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Abstract

Applying an effective Lagrangian method and an on-shell scheme, we analyze the electroweak

corrections to the rare decay b — s+vy from some special two loop diagrams in which a closed heavy fermion

loop is attached to the virtual charged gauge bosons or Higgs.

At the decoupling limit where the virtual

fermions in the inner loop are much heavier than the electroweak scale, we verify the final results satisfying

the decoupling theorem explicitly when the interactions among Higgs and heavy fermions do not contain the

nondecoupling couplings. Adopting the universal assumptions on the relevant couplings and mass spectrum of

new physics, we find that the relative corrections from those two loop diagrams to the SM theoretical prediction

on the branching ratio of B — Xsy can reach 5% as the energy scale of new physics Axp =200 GeV.
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1 Introduction

The measurements of the branching ratios at
CLEO, ALEPH and BELLE [1] give the combined
result

BR(B—X,y)=(3.52+0.23+0.09) x 107, (1)

which agrees with the next-to-next-to-leading order
(NNLO) standard model (SM) prediction [2],

BR(B—X,y)=(3.15+0.23)x107*.  (2)

Good agreement between the experiment and the the-
oretical prediction of the SM implies that the new
physics scale should lie well above the electroweak
(EW) scale Agw. The systematic analysis of new
physics corrections to B — X,y up to two-loop order
can help us understand where the new physics scale
sets in, and the distribution of new physical particle
masses around this scale. In principle, the two-loop
corrections can be large when some additional param-
eters are involved at this perturbation order besides
the parameters appearing in one loop results. In other
words, including the two-loop contributions, one can
obtain a more exact constraint on the new physics pa-
rameter space from the present experimental results.
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Though the QCD corrections to the rare B de-
cays are discussed extensively in the literature, the
pure two-loop EW corrections to the branching ra-
tio of b — sy are less advanced because of the well
known difficulty in calculation. Strumia has evalu-
ated the two-loop EW corrections to b — sy from the
top quark using heavy mass expansion in gaugeless
limit of the SM [3]. At the limit of large tanf in
supersymmetry, Ref. [4] analyzes the two loop cor-
rections to the branching ratio of B — X,y from the
virtual charged Higgs and gluino-squark sector.

Employing the effective Lagrangian method and
on-shell scheme, we present the corrections to the
branch ratio of B — X vy from some special diagrams
in which a closed heavy fermion loop is attached to
the virtual charged gauge bosons or Higgs here. The
effective Lagrangian method can yield one loop EW
corrections to the effective Lagrangian of b — sy ex-
actly in the SM and beyond, and it has been adopted
to calculate the two loop supersymmetric corrections
for the branching ratio of b — sy [5], neutron EDM
[6] and lepton MDMs and EDMs [7, 8. In concrete
calculation, we assume that all external quarks and
photon are off-shell, then expand the amplitude of
corresponding triangle diagrams according to the ex-
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ternal momenta of quarks and photons. Using loop
momentum translating invariance, we formulate the
sum of amplitude from those triangle diagrams cor-
responding to the same self energy in the form which
explicitly satisfies the Ward identity required by the
QED gauge symmetry, then get all dimension 6 oper-
ators together with their coefficients. After the equa-
tions of motion are applied to external quarks, higher
dimensional operators, such as dimension 8 operators,
also contribute to the branching ratio of B — X,v, in
principle. However, the contributions of dimension
8 operators contain the additional suppression factor
mi /A%, compared with that of dimension 6 oper-
ators, where my, is the mass of the bottom quark.
Setting Agw ~ 100 GeV, one obtains easily that this
suppression factor is about 10~2 for the b — sy. Un-
der the current experimental precision, it implies that
the contributions of all higher dimension operators
(D > 8) can be neglected safely.

We adopt the naive dimensional regularization
with the anticommuting ys scheme, where there is
no distinction between the first 4 dimensions and the
remaining D —4 dimensions. Since the bare effec-
tive Lagrangian contains the ultraviolet divergence,
which is induced by divergent subdiagrams, we give
the renormalized results in the on-mass-shell scheme
[9]. Additionally, we adopt the nonlinear R, gauge
with £ =1 for simplification [10]. This special gauge-
fixing term guarantees explicit electromagnetic gauge
invariance throughout the calculation, not just at the
end because the choice of gauge-fixing term eliminates
the YW*GT vertex in the Lagrangian.

This paper is ordered as follows. In Section 2,
we introduce the effective Lagrangian method and
our notations. We will demonstrate how to obtain
the identities among two loop integrals from the loop
momentum translating invariance through an exam-
ple, then obtain the corrections from the relevant dia-
grams to the effective Lagrangian of b — sy. Section 3
is devoted to the numerical discussion under univer-
sal assumptions on the parameters of new physics.
In Section 4, we give our conclusion. Some tedious
formulae are collected in the appendices.

2 The Wilson coefficients from the
two-loop diagrams

In a conventional form, the effective Hamilton is
written as

4Gy,
Hcff:_ﬁ‘/ts‘/tbzci(,u)oiv (3)

where V is the CKM matrix and Gr = 1.16639 x
1075 GeV~? is the 4-fermion coupling. The defini-
tions of those dimension six operators are [11]

| B
0, = Tk 5(1iP)*w_b,
eQa [75— _ .
0, = ik [(1Dus)’y“F-aw,b+sF-ow“w, (iD,b)|,
e
05 = (4g;2 .§(8“FW)7”w,b,
1 .
0, = Wg(llb)z(mbwr—i-msw,)b,
eQa _ ..
05 = (am)? S0t (mbw++msw,)bFW,
On = e [ G ow- 145607 (1D,
gs — v
0, = Tk 5(0"G L)y w_b,
Oy = @gTS)ngaUW (mbw+ +msw,)bGzy,
€ <
%= ‘uﬁ; (@ F-ow-b
_5F -0t (iDub)] ,
1 .
O, = W§(1Q)2(mbw+—msw,)b,
eQd = _pv
0 = 5o i o
O,y = —(4%[:)2 {(iDus)'y“va,b
—5G-oy*w_ (iDub)] ,
O3 = (4332 sT*ah (mbw+ —msw,)bqu,
O = (Emyuw,c“)(éﬁyuw,bﬁ), (4)

where F,, and G, = GZVT“ are the field strengths
of the photon and gluon, respectively, and T“(a =
1,--+,8) are SU(3). generators. In addition, e and g,
represent the EW and strong couplings, respectively.

After expanding the amplitude of corresponding
triangle diagrams, we extract the Wilson coefficients
of operators in Eq. (4), which are formulated in the
linear combinations of one and two loop vacuum inte-
grals in momentum space, then obtain the corrections
to the branching ratio of B — X,y.

2.1 The corrections from the diagrams where
a closed heavy fermion loop is inserted
into the self energy of W* gauge boson

In order to get the amplitude of the diagrams in
Fig. 1(a), one can write the renormalizable interac-
tion among the charged EW gauge boson W* and
the heavy fermions F, g in a more universal form as
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Lowrr = iW”“F‘“%(QBw, +C53W+)Fr5 +he., (5) Fy g, respectively.
Sw Applying Eq. (5), we can write firstly the ampli-

where the concrete expressions of Cif;‘ depend on the tude of those two loop diagrams corresponding to the
models employed in our calculation. The conserva- self-energy diagram Fig. 1(a). After integrating over
tion of electric charge requires Qp — Q« = 1, where loop momenta, one gets the following terms in the
Q«.p denote the electric charge of the heavy fermions effective Lagrangian,
t
b s
- -~ GL I G- TN W
\\;ﬂ/

r1 (1

(2) (®) ©

Fig. 1. The relating two-loop diagrams in which a closed heavy fermion loop is attached to virtual W bosons
or G* (Hjt)7 where a real photon or gluon is attached in all possible ways.
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where a, = e?/4m and Q4 = —1/3,Q, = 2/3 represent the charge of down- and up-type quarks, respectively.
T¢ =1 when the heavy virtual fermions take part in the strong interaction, otherwise 7' =0. With an energy
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scale A, we define z; =m?2/A? zr = A%/A* with Agg denoting the renormalization scale that can take any
value in the range from the EW scale Agw to the new physics scale Axp naturally. Certainly, the final result
does not depend on the choice of A because of the invariance of energy scale. Here, we adopt the abbreviations
¢y =cosb,, and s, =sinf,,, with 6, denoting the Weinberg angle. The functions v;, ¢; are defined as

2o M)
1/’1(%.?) = am4: (Iay)_s a(EY (Iay)a
a4@3,1 a3Q2,1
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Y = 418 9t 144 9z® 4 dz2 48 Jzt 16 dx3 Y
d'o,, o,, o,,
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azg 849
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19%°,, 100, x,0%0, x,90,, x,00,
da(@y) = {_E 0x2 8 dz 16 0x2 16 oz3 96 Jxt (@.y). (™)

Note that the result in Eq. (6) does not depend on the concrete choice of energy scale A, and the concrete
expressions of F;(x, y, z, u), 0;;(2,y) (i, j=1, 2---) can be found in the appendix.

The charged gauge boson self energy composed of a closed heavy fermion loop induces the ultraviolet
divergence in the Wilson coefficients of the effective Lagrangian, and the unrenormalized W* self energy is
generally expressed as

p? p?
EZ\: (p’AR,E) = AZAB]QHV + A‘{V + FA;/ 4 (ngiw _p#pV) + (B;N + PB;N o )pupu ; (8)
where the form factors Ay, , and B}, only depend on the virtual field masses and renormalization scale.
Here, we omit those terms which are strongly suppressed at the limit of heavy virtual fermion masses. The

corresponding counter terms are given as

S (p, Ang) = = [8m2 (Are) 2 82, (Ays)| 90 =8 Zu(Are) [P — D - (9)
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The renormalized self energy is given by
S0 (0, A ) = Z) (0, Ari) + 0 (0, Are)- (10)

For on-shell external gauge boson W#, we have [9]

W (p,m, )€ (p) =0, lim N (p,m, )" () =€, (p), (11)

22 2 2 P2 _m2 v
p2=m2 p?—mZ P mw

where €(p) is the polarization vector of the W* gauge boson. Inserting Eq. (8) and Eq. (9) into Eq. (11), we
derive the counter terms for the W+ self energy in the on-shell scheme as

2
My

2y =AY+

Ay =AY + 2, Ay, dm2 =AY N> —m28Z. (12)
To cancel the ultraviolet divergence and those dangerous terms violating the decoupling theorem completely,
we should derive the counter term for the vertex yW+TW ™ here since the corresponding coupling is not zero at
tree level. In the nonlinear R, gauge with £ =1, the counter term for the vertex YWtW~ is

i(SCYW*W* =ie- 5ZW(ARE) [gtw (kl - kZ)p +ng(k2 - k3)u +gpu(k3 - kl)'/] ’ (13)

where k; (i =1, 2, 3) denote the incoming momenta of W* and photon, and u, v, p denote the corresponding
Lorentz indices, respectively.

We can verify that the sum of amplitude from counter diagrams satisfies the Ward identity required by
the QED gauge invariance obviously. Accordingly, the effective Lagrangian from the counter term diagrams is

written as
V2Gra.z I (1+¢) 1
Cc __ e MW y rx e * *
Sw = = 7% Qa ViV (dmze)” (1—¢)2 ( «pCap +Cap 5”) . E{_%
1 Tp, +T
+(IF‘X+:CF[5)/I/}2}(:CW;$t)_ﬂQZl(IF“;xFB)U)Z(vaIt)_%wii(xw;xt)

1
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1
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* * 1 xFKX—i_xF

+( [T;qs 554' orc{[S orc{[S) [E{w5+(IFq+‘TF[3>¢6}(:Cwaxt)+Tﬁ¢7(xwaxt)

Os

1 1
_ﬂQZ,l(IFo”IFﬁ )wG(Iwaxt) =+ §¢2($anxFﬁ )¢5($w,$t) +w8(xw;xt)

1 1
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Adding the counter terms to bare Lagrangian Eq. (6), we cancel the ultraviolet divergence there. Under
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our approximation, the resulting effective Lagrangian is written as

~ V2Graety, .,
Lo = 771.9;@ VieVio ( A G ) Fi (@, 2,25, Tr, ) + QubFa (T, 2, p, 25, ) | Oa
( B )F3 xw;xtaxF‘X;xFﬁ)O
+( LB) CCF‘X'IFB /2 F4(IW7INIF0M$F[5)+QuF5('rwaxt;xF‘X;$F[5) @
+( *_ Rﬁ) thxxFﬁ 2F6(xw7xt7xFa7xFﬁ)09
+( [5) F2 xw7xt7xF{x7xFﬁ)+T F7(xwuxt7xFa7‘rF@) (96
+( Co([s) I'FD(:L'F[S /2 Fs(xw,xt,xF“,fL'Fﬁ)‘f'T FB(xwuxtuxFaaxF@) (96
+( b )T°F9 $W7It,IF“,ZCFB)O
“F( il”; 513_ 55<§|3)(CCFKX:CF[S)1/2T;F10(IW7INIF“7IF[3)012}+"'7 (15)

which only depends on the masses of virtual fields. It should be clarified that the corrections to the coefficients
of Og 12 do not depend on the concrete renormalization scheme adopted here since the relevant terms from the
bare Lagrangian do not contain the ultraviolet divergence. In the limit z < x, y, the function @(z, y, z) can
be approximated in powers of z as

22 23
D(@,y,2) = ¢o(2,9) +2¢1(2,9) + 5702 y) + rs(w,y) +22(Inz = m, (2,y)
Inz 3 Inz 11
+2Z2<j—1>”2(%y)+223(?—%>7T3($,y)+"' (16)
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x+y 2xy Y
7T1(£Cay) +Q1,1(x7y)7 ﬂg(l',y) (,T—y)Q (,T—y)?’ nxu
1 12 6

7, (@y) = - _ 2wy Soylety)y, g an

(z—y)* (@-y)* (2-y)P® =
and the concrete expressions of function ¢;(z,y) (¢=0,1,2,3) can be found in the appendix. Using the asymp-
totic expressions in Eq. (16), we derive the leading contributions contained in Eq. (15) under the assumption
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where ellipses represent those relatively unimportant
Comparing the result in Eq. (15), the
contributions from the corresponding diagrams con-
tain the additional suppressed factor m? /A%, when
both of the virtual charged gauge bosons in Fig. 1(a)
are replaced with the charged Goldstone G*.
ever, we should consider the corrections from those
two loop diagrams in which one of virtual charged
gauge bosons is replaced with the charged Goldstone
G?* since it represents the longitudinal component of
the charged gauge boson in the nonlinear R; gauge.
As the closed fermion loop is attached to the virtual
W+ gauge boson and charged Higgs simultancously,
the corresponding triangle diagrams belong to the fa-
mous Barr-Zee type diagrams [12]. It is shown [13]
that this type of diagram contributes to the impor-
tant corrections to the effective Lagrangian. For the
reason mentioned above, we also generalize the result
directly to the diagrams in which a closed heavy loop
is attached to the virtual H* and W¥ fields simulta-
neously.

corrections.

How-

2.2 The corrections from the diagrams where
a closed heavy fermion loop is attached to
the virtual W+, G* (H*) bosons

Similarly, the renormalizable interaction among
the EW charged Goldstone/Higgs G* (H*) and the
heavy fermions F, s can be expressed in a more uni-
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versal form as

e _
ESiFF = S_ |:G7F‘X (g;’é‘u}, +g;’§W+)FB

HH Fy(HS 0 +H“Bw+)Fﬁ}+h.c., (19)

where the concrete expressions of g;é“ R Hae LR de-
pend on the models employed in our calculattlon7 the
conservation of electric charge requires Qg — Q= 1.
Generally, the couplings among the charged Gold-
stone/Higgs and quarks are written as

e‘/u*d G d
V2s,,

+H d Ly —Bcﬂw,

My My

Esic_lu =

My My ]

u} +h.c., (20)

where the parameter B, also depends on the concrete
In full theory, the
couplings in Eq. (19) induce the corrections to the
effective Lagrangian for b — sy through the diagrams
presented in Fig. 1(b), (c).

Since there is no mixing between the charged
gauge boson and the charged Higgs/Goldstone at
tree level, the corresponding corrections from the dia-

models adopted in our analysis.

grams presented in Fig. 1(b), (¢) to the bare effective
Lagrangian do not include the ultraviolet divergence,
and can be formulated as
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The expressions of form factors P;(x, y, z, u, w) (i=1,---
z) at the limit z, y>> 2 in Eq. (16), we simplify the expressions

Using the asymptotic expressions of @(x, y,

of Eq. (21) in the limit mp =mp, =mp, >m, as:

02,1 (Mg, m) —

,4) can be found in appendix.
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X %(H}";DE B+ HSE

16
144

2+46Q,
48

2 _ 2
mg, —Mgs

02,1 (m%i , mf) )

c,L c,R
3 (MpuCl + MR, ) Ou
mg . 92,1(m3\/7m§)_92,1(m?{i5m3)
¥ m2 —m? .,

;B)OE, —is(Hgg R ;6)011}

02,1 (mg, m3)

<lnm§—

2 2 2
— 02,1 (M, m{)
2 2
mg, — My

H

x [R(Hgkck, —HERE, ) 05— i3 (Hakch, —HEEC ) O

[2Q,  6-2Q L, 02a(m
_ | 2B I _E2
144 8 Hime
X :&a(Hg; B HGR ‘XB)O —IJ(HEOI:

1
8v/2

< [R(rgicts + 740

1+Inms

2 QZ,l(mgvvmg)

iamf) — QZ,I(m%ivmg)
m2 —mg .

5k ) Onl

R s ,L ~L ,R
5 ) Os =i (HghChy + M

- 92,1(m12{i amf)]

2 _ o2
mZ —mi.

o]

1 1+ Tnm? 021(m3,m?) — 021 (mfe,m7)
———=[1+Inm2 - e
8\/5_ mZ —mg. ]
x[@?(?—( L 5[54—7'(?5’ )(98—0—1\;(7'(?501: +H B)Ol-’i}
1 141 2 Qz,l(miamf)_&,l(mi{i,mf)
———=[1+Inm2 — e
44/2 m2 —mg.
x[%(HM —HGRCR )os—m(Hg; —H gaﬁ)om}
1 [ 2,02y _ 2 23]
+ 1+1nm%_ Q2v1(mw7mt2)_02,21 (mHiumt)
4\/5_ mZ —m7. ]

[m(%gg +HEE )(98+1J(Hg§ +HEE 3)013}}.

The results indicate that the corrections to the
effective Lagrangian from the diagrams presented in
Fig. 1(b), (c) are suppressed in the limit mg =mp, =
mp, > m,, unless the couplings ’HE",T:’R violate the
decoupling theorem.

It is well known that the short distance QCD af-

fects the rare B decay strongly. At the NLO level [14],

(22)

the Wilson coefficients at the bottom quark scale are
given as

5(1) ~ 0.67(Cs(p1w) —0.42C5 (1)
Cs () =~ 0.7(Cs (1) +0.12),

—0.88),
(23)

where the corresponding Wilson coefficients at EW
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scale are written as

Cs(p,) = Ca(p,)+Cs(p,)+Colp,)+C(p,,),
Cs(p,) = Colp,) +Cs(p,) +Cra(p, )+ Crs(p, ) (24)
As an application, we investigate the relative cor-

rections to the branching ratio of rare decay B — X,y
originating from those sectors.

3 The corrections to branching ratio
of B— Xyy

In order to eliminate the strong dependence on the
b-quark mass, the branching ratio is usually normal-
ized by the decay rate of the B meson semileptonic

decay,
rB—Xy) _ I'(b-sy)
I'B—X.ev) I'(b—cev)
20,

= m|07(ﬂb)|27 (25)

where p(y) =1—8y+8y%—y*—12y*Iny is the phase-
space factor with y = (m./my,)?, and
2(Xs (mb)

v f(y),

with f(m?/m?)=2.4. From now on we shall assume
the value BR(B — X .eVv) = 10.5% for the semileptonic
branching ratio, ag(m,) =0.118, a.(m,) =1/127. For
the mass spectrum of SM, we take m; = 174 GeV,
my, =4.2 GeV,m,, =80.42 GeV and m, =91.19 GeV.
In the CKM matrix, we apply the Wolfenstein pa-
rameterization and set A = 0.85, A = 0.22, p = 0.22
and n=0.35 [15].

Without loss of generality, we adopt the universal

x(y)=1-

assumptions on those couplings and mass spectrum
of new physics as

L _ R _qyL __qgu,R__ HocL__ ~c,R_ _i¢
P T mB_HBa_HB(x—gBa_gﬁa_el CP)
mr, = mFﬁ =MmMy=+ :ANP- (26)

To continue our discussion, we assume the elec-
tric charge of heavy fermions as Qz=2/3, 1, —1/3,
4/3, 5/3, which corresponds to the electric charge of
another heavy fermion in inner loop Q. = —1/3, 0,
4/3, 1/3, 2/3, respectively. In addition, we also as-
sume that those heavy fermions with fractional elec-
tric charge all take part in the strong interaction.

Many extensions of the SM include the heavy
fermion fields with Qs = 2/3, Q« = —1/3. In the
extensions of SM with large [16] or warped [17] extra
dimensions, the KK excitations of up- and down-type
quarks form a closed fermion loop which can be at-
tached to the zero modes of charged gauge boson and
Higgs. In the minimal supersymmetric extension of

SM (MSSM) [18], the closed fermion loop composed
by chargino (Qp =1) and neutralino (Q,=0) can be
attached to the charged gauge boson and Higgs. In
the 3—3—1 model [19], the electric charge of exotic
quarks are assigned as Qz =4/3,5/3.

In many EW extensions of the SM, the couplings
among the charged Higgs and quarks contain an en-
hancing factor B.. For example, B, = tan( in the
MSSM is a strong enhancing factor at large tang
limit. In other EW theories, such as the littlest Higgs
[20], 3—3—1 model, the couplings among the charged
Higgs and quarks also contain a nontrivial enhanc-
ing factor B. > 1. In our numerical discussion, we
assume the possible enhancing factor with a trivial
value B. =1 or a nontrivial value B, = 10.

Including NLO QCD effects, we plot the relative
corrections to one loop SM theoretical prediction on
the branching ratio of the inclusive B — X,y de-
cay versus the possible C'P violation phase ¢cp with
B.=1in Fig. 2(a). Depending on concrete choices of

)

[=3 0"

2

X -1 E 3
Tl=

Qs -3

A2 4t ~ (0]
=S ",
g 2

]

0 0.5 1.0 1.5 2.0
dcp/m

The relative correction to the branch-

Fig. 2.
ing ratio of the inclusive B — X_y decay ver-
sus the possible C'P violation phases ¢cp.
Hered the solid-line represents the theoreti-
cal correction with Qg = 1, Q« = 0, the
dashed-line represents the theoretical correc-
tion with Qg =—1/3, Q« = —4/3, the dotted-
line represents the theoretical correction with
Qp = 2/3, Qu = —1/3, the dashed-doted-
line represents the theoretical correction with
Qp =4/3, Qx = 1/3, and the dashed-dotted-
dotted-line represents the theoretical correc-
tion with Qg = 5/3, Q« = 2/3, respectively.
The enhancing factor is chosen as the trivial
B.=1in (a), or a nontrivial B =10 in (b).
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Qs and the C'P violation phase ¢¢p, the relative cor-
rections to the branching ratio from those two loop
diagrams can reach 2.5%. Compared with the cor-
rections from QCD, the modifications from those two
loop EW diagrams are unimportant certainly. Never-
theless, those effects can be observed possibly in the
experiment along with improvement of the theoret-
ical analysis and the increase in experimental preci-
sion. Taking the enhancing factor B, =10, we plot the
relative corrections to one loop SM theoretical predic-
tion on the branching ratio of the inclusive B — X,y
decay versus the possible C'P violation phase ¢¢cp in
Fig. 2(b).
Barr-Zee diagrams are enhanced drastically, the rel-
ative corrections to one loop SM theoretical predic-
tion on the branching ratio of B — X,y can reach
4.5%. Although the two-loop EW corrections cannot
compete with that from QCD, we cannot neglect the
corrections with this magnitude.

Assuming B. =10 and ¢¢cp =7/2, we plot the rel-
ative corrections to one loop SM theoretical predic-
tion on the branching ratio of B — X,y varying with

Because the contributions from two loop

the energy scale of new physics Ayp in Fig. 3. Since
the intervention between the top quark and the parti-
cles in new physics, the relative corrections reach the
maximum (~ 4.5%) around Axp = 200 GeV. With

increasing Ayp, the relative corrections become

(=3
(=1
X 4 ]
=
=
<
1
m
<
Q
‘d
=
>T<
aa] —4r ]
T
Q

2 4 6 8 10
Anp/GeV (x107)

Fig. 3. The relative correction to the branch-
ing ratio of the inclusive B — X_y decay
versus the energy scale of new physics Ayp.
Here, the solid line represents the theoreti-
cal correction with Qp = 1, Q« = 0, the
dashed line represents the theoretical correc-
tion with Qg = —1/3, Q« = —4/3, the dot-
ted line represents the theoretical correction
with Qp =2/3, Qu = —1/3, the dashed-dotted
line represents the theoretical correction with
Qp =4/3, Qu = 1/3, and the dashed-dotted-
dotted line represents the theoretical correc-
tion with Qg =5/3, Q« = 2/3, respectively.

smaller and smaller. At Axp = 1 TeV, the relative
corrections are about 2%.

In the SM, the CP asymmetry of the B — X,y
process is calculated to be rather small: Agp ~ 0.5%
[21]. Certainly, the new CP violation phases may
induce the observable effects on the CP asymmetry
of B — X,y. However, the numerical results indi-
cate that the corrections from those two loop dia-
grams to the C'P asymmetry of B — X,y are rather
small. The relative correction to one loop SM theo-
retical prediction on the branching ratio of B — X,y
is already above 8% when B, = 30, Axp = 200 GeV
and ¢cp = /2. The corresponding correction from
those two loop diagrams to the C P asymmetry is still
smaller than 1% under our universal assumptions on
the parameter space.

As mentioned above, the universal assumptions
on the couplings and mass spectrum of new physics
are adopted in our numerical analysis. In concrete
EW extensions of the SM, this choice is a very simple
assumption on parameter space. However, the numer-
ical results given above reflect the typical magnitude
of corrections from those two loop diagrams to the
branching ratio of B — X,y unless there is contingent
cancelation among different sectors of those two loop
diagrams in concrete extensions of the SM.

4 Conclusions

Applying an effective Lagrangian method and an
on-shell scheme, we analyze the EW corrections to
the rare decay b — s+vy from some special two loop
diagrams in which a closed heavy fermion loop is at-
tached to the virtual charged gauge bosons or Higgs.
The analysis shows that the final results satisfy the
decoupling theorem explicitly when the interactions
among Higgs and heavy fermions do not contain the
nondecoupling couplings. Adopting the universal as-
sumptions on the relevant couplings and masses of
new physics, we present the relative corrections from
those two loop diagrams to one loop SM theoreti-
cal prediction on the branching ratio of B — X,y
varying with the possible C'P violation phases and
energy scale of new physics. The numerical results
indicate that the relative corrections from those two
loop diagrams can reach 5% if there is not contingent
cancelation among different sectors of corresponding
contributions.
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Appendix A
Form factors in the two-loop Wilson coefficients
The definition of ¥(z,y, z) is written as
1) A >0, T+ Vz<Vz:
r+y—z—A r—y+z—A Y. oz r+y—z—A r—y+z—A 2
U(x,y,z)=21 | ( )—1 Zln—-2L;, | —— | —2L;, | ———— —, (A1
(@:y,2) n( 2x )n 2x T 2 2z 2 2x +3 (A1)
where Li, (x) is the spence function;
2) A >0, VZ+2z < /¥
¥(x,y,2) =Eq. (Al)(z < y); (A2)
3) A >0, VT + /< z
W(2,y,2) =Fa. (A1)(z = 2); (A3)

4) N2 <0:

U(x,y,2)= Q{C’lz (2 arccos (%)) +Cls (2 arccos (%)) +Cls (2 arccos (m;— yx_yz

where Clz(z) denotes the Clausen function.
The expressions of po(z,y), ¢1(z,y), p2(z,y) and @3(z,y) are given as

(z+y)Inzlny+(z—y)O(z,y), z>y;
vo(z,y)= 2x1n2:c, T=1y;
(z4+y)Inzlny+(y—z)0(y,z), z<vy.

—lnmlny—m@(x,y), T>y;

z—y
o1(z,y) = 4—2Inz—Inz, T=Y;
—lnmlny—m@(y,x), <y,

y—x

(222 + 6xy)Inz — (6xy +2y*) Iny _Awmy

50(z,y), z>y;

(z—y)? (z—y)
_ _i+£lnx =Yy,
p2(z,y) =4 g T3 nz, =y;
2 _ 2
(22" 4 6zy)Inx (63;vy—|—2y )ny 4wy _O(y.z), z<y,
(z—y) (y—=)
12zy(x+y) 2(x? 4 62y +y?)
—— Oy - ——F—
(z—y) (z—y)
+2(x3—|—20x2y—|—11zy2)1n:c—2(5y3+20xy2+11x2y)lny o>y
(z—y)
_) 53 —&—Llnx x=y;
303(1’7 y) = 15022 512 ’ =Y
12zy(z+y) 2(x® +6xy+y°)
——— O, r) - —F——
(y—2) (z—y)
+2(m3—|—20m2y—|—11xy2)11(15_—;)(5113+20:Ey2+11:b2y)lny z<y,

with

2
O(z,y) =InzlnZ —2In(z —vy) n? —2Li, (Q) +T
T T T 3

) o

(A6)

(A8)
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The functions adopted in the text are written as

T n"r—yin y7 Ql-(ac,y;u,v):x (ZL’,U,’U) Y (y7uyv)7

r—=y r—=y

Q;,; (x/y) =

8 dz 24 022 32 022 16 02z3

4 3 2 2 3
1 0 0 10 10 3z 0 0
Fi(z,y,z,u) = 21%. 1 (2, u)[ aii‘l +3 af;l} (y,x)— { 02,1 %1 o520 01 2T 034

T a494,1 a4941 83:93,1 1 a4tQ4,1 1 a393,1 10 Q21
_ES 824 (Z ) ax4 -3 axg (x’y)_l_g am4 (l’:y)+ﬂ amS (l’yy)_z 8332 (l’,y)

1 a 3,1 84 2,1
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0 9’
—[2+60-Q) nu] @)~ 6= w1+ e, (.0) 5t (2,1)
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_3ax28u [
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24 9zt 12 g3 36 da2 9 0 Y

+(zlnz4ulnw) [

1 84 Q21 1 aS 011 1 aS 011
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2

0 do,,
Fi(z,y,2,u) = 116{ (2Q; —14+Q; Inu) ai (z,9) +2(1-2Q, +(1-Q,)Inu) gx (z,y)
4 1 ) &2 & [1-20,)ue 7. -
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0’ 0’
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+38x28u [(S_QB)(Z_U)QOJ'_(l_Qﬁ)Ql}(may;zau)

+3(1—Qﬁ>m[(z—u)no—rzl]<x7y;z,u>}7

4 2 2 2 3
1 J 031 d 011 10 Q21 la91,1 z 0 011 z 0 Q21
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Fg(m7 y? Z7u) =

Fio(z,y,2,u) =

Pl (x7y7 Z7u7w) =
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P = —<{ —92(2 > > _ - 1\ <y Wy 1\H <%
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