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New physical effects on the decay B — vy

in the technicolor model
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Abstract In this paper we calculate the contributions to the branching ratio of Bs — yy from charged pseudo-

Goldstone bosons appearing in the one generation Technicolor model. We find that the theoretical value of
the branching ratio, BR(Bs — vY), including the contributions of PGBs, P* and Pg:, is very different from
the standard model (SM) prediction. The new physical effects can provide a one to two order of magnitude

enhancement of the SM results. It is shown that the decay Bs — yy can test new physical signals from the

technicolor model.
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1 Introduction

As is well known, the rare radiative decays of
B mesons are particularly sensitive to contributions
from new physics beyond the standard model. Both
inclusive and exclusive processes, such as the decays
B, — Xy, B, — vy and B — X,y have received some
attention in the literature!® . In this paper, we will
present our results in technicolor theories.

The one generation technicolor  model
(OGTM)!® ) is the simplest and most frequently
studied model. The same as other models, the OGTM
has defects such as the S parameter being large and
positive™. But one can relax the constraint on the
OGTM from the S parameter by introducing three
additional parameters (V,W,X)!"8). The basic idea
of the OGTM is: to introduce a new set of asymp-
totical free gauge interactions and let the technicolor
force act on the technifermions. The technicolor
interaction at 1 TeV becomes strong and causes a
spontaneous breaking of the global flavor symmetry
SU(8)r, x SU(8)r X U(1)y. The result is 82 —1 =63
massless Goldstone bosons. Three of the these ob-
jects replace the Higgs field and induce a mass for the
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W and Z° gauge bosons. Due to the new strong in-
teraction other Goldstone bosons acquire masses. As
for the By, — vy, only the charged color singlet and
color octets have contributions. The gauge couplings
of the PGBs are determined by their quantum num-
bers. In Table 1 we listed the relevant couplings!'®
needed in our calculation, where the V.4 is the corre-
sponding element of the Kobayashi-Maskawa matrix.
The Goldstone boson decay constant F% should
be F, = v/2 = 123 GeV, which corresponds to the
vacuum expectation value of an elementary Higgs

field.

Table 1. The relevant gauge couplings and
effective Yukawa couplings for the OGTM.
PtP 7y, —ie(p+ —p-)u
P Povu —ie(p —p—)udan
. Vud \/2
Ptud —[Mu(1— —My(1
u Eyon 3[ (I—v5)—Ma(1+7vs)]
Vu
P ud ide Na[Mu(1—v5)— Ma(1+75)]
— 7T
Pgapsbgcu _gfabc(pa _pb)p.

2 Numerical calculations and results

At the lowest order (LO) in QCD the effective
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Hamiltonian is
—4G
Heg = Fmb Zc Mg). (1)

Here, as usual, G denotes the Fermi coupling con-
stant and V;, V> indicates the Cabibbo-Kobayashi-
Maskawa matrix elements.
QCD penguin, electromagnetic and chromomagnetic
dipole operators are of the form

The current-current,

O1 = (CLpY"bra)BLaYucLs) 5 (2)

0> = (CLaV"bra)(BLsVucrs) (3)

O3 = (SLa7"bra) Z (@LsTudus) (4)

q=u,d,s,c,b

O4 = (SLa7"bLp) Z (TrpVudra) (5)

q=u,d,s,c,b

Os = (ELa’VubLa) Z (QRB’Yl—LqRﬁ)7 (6)
q=u,d,s,c,b

Os = (SLa7"bLp) Z (TrpVulra) » (7)
q=u,d,s,c,b

07 = (6/167'[ )mbSLUI’L bR u (8)

Os = (g/167*)my,5L0"" T*bg G, (9)

where a and 3 are color indices, a« =1,---,8 label the
SU(3)c generators, e and g refer to the electromag-
netic and strong coupling constants, while F),, and
G7,, denote the QED and QCD field strength tensors,
respectively.

The Feynman diagrams that contribute to the ma-

B IR W
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Fig. 1.

trix element are the following (Fig. 1).

In Fig. 2 the dashed lines represent the charged
PGBs P* and PF of the OGTM. Now we first inte-
grate out the top quark and the weak W bosons at
the = My scale, generating an effective five-quark
theory and run the effective field theory down to the
b-quark scale to obtain the leading logarithmic QCD
corrections by using the renormalization group equa-
tion. The Wilson coefficients are processed indepen-
dently and the coefficients C;(u) of the 8 operators
are calculated from Fig. 2. The Wilson coefficients

read®"! as

C(Mw)=0, i=1,3,4,5,6, Co(My)=1, (10)

B(x) 8B(y)
Cr(My) = — A(6) + . (11
D(z) 8Dy +E()

Cs(My) = —C(6) + . (12
with § = MZ/m?2, = = (m(P*)/m,)? and y =
(m(Pg)/m;)?. From Egs. (11) and (12), we see that

the situation of the color-octet charged PGBs is more
complicated than that of the color-singlet charged
PGBs because of the involvement of the color inter-
actions. We have used the following abbreviations

1 3
Lo Tp —5——52
AlS) — 324 24 4 1 1
(6) i=sp T (= 5) 0g?, (13)
11 53 25, 1 +2 1
—r Yyt gyt Y-yt
36 727 72”7 4 3
B(y) = 1
(v) =) + (1_ }i gy,
(14)

—\/VVV

Examples of Feynman diagrams that contribute to the matrix element.

"
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Fig. 2.

The Feynman diagrams that contribute to the Wilson coefficients C'7, C8.
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1 5 1 3 common four velocity of b and B,. We have
——=§—=4> -2

_8 8 4 4 gy = A —p ok
C(9) 1-0)° 1-0) logd, (15) PorR1 = MpV+ Ry 277’meBs Do Ra,
5 19 5, 1., 1, Pk = (p—ki—ka) by =
21 w6 1Y v |
D(y) = _
(y) (1 _y)3 (1 y)4 0gY, —5771]3S (7’)’1]3s —mb) —ps'kg . (21)
(16) The amplitude of B, — yvy is calculated by means
3 15 5, 9 9, of the following relations
By -2 8" 87 173 (17) 0l5y,vsb|B.(P)) = —ifs, P,
Yy (1 y)3 (1 y)4 gY- < S’YH’Y5 S( - 1 Bsd
By caculating the graphs for the exchanged W boson (0[sysb[B.(P)) = ifs, Ms (22)

in the SM one finds the functions A and C. Evaluat-
ing the graphs involving the color-singlet and color-
octet charged PGBs in the OGTM one obtains the
functions B, D and E. If § <1, z,5y>1, the OGTM
contributions B, D and F have always a relative mi-
nus sign with respect to the SM contributions A and
C. As a result, the OGTM contributions always in-
terfere destructively with the SM contributions.

The leading-order results for the Wilson coeffi-
cients of all operators entering the effective Hamil-
tonian in Eq. (1) can be written in analytic form.
They are

e 8 )
C7ﬁ(mb) = 7716/2307(MW) + g(,'714/23 _7716/23) %

Cs(Myw)+Co(Mw) Y hin™ . (18)

i=1

with 7= o, (Mw)/as(my,),

626126 56281 3 1
hy = (222222 900201 0 L6494,
(272277 51730° 7' 14
—0.0380,—0.01867—0.0057), (19)
14 16 6 12
a; = 9’00’00’ 0o’
23°23°23° 23

0.4086,—0.4230,—0.8994,0.1456). (20)

To calculate B, — vy, one may follow a pertur-
bative QCD approach which divides the evaluation
of the soft gluon effects into the calculation of the
B, meson wave function and a systematic way of re-
summing large logarithms due to hard gluons with
energies between 1 GeV and my,.
late the matrix element of Eq. (1) for B, — vy , one

In order to calcu-

can work in the weak binding approximation and as-
sume that both the b and the s quarks are at rest
in the B, meson, and that the b quark carries most
of the meson energy.
treated as equal to that of B;. Hence one may write

Its four velocity can then be

the b quark momentum as p, = myv, where v is the

where fg, is the B, meson decay constant which is
about 200 MeV.

The total amplitude!® is now separated into a C'P-
even and a C'P-odd part
T(B.—vyy)=M*F,, F* +iM~F,, F* .  (23)
We find that
Mt = Mﬁ%mbsv “Vip X
97t
my, 307
BK — 24
(Zeprmi+is). e
with B =—(3Cs+Cs)/4, A=mg, —m,, and
120G
M- = %fmmbsvt:vmx
3C,
A J(m — 25
(= i+ 257 )
where
Au = (03_05)Nc+(04_06)7
1
Ay = Z[(O3_CS)NC+(C4_O6)]’
Ae = (C1+C5—C5)N+ (Co + Oy — Cs),
1
AS - Z [(O3+C4—05)NC+(O3+C4—06)], (26)
1
AS - —[(O3+C4—05)NC+(03+C4—06)] (27)

The functions J(m?), K(m?) and L(m?) are defined
by

J(m?) = I;(m?),
K(m?) = 4(Ii(m?) — Ioo(m?)), (28)
L(m?) = Iy(m?),

with

Lo(m?) Jld de - (29)
m?)=| dx :
pa o Jo ym2—2xyk1-k2—ia

The decay width for B, — vy is simply

3

m

MY+ M%), 30
67 "+ M) (30)
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In the SM Cy = Cy(Mw) = 1 (the other Wil-
son coefficients are zero), we find I'(B, — vy) =
1.28 x 107!° ¢V which amounts to a branching ra-
tio of Br(B;, — vy) = 2.8 x 1077 for the given
IEeh = 4.48 x 107" eV. In the numerical calcula-
tions we use as input parameters My = 80.22 GeV,
as(myz) = 0.117, m, = 1.5 GeV, my, = 4.8 GeV and
[Vib V2 /| Ven|? = 0.95 | respectively. The present ex-

perimental limit? on the decay B, — vy is

Br(B, —vy)<8.6x10°° (31)

which is far from the theoretical results. So, we can
not put any constraint on the masses of PGBs. The
constraints on the masses of P* and PE can be ob-
tained from the decay™ B —sy : Mpt > 400 GeV.

3  Summary

Figures 3 and 4 show the mass dependence of
Br(B, —yy) on P§ (P¥) for different values of mp=
(mpgt). From Figs. 3 and 4, one can see that the new
physics contributions can lead to appreciable changes
of the SM predictions which may be enhanced by
about one to two orders of magnitude in a reason-
able mass range for the PGBs. This provides a strong
new physical signal from the technicolor model. The
new physics effects will become smaller with increas-
ing mass of the P§ and P+, which is consistent with
the so-called decoupling theorem for heavy enough
non-standard bosons. From Egs. (16), (17) and (18)
one can see that the functions B, D and E go to zero
as x, y — oo. The branching ratios as shown in Fig. 3
change much faster than those in Fig. 4, which re-
veals that the color octet P5 provides the dominant
new physics contribution.
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Fig. 3. Br(Bs —yy) versus the mass of P¥ for
different values of mp+.
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Fig. 4. Br(B. —Y) versus the mass of P¥ for
different values of PZ.

As a conclusion, the new physics contribution to
the rare decay of B, — yy from the PGBs can be
rather large in magnitude, and may be detected in
future precision experiments.

The author Qin Xiu-Mei thanks Dr. Huo-WJ and
Dr. Zhou-HQ for their help and the instruction.
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