dg’R
+ noleed1Eir + &Rl d2Eig + hec. (1)
wherei, j (k,[) are family indices of quarks (leptons), and R denote chiral projection&(R) =

1/2(1 F ~s), ¢ for m = 1,2, are the two scalar doublet®,, (/) are quark (lepton) doublets,
Ujr, D;r (Eir) are the corresponding quark (lepton) singlefs?” and¢;;” are the matrices of the



Yukawa couplings which have complex entries in generalekderandg, are chosen as

1 0 Vaxyt ] . V2H*
=G ) O e () @
with the vacuum expectation values,
1[0 _ 0 3
Sh>=gl L, ) ie>=0. 3)

With this choice, the SM particles can be collected in the icublet and the new particles in the
second one. Further, we takf, H, as the mass eigenstatiéy A° respectively. Note that, at tree
level, there is no mixing among CP even neutral Higgs boswarsely the SM onel/°, and beyond,
RO,

The part which produce FCNC at tree level is

Lyrc =&'Qind2Uir + EDQind2Djr + & kb2 Erg + hec. . (4)

In eq.(%) the couplingg?” for the FC charged interactions are

U

ch — Sneutral VCKM;

D

gch - VC’KM gneutrala (5)
wherec”>? s defined by the expression

U(D U(D)y— U(D
N( ) = (VR((L))) ISU’(D)VL(EQ)) : (6)

and¢? is denoted agly”. Here the charged couplings are the linear combinationseofral

neutral

couplings multiplied by, matrix elements (se¢ [B37] for details).
At this stage we would like to present the calculation of thatnm element for the inclusive
b — s7t7~ decay, briefly. The procedure is the following:

e The calculation of the full theory including the NHB effegthich comes from the interactions
of neutral Higgs boson&?, h° and A° with 7 lepton.

e Overcoming the logarithmic divergences by using the ortsbrormalization scheme. Here
the renormalized vertex function is taken as

Ffeez?tr (p2) = F?Leutr (p2) _'_ Fgeutw (7)
with the renormalization condition

Frlz%eegtr (p2 = mieutr) = 07 (8)
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and the counter terms are obtained. Here the phrage- denotes the neutral Higgs bosons,
H° h° and A° andp is the momentum transfer. Note that the self energy diagdonsot
contribute in this scheme.

e Integrating out the heavy degrees of freedom, namglyark, W=, H*, H°, h°, andA° bosons
in the present case and obtaining the effective theory.

e Performing the QCD corrections through matching the fugltty with the effective low energy
one at the high scalg = my and evaluating the Wilson coefficients fram, down to the
lower scaleu ~ O(my).

e Obtaining the effective Hamiltonian relevant for the pregie— s7*7~ which is given by

s )
Hegr = —A75VaVs: {Z Ci()0i() + 3 Ca, <u>@i<u>} , (9)
whereQO; are current-current; (= 1, 2), penguin { = 3, ...,6), magnetic penguini(= 7,8)
and semileptonici(= 9, 10) operators. Here(;(12) are Wilson coefficients normalized at the
scalei and given in Appendix B. The additional operat@g: = 1, .., 10) are due to the NHB
exchange diagrams aig,, (1) are their Wilson coefficients (see Appendices A and B) .

Therefore the QCD corrected amplitude for the inclusive s7™7— decay in the model Il reads
as,

aemGF

V2T
- 2CEff?b(510uuquRb)TvuT + Co, (SPrb)TT + CQ2<SPRb)m5T} ' (0

M

th‘@:{cg (57uPLb) Ty, + Cro(57,PLb) Ty, 77

The matrix element foB — K*I*]~ decay can be obtained by inserting the inclusive level
effective Hamiltonian in eq. [[9) between initak, and final, K*, hadronic states. The neces-
sary matrix elements in this calculation a&™ |57, (1 £ v5)b| B), (K*|sic,,.q¢"(1 + v5)b| B) and
(K*|5(1 £ v5)b| B). They are calculated by using some non-pertubative methikel€QQCD sum
rules, light-cone QCD sum rules, etc., and using the paréagbn of the form factors as ifi [R0], the
matrix element of théd3 — K*r+7~ decay is obtained af [22]:

M = thVt {7’7“7' [QAEWME*”p’}(*q” + B¢, — iBy(€"q) (pB + P+ ) — iBg(E*Q)q“}
+ Tyt {2C’em,pae*”p’[’(*q” +iDye, — iDy(€°q)(pB + Pr+)u — iDg(e*q)qu}

+ iTTF(e'q) +iTvysT G(e*q)} , 11



wheree** is the polarization vector oK™ mesonpg andpg- are four momentum vectors @éf and
K*mesonsg = pg —pk+. A, C, FFandG, B; andD;, i = 1,2, 3 are functions of Wilson coefficients
and form factors of the relevant process. Their explicitrferare given in Appendix C.

Now we are ready to calculate the forward-backward asynyradtiepton pair, CP-violating
asymmetry and CP violating asymmetry in forward-backwayhametry for the given process.

The forward-backward asymmetdy- 5 of the lepton pair is a measurable physical quantity which
provides important clues to test the theoretical modeld.udsing the definition of differentiall -5
Jo dzk — [0 dz &
fol dzfl—g + f_ol dz%

Arp (12)

with z = cos @, whered is the angle between the momentum of B-meson and that af the center
of mass frame of the dileptons 7—, we get

[ ds E(s)

AFB = m

(13)

1

myr (r—1)

E(s) = 6mpg )\U2{ <4mBmTRe(Ceff* CQl)(mb(\/?—l) As (¢%)
+ (VD) A (@) = 2mp s Ts (¢) (= 1) Br — s+ 1) Ty (¢*) + (* + (s — 1)?

— 2r(s+1)) ))

T T <m2}3 m. Re(C57" C,) (my(v/r = 1) Az (%) + my(v/7 +1) Ar (¢)

- s ) (L VPP (5= ) A )+ A A 7))

+ 8CY ( —2mpmy (Vi — 1) Re (C3) Ty (¢*) V (¢?)

+ A () (2mymp(Vr + 1) Re (CF7) Ty (¢%) + mb s Re(C57) V(g )))} (14)

2s

r(r—1)
77;3((7?_) i)é FoTA(1200 - 1) (= 5) /\)>

(1+37 = s)(Ta(q") T5(4") N)

D(s) = Vv {%mg |C7* (2m2 4+ m3, s)(

+ STXHP) N+
2 2 2 2 2 2

+ 1+ r)2rs mB|C9ff| (2m7 +mp, s)<2A1(q YA (@) (1 + ) (r+s—1) X

+ A A+ (12rs+ )+ ABrs V() +A§(q2))\)>
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+ 2C% mp <é <2 A As(@®)2m2(r —25—1) + mZBS s(r+s— 1)))\)
L (2tmam2 () (1 + V) + A1) (14 V) Tala?) A)
+ % my m2AsTs(q) + ﬁ(m%ﬁ s —4mA) V23 (d*) \)
A

+ WAS(QQ)(WZBS sA+2m2(6s(1+47) =35>+ 1))
1

+ E((l F V)2 AP (m%, s(127 s + A) + m2(—487 s + 2 A))))

3my A

mgr

3miy A

mir

1 € * €

+ 7<1+ﬁ>251%e(07ff Cgff)16mb(2m3+m2Bss)<8(1+\/F)T1(q2)V(q2))\
1

- W(A2(q2) A(r = 1)1+ 37 —5) To(q®) + AT3(¢%)) + Ai(g®) (1 + V1)

(= D) Ta(e) (1200 = D = A) + (r + 5 — 1) Ta(q?) A)))
L Cho Re(Ca) i, e (<14 V) As(?) (14 V) Au(g?)

b

— 2mpTa(q*)) (Aa(q®) (1 = Vr) = Au(q®) (1 + Vr) +2mB Vr s Ts(q?)) A} (15)

2

Ca,|* (mb, s — 4m2) (Aa(g®) my (VF = 1) + Ar(@®) my (VT +1) — 2 T5(¢%) mp s )

2

[Caul? s(Aa(q®) (VI = 1) + Ai(@®) (VI +1) = 2T3(¢*) m, V7' s )

wherel =1 +1r2+ 5% —2r — 25 — 2rs, r = ng ands = ib—z.

The NHB effects bring new contribution EEAFB and wz will study those contributions in the
Discusssion part.

The complex Yukawa couplings are the possible source of GRtian in the model Ill. In our
calculations we neglect all the Yukawa couplings, exe&pt, 3, and<y . and chooséy ,, com-
plex, £8,, = |ER4 € (see Discussion part). Therefore the CP violation comes fifte Wilson
coefficientsCs//, C,, andCy,,. Using the definition ofd¢p

I'(B— K*vt77) —T(B — K*rt77)

Acr = I'(B— K*tt7) +T(B — K*rt7~) (16)

we get
[ ds Q(s)
Acp = [dsA(s) (47
where
2 2 2
o ma G A eff of f > 9 N
Us) = ggiesere st VAIM(CH) In(C5I) (2m? 4 my )18 (V7 + AT V()
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N
A

+ (VDA (r = D)D) (A2(r = 1) r = A) + (r+ 5= 1) ATg(q?D) } 4o

(Aea?) (= 17— 54 ) o) 4 AT )

and
A(s) = D(s) + Dcp(s) - (19)
Here D¢ p(s) is the CP conjugate dD(s) which is defined as
Dcp(s) = D(S)(gﬁ,bb — gﬁzb) : (20)

The CP violating asymmetry id rp is also a measurable physical quantity and it can give strong
clues for the physics beyond the SM. This quantity is defireed a

AFB - AFB
Acp(App) = ——-7= . 21
CP( FB) AFB + AFB ( )
whereAy is the CP conjugate ol z5 and it is given as
App = App(E0m — 0 - (22)

Note that during the calculations ofcp, Arp and Acp(Arp) We take into account only the
second resonance for the LD effects coming from the reaétiensy; — st 7, wherei = 1,..,6

m. —U. 2 m. . 2
and divide the integration region feiinto two parts :%"3—g <s< ( Wmf 02) and( wizo 02) <s<1,
B

B B

wherem,, = 3.686 GeV is the mass of the second resonance (see Appendix B for LDilcotdns).

3 Discussion

In the general 2HDM model, the number of free parametersehatine masses of charged and neutral
Higgs bosons and complex Yukawa couplin@%l(), increases compared to the ones in the SM and
model | (I) version of 2HDM. The arbitrariness of the nuneativalues of these parameters can be
removed by using the restrictions coming from the experialeneasurements.

Since the neutral Higgs bosorig, and A°, can give a large contribution to the coeﬁiciej’ﬁf f
(see the Appendix of [38] for details) which is in contradiotwith the CLEO dat&a[J39],

Br(B — X,y) = (3.15+£0.354+0.32) 107 | (23)

we take¢R ;, ~ 0 and&g ;. ~ 0, where the indices, j denote d and s quarks . Further we use the
constraints[[37], coming from th& ' = 2 mixing (herel’ = K, By, D) decays, the parameter{[40],
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and the measurement by CLEO Collaboration ¢€g} (23), we getdhdition foré yy., Enie << €54,
and take into account only the Yukawa couplings of quéﬁ%@ and Eﬁ,bb. We keep the Yukawa
couplingéﬁw free and increase this parameter to enhance the effectsivhhkeliggs bosons.

In this section, we study the CP parameigid, the Yukawa couplianﬁw and the mass ratio
Z—/’zg dependencies of thérz, Acp andAcp(Arpg) of the exclusive decalg — K*r 7, restricting
|C/7) in the region0.257 < |C<//| < 0.439 due to the CLEO measurement, £q.(23) ($ep [37] for
details). Our numerical calculations based on this ragiricand throughout these calculations, we

UD __ /4G_F7U,D
5 - \/55 )

use the redefinition

we take| §§ZZ| < 1, the scaleu = m,, include the LD effects and use the input values given indabl
@. |
| Parametef  Value |
m, 1.78 (GeV)
me 1.4 (GeV)
fze,bb 40 my
at 129
At 0.04
m 175 (GeV)
my 80.26 (GeV)
my 91.19 (GeV)
mpo 150 (GeV)
Mpo 70 (GeV)
M 400 (GeV)
AQCD 0.225 (GeV)
as(mz) | 0.117
sty 0.2325

Table 1: The values of the input parameters used in the noadealculations.

In Fig. [1 we presentinf dependence ofi -z without NHB effects, form 0 = 80 GeV. Here
App lies in the region bounded by solid (dashed) linesd@st’ > 0 (C¢// < 0). The solid straight
line shows the SM contribution. In the model Il without NHEHexts, |Arz| is smaller compared
to the one in the SM((195), for C?ff > 0, however it is possible to enhance it at the order of the
magnitude2% with increasingsind. ForC?ff < 0, App is not sensitive tainfd and the restriction
region is narrow. For this cagelrz| can have slightly greater values compared to the SM one.
Addition of NHB effects (see Fig[] 2) reduced | for C<// > 0 almost30% compared to the one

8



without NHB effects. For’s// < 0, the restriction region becomes narrow atdy reaches the SM
prediction for smalkind.

Fig. @ represenf? ., dependence ofi 5 for sinf = 0.5 andm.0 = 80 GeV. |App| vanishes
with increasing f; .., for C577 > 0. ForC5'' < 0, | App| does not vanish in the given regiondf ..
and it stands less than the SM result.

Fig. [4 is devoted to the ratién’% dependence ofipp for sinf = 0.5 and E}\J,W = 10m,.
Increasing values of the ratio causes to incréases| for bothC:// > 0 andCs// < 0. If the masses
of h® and A° are far from the degenerady} 5| becomes small especially fd]?ff > 0.

Figs[BfY representip of the proces®3 — K*r"7. In Fig. [ we presentinf dependence of
Acp without NHB effects, form 40 = 80 GeV'. HereAqp lies in the region bounded by solid (dashed)
lines forC</7 > 0 (C/7 < 0). ForCe/! > 0, Acp is at the order of the magnitude oft for the
intermediate values ofinf and its sign does not change in the restriction region. Hewey.» can
have both signs, even vanish f@l?ff < 0. With the addition of NHB effects (see Fif] 8).p for
¢/ > 0 decreases to almost one half of the value we get without NK&&st ForCs// < 0 there
is still a decrease inlp.This behavior can be seen from the expression[e]. (18) 8ieqgumerator
of the A p ratio is free from NHB effects and their additional conttilbns enter into the expression
in the denominator part. Further the restriction regionobges narrow.

Fig. [T represenfj?,ﬁ dependence afiop for sinf = 0.5 andm o = 80 GeV. Acp IS sensitive
to the parametef) . and it decreases with increasief .. for C5// > 0. However, forCs// < 0,
the dependence of.p to £f ., is weak.

The ratioZ—Z(; dependence ofip for sinfd = 0.5 andf}v’ﬂ = 10m, is presented in Fig[] 8. As
seen from the figure the sensitivitl- » to the ratio is small, especially fats’/ < 0.

Finally, we present the CP violating asymmetrydp in a series of figures (Fig$][9111). Fig. 9
representinf dependence ol p(Arp) with NHB effects, form 40 = 80 GeV andéﬁTT = 10m,.
Acp(Arg) is at the order of the magnitude tf; for the intermediate values efnf for C?ff > 0. Its
sign does not change in the restriction region similar toAhe of the process under consideration.
HoweverAqp(Arg) can have both signs, even vanish fé?rff < 0. Acp(Arp) is sensitive to the
parameteéﬁﬁ especially for the large values éﬁﬂ andCs’ > 0 (see Fig[10). It can react®%
for ¥, =50 GeV. Inthe case€’s’/ < 0, Acp(Arp) is not sensitive tg¥ . and it almost vanishes.

Fig. 1 is devoted to the ratigz—g dependence oflcp(App) for sin = 0.5 and&y ., = 10m..
Increasing values of the ratio causes to incréase-(Arz)| for C5// > 0. With the increasing mass
ratio of h° and A°, |Acp(Arp)| can take large values. Fc’ﬁ?ff < 0, Acp(Afrp) is not sensitive to
the mass ratio.



Now, we would like to summarize our results.

e |App| for the process under consideration is at the ordei0of and smaller compared to the
SM one, forC&/ > 0. It can exceed the SM valué.(95) for C<// < 0. Addition of NHB
effects decreases its magnitudednys (slightly) for C<// > 0 (CS/7 < 0). App is sensitive to
the parametersind, & ]’{,’,TT and ™ especially foiCe// > 0. Its magnitude decreases (increases)

on

with increasing values aff . (:2%).

on

e |Acp| is at the order ofl0~2. Addition of NHB effects decreases its magnitude 3y
(slightly) for &/ > 0 (C¢/7 < 0). It has the same sign in the restriction regi@f’ > 0
and it can take both signs fa¥<// < 0. Acp is sensitive to the parametersf, E}\J,W espe-
cially for C?ff > 0. It decreases with increasing valuefﬁfTT. The sensitivity ofA-p to the

ratio —£2 is weak.

on

e Acp(App) is atthe order of the magnitude tf for the intermediate values efnf for C<// >
0. It has the same sign in the restriction regiéH’ > 0 and it can take both signs fa// <
0. Acp(Arp) is sensitive to the parameteg§ ., and ;2 for Ce/7 > 0. It increases with
increasing values off; ., even reach ta0%. Further the increasing values of the raﬁ%
causes to increasécp(Azpp)|.

Therefore, the experimental investigation4fz and Acp and Acp(Arp) ensure a crucial test
for new physics effects beyond the SM and also the sigﬁii?éf.
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A The operator basis

The operator basis in the 2HDM (model I11') for our proces§l®, [41 [4P]

O,
0>
O3

OlO

Q1
Q2
OF

Q4

Qs

Q7

(OF

Qo

Q10

(5caYucrs)(CLsy'bra),
(8LaVuCra)(Crs"'brp),
(gLa’yubLoz) Z (CILB’VMQLB)a
q=u,d,s,c,b
(52a7ubrs) Z (qLs7"qra),
q=u,d,s,c,b
(ScaVubra) Y. (@rs"ars).
q=u,d,s,c,b
(52a7ubrs) Z (Tr8Y"qRa),
q=u,d,s,c,b
166 5800 (M R+ msL)bo
#saTgﬁauy(mbR + mgL)bgG™
€ _ _
@(SLa’YubLa)(TVMT) )
€ _ _
@(SLa%bLa)(TVM%T) )
2
e Cl{
62 - -
@(SL br) (Ty57)
g9’ Y (@
—— (57 bR) (a7, dr)
167T2 q=u,d,s,c,b
L) Y @)
167 q=u,d,s,c,b
S Y @)
167 q=u,d,s,c,b
S Y (@)
167 q=u,d,s,c,b
S s Y (@ owdd)
167 q=u,d,s,c,b
I 5o Y (@ o)
167 q=u,d,s,c,b
I s Y (@ o)
167 q=u,d,s,c,b
g’ 5 5
q=u,d,s,c,b
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wherea and g are SU(3) colour indices andF** andG*” are the field strength tensors of the elec-

tromagnetic and strong interactions, respectively. Naae there are also flipped chirality partners of

these operators, which can be obtained by interchangiagd R in the basis given above in model

lll. However, we do not present them here since correspgndiitson coefficients are negligible.

B The Initial values of the Wilson coefficients.

The initial values of the Wilson coefficients for the relevprocess in the SM ar¢ [¢1]

Clsjév,j...ﬁ(mw)
CsM (mw)

CoM (myy)
M (mw)
CsM (mw)

Ci (mw)

C3 (my)

and for the additional part due to charged Higgs bosons are

where

_ 33 — 222 In —8z% — 5a? + Twy
Az, — 1) 24(x, —1)3
_ 32 s + —x} + 5x? + 2, |
4(xy — 1)4 8(xy — 1)3
1 1 — 4sin® 0y, 4
sin20y, () + sin? Oy, Cla) () + 9’
1
= m(B(ﬁt) —C(z1)) ,
= 0 i=1,.,10. (25)
C{,{G(mw) = 0,
CHl(mw) = Y?Fi(y) + XY Fy(y) ,
Cil(mw) = Y?Gi(y) + XY Ga(u) |
Ce'(mw) = Y?H(ye) ,
Clolmw) = Y?Li(y) , (26)
1 _ I VA%
X = . (51?7,% + §£,sbv—;) ;
1 - v Vs
Y = E (&l{/,tt + §%tcv—t:> ’ (27)

The NHB effects bring new operators and the correspondirigdvicoefficients read as

&R (ER) ey (95 (ye) 24 — ©1(24, 1))

Co,(EN0)*) =

32m2m3%0m;©1(24, Y1) Os ()

Y
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Con (€K% = 55’”@][é’“)%ﬁ“’((y*@l(“’y”‘@5<yt><fffy+z/4>>—2@ <zA,yt>@5<yt>1n[%yﬁ>J)
N,tt - )

32m2m?, O1(24,Y:)Os(ye)
2¢D eV mpr 2 +2 2405(x¢)
CA° (EU ) = 9 SN, 7SN, "Wt LYy ZA 91| A95( Tt
@2 5Nt 64m2miom:  \Os(zr)  O1(za,24) O1(z4,x¢)
e —— (z = Dae(ye/2a — 1) — (1 + 2)y) (et w1 —w/24)) — 2%))
P06 — (@ — y)(xe — 10))(Os(24) + (& — y) (w0 — Ye)24) ©6O3(24)
2 2 2 2
A0 fN TTgN bb TiYe + 2y(x — 1wy, — ZA(l't + O6) Ty (1 —yi/2a) 2465
J SNTTSNBb (4 9 In[— A6
Ca, <£Nbb) 64m2m?, ( O3(z4) + O + n[@g(ZA,[L’) )
HO 15U 2y PR ) memy (x(1 —2y)y: (=14 2cos? O ) (=1 + 2 + y)y;
Co, (Enw)) = R +
1 ’ 64m2mom; Os(yt) cos? Oy O4 ()
21 (01 (20, 1) 2ys + cos? Oy (—22%(—1 + x,)yy? + zxyy? — Os2p))
- ; (28)
cos? OwO1(2m, y:)O7

0310 (E%tt) =

G2ER wER <(—1 +2co8’Ow)ye Ty L ey (Y — 2p)
64m2m2 o my cos? Oy O4(yy) Os(y) O1(zm, )

(=1 +2cos? Ow)yizn O5(yt)zn
— 9y, In | 2N H
+ cos? Oy O e O1(zm,ut)])’

CH (g") = -

g'mymez, [ 1+ (=1 + 2z)xy 2z (—1+ (24 x1)y)
128m2m?,omj Os(zy) +y(1 — xy) O5(xy)
CAdcos?Ow(—1+a+y) +a(r +y) N v(x(x(y — 225) — 4d2y) + 221)
cos? Oy O4(xy) O1 (21, 1)
yi((—1 + x)z2g + cos? O ((3z — y)zg + 2¢(2y(x — 1) — 25 (2 — 3z — y))))
_'_
cos? 0w (Os(zn) + x(xr — ye)2m)
Os () z2m ] T n l(f(yt — 2¢)2g — O3(zm) 1 )7

1(zm, xt) Os(xt) +y(1 — zt)yrzm

+2 (.Z't In l

EZL\T),TT (E%,tt)gmbyt

ho = —
C, ((5Ntt)) = 32m2m2omy©1 (2, Y1) Os (ys

7 (10, 31) 2y = 1) + O5(y1) 22 = 1))

he iz oy R (ERa)? ((Os(y)zn(ys — )@ +y — 1) — O1(2n, ¥2) (Os(ye) + i) 2,05 (Y1)
Clp (@ = S L= 1)-0 o [20e00)])
0 92516),775][\11,&”117@ 2(—14+ 2+ z)y) (e —1)(y — 21) 2,Os5(74)

Can(Evar) = - 6472m2,m; ( Os(2¢) N ©5(zn) 2 [91(% xt)]

N x(x(y — 22n) —4z) + 22 (14 x)yezp

O1(2n, 4) zyzye + zn((x — y) (2 — yi) — Op)
n O + ych((x - y)(xt - yt) - @6)(2$ - 1) I x(ytzh + $t<2’h - yt)) - 2yt2h>
2196(06 — (z — y) (@ — 1)) ©2(21) ’
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@) = et (vrastly ")+ Oue 22 4 gy, [0 | gy [
where
O1(w,\) = —(=1+y—yNw— 2y +w—wl)
Oo(w) = (z¢ +y(l — )y — w2 (yye + (ye — Dw)
Oy(w) = Og(w,x; <> Y1)
O3(w) = ((-14y) — y)yw + zz:(yye + w(—1 + yr))
O4w) = 1—z+2w
O5(\) = z+ A1 —x)
Qs = (20 +y(1 —x))ye +xx(1 —y,)
©7 = (W —1) —y)zu +x(yye + (ye — 1zn) (29)
Os = ye(20”(1+ ) (ye — 1) + 2(y(1 — o) + 1) + 2(2(1 — y + 1)
+ (1= 2y(1 — ) — 3u)))
Oy = —af(—14+z+y)(—y + =2y — 1) (4 — ) — meyzn(z(1 + 22) — 2y)
+ yi(a(a® —y(l =) + (1L +2)(z - y)z)
and
m; m; m; m; m;
xt:m—%/v ) yt:mHi ZH:m%O ) Zh:mio ) ZA:mZo )

The explicit forms of the functionsy s (1), G1(2)(y:), H1(y:) and L, (y,) in eq.(Zb) are given as

yi(7 =5y — 8y?) | yi By —2)
F = |
1<yt) 72(% - 1)3 12(% - 1)4 o
Ye(5y: —3) | ye(—3y; +2)
F = |
2(yt) 12(yt _ 1)2 6(yt _ 1)3 ny; ,
Y=y + 5y +2) —y7
G = |
Yi(ye — 3) Yt
= |
1 — 4sin®Oy xy, 1 1
H = - "% ZH _ 1
l(yt) Sin29W 8 Y — 1 (yt _ 1)2 n Yy
- U 3 1 Iny| ,
108(y; — 1) 18(y; — 1)
1 TYy 1 1
L = — | = | .
1(ye) S0 8 [ o1 + =17 nyt‘|

(30)
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Finally, the initial values of the coefficients in the modiéldre

CHPM (my) = CPM (may) + Cf (myy),
AP ) = [ [y ogf«é%tt)%+05f<§%ﬁ>+05f<g4>+cgi<<5%ﬁ>3>
+ Ol ((EN ) + CoL(EN W) + . (ER)):
Con M (mw) = / da / Ty (COER ) + AN ) + A o) + C(ER )
G mw) = o (CEIPM () 4+ P ()
CEIPY ) = et (CHIP () — P ()
CHPM(my) = 0, i=5,..,10. (31)

Here, we present’y, andCy, in terms of the Feynmann parametersindy since the integrated
results are extremely large. Using these initial valuescare calculate the coefficientg*70M (1)
andCg"PM (1) at any lower scale in the effective theory with five quarksneby u, c, d, s, b similar

to the SM case[[13, B4, B8.142].

The Wilson coefficients playing the essential role in thisgaiss are”270M (), CZHDM (),
CPM (), CEIPM (1) and CEIPM (). For completeness, in the following we give their explicit
expressions.

Cs () = CFPM(p) + Qq (C2HPM () + N, CFHPM (1))
where the LO QCD corrected Wilson coefficigit?*?" (1) is given by

CLO ZHDM(,U) — 7716/230$HDM(mW) + (8/3)(7’]14/23 _ 7716/23)6182HDM(TnVV)

8
+ CIPM () D han™ (32)

ands = o (miw)/as(u), h; anda; are the numbers which appear during the evaluafign [13].
Cs'7 (1) contains a perturbative part and a part coming from LD effelcte to conversion of the
realcc into lepton pairr*7-

Caff( ) = Cy”(ﬂ) + Yieson(s) (33)

where
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Gy () = C3PM ()
+ h(z,s) (3C1(1) + Cop) + 3C3(p) + Ca(p) + 3Cs5 (1) + Co(p))
— Sh(1,5) (40(1) + ACs (1) +3Cs() + Col)
1
2
and

ﬁeson(s) = 5 R Z

a2, vizy, @@ —my, +imy Ly,
(3C1 (1) + Ca(p) + 3C3(p) + Ca(p) + 3C5(p) + Co(p)) -

7V, = 7577 )my,

In eq.(3B), the functions(u, s) are given by

8 8 8 4
h(u7s) = _§ln%—§h’lu+2—7—|—§x
Vi—z+l| _ a2
_2(24—37)‘1 _I‘1/2 (ln‘m_l‘ Z7T), forx = 452 <1
9 2 arctan =, for ¢ = W

8§ 8, my, 4 4
h = — _“Iln—/_-_21 i
(0, s) 57 9 n 5 ns—l—gz ,

51(0,5) (Cy(1) +3Ca(1)) + 3 (BCs(i) + Caln) +3C5 () + Ci(p))

(34)

(35)

(36)

(37)

with u = <. The phenomenological parametem eq. (3h) is taken a2.3. In eqs. (30) and(35),

the contributions of the coefficien€s, (1), ....,Cs(1) are due to the operator mixing.
Finally, the Wilson coefficient§’y, (1) andCy, (1) are given by [16]

Co,(p) =0 "% Co,(mw) , i=1,2.

C The form factors for the decayB — K*I"l~

The structure functions appearing in €q] (11) are

vV eff T

A= ¥~ _4C —1T17,
* mp + mg- e !
e eff1m
Bl = —Cgff(m3+mK*)A1—4C7ffq—2b(m23—m§(*)T2,
Ay mp q
By = —¢cl— =2 4o 24 —2 T ,
? * mp + mg- [ 2+m2B—m§(* ’
e 2mpe« effIm
By = —C&M =K Ay — Ag) +ace 2y
q q
V
C = _CIO 9
mp + My~
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Ay
Dy = —
2 1OmB + mg~
21 e+
Dy = —Ci qf (As — Ay)
2mK*
F = A
CQl me 0>
2 *
G = O, 4y, (39)
mp

We use the? dependent expression which is calculated in the framewiiglit-cone QCD sum
rules in [ZB] to calculate the hadronic form factdfs A, Ay, Ay, T, 15 andT5:

() =t

- 2 2 )
1-— CI/FT?L_QB + bF(yZ_%)Z

(40)

where the values of parametér$0), ar andby are listed ifR.

L [ PO [ar]| b |
A, ] 0.34£005]0.60 | —0.023
Ay | 0284004 | 1.18 | 0.281
V | 046 £0.07 | 155 | 0575
7 (0194003 | 159 | 0615
Ty [ 019+£0.03 | 049 | —0.241
Ty [013£0.02]1.20| 0098

Table 2: The values of parameters existing in[e{].(40) forviréous form factors of the transition
B — K*.
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Figure 1: Arp as a function okinf for m 40 = 80 GeV without NHB effects. Hered -3 is restricted
in the region between solid (dashed) lines @t/ > 0 (C5/ < 0). Straight line corresponds to the
SM contribution.
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Figure 2: The same as Hipy.1, but fg¢ .. = 10 m. and including NHB effects.
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Figure 3: Arp as a function OE}@,TT for sinf = 0.5 andm 40 = 80 GeV. Here Arp is restricted in

the region between solid (dashed) linesdgf’ > 0 (C<// < 0). Straight line corresponds to the SM
contribution.
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Figure 4: App as a function of22% for sinf = 0.5 andé}?,w = 10m,. HereArg is restricted in the

™ 40
region between solid (dashed) lines fof’/ > 0 (C<// < 0). Straight line corresponds to the SM
contribution.

22



102 Acp

102 Acp

Figure 5: The same as Fig. 1 but fdgp.

sin 6

Figure 6: The same as Fig. 2 but fdgp.
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Figure 7: The same as Fig. 3 but fdg p.
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Figure 8: The same as Fig. 4 but fdgp.
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sin 6

Figure 9: The same as Fig. 2 but fdg»(Ap5).
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Figure 10: The same as Fig. 3 but fé¢.p(Arp).
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Figure 11: The same as Fig. 4 but fégp(Arp).
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