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1. Introduction

Recently, a modest excess of events around the Higgs mass, my ~ 125 GeV,
over the standard model (SM) background has been reported.® This Higgs
mass is consistent with the precision measurements. I would like to men-
tion, however, it is not yet conclusive. The mechanism for the electroweak
symmetry breaking is still unrevealed.

Based on Refs. 1 and 2, we study the couplings of the scalar bound state,
so-called the technidilaton (TD), to the SM fermions and the weak bosons
in walking technicolor (WTC). These are crucial for the TD searches.

2. Coupling to the SM fermions

Suppose that the extended technicolor (ETC) sector generates the four-
fermion interaction and that the SM fermion mass my is obtained from
the technifermion (TF) condensate, ()1). See also Fig. 1. By introducing
the scalar decay constant Fs for the scalar current, (0|(1(0))r|o(q)) =
FsM,, where M, is the mass of the scalar bound state ¢ and the subscript
R represents the renormalized quantity, we can then obtain the yukawa
coupling,*

011 = e )

FsM,
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Fig. 1. Yukawa coupling between the SM fermions f and the scalar bound state o in
ETC. The TF loop generates the mass of f and also intermediates between f and o.

We perform the calculations of Fg and (¥1))r by using the improved
ladder SD equation.” We then obtain
ggff - NTC H%\/5—@2%

= Np
g,sll}/lj Ny dmy /2Ky,

: (2)

where the SM yukawa coupling is g,sl?/[j = my/v with v = 246 GeV. Also,
Nrc, Ny and Np denote the number of the color of the TC gauge group, the
number of the flavor and the weak doublets for each TC index, respectively.
The values of kK and ky are defined by

% ktm?, and (on) = —Nr;crivf rym?, (3)
where m is the dynamically generated TF mass. We show the numerical
values of ggff/g,sl%c in Table 1. We here used the WTC relation Ny ~ 4Nrc
and Agrc represents the ETC scale. The values of & are obtained through

those of A\, @ = 4\, — 1.

’U2 :NDFT% =

Ax ﬁ Ky | Kp J]\\f,—?% ;1%1% NDUMU
0.305] 1.12 x 1072 [0.685/|1.38 2.59 0.142
0.287]1.08 x 10=%0.709(1.42 2.71 0.148
0.258(5.88 x 10~19]0.756|1.48 2.93 0.157

Table 1. Numerical values of g, 75/ g,sl?/[j .

For the typical one-family TC model with Ntc = 2, Ny =8 and Np =
4, we can read m = 390 GeV, 380 GeV, 370 GeV from top to bottom in
Table 1. The handy Higgs mass formula,® M, ~ \/2m, then yields M, ~
560 GeV, 540 GeV, 520 GeV, respectively. For the typical Higgs mass, M, =
500 GeV, we obtain ggff/g,slll}/[f ~ 1.2. Furthermore, there are 2Np¢ (=
4) extra colored fermions (techniquarks). Therefore the production cross
section of ¢ in such a model should be considerably enhanced, like in the
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Fig. 2. Coupling of the TD to the axial current Jz of the TF. The TD couples to Jﬁ
only through the internal TF lines.

fourth generation models.” It has been severely constrained by the recent
LHC data.? On the other hand, it is not the case for the model having only
one weak doublet and no extra techniquark. We also note that signatures
of some classes of the top condensate models® are similar to the SM.

3. Coupling to the weak bosons

We may regard the scalar bound state o as a dilaton.
When the dilaton o directly couples to W, like in the SM, one can easily
derive the o~W-W coupling as®

2M?2
JoWw = FW, (4)

where F, represents the dilaton decay constant being (0|63 (0)|o(q)) =
F,M?2. Notice that Fg in the previous section is different from F,.

Next, we consider the situation that the TD couples to the weak bosons
only through the TF loop.

Since the axial current J/ of the TF’s yields the decay constant Fj,
(0[.J%4(0)|m(q)) = —ig"Fy, and the weak boson mass is provided by Fy, the
coupling between o and J/ should be crucial. See also Fig. 2.

The axial current correlator in the momentum space is

F.T.4(0]5 ()5 (0)[0) = (gw - qZZ ) Ma(g?), and TLa(0) = FZ,
(5)

which plays an important role in our approach.
The o coupling to J/ at the zero momentum transfer is just like the
mass insertion: Note that the identity holds
1 1 o 1
=y 6
l_myTl_m yTaml_m ()
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where y, represents the yukawa coupling between the TD and the TF. We
can then obtain the coupling of o to J/ at zero momentum simply by
o12(0) = A0 g
Because F is expected to be proportional to m, i.e., F; = xm, with
k = kpvNrc/(2m) and kp =~ 1.4-1.5 in Eq. (3), Egs. (5) and (7) then
vield g,44(0) = yp - 2F2/m. Attaching W* to J!|, we finally obtain the
coupling of the TD to the weak bosons at zero momentum,
2M3,
i ®)
When the yukawa coupling is like the SM, y;. = m/F,, Eq. (8) formally
agrees with Eq. (4). For the model in Ref. 10, where the four-fermion inter-
actions were incorporated, yr was estimated as y; = (3 — v )m/F, with
Ym == 1. If so, goww is changed by the additional factor (3 — 7;;,). In any
case, we conclude that the (effectively induced) operator =W, WH yields
the coupling between the TD and the weak bosons, similarly to the SM.

Goww (0) = yp

4. Summary

We studied the couplings of o to f and W. For details, see Refs. 1 and 2.
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