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1.  Introduction

Even though the ATLAS and CMS announcements of the 
125 GeV boson discovery [1] have not settled the question about 
the mechanism of electroweak symmetry breaking yet they did 
provide major hints pointing to its solution. At the moment, it 
is clear that the observed properties of the discovered boson are 
compatible with the Standard model Higgs boson hypothesis [2 
and 3]. At the same time they are compatible with many alternative 
extensions of the Standard model (SM). From a theoretical point 
of view, the extensions get some preference over the SM Higgs 
due to the naturalness argument. They include supersymmetry 
theories as well as theories where electroweak symmetry is broken 
by new strong interactions, like in Technicolor [4 - 7].

Following theoretical arguments, as well as the example of 
QCD, it seems reasonable to expect that beside the composite 
scalar the new strong interactions would also produce bound 
states of higher spins. The vector SU(2) triplet resonance is 
a natural candidate to look for. From other point of view, in 
strongly interacting theories new resonances are required to 
tame the unitarity. If, as expected, the composite Higgs couplings 
differ from the SM ones the Higgs alone will fail to unitarize the 
VV (V=W±, Z) scattering amplitudes and other resonances are 
necessary to do the job.

Recently, we studied the effective Lagrangian where 
beside the 125-GeV scalar resonance — an SU(2)

L+R
 singlet 

complementing the non-linear triplet of the Nambu-Goldstone 
bosons, the SU(2)

L+R
 triplet of vector resonances is explicitly 

present. It fits the situation when the global SU(2)
L
xSU(2)

R 

symmetry is broken down to SU(2)
L+R

. As far as the vector 
resonance sector is concerned the vector triplet is introduced as 
a gauge field via the hidden local symmetry approach [8]. Because 
of this, the vector resonance mixes with the EW gauge bosons 
which result in appearance of indirect couplings of the vector 

resonance with all SM fermions. Besides, the direct couplings of 
the vector resonance triplet to the SM fermions are also allowed 
by the Lagrangian symmetry. Regarding the direct couplings 
we opt for a special setup inspired by the speculations about an 
extraordinary role of the top quark (or the third quark generation) 
in new strong physics: we admit direct couplings of the new triplet 
to no other SM fermions but the top and bottom quarks only. 
Finally, the symmetry allowed interaction terms between the 
scalar and vector resonances are also present. We nicknamed the 
effective Lagrangian as the tBESS model.

In the paper [9], we had introduced the so-called Death 
Valley (DV) effect. The DV is a region in the (b

L
, b

R
) parameter 

space where the interplay of the direct and indirect couplings 
of the vector triplet with fermions can diminish or even zero 
a particular top/bottom quark channel decay width of the vector 
resonance.

In this paper, we analyze the DV effect in the light of the 
updated low-energy limits for the parameters of the tBESS 
Lagrangian. The Higgsless tBESS model considered in [9] 
was made obsolete by the LHC discovery of the 125 GeV 
boson. Following this development we augmented our effective 
Lagrangian with the scalar resonance representing the discovered 
boson and recalculated the low-energy limits [10 and 11]. In this 
paper we calculate the relevant DV regions and superimpose them 
over the regions allowed by the low-energy data.

In Section 2 we briefly explain the structure of the tBESS 
effective Lagrangian. In Section 3 we outline the structure of 
the low-energy limit of the tBESS Lagrangian and how the low-
energy fits and confidence level limits on its free parameters were 
obtained. The fits and limits are briefly summarized. Eventually, 
we present the obtained Death Valley regions in the superposition 
with the low-energy limits for the free parameters. In Section 4 we 
discuss our findings and conclusions.
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off the right bottom quark interaction completely and maximally 
breaks the SU(2)

R
 part of the Lagrangian symmetry down to 

U(1)
R3

. In addition the symmetry of the Lagrangian admits 
non-SM interaction of the fermions with the EW gauge bosons 
that we also include in L ( , )t btBESS  under the assumption that they 
apply to the third quark generation only. These interactions are 
proportional to the free parameters Lm  and Rm . In the unitary 
(physical) gauge where all six unphysical scalar fields are gauged 
away the new physics part of the (t,b) Lagrangian assumes the 
form

ib V W ib P V B
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where , ,W igW B ig B V i
g
V2

a a R a a3 3x x x= = =n n nn l
m

 
and the matrix P=diag(1,p) disentangles the direct interaction of 
the vector triplet with the right top quark from the interaction 
with the right bottom quark.

The masses of the vector triplet are set by the scale 
v and depend on the three gauge couplings g,g’,g’’, and the 
free parameter α. In the limit when g and g’ are negligible 
compared to g’’ the masses of the neutral and charged resonances 
are degenerate, /M g v 2V a= m . If higher order corrections 
in g/g’’ are admitted a tiny mass splitting occurs such that 
M MV V0 2 !  [9].

Once the gauge boson fields are expressed in the gauge boson 
mass basis the mixing generated interactions of the vector triplet 
with all fermions will emerge from the fermion Lagrangian  L ferm

SM . 
 However, these indirect interactions of the vector resonance 
with the light fermions will be suppressed by the mixing matrix 
elements proportional to 1/g’’.

3.  The low-energy limits vs the Death Valley effect

If there is the tBESS vector resonance triplet we can learn 
about its parameters even before its discovery by measuring 
deviations of the known particle couplings from their SM values. 
For example, due to the mixing between the vector resonance and 
the EW gauge bosons the deviations from the SM values would 
be present in the couplings of the EW gauge bosons to the SM 
fermions. In this sense, in the case of our effective Lagrangian the 
most interesting vertices should be those of the top and bottom 
quarks: Wtb, Zbb, and Ztt.

Unfortunately, the measurements of the Wtb and Ztt vertices 
have been rather coarse so far [12]. On the other hand, the 
couplings of the light fermion vertices including Zbb were 
measured at previous colliders, sometimes to a very high precision. 
We refer to these measurement as the low-energy measurements. 
While the LHC is capable to refine these measurements, and it 
has done so already, the existing improvement are not sufficient 

2.  The effective Lagrangian

We introduced the SU(2)
L+R

 triplet vector resonance to the 
usual SU(2)

L
xSU(2)

R
"SU(2)

L+R
 effective Lagrangian with the 

non-linearly transforming SU(2)
L+R

 triplet of the would-be Nambu-
Goldstone bosons augmented with the SU(2)

L+R
 singlet scalar 

resonance. For simplicity, we assumed the SM couplings of the 
scalar resonance only in our analysis. Recall that the current LHC 
measurements admit about 10% deviations from the SM for the 
125 GeV boson couplings.

The vector triplet is brought in as a gauge field via the hidden 
local symmetry (HLS) approach [8]. The effective Lagrangian 
is built to respect the global SU(2)

L
xSU(2)

R
xU(1)

B-L
xSU(2)

HLS
 

symmetry of which the SU(2)
L
xU(1)

Y
xSU(2)

HLS
 subgroup is also 

a local symmetry. The SU(2)
HLS

 symmetry is an auxiliary gauge 
symmetry invoked to accommodate the SU(2) triplet of vector 
resonances. Beside the scalar singlet and the vector triplet, the 
effective Lagrangian is built out of the SM fields only.

Our effective Lagrangian can be split in three terms 

L L L LGB ESB ferm= + +  , (1)

where LGB describes the gauge boson sector including the  
SU(2)

HLS
 triplet, LESB is the scalar sector responsible for 

spontaneous breaking of the electroweak and hidden local 
symmetries, and L ferm is the fermion Lagrangian of the model. 
We will not show full Lagrangian (1) here. All details regarding 
the Lagrangian can be found in [10 and 11]. Out of its three 
terms we will briefly discuss the third term, L ferm . The fermion 
part of the Lagrangian is directly related to the effects analyzed 
in this paper.

As far as the fermion sector is concerned no new fermions 
beyond the SM were introduced in our Lagrangian. The fermion 
sector of the Lagrangian can be divided into three parts 

 
L L L L ,ferm ferm

SM
ferm
scalar

t b
tBESS= + + ^ h , (2)

where L ferm
SM  contains the SM interactions of fermions with the 

electroweak gauge bosons, L ferm
scalar  is about the interactions of the 

fermions with scalar fields and includes the fermion masses, and  
L ( , )t btBESS  describes the third quark generation direct interactions 
with the vector resonance. In addition, it contains symmetry 
allowed non-SM interactions of the third quark generation with 
the EW gauge bosons.

The vector resonance couples directly to the third quark 
generation only. The interactions of the left and right fields are 
proportional to b

L
 and b

R
, respectively. In addition, there is a free 

parameter p which disentangles the right bottom coupling from 
the right top coupling. The assumption that the vector resonance 
interaction with the right bottom quark is weaker than the 
interaction with the right top quark corresponds to the expectation 
that 0≤p≤1. While p=1 leaves the interactions equal, the p=0 turns 
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/ , / ,D L D p R1 2 2L RD D= - =  (12)

where 

,L b bR2 2L L R Rm mD D= - = - . (13)

Hence, the number of free parameters was reduced also in 
the fermion sector of the low-energy Lagrangian. The low-energy 
observables will depend on the combinations (13) of b and λ 
parameters only. Therefore, no limits derived from the low-energy 
measurements can apply to b’s and λ’s individually.

The deviations of the LE Lagrangian from its SM counterpart 
modify predictions for the low-energy observables. Thus we 
can use their measured values to derive the preferences and 
restrictions on the LE free parameters.

In particular, the experimental limits for the LE-tBESS 
parameters were derived by fitting the low-energy (pseudo)
observables , , , Z bbb1 2 3 "f f f C ^ h, and BR B Xs" c^ h. 
The epsilons are related to the basic observables [13]: the 
ratio of the electroweak gauge boson masses, /r M MM W Z/ ; 
the inclusive partial decay width of Z to the charged leptons, 
Z ll photonsl "C +^ h; the forward-backward asymmetry of 

charged leptons at the Z-pole, AFB,l(M
Z
); and the inclusive partial 

decay width of Z to bottom quarks, Z bb Xb "C +^ h.
The full-scale analysis along with its results can be found 

in [11]. By fitting the five observables mentioned above with the 
four free parameters — x, ΔL, ΔR, and p — we found the best values 

g’’(x)=29,    ΔL=−0.004,    p ΔR=0.003, (14)

with x2
min

=2.40. Since d.o.f.=5−4=1 the obtained value of  
mincorresponds to the backing of 12%. Within the rounding 
errors these values hold for the cut-off scale between 
. TeV TeV0 3 103# #K , at least. The best values of p and 

ΔR depend on Λ, separately; in particular, 

Λ=1 TeV:   ΔR=0.016   p=0.209 (15)

Λ=2 TeV:   ΔR=0.011   p=0.289 (16)

In Fig. 1 the x2
min

 minvalues for various combinations of fixed 
g’’ and p are shown. We can see that the best backing for the fits 
is getting less pronounced as g’’ approaches 30 from below. More 
specifically, while backings of the fits with different p’s can differ 
by several orders of magnitude when g’’<20, the backing for g’’=30 
changes between 10% and 50% as p crawls along the 〈0;1〉 interval.

Recall that beside the direct interactions the new vector 
triplet couples to the third quark generation via mixing with the 
electroweak gauge bosons. In certain regions of the parameter 
space the negative interference between the two kinds of 
interactions takes place. Thus, it might happen that even though 
the direct couplings of the vector resonance to the top and/

to compete with the low-energy restrictions on the tBESS 
parameters.

To confront the tBESS free parameters with the low-energy 
measurements performed at O(102)GeV we derive the low-energy 
(LE) Lagrangian by integrating out the vector resonance triplet 
the assumed mass of which is O(103)GeV. It proceeds by taking 
the limit Mtriplet " 3 , while g’’ is finite and fixed, and by 
substituting the vector resonance equation of motion (EofM) 
obtained under these conditions.

Beside other Lagrangian terms the EofM also modifies the 
L ( , )t btBESS  term in (2). Thus 

L L L L,ferm
LE

ferm
LE tBESS

ferm
SM

t b
scalar/ + +-

^ h . (4)

In the EW gauge boson mass eigenstate basis and after the 
proper renormalization the relevant parts of the  L ferm

LE  can be 
expressed as
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                               , (5)

where , /i P 1 2,L R
1 2

5! "x x x c= =! ^ h . For the light 
fermions (all SM fermions except the top and bottom quarks) 
D

L
=1, D

R
=0, and 

,C T s Q CR s Q2 2 2L L
3 2 2l l= - =- ii , (6)

where 

s x
x

1 4
1 2

2 2

2

l =
+
+

i
, (7)

and 

g
x
s x
s
e

1
1 4

LE
2

2

2 2

2

2

=
+
+ i

i
, G

c x
s x

s
e1 4
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2 2

2 2

2

22
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+
+

i

i

i

^ h
 (8)

/

/
, / , /e

Gg
gg

gg G
s g G x g g

1
2

2
=

+

= =i

m
l

l
l m

c m
, (9)

where  G g g
/2 2 1 2= + l^ h  and c s1

/2 1 2= -i i^ h . In the case of 
the top and bottom quarks 

/C L s QT2 1 2 2L L
23 lD= - - i^ h , (10)

/ T s QC P R2 2 2R Rf
3 2lD= - i^ h , (11)

where P
t
=1, P

b
=p2, and 
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graphs correspond to λ
L
= λ

R
=0. Nevertheless, by choosing non-

zero values for λ
L,R

 the low-energy contours get shifted around the 
(b

L
, b

R
) parameter space. Various values of λ’s can result either in 

no overlap of the low-energy regions with the DV’s or in maximal 
overlap of the two areas.

Fig. 3 The same as in Fig. 2 except for different values of g’’  
and p. In this case, g’’=30 and p=0.22 

Figure 3 displays the same contents as Fig. 2, except for 
different values of the parameters g’’ and p. Here, the values of the 
parameters correspond to g’’=30 and p=0.22. There are also the 
95% C.L. electroweak precision data contours for Λ=1 TeV and 
λ

L
= λ

R
=0 superimposed in Fig. 3.

As we can see in Figs. 2 and 3 the DV areas are more or less 
comparable in size with the EWPD regions. In addition, both 
structures are located not far away from each other when λ

L
= λ

R
=0. 

Hence, there are reasonable values of the λ parameters for which 
the significant part of an EPWD region falls inside the DV.

There might be new physics materialized through the existence 
of the new vector resonances as well as non-zero values of the b 
parameters, yet it does not have to reveal itself in an experiment. 
If the actual values of the b parameters fell in the DV it would 
make the detection and study of the new vector resonance more 
difficult. In particular, thanks to the indirect mixing-induced 
coupling the vector resonance can be produced and studied in 
the Drell-Yan processes at the LHC or in the s-channel at a future 
electron-positron collider [14 and 15]. As we demonstrated in [9] 
the signal of the vector resonance in the top and bottom decay 
channels can be diminished or hidden by the negative interference 
between the direct and indirect couplings.

4  Conclusions

We formulated and studied the effective Lagrangian 
for description of phenomenology of new scalar and vector 
resonances which might result from new strong physics beyond 
the SM. Following the often used and studied approach, the 
ESB sector of the effective Lagrangian was based on the  
SU(2)

L
xSU(2)

R
"SU(2)

L+R
 non-linear sigma model while the 

scalar resonance was introduced as the SU(2)
L+R

 singlet and 
identified with the newly discovered 125-GeV boson. The vector 
resonance was built in as the L+R triplet employing the hidden 
local symmetry approach. Throughout the paper we assumed the 

or bottom quark are non-trivial the resonance will not decay 
through the given quark channel. Or, the particular decay will be 
suppressed below the value that would be implied by the indirect 
couplings alone. If this occurred the resonance peak in a process 
where V decays to top and/or bottom quarks could disappear 
even though the resonance exists and couples directly to the third 
quark generation.

Fig. 1 x2
min

 minof the fit by ΔL and ΔR as a function of the fixed 
parameters g’’ and p for Λ=1 TeV; The labels on the r.h.s. axis  

indicate the backings for d.o.f.=3

We calculated the DV regions for M
V
=1TeV and for the 

parameter values g’’=15 (30) and p=0.10 (22). For each case, the 
DV’s in three decay channels of the vector resonance triplet were 
found. The channels are / ,V tb tb V bb0" "! , and V tt0 " .

In Fig. 2, the DV regions of the three decay channels at 
g’’=15 and p=0.1 are depicted. In each of the three graphs, there 
are the 95% C.L. electroweak precision data (EWPD) contours 
for Λ=1 TeV superimposed. The low-energy limits apply to 
the combination of b’s and λ’s (ΔL and ΔR) rather than to the 
parameters alone. The low-energy limits depicted in the b

R
-b

L
 

Fig. 2 The DV regions (dark-shaded areas with the blue solid boundary) 
of the V vector resonance for three decay channels: (a) /V tb tb"! , 

(b) V bb0 "  , and (c) V tt0 "  . The blue dots inside the DV’s 
indicate the point of no decay for the particular channels. The DV 
regions are calculated for g’’=15 and p=0.10. The corresponding 

95% C.L. EWPD contours for Λ=1 TeV and λ
L
= λ

R
=0. are superimposed 

to the graphs as the regions with the gray dashed boundaries. The 
gray dots inside the EWPD regions indicate the point with the highest 

backing. Note that the DV for the V bb0 "  channel exceeds the 
displayed range of the b

R
 axis. The complete DV region has an oval 

shape centered at the blue dot. Its lower and upper ends are found at  
b

R
= -0.272 and b

R
= 0.422, respectively. 
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studied values of the top-BESS parameters and found that they are 
often comparable in size and close in position with the 95% C.L. 
regions. As a general tendency, the relative size of the DV’s with 
respect to the low-energy allowed areas shrinks as the value of 
g’’ grows.
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vector resonance mass at the bottom of the TeV scale. No other 
non-SM fields were considered in our effective Lagrangian.

There might be new physics materialized through the existence 
of the new vector resonances as well as non-zero values of the b 
parameters, yet it does not have to reveal itself in an experiment. 
Even though there are no direct interactions of the vector 
resonance triplet to the light fermions the resonance does couple 
to the light fermions thanks to the mixing with the electroweak 
gauge bosons. This enables processes with a direct production 
of the vector resonance at the LHC and future electron-positron 
colliders. However, in the top and bottom decay channels the 
signal of the vector resonance can be diminished or hidden by the 
negative interference between the direct and indirect couplings. 
We calculated the regions of the negative interference for the 
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