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Abstract

In this paper we calculate the contributions to the branching ratio of B — X,y
from the charged Pseudo-Goldstone bosons appeared in one generation technicolor
model. The current CLEQO experimental results can eliminate large part of the
parameter space in the m(P¥) — m(Pgt) plane, and specifically, one can put a strong
lower bound on the masses of color octet charged PGBs PE: m(PE) > 400 GeV at
95%C.L for free m(P*).
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1 Introduction

Recently the CLEO collaboration has observed|1] the exclusive radiative decay B — K*y
with a branching fraction of BR(B — K*vy) = (4.5 4+ 1.0 £ 0.9) x 10~*. The inclusive
b — sy branching ratio measured by CLEO[2] is:

BR(B — X,v) = (2.32 £ 0.57 £ 0.35) x 107*, (1)
The newest upper and lower limits of this decay branching ratio are

1.0 x 107* < BR(B — X,7) < 4.2 x 107*, at 95%C.L.. (2)

As a loop-induced flavor changing neutral current(FCNC) process the inclusive decay(at
quark level) b — sv is in particular sensitive to contributions from those new physics
beyond the Standard Model(SM)[3].

The decay b — sv and its large leading log QCD corrections have been evaluated in
the SM by several groups [4]. The reliability of the calculations of this decay is improving
as partial calculations of the next-to-leading logarithmic QCD corrections to the effective
Hamiltonian[5, 6].

On the other hand the discovery of the top quark and the measurement of its mass (in
this paper we use the weighted average m; = 180 £+ 12 GeV from the announced results
of m; by CDF and DO[7] wherever possible) at FERMILAB basically eliminated a source
of uncertainties for the calculation of the decay b — sv in the SM and in beyond theories.
The great progress in theoretical studies and in experiments achieved recently encourage
us to do more investigations about this decay in technicolor theories.

In this paper, we estimate the possible contributions to the decay b — sy from the
exchange of the charged Pseudo-Goldstone bosons which will appear in no-minimal tech-
nicolor models, such as the Farhi-Susskind one-generation technicolor model (OGTM)
[8]. We know that the experimental data seems disfavor the OGTM which generally tend
to predict S parameter large and positive [9]. Why we here still choose it to do the
calculations? The reasons are the following;:

(1) At first, presence of the Pseudo-Goldstone bosons in the particle spectrum is a
common feature of those non-minimal TC models with ordinary or novel ETC sectors, no
matter the specific differences of structures between those models. The gauge couplings
of the PGBs are determined by their quantum numbers, while the Yukawa couplings
of PGBs to ordinary fermions are generally proportional to fermion masses for many
TC/ETC models. Among the non-minimal TC models, the OGTM [8] is the simplest
and most frequently studied model. Many relevant works [10] have been done since the

late 1970’s. One can use those existed results directly in further investigations.
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(2) On the other hand, the constraints on the S parameter could be relaxed consider-
ably by introducing three additional parameters (V, W, X) [11]. A global fit to the data
in which all six oblique parameters S through X are allowed to vary simultaneously gives
the one standard deviation bound on S: S ~ —0.93 + 1.7 [12]. This fact means that the
constraint on the OGTM from the parameter S could be considerably weakened if we
consider the effects from light technifermions and light PGBs [13].

In this paper, we estimate the possible contributions to the rare decay b — svy from
the charged PGBs in the framework of the OGTM. At least, one can regard our results
as an estimation for the “correct” output of the future “realistic” TC models.

This paper is organized as follows: In Sec.2, we present the basic ingredients of the
OGTM and then calculate the PGB contributions to b — sy decay, together with the full
leading log QCD corrections. In Sec.3, we obtain the branching ratios of this decay, and
derive out the constraints on masses of charged PGBs by phenomenological analysis. The

conclusions are also included in this section.

2 Charged PGBs and QCD Corrections to b — sv

In the OGTM [8], when the technifermion condensate < TT > 0 was formed, the global
flavor symmetry will break as follows: SU(8)z x SU(8)r — SU(8)r+r. Consequently, 63
(Pseudo)-Goldstone bosons will be produced from this breaking. When all other interac-
tions but the technicolor are turned off, these 63 Goldstone bosons are exactly massless.
Three of them are eaten by the W* and Z° gauge bosons. The others acquire masses
when one turned on the gauge interactions, and therefore they are Pseudo-Goldstone
Bosons(PGBs).

According to previous studies, the phenomenology of those color-singlet charged PGBs
in the OGTM is very similar with that of the elementary charged Higgs bosons H* of
Type-1 Two-Higgs-Doublet Model(2HDM) [14]. And consequently, the contributions to
the decay b — sy from the color-singlet charged PGBs in the OGTM will be very similar
with that from charged Higgs bosons in the 2HDM. As for the color-octet charged PGBs,
the situation is more complicated because of the involvement of the color interactions.
Other neutral PGB’s don’t contribute to the rare decay b — s7.

The gauge couplings of the PGBs are determined by their quantum numbers. The
Yukawa couplings of PGBs to ordinary fermions are induced by ETC interactions and
hence are model dependent. However, these Yukawa couplings are generally proportional
to fermion masses with small differences in the magnitude of the coeflicients for different

TC/ETC models. The relevant couplings needed in our calculation are directly quoted



from refs.[15, 16, 17] and summarized in Table 1, where the V,4 is the corresponding
element of KM matrix. For the OGTM, the Goldstone boson decay constant F, in Table
1 should be F, = v/2 = 123 GeV, in order to ensure the correct masses for the gauge
bosons Z° and W¥ [10].

Table 1: The gauge couplings and Effective Yukawa couplings for the OGTM.

P+P—’Yu —ie(p_|_ - P—)u
P8—|(—1P8_I)7/~‘ —ie(p_|_ — D- )u5ab
Prud | igety/2[M,(1—7)— Mg(1+75)]
Phud | 122X [My(1 —v5) — Ma(1 + 75)]
Py, Py 9eu —9fave(Pa — Pb)u

In ref.[18] the authors have estimated the contributions to b — sy from the exchange
of ETC gauge bosons in various ETC scenarios. In the case of “traditional” ETC (just the
case which will be studied here), the dominant contribution to b — sy occurs when the
ETC gauge boson is exchanged between purely left-handed doublets and when the photon
is emitted from the technifermion line. But the resulted ETC contribution is strongly
suppressed with respect to the SM by a factor of m;/(47v) < 0.09 for m; < 200 GeV[18|.
In short, the ETC contribution to the decay b — s7v is small and will be masked by
still large experimental and theoretical uncertainties. We therefore can neglect the ETC
Contributions to b — s at present phenomenological analysis.

In Fig.1 we draw the relevant Feynman diagrams which contribute to the decay b — s,
where the half-circle lines represent the W gauge boson as well as the charged PGBs P*
and P5. In the evaluation we at first integrate out the top quark and the weak W bosons
at p = Mw scale, generating an effective five-quark theory. By using the renormalization
group equation, we run the effective field theory down to b-quark scale to calculate the
rate of radiative b decay.

After applying the full QCD equations of motion[19], a complete set of dimension-6

operators relevant for b — s+ decay can be chosen to be:

01 = (Crs7"bra)(Bravucrs) (3)

02 = (CLa¥"bra)(3rsvucLs) (4)

Os = (S0a7"bra) Y, (Tup7uqzs), (5)
g=u,d,s,c,b

0y = (30a7"bip) E (TrpVudra) » (6)
g=u,d,s,c,b

4



Os = (Sza7"bra) E (9rpYuaRS) » (7)

g=u,d,s,c,b
Os = (Sa¥brs) Y, (TrREYu9R) » (8)
g=u,d,s,c,b
0O, = (6/167F2)mb§L0'“VbRFMV y (9)
Os = (g/167r2)mb§La“”TabRGZV . (10)

The effective Hamiltonian appears just below the W-scale as

4G
Heps = FVZbVZﬁZO w ) Oi( My ). (11)
\/_ =1
with coeflicients
Ci(Mw) = 0, i=1,3,4,5,6, Cy(Mw)=—1, (12)
B(z) 8B(y)
C.(M = A(é , 13
7(Mw) ( )+3\/§GFF,§ 3V2G P2 (13)
D 8D E

3V2GFrF? 3V2GrF2 '

with § = Mw /my, © = m(P*)/m, and y = m(P§)/m,. The functions A, B, C, D, and
E are defined as,

A(§) = %+(i%f;)§62 %(5_;;521%[5] (15)
By = “HEL_BL L S S gy (16)
o(s) = é_(lgf;)§52_(1%_‘52)410g[5] (17)
D) = Al ﬁ(f_‘f)flog[y], 19)
Bly) = 1oslo sV eV (19)

(1—y)? (1—y)*
The second terms (third terms) in eqs.(13,14) represent the contributions to the coeffi-
cients C7(Mw ) and Cg( My ) from the color-singlet charged PGBs P* (color octets Psi)
in the OGTM.

The running of the coeflicients of operators from g = Mw to g = m; was well described
in refs.[4]. After renormalization group running we have the QCD corrected coefficients

of operators at g = my scale.

8 8 ,
O (my) = 9/ %3C(Mw) + 5(7714/23 — ') Cs(Mw) + Co(Mw) Y hin™.  (20)

=1



With 7 = a,(Mw)/as(ms),

626126 56281 3 1
: = y 7__7__,_-4:4:,—, ,—‘]_ ,—0. ,
<272277 51730° 7' 14 0.649 0.0380,—-0.0186,—0 0057>

—<14 106 12 0.4086, —0.4230 0899401456>
“= 23723723 237 T T T '

3 The B — X,y decay rate and phenomenology

Following refs.[4],
BR(B — X,v)/BR(B — X.ev) ~ T'(b — sv)/T'(b — cev). (21)
Then

BR(B — Xsv) _ |[VaVil? 6agep
BR(B — X.ev)  |Va|* mg(me/my)

2a5(mp)

G5 () (1 - Tf(mc/mb)) S

where the phase space factor g(z) is given by:
g(z) =1—82% +82° — 2® — 242*log 2, (23)
and the factor f(m./ms) of one-loop QCD correction to the semileptonic decay is,
Flomefms) = (2% — 31/4)(1 — m?md) + 3/2. (24)

Afterwards one obtains the B — X,v decay rate normalized to the quite well established
semileptonic decay rate Br(B — X ev). If we take experimental result BR(B — X.ev) =
10.8%]20], the branching ratios of B — X,v is found to be:

BR(B — X,7) ~ 10.8% x

Vo Vii|? 6aqep |CF7 (my)]? 20,(my) -
|Vva|2 71'g(’l’l’l/c/’l’l’l,b) 1 3 f(mc/mb) . (25)

In numerical calculations we always use My = 80.22 GeV, a,(mz) = 0.125, m. =
1.5 GeV, my = 4.8 GeV and |V Vi|?/|V|* = 0.95 [20] as input parameters.

Fig.2 is the plot of the branching ratio Br(B — X,v) as a function of the top quark
mass. The upper dashed curve in Fig.2 represents the branching ratio in the standard
model, while the solid curve shows the same ratio with the inclusion of the contributions
from P* and P§ assuming m(P*) = 300 GeV and m(Pgf) = 600 GeV. The band between
two dash-dotted lines corresponds to the newest CLEO limits: 1.0 x 10™* < BR(B —
X,y) <4.2 x 107* at 95%C.L. [2].

Generally speaking, the contribution to the decay b — sv from color singlet P¥ is

small when compared with the dominate contribution from the color octet Pg, since
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there is a color enhancement factor 8 appeared in the third terms in eqs.(13, 14) for the
functions B(y) and D(y). Asillustrated by Fig.3, large part of the parameter space in the
m(P*) — m(PE) plan can be excluded according to the current CLEO 95% C.L. limits
on the ratio BR(B — X,v) [2]. It is easy to see that no direct limits on m(P*) can be
obtained at present, but at the same time, one can simply read out the lower bound on the
mass of color octet PGBs: m(P§) > 440 GeV for free m(P™¥) (assuming m, = 180 GeV),
if we simply interpret the CLEO 95%C.L. limits on the ratio BR(B — X,v) as the
bounds on the masses of charged PGBs.

Of cause, we have not considered the effects of other possible uncertainties, such as
that of as(myz). The inclusion of those additional uncertainties will surely weaken the
lower limit on m(Pg), i.e., the lower limit will become m(Pif) > 400 GeV at 95%C.L. if
we include an additional 20% theoretical uncertainties.

As a conclusion, the size of contribution to the rare decay of b — sy from the PGBs
strongly depends on the values of the masses of the top quark and the charged PGBs.
This is quite different from the SM case. By the comparison of the theoretical prediction
with the current data one can derives out the constraints on the masses of the color octet

charged PGBs: m(PF) > 400 GeV at 95%C.L. for free m(P*), assuming m, = 180 GeV.
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Figure Captions

Fig.1: The Feynman diagrams which contribute to the rare radiative decay b — sv.
The half-circle-lines in the loop represent the W gauge boson and charged PGBs

propergators.

Fig.2: The plot of the branching ratio of b — s+ versus the top quark mass m; assuming

m(P*) = 300 GeV and m(Pi) = 600 GeV. For more details see the text.

Fig.3: Allowed range in the m(P*) — m(Pg) plan for m, = 180 GeV, the band is
corresponding to the current CLEO 95% C.L. limits on the ratio BR(B — X,v)

as given in eq.(2).



