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We consider scenarios in which the 125 GeV resonance observed at the Large Hadron Collider is a
Technicolor (TC) isosinglet scalar, the TC Higgs and explore the viable parameter space of the effective
Higgs boson couplings within the TC Higgs scenario using the latest LHC data. By comparison with
quantum chromodynamics, we argue that the couplings of the TC Higgs to the massive weak bosons are
very close to the standard model (SM) values. The couplings to photons and gluons are model-dependent,
but close to the SM values in several TC theories. The couplings of the TC Higgs to SM fermions are due to
interactions beyond TC, such as extended technicolor: if such interactions successfully generate mass for
the SM fermions, we argue that the couplings of the latter to the TC Higgs are also SM-like. We suggest a
generic parametrization of the TC Higgs interactions with SM particles that accommodates a large class of
TC models, and we perform a fit of these parameters to the Higgs LHC data. The fit reveals regions of the
parameter space where the form factors have an order-one absolute value at the 95% CL, in agreement with
expectations in TC theories. This indicates that the discovered Higgs boson is consistent with the TC Higgs
hypothesis for several TC theories.
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I. INTRODUCTION

The ATLAS and CMS collaborations have discovered a
new resonance with the approximate mass of 125 GeV
[1,2]. The observed decays to standard model (SM)
diboson pairs, γγ, ZZ� and WW�, are in rough agreement
with those expected from the SM Higgs. We therefore
assume that this state is a scalar, as suggested in particular
by the observed decay rates into ZZ� and WW�, as well as
their angular distributions [3–6]. The most up to date
combination of Higgs search results are presented in [7,8].
If strong dynamics like technicolor (TC) [9,10] is the

origin of electroweak symmetry breaking, the Higgs boson
can be identified with the lightest scalar resonance of the
theory, the TC Higgs. In quantum chromodynamics (QCD)
the analogous lightest resonance (except for the three
pions) is indeed the CP-even scalar f0ð500Þ, also known
as the σ meson. The latter, however, is heavy compared to
the pion decay constant fπ , and broad: Γσ=mσ ∼ 1. By
analogy, the TC Higgs could naively be expected to be
heavy, of the order of 1 TeV, and broad. This, however,
would only be certainly true if two conditions were both
satisfied: the TC Higgs is not coupled to SM particles, and
the TC theory has QCD-like dynamics.
The first condition is certainly not satisfied: the TC

Higgs does couple to SM particles. In particular, it couples
to the top quark–and to the other SM fermions–through

extended technicolor (ETC) interactions. These interactions
are necessarily introduced in order for the SM fermions to
“communicate” with the TC vacuum and acquire mass
[11,12]. As a consequence, large radiative corrections from
the top quark can bring the TC Higgs mass down from
Oð1Þ TeV to 125 GeV, assuming the top Yukawa coupling
to be Oð1Þ [13]. The second condition need not be true
either. If the TC theory, unlike QCD, has walking dynam-
ics, then it is expected to feature a lighter scalar resonance,
compared to QCD-like TC [14–16]. In extreme-walking
scenarios, such a light scalar is sometimes termed a techni-
dilaton [14,17–21], i.e., the pseudo-Goldstone boson of
spontaneous scale-symmetry breaking in TC [22]. Finally,
some TC models feature more than one dynamical scale,
which in turn allows for light scalars to be part of the
spectrum [23,24].
A 125 GeV TC Higgs would also be narrow. We recall

that the QCD σ meson is broad because of its decay to two
pions. In TC, however, the latter become the longitudinal
components of the W and Z boson, and the corresponding
TC Higgs decays are off-shell [25]. In this paper we further
argue that the couplings of the TC Higgs to massive weak
bosons and SM fermions are expected to be SM-like. We
also argue that the loop-induced couplings to photons and
gluons are close to SM values in several TC theories. This
motivates us to explore in more detail the compatibility of
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the TC Higgs hypothesis with the properties of the
discovered Higgs boson at 125 GeV.
Aside from the TC Higgs, new strong dynamics imply

the presence of additional new resonances, which even-
tually will allow us to distinguish TC scenarios from
theories with a fundamental Higgs [26,27]. Some of the
models we consider here are being vigorously investigated
on the lattice, such as the SUð2ÞAdj MWT model [28–30],
and the SUð3Þ2S MWT model [31–34]. For a recent review
and list of references see [35].
The rest of this paper is organized as follows. In Sec. III,

after establishing an effective Lagrangian for the Higgs
interactions with the SM particles, we estimate the corre-
sponding couplings for the case of the TC Higgs: by
comparison with QCD, through symmetry arguments, and
through model computations. This leaves us with unknown
form factors for the couplings to photons and gluons, which
we argue to be Oð1Þ. In Sec. V we derive simple formulas
for Higgs production and decay in TC. In Sec. VI we
outline the statistical procedure for our fit of couplings and
form factors. In Sec. VII we show the results of our fit for
several TC theories. Finally in Sec. VIII we offer our
conclusions.

II. MASS OF THE TC-HIGGS

In TC theories the lightest scalar singlet is a particle with
the same quantum numbers of the QCD σ meson, and a
mass expected from scaling laws to be between several
hundreds of GeV to ∼1 TeV [36]. As shown in [13], an
intrinsically heavy TC scalar resonance coupled to the top
quark receives large and negative radiative corrections. This
observation is the basis for assuming that the recently
observed scalar is a TC-Higgs, with a physical mass
MH ≃ 125 GeV, after radiative corrections are included,
and a larger dynamical mass MTC

H originating solely from
TC dynamics. The physical and dynamical mass are
approximately related by [13]

ðMTC
H Þ2 ¼ M2

H þ 12κ2r2t M2
t ; ð1Þ

where κ is the cutoff in units of 4πFΠ, rt is the top Yukawa
coupling in SM units, and Mt is the top mass. Here FΠ is
the technipion decay constant, FΠ ¼ v≃ 246 GeV for one
weak technidoublet. For κ and rt of order unity this simple
argument gives MH ≲ 1 TeV, in agreement with expect-
ations from scaling laws. It is true that the QCD σ meson
has a complex pole, resulting from a large decay width to
two pions. However the TC-Higgs decay width is very
small, because the massless technipions are absorbed by the
longitudinal components of the W and Z boson, and the
decays are disfavored by kinematics.
As mentioned in the introduction, waking dynamics may

also contribute to reduce the value of the TC-Higgs mass
from ∼1 TeV to several hundred of TeVs using techni-
dilaton argument [14–16]. Besides this different approach,

based on the Bethe-Salpeter equation [37,38], this also
shows that the mass of the lightest scalar can be signifi-
cantly reduced in theories with near-conformal dynamics. It
is clear that adding effects from walking and the radiative
corrections from the top quark makes the 125 GeV target
possible.

III. EFFECTIVE LAGRANGIAN
FOR THE TC HIGGS

The leading-order interactions of any type of Higgs
boson H with the SM particles can be parametrized by the
effective Lagrangian

LH ¼ 2M2
WcW
v

HW−
μWþμ þ 2M2

ZcZ
v

HZμZμ

−
X
f

Mfcf
v

Hf̄fþ gHγγ

v
HFμνFμν þ gHgg

v
HGa

μνGaμν;

ð2Þ

where v is the Higgs VEV, and the sum is over all quark and
lepton flavors f. In the SM one has

cSMW ¼ cSMZ ¼ 1; cSMf ¼ 1; ð3Þ

for all quark and lepton flavors, and

gSMHγγ ¼
α

8π

����F1ðτWÞ þ
X
f

Nf
cQ2

fF1=2ðτfÞ
����; ð4Þ

gSMHgg ¼
αs
16π

����
X
q

F1=2ðτqÞ
����: ð5Þ

The sum in the Hγγ vertex is over all quark and lepton
flavors f, whereas the sum in the Hgg vertex is over all
quark flavors q. HereQf is the QED charge of the flavor f,
and Nf

c is a color multiplicity factor that is equal to 1 for
leptons and 3 for quarks. The functions F1 and F1=2 are
defined by

F1=2ðτfÞ≡ −2τf½1þ ð1 − τfÞfðτfÞ�
F1ðτWÞ≡ 2þ 3τW þ 3τWð2 − τWÞfðτWÞ; ð6Þ

where

fðτÞ≡
8<
:

arcsin2 1ffiffi
τ

p τ ≥ 1

− 1
4

h
log 1þ ffiffiffiffiffiffi

1−τ
p

1−
ffiffiffiffiffiffi
1−τ

p − iπ
i
2

τ ≤ 1
; ð7Þ

and

τf ≡
4M2

f

M2
H
; τW ≡ 4M2

W

M2
H

: ð8Þ
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These functions quickly approach the asymptotic values
F1=2ðτfÞ → − 4

3
for τf → ∞ and F1ðτWÞ → 7 for τW → ∞.

The partial decay widths into photons and gluons are

ΓSM
γγ ¼ 1

4π
ðgSMHγγÞ2

M3
H

v2

¼ α2

256π2
M3

H

v2

����F1ðτWÞ þ
X

f
Nf

cQ2
fF1=2ðτfÞ

����
2

ð9Þ

ΓSM
gg ¼ 2

π
ðgSMHggÞ2

M3
H

v2
¼ α2s

128π

M3
H

v2

����
X
q

F1=2ðτqÞ
����: ð10Þ

We shall now argue that the couplings of the TC Higgs may
be close to the SM values of Eqs. (3)–(5) under reasonable
assumptions.

A. TC Higgs couplings to WW and ZZ

To avoid large contributions to the ρ parameter, we only
consider TC theories with custodial isospin symmetry. The
leading-order interaction of the TC Higgs with the electro-
weak Goldstone bosons, i.e., the technipions eaten by the
W and Z bosons, can be described by the following
dimension 5 operator (in analogy to QCD as described
below):

LHΠΠ ¼ cΠ
v
H∂μΠa∂μΠa; a ¼ 1; 2; 3: ð11Þ

Ward identities and custodial symmetry then imply that the
HWW and HZZ interactions of the TC Higgs are like the
ones in Eq. (2), with

cW ¼ cZ ¼ cΠ: ð12Þ

We expect cΠ to be independent of dðRTCÞ and NTD,
respectively the dimension of the technifermion represen-
tation under the TC gauge group, and the number of weak
doublets carrying TC charge [39].
We can estimate cΠ in a TC theory with QCD-like

dynamics by evaluating the corresponding quantity in
two-flavor QCD: the σππ coupling [40]. The relevant
Lagrangian term is

Lσππ ¼
cQCDπ

fπ
σ∂μπ

a∂μπa; a ¼ 1; 2; 3; ð13Þ

where fπ ≃ 93 MeV is the pion decay constant (the QCD-
scale equivalent of v for a one-doublet TC model). A
(complex) σππ coupling can be defined as the I ¼ 0 and
J ¼ 0 partial-wave projection of the elastic ππ scattering
amplitude at the σ pole, i.e., [41]

g2σππ ≡ − lim
s→sσ

16πðs − sσÞa00ðππ → ππÞ: ð14Þ

Using Eq. (13), we see that the σ contributes to elastic ππ
scattering with the invariant amplitude

Aðs; t; uÞ ¼ −
�
cQCDπ

fπ

�2 ðs − 2m2
πÞ2

s − sσ
; ð15Þ

where s, t and u are the usual Mandelstam variables. The
I ¼ 0 isospin projection is

A0ðs; xÞ ¼ 3Aðs; t; uÞ þ Aðt; s; uÞ þ Aðu; t; sÞ; ð16Þ

where x is the cosine of the scattering angle. The J ¼ 0
partial wave projection of A0 is

a00ðsÞ ¼
1

64π

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 −

4m2
π

s

r Z
1

−1
dxA0ðs; xÞ: ð17Þ

From the last four equations, we can derive the following
relation

jcQCDπ j ¼
ffiffiffi
2

3

r
jgσππjfπ
jsσj

����1 − 4m2
π

sσ

����
−1=4����1 − 2m2

π

sσ

����
−1
: ð18Þ

In Table I we have summarized different fits [42–46] offfiffiffiffiffi
sσ

p
and jgσππj reported in Ref. [41]. These are shown in the

first two columns of Table I, whereas the last column shows
the value of cQCDπ we computed using Eq. (18) [47]. All but
one of the fits yield jcQCDπ j≃ 1 with remarkable precision.
This result suggests that the QCD πa − σ sector is well
approximated by a linear sigma model, as the latter implies
cQCDπ ¼ 1. This hypothesis is further reinforced by the fact
that the πNN coupling is approximately equal to the σNN
coupling [48]. Therefore, if the TC dynamics is similar to
that of QCD, and since cΠ does not scale [38], we expect
cΠ ≃ 1 and, thus, SM-likeHWW andHZZ couplings. This
need not be the case for walking dynamics, although
departures from QCD-like dynamics by no means imply
nonstandard couplings to massive weak bosons. Finally we
note that in TC theHWW andHZZ couplings receive small
corrections from tree-level mixing of the electroweak
bosons with the TC spin-one resonances [49] [27].

TABLE I. Fits to mσ and gσππ extrapolated from the elastic ππ
scattering(see [41] for a summary of recent results). The last
column gives jcQCDπ j according to Eq. (18).

ffiffiffiffiffi
sσ

p
(MeV) jgσππj (GeV) jcQCDπ j

457þ14
−13 − ið279þ11

−7 Þ, [41] 3.59þ0.11
−0.13 1.0169� 0.06

445� 25 − ið278þ22
−18 Þ, [41] 3.4� 0.5 1.0013� 0.17

441þ16
−8 − ið272þ9

−12.5Þ [42] 3.31þ0.35
−0.15 1.0035� 0.12

474� 6 − ið254� 4Þ, [43] 3.58� 0.03 1.0264� 0.024
443� 2 − ið216� 4Þ [44] 2.97� 0.04 1.0479� 0.020
452� 12 − ið260� 15Þ [45] 2.65� 0.01 0.8026� 0.053
453 − i271, [46] 3.5 1.0255
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B. TC Higgs couplings to f f

The interactions of the TC Higgs or the technipions
with two SM fermions are due to four-fermion oper-
ators of the form f̄f0F̄F0. Here f and f0 are SM flavors,
whereas F and F0 are techniflavors, with TC gauge
indices contracted to form a TC singlet. At low energy
these operators generate vertices such as Hf̄f and
Πaf̄f0. Unlike the coupling to the weak bosons, there
are no corresponding quantities in QCD which allow us
to estimate the value of these couplings. However, Ward
identities guarantee that the couplings of two SM
fermions with the EW Goldstone bosons, at zero
external momenta, are identical to their SM values.
Of course these Ward identities tell us nothing about
the Hf̄f coupling. On the other hand, we have just seen
that the interactions of the σ meson and the pions in
QCD are well approximated by a linear sigma model. If
this holds in TC as well, then a Πaf̄f0 coupling close to
its SM value implies that the TC Higgs couplings to
SM flavors are close to their SM values, i.e., cf ≃ 1. In
the case of a true techni-dilaton, Ward-identities related
to the spontaneously-broken scale symmetry can be
used to determine cf [50,51]. Finally, if SM fermion
masses are generated by an ETC sector, we expect the
TC Higgs couplings to SM fermions to be proportional
to the SM fermion masses, and to be SM-like as argued
in [13].
It should be noted, however, that giving mass to the top

quark and obtaining a SM-like top-Yukawa coupling
without generating too much isospin flavor violation
[52] and anomalous contribution to the Zbb̄ coupling
[53] might be challenging. These and other problems of
ETC models, together with proposed solutions, are dis-
cussed in [54,55].

C. TC Higgs couplings to γγ and GG

In order to compute the TC Higgs vertex with γγ and
GG we adopt a “hybrid” model [56–59], in which the
composite TC Higgs couples to the constituent techni-
flavors F through a Yukawa-like vertex:

LHFF ¼ −
X
F

MF

v
HF̄F: ð19Þ

Here the sum is over all TC Higgs constituent techniflavors.
The dynamical technifermion mass MF can be estimated
using the Pagels-Stokar relation,

v2 ¼ dðRTCÞNTD

4π2
M2

F log
Λ2

M2
F
; ð20Þ

where Λ ∼ 4πFΠ ¼ 4πv=
ffiffiffiffiffiffiffiffiffi
NTD

p
. Unless dðRTCÞNTD is

large, this gives MF of the order of hundreds of GeV. In
practice we need not know the precise value of MF, as our

only dependence on it is through the loop function
F1=2ðτFÞ, which quickly reaches the asymptotic value
for τF ≡ 4M2

F=M
2
H > 1.

The leading-order contributions to H → γγ and H → gg
are given by the diagrams of Fig. 1. Formally we are
treating the TC Higgs as a pure FF̄ bound state and the
techniquark contributions to H → γγ and H → gg should
be regarded as large-dðRTCÞ results. Subdominant contri-
butions, in 1=dðRTCÞ, arise from higher loop diagrams
involving technipions and other resonances in this frame-
work. These are model dependent, and we parametrize their
effect by including overall form factors aHγγ and aHgg,
respectively, which approach unity in the large-dðRTCÞ
limit. We note that in one of the TC theories we consider
(see below) there are new heavy leptons carrying no TC
charge: these contribute significantly to the H → γγ proc-
ess. Finally, in the W loop we subtract 2 from F1ðτWÞ,
which corresponds to the contribution from the Goldstone
bosons in Landau gauge [60]. In fact the latter should be
regarded as a contribution from the TC sector—as the
electroweak Goldstone bosons are technipions—which is
already included in the form factor aHγγ. The result for the
effective couplings is

gTCHγγ ¼
α

8π

����cΠ½F1ðτWÞ − 2� þ
X
f

cfN
f
cQ2

fF1=2ðτfÞ

þ aHγγdðRTCÞ
X
F

NF
c Q2

FF1=2ðτFÞ
����; ð21Þ

gTCHgg ¼
αs
16π

����
X
q

cTCq F1=2ðτqÞ þ aHggdðRTCÞ
X

F∈QCD
F1=2ðτFÞ

����;
ð22Þ

where Nf
c and NF

c are color multiplicity factors for the
flavor f and the techniflavor F, respectively, and the
second sum in Eq. (22) is over colored techniflavors
only. [61]
As mentioned above, the aHγγ and aHgg form factors are

model dependent. We can estimate the analogous form
factor jaσγγj in QCD by analyzing the decay of the σ meson
to two photons. Using the same hybrid model in which σ

f, F W

W

f, F

FIG. 1. One-loop amplitudes for Higgs decay into γγ and gg
pairs in TC.
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couples to the constituent u and d quarks, the correspond-
ing width is given by

Γσ→γγ ¼
α2m3

σa2σγγ
256π3f2π

����3
�
2

3

�
2

F1=2

�
4m2

u

m2
σ

�

þ 3

�
−
1

3

�
2

F1=2

�
4m2

d

m2
σ

�����
2

; ð23Þ

where mu and md are the constituent quark masses (not to
be confused with the current quark masses). These depend
on the model used to approximate low-energy QCD, and
are expected to be around 300 MeV. The partial width
Γσ→γγ can be obtained from the latest Particle Data Group
report [62]. The average value is found to be Γσ→γγ ¼
2.79� 0.86 keV. The average value of mσ given in Table I
(the real part of

ffiffiffiffiffi
sσ

p
) is mσ ¼ 451.7� 13.4 ×MeV. The

extracted value of jaσγγjð�1σÞ is shown in Fig. 2 as a
function of the constituent quark mass. For mu¼md¼
300MeV we obtain jaσγγj ¼ 2.37� 0.39. This result
applies to QCD only, as the model-dependent contributions
from pions and other resonances are important, although
subdominant in a 1=Nc expansion. We note that one may
also attempt to compute the diphoton decay rate from an
effective Lagrangian of composite states [63–65].

IV. ELECTROWEAK PARAMETERS

Estimating the electroweak parameters in TC theories is
not an easy task, as these observables come from a low-
energy region in which the TC coupling is nonperturbative.
Away to deal with this is to use a large-NTC expansion, and
take the leading-order approximation. For the S and T
parameter the result [66] is

S ¼ NTC

6π

XNTD

i¼1

�
1 − Yi log

M2
Ui

M2
Di

�
þ ΔS; ð24Þ

T ¼ NTC

4πsin2ð2θWÞM2
Z

×
XNTD

i¼1

�
M2

Ui
þM2

Di
−

2M2
Ui
M2

Di

M2
Ui

−M2
Di

log
M2

Ui

M2
Di

�
þ ΔT;

ð25Þ

where MUi
(MDi

) is the constituent mass of the up-type
(down-type) techniquark in the ith technidoublet, Yi is the
hypercharge of the ith technidoublet, and θW is the weak
mixing angle. We have also included ΔS and ΔT terms to
account for corrections due to nonperturbative effects. The
first term in the fermion contribution to S is commonly
referred to as “naive S parameter,”

Snaive ≡ NTCNTD

6π
: ð26Þ

It is clear that the full S differs from Snaive, as there are
additional contributions, either positive and/or negative.
However Snaive is still a useful quantity for model building,
as we want to avoid a too large Snaive to begin with.
A precise determination of S and T requires detailed

knowledge of both TC and ETC sectors, including a way to
evaluate nonperturbative effects. In two-flavor QCD, for
instance, SQCDnaive ¼ 3=6π ≃ 0.16, whereas overall SQCD ≃
0.3 [66]. Since the constituent u and d quarks are nearly
degenerate, there is no negative contribution arising from
the hypercharge. However in TC there is room for ETC
model building to increase the negative contribution, and
make S small even for a large number if weak technidoub-
lets, while still keeping T within the experimental bounds
[67]. In the MWT theories the naive S parameter is small,
and it is therefore easier to satisfy the experimental bounds.
Finally, it is important to notice that walking dynamics is
expected to reduce the value of S compared to theories with
QCD-like dynamics [68].

V. HIGGS PRODUCTION AND DECAY IN TC

Let X denote the process (e.g., gluon-gluon fusion) by
which a Higgs boson is produced, and Y denote its on-shell
decay products. To a good approximation the number of
events for the XY process in a particular event category c is

Nc
XY ≡ σX × BRY × εcXY × L; ð27Þ

where σX is the pp → H production cross section via the
production process X, BRY is the branching ratio of
H → Y, and L is the integrated luminosity. The efficiency
factor εcXY (technically combining the cut acceptance and
efficiency) gives the fraction of the total XY events that are
selected in event category c. Currently there are 43 event
categories between ATLAS and CMS, an example of which

100 200 300 400 500
0

1

2

3

4

5

mu md MeV

a

FIG. 2 (color online). Estimate of jaσγγjð�1σÞ from the Γσ→γγ

partial width, as a function of the constituent u and d quark
masses.
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would be the ATLAS diphoton unconverted, central, low-
pT category.
If the cuts performed in event category c were com-

pletely efficient at isolating one of the production processes
(i.e., so that all efficiency factors were zero except for one
choice of XY) then one could usefully define a “signal
enhancement” factor as the ratio between Nc

XY and the
corresponding SM prediction. This would give

μXY ¼ ~σX ×
~ΓY

~Γtot

; ð28Þ

where a tilde denotes a (dimensionless) quantity expressed
in SM units, e.g., ~σ ≡ σ=σSM. In reality, no cut can be 100%
pure, and a category that is designed to isolate one
particular method of Higgs production will invariably be
contaminated by events from another production process.
Therefore, what is measured experimentally is the number
of events inclusive of all production processes X. The
signal enhancement factor is then

μcY ¼
X
X

~σXR
c; SM
XY ×

~ΓY

~Γtot

; ð29Þ

where

Rc; SM
XY ≡ σSMX εcXYP

X0σSMX0 εcX0Y
ð30Þ

gives the fraction of Higgs bosons produced through the
process X, in the SM, with acceptances and efficiencies for
the final state Y and event category c included. As an
example, if we consider again the ATLAS diphoton
unconverted, central, low-pT category, the fraction of
the observed Higgs boson events produced through the
gluon-gluon fusion process would be 93.7% [69], assuming
the SM. The total Higgs width in SM units is

~Γtot ¼
X

f¼b;c;τ

~ΓffBRSM
ff þ

X
V¼W;Z;γ;g

~ΓVVBRSM
VV þ ~ΓelseBRSM

else;

ð31Þ

where BRSM
else ≃ 0.132%. Since the latter is a small fraction,

instead of computing all remaining two- and multi-body
decay channels, we shall simply take ~Γelse ¼ 1 and allow
for little uncertainty in the final result.

The dominant amplitudes for on-shell production of a
TC-Higgs, at the LHC, are given by the diagrams shown in
Fig. 3. The cross sections for gluon-gluon fusion, vector
boson fusion, associated W and Z production and asso-
ciated tt̄ production, in SM units, are respectively

~σggF ¼ ðgHgg=gSMHggÞ2; ð32Þ

~σVBF ¼ c2Π; ð33Þ

~σWH ¼ ~σZH ¼ c2Π; ð34Þ

~σttH ¼ c2t ; ð35Þ

where gSMHgg and gHgg are computed as in Eqs. (5) and (22),
respectively. The relevant Higgs partial decay widths,
expressed in SM units, are

~Γbb ¼ c2b; ð36Þ

~Γττ ¼ c2τ ; ð37Þ

~Γcc ¼ c2c; ð38Þ

~ΓWW ¼ ~ΓZZ ¼ c2Π; ð39Þ

~Γgg ¼ ðgHgg=gSMHggÞ2; ð40Þ

~Γγγ ¼ ðgHγγ=gSMHγγÞ2; ð41Þ

where gSMHγγ and gHγγ are computed in Eqs. (4) and (21),
respectively.

VI. STATISTICAL PROCEDURE

The normal method for confronting a beyond-the-
standard-model theory with Higgs data (see, for example,
[70–80]) is to make use of the best-fit values for the signal
enhancement factors in each available final state Y and cut
category c. A χ2 test statistic

χ2ðμÞ ¼
X
i;c;Y

ðμc;iY − μ̂c;iY Þ2
Δðμc;iY Þ2 ð42Þ

is usually then formed, using the experimental collabora-
tions’ best-fit values of the enhancement factors (μ̂) and the
given 1σ uncertainties ΔðμÞ. The sum is taken over all final
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q

W, Z

W, Z
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FIG. 3. Dominant Higgs production channels in TC.
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states Y, cut categories c and experimental collaborations
i ∈ fATLAS; CMSg. One assumes this statistic follows a
χ2 distribution with a number of degrees of freedom equal
to the number of terms in the sum, and uses this to deduce
the p-value for a particular hypothesis.
The difficulty with this method is in computing μcY in a

particular model. One must evaluate the expression in
Eq. (29), but the experimental collaborations only make the
efficiency factors [or, equivalently the ratios defined in
Eq. (30)] available in the diphoton and τþτ− channels, so
assumptions must be made for the other channels. Another
drawback of the procedure is that it neglects correlations
between the systematic errors.
To alleviate the first problem, and ameliorate the second,

we adopt a method, used for example in Refs. [70,74], that
makes use of the two-parameter fits ATLAS and CMS have
performed for each Higgs decay mode. These are presented
in Fig. 2 of [7] and Fig. 4 of [81] as 68% (and also 95% in
the case of ATLAS) confidence level regions in the two-
dimensional parameter space. We reproduce the contours as
the solid lines in our Fig. 4 for reference. The sharp cutoff
in the H → ZZ� → 4l contour is due to the restriction
that the likelihood must be zero anywhere in the param-
eter space where the total number of expected signal+
background events is negative.
The collaborations perform the two-parameter fits in the

following way. For a particular decay channel Y, they
postulate a model identical to the SM except for factors
enhancing the production cross sections. One factor, μYg
enhances both the gluon fusion (ggH) and associated top
production (ttH) mechanisms uniformly and the other, μYV ,
enhances the vector boson fusion (VBF) and associated
vector boson (VH) production. Assuming identical

enhancements of ggH and ttH processes may be justified
by the comparatively small SM ttH cross section [82],
while equating the VBH and VH enhancements is reason-
able because custodial symmetry is preserved to good
accuracy [83].
The next step is to form a likelihood function LðμY; θÞ,

i.e., a probability density function for observing a particular
set of data, given a particular value of μY ¼ ðμYg; μYVÞ, and
the various “nuisance parameters” θ that account for the
systematic errors. From this, the “profiled log likelihood
ratio” test statistic

qμY ¼ −2 ln
�
LðμY; θ̂μY Þ
Lðμ̂Y; θ̂Þ

�
ð43Þ

is formed, where θ̂μY is the value of θ that maximizes the
likelihood for a particular fixed μY , and θ̂ and μ̂Y are global
maximum-likelihood values.
If we assume that the two-dimensional parametrization

above is true for some point in the parameter space, Wilks’s
theorem [84], as discussed in [85], can be used to show
that qμY is distributed as a χ2 distribution with two degrees
of freedom. If the probability density function for this
distribution is denoted by fχ2

2
ðqμY Þ (where the subscript

2 signifies the number of degrees of freedom) then the
p-value for a particular choice of μY is then given by

p ¼
Z

∞

qobsμY

fχ2
2
ðqμY ÞdqμY : ð44Þ

The contour plots presented by ATLAS and CMS are
effectively plots of qobsμY as a function of μY . The best-fit

FIG. 4 (color online). 68% CL (and 95% CL in the ATLAS case) contours, comparing our fit (dotted lines) to official ATLAS and
CMS fits.
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point has qobsμY ¼ 0 and the points on the 68% CL contour
(corresponding to p ¼ 0.32) have qobsμY ≈ 2.3.
If the data upon which the fit are based are distributed as

a multivariate Gaussian (and this is a good approximation
for numbers of events greater than around 10) then the test
statistic takes the familiar “chi square” form, allowing for
correlations in the errors:

qμY ≈ ðμY − μ̂YÞTσ−1Y ðμY − μ̂YÞ: ð45Þ

Suppressing the Y index, the covariance matrix is conven-
tionally parameterized as

σ ¼
� Δ2

g ρΔgΔV

ρΔgΔV Δ2
V

�
; ð46Þ

where Δg and ΔV are the standard deviations in the μg and
μV parameters and ρ is the correlation coefficient.
We assume this bivariate Gaussian form and tune the

covariance matrix to fit the 68% CL contours in Fig. 4. Our
reproductions of the 68% CL (and, for ATLAS, 95% CL)
contours, shown with dashed lines, are in good agreement
with the official contours. We next combine the likelihood
functions by simply multiplying, which corresponds to
adding the test statistics. This gives

qμ ¼
X
i;Y

ðμiY − μ̂iYÞTσ−1Y;iðμiY − μ̂iYÞ; ð47Þ

where again the index i ∈ fATLAS; CMSg. For
ATLAS, Y ∈ fγγ;W−Wþ; ZZ; τ−τþg and for CMS,
Y ∈ fγγ;W−Wþ; ZZ; τ−τþ; bb̄g. Each channel contributes
two degrees of freedom, μYg and μYV , to the test statistic
and, with four channels from ATLAS and five from CMS,
qμ will obey a χ2 distribution with NDOF ¼ 18 degrees of
freedom.
We now have all the information to calculate the p-value

for a particular choice of μ: the probability density function
for qμ is a χ2 distribution for 18 degrees of freedom and the
value of qobsμ as a function of μ is found by fitting the
contours in Fig. 4.
All of the models we consider in this paper obey

custodial symmetry and so are contained within the 18-
parameter model described above. A particular point in a
model’s parameter space can be compared with experiment
by calculating the 18 × μ parameters. Unless the models
explicitly incorporate details about the experimental appa-
ratus, it will predict the same enhancement factors in a
particular channel for both ATLAS and CMS. In terms of
the parameters defined in (2), the predicted enhancement
factors would evaluate to

μgY ¼
�
gHgg

gSMHgg

�
2

× c2Y ×
1

~Γtot

ð48Þ

μVY ¼ c2Π × c2Y ×
1

~Γtot

ð49Þ

for Y ∈ fWþW−; ZZ; bb̄; τþτ−g and

μgγγ ¼
�
gHgg

gSMHgg

�
2

×

�
gHγγ

gSMHγγ

�
2

×
1

~Γtot

ð50Þ

μVY ¼ c2Π ×

�
gHγγ

gSMHγγ

�
2

×
1

~Γtot

ð51Þ

for the diphoton channel. The loop-level gluon and photon
couplings gHγγ and gHgg are defined in (21) and (22) and the
total width in SM units ~Γtot is defined in (31).
With these calculated, qμ can be found using (47); if the

value exceeds 28.8 (corresponding to a p-value of 0.05)
then the point μ can be excluded at the 95% confi-
dence level.

A. Assumptions and approximations

Here we briefly bring together and reiterate the various
assumptions and approximations we made in the above
section. The method we use relies on the two-parameter fit
being a good parametrization of the true physics. It
certainly has enough flexibility to fit the existing data
well, and most candidate models of new physics respect
custodial symmetry, motivating identical VBF and VH
enhancements as discussed above. This assumption, i.e.,
that the “two parameters per channel, per experiment”
parametrization is good, is required for Wilks’s theorem to
be applicable, and so any conclusions derived from this
method should be interpreted in this way.
Advantageously, this method requires no assumptions

about efficiency factors because, in the two-parameter fits,
the collaborations make available purely theoretical vari-
ables with the experimental details unfolded. However, we
are making the assumption that the cut acceptances for our
signals are identical to the SM values: this corresponds to
the assumption that the differential cross sections predicted
by the new physics models have the same shape as in the
SM—note that this is not true if e.g., a resonance is present
in VH production [26,27]. Another advantage of the
method is that it includes correlations between systematic
errors when combining the gluon fusion and vector
production processes in the test statistic. However, corre-
lations are necessarily neglected when summing over the
final state channels Y.
Once the LHC resumes taking data, statistical uncer-

tainties will be reduced and so systematic errors and their
correlations will become more important. It will become
increasingly useful, to theorists performing statistical tests
of physics beyond the standard model, for the experimental
collaborations to release more details, such as full like-
lihood functions in electronic format [86].
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VII. FIT TO ATLAS AND CMS DATA

Within a given TC theory the free parameters are cΠ, cf,
aHgg, aHγγ , the constituent techniflavor masses MF, and,
when present, the new lepton masses. However, the
dependence of the observables on both technifermion
and the new lepton masses is through the function
F1=2ðτψÞ, which quickly approaches the value −4=3 for
masses aboveMH. The heavy mass dependence is therefore
very weak, and we can just set F1=2 → −4=3 for these
fermions. As a consequence our fit will only be on the
parameters cΠ, cf, aHgg and aHγγ . Given current data we
ignore cf for all flavors except for the top quark, the b-
quark and the τ-lepton. Thus the relevant six parameters to
be fitted are cΠ, cb, ct, cτ, aHgg and aHγγ .
In the large-dðRTCÞ approximation, the form factors aHγγ

and aHgg are equal to one. However, this is not necessarily
an accurate description of TC for small values of dðRTCÞ.
Indeed, to fit data on the QCD σ-meson we needed a form
factor jaσγγj > 1, with aσγγ either positive or negative.
Therefore, in our fits, we also allow for arbitrary positive
and negative form factors. When fitting to Higgs data, only
models with QCD-colored technifermions will be sensitive
to aHgg, and one-family technicolor (OFTC) is the only
such model we consider in this paper. For all the other
models, the fit is then effectively over five parameters: cΠ,
cb, cτ, ct and aHγγ .
Some of the theories we consider, like OFTC, have a

rather large naive [87] S parameter, whereas the minimal

walking technicolor theories (MWT) are constructed to
minimize S. It should be noted, however, that negative
contributions to S may arise from different sources. For
instance, the fact that the dynamical mass of the TC
Higgs is much larger than the physical mass introduces a
negative contribution to S. Also, isospin mass splitting
between constituent technifermion masses (induced by
ETC or the electroweak interactions) may reduce the
value of S and increase T, possibly leading to good
agreement with electroweak precision data [67]. We will
not address this issue here, leaving the analysis for a
later work.

A. General results

The best-fit values we find are

jcΠj ¼ 1.05030; jcbj ¼ 1.08747;

jcτj ¼ 1.03835;

jgHγγ=gSMHγγj ¼ 1.17921; jgHgg=gSMHggj ¼ 0.92234: ð52Þ

From these we can obtain the best-fit values for ct, aHγγ

and aHgg in each TC theory (the best-fit values of jcΠj,
jcbj and jcτj are the same for each model). The χ2 value
for the best-fit points is χ2 ¼ 11.75. There are 18 degrees
of freedom: five CMS channels plus four ATLAS
channels, each with ggH and VBF values.

TABLE II. Table of the TC theories that we analyze, showing techniflavors (second column); the representation of
the TC gauge group under which the techniflavors transform (third column); electric charges (fourth column); color
multiplicity (fifth column); loop factors for the TC contribution to gHγγ (sixth column); and the value of the naive
S parameter (seventh column). Note that among these theories, only the OFTC model has new fermions carrying
QCD color charge.

TC theory F RTC Q NF
c dðRTCÞ

P
FN

F
c Q2

FF1=2ðτFÞ Snaive

SUð2ÞF MWT U 2 1=2 1 ≃ 4
3

1
3π

(UMT) D 2 −1=2 1
SUð2ÞAdj MWT U 3 ðyþ 1Þ=2 1 ≃4þ 20y2 1

2π
D 3 ðy − 1Þ=2 1
N 1 ð−3yþ 1Þ=2 1
E 1 ð−3y − 1Þ=2 1

SUð3Þ2S MWT U 6 1=2 1 ≃4 1
π

(NMWT) D 6 −1=2 1
SUð3ÞAdj MWT U 8 1=2 1 ≃ 16

3
4
3π

D 8 −1=2 1
WSTC (1D)/PGTC Ui NTC 1=2 1 ≃ 2

3
NTC

NTC
6π

Di NTC −1=2 1
WSTC (2D) U NTC ðyþ 1Þ=2 1 ≃ 4

3
NTCð1þ y2Þ NTC

3π
D NTC ðy − 1Þ=2 1
C NTC −ðy − 1Þ=2 1
S NTC −ðyþ 1Þ=2 1

OFTC U NTC ðyþ 1Þ=2 3 ≃ 8
3
NTCð1þ 3y2Þ 2NTC

3π
D NTC ðy − 1Þ=2 3
N NTC ð−3yþ 1Þ=2 1
E NTC ð−3y − 1Þ=2 1
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B. Minimal walking technicolor

MWT is a class of theories in which the technifermion
content consists of one weak technidoublet, ðU;DÞ, and the
dynamics is near-conformal (hence “walking”). The two
models defined in [15] are the SUð2ÞAdj MWT model with
one weak technidoublet in the adjoint representation, and
the SUð3Þ2S MWT model with one weak technidoublet in
the two-index symmetric (2S) representation (also known
as “next-to minimal walking technicolor”, NMWT). Here

we also consider SUð3ÞAdj MWT with one weak techni-
doublet in the adjoint representation. For even NTC and the
adjoint representation, a chiral lepton doublet, carrying no
TC charge, is included in order to cure the topological
Witten anomaly [88]. The fermion content is shown in
Table II below.
We present our fits to the LHC Higgs data for SUð3Þ2S

MWT in Fig. 5, and for SUð2ÞAdj MWT and SUð3ÞAdj
MWT in Fig. 6. Note that while points inside the displayed
contours in the ðct; aHγγÞ plane are allowed at the 95%C.L.,
we cannot conclude that points outside are not, as we keep
cΠ, cb and cτ fixed at their best fit values when drawing the
contours. As usual in fits to LHC data, the contours display
a degeneracy in the sign of the top Yukawa coupling. In
general it is gratifying that we find values of the form factor
norms jaHγγj similar to those extracted for the QCD σ
resonance in Fig. 2.
Consider first the SUð3Þ2S MWT model in Fig. 5. From

Table II we find the relevant coupling for H → γγ to be

gHγγ ≃ α

8π

����6 − 16

9
ct − 4aHγγ

����;
gSMHγγ ≃ α

8π

����8 − 16

9

����≃ α

8π
6: ð53Þ

Here we have used approximate values for the loop
functions, i.e., F1ðτWÞ≃ 8 (subtracting 2 for the longi-
tudinal contribution in the left-hand expression), and
F1=2ðτtÞ≃ F1=2ðτQÞ≃ −4=3. We have also set cΠ ≃ 1.
If ct ≃ 1, a SM-like coupling of the TC Higgs to two
photons is attained, in this model, for form factors
aHγγ ≃ −0.5 and aHγγ ≃ 2.5. For ct ≃ −1, Eq. (53) gives

FIG. 5. 2σ exclusion contours for the SUð3Þ2S MWT model
(NMWT model) in the plane of ct and aHγγ . All other parameters
are fixed at their best-fit values shown in the legend.

FIG. 6. 2σ exclusion contours for the SUð2ÞAdj MWT model (left) and SUð3ÞAdj MWT model (right). For the SUð2ÞAdj MWT model
we show three different hypercharge assignments: y ¼ 0 (solid), y ¼ 1 (dashed) and y ¼ 2 (dotted). All other parameters are fixed at
their best-fit values shown in the legend.
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aHγγ ≃ 0.4 and aHγγ ≃ 3.5. Indeed we see that all of these
points sit inside the best fit contours in Fig. 5. Intriguingly,
aHγγ ≃ 2.5 is close to the aσγγ form factor in QCD, as
shown in Fig. 2. This is relevant, because the SUð3Þ2S
MWT theory has the same global symmetries as two-flavor
QCD, and we might expect the same type of contributions
for the decay of the lightest scalar to two photons. Given
that the TC Higgs arising in SUð3Þ2S MWT could also be as
light as 125 GeV [13,31,32], this constitutes a possible
candidate for the observed resonance at the LHC.
Next we consider the SUð2ÞAdj (left) and SUð3ÞAdj

MWT (right) models in Fig. 6. The SUð3ÞAdj has more
technifermions, by a factor 4/3, compared to the SUð3Þ2S
MWT model and otherwise the same charge assignments.
Accordingly for ct ≃ 1 the norm of the best fit form factors
are compressed towards slightly smaller values, and again
the two contours centered near ct ≃ −1 are shifted to
slightly larger values of aHγγ . Conversely, in the left panel
of Fig. 6 the SUð2ÞAdj with y ¼ 0 has fewer technifermions,
by a factor 1=2, and again identical charges. Although the
heavy lepton doublet gives a slight contribution, the norms
of the best fit form factors are dilated to larger values: note
the change of scale in the two plots. As we increase the
hypercharge parameter y the contribution of the techni-
quarks and the heavy lepton doublet increases, and the
contours are again compressed toward smaller norms of the
form factors. This is shown by the dashed (y ¼ 1) and
dotted (y ¼ 2) contours. Note that the global symmetries of
the SUð2ÞAdj and SUð3ÞAdj MWT theories are different
than those of two-flavor QCD, and we might therefore
not expect the form factor to be QCD-like. In addition,
the dynamics of these models are presumably very

near-conformal if not conformal [28,29]. We leave a study
of the impact of this for future work.

C. Weinberg-Susskind, partially-gauged
and two-scale technicolor

These classes of TC theories all feature a set of NTD
colorless weak technidoublets transforming in the funda-
mental representation of SUðNTCÞ. In Weinberg-Susskind
technicolor (WSTC) [9,10] these NTD technifermions
constitute the complete TC sector. Near-conformal dynam-
ics is then achieved by taking a sufficiently largeNTD. This,
however, might lead to unacceptably large contributions
to the S parameter. In partially-gauged technicolor (PGTC)
[89–91] this problem is avoided by assigning electroweak
charge to just one technidoublet. Near-conformality is then
achieved by allowing for additional electroweak-neutral
technifermions in the fundamental representation.
Similarly, two-scale technicolor theories (2STC) [92] fea-
ture one weak technidoublet in the fundamental representa-
tion, and additional electroweak-neutral technifermions in
higher-dimensional representations, once again included to
achieve near-conformal dynamics. An example of 2STC is
ultra-minimal technicolor (UMT), a SUð2ÞTC theory with
one fundamental technidoublet and two electroweak-neutral
technifermions in the adjoint representation. UMT is the TC
theory with the smallest naive S parameter while still
featuring near-conformal dynamics.
For our fits, PGTC and 2STC are equivalent to WSTC

with one weak technidoublet, as long as the extra electro-
weak-neutral technifermions carry no color charge. See
Table II below for the matter content and the anomaly-free
charges. We show the best fit values for ct and aHγγ in

FIG. 7 (color online). Left: 2σ exclusion contours of WSTC with one weak technidoublet and different numbers of technicolors. These
fits apply also to PGTC and 2STC. Right: WSTC with two weak technidoublets, varying numbers of technicolors, and different values
of the hypercharge parameter y. The parameters not plotted are set to their best-fit values, given in the legends. See text for further details.
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Fig. 7. The contours follow the discussion above: the more
technifermion degrees of freedom and/or the higher the
charges of the fermions (y > 0), the smaller the norm of
aHγγ required to fit the data. Note that the fits for two weak
technidoublets, ðU;DÞ and ðC; SÞ, assume that the TC-
Higgs contains equal amounts of all four techniflavors. If,
however, C and S are much heavier than U and D (because
of ETC contributions), the TC-Higgs is predominantly a
composite state of U andD techniquarks, and for y ¼ 0 the
Higgs fit reduces to the one for one weak technidoublet. It
is also worth stressing that non-QCD-like aHγγ form factors
might be expected in those theories, e.g., UMT, featuring
different global symmetries than two-flavor QCD.

D. One-family technicolor

Finally, we consider one-family technicolor (OFTC)
[93]. This is a class of theories in which new generations
of quarks and leptons are added to the SM and assigned TC
charge. For NTC ¼ 2, based on a Schwinger-Dyson gap
equation in the ladder approximation, near-conformal
dynamics is expected to be achieved by including one full
family. This expectation is currently being investigated on
the lattice [94–96]. The corresponding matter content is
again shown in Table II. Our fit assumes that the TC-Higgs
contains equal amounts of all technifermions. If, however,
the colored technifermions, ðU;DÞ, are much heavier than

FIG. 8. 2σ exclusion contours for one-family technicolor (OFTC) with NTC ¼ 2 in the three planes of interest. The first subfigure
shows the contours for several values of the hypercharge parameter y, while the other plots fix y ¼ 1=3. The stars denote the y ¼ 1=3
best fit coordinates.
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the uncolored ones, ðN;EÞ, then the TC-Higgs is mostly a
composite state of the latter. In this case aHgg ≃ 0, and, for
y ¼ 0, the Higgs fit resembles the one of WSTC with one
weak technidoublet.
The relevant couplings of H → γγ and H → gg are

gHγγ ≃ α

8π

����6 − 16

9
ct −

8

3
NTCð1þ 3y2ÞaHγγ

����;
gHgg ≃ αs

16π

���� − 4

3
ct −

8

3
NTCaHgg

����: ð54Þ

Here we have used approximate values for the loop
functions and set cΠ ≃ 1, as in Eq. (53). From these
expressions it is clear that there is a degeneracy between
the three quantities aHγγ, ct and aHgg and the two
observables gHγγ and gHgg. It also follows that for NTC ¼
2 and ct ≃ 1 we get a SM Higgs-like gluon fusion
production rate for aHgg ≃ −0.5; 0.
We show the best fit values for the parameters of the

OFTCmodel in Fig. 8. To break the degeneracy between ct,
aHgg and aHγγ we set ct ¼ 1. The top plot shows the best fit
contours in the aHγγ; aHgg plane, for different values of the
hypercharge parameter, y ¼ 0; 1=3; 1. All the remaining
parameters are fixed: c�t ¼ 1.0, and the remaining ones at
their best fit values. For y ¼ 1=3 these values are indicated
by the starred quantities in the legend. As expected,
a⋆Hgg ≃ −0.5. In general it is only possible to have form
factors jaHggj ∼Oð1Þ for ct significantly larger than 1. On
the one hand this would imply a significantly enhanced ttH
production, providing a powerful experimental test. On the
other hand, within typical ETC extensions of TC such a
large ct is not easily accommodated.
In the bottom left panel we show the best fit contours of

aHγγ and ct as done for the other TC models above. Again
we fix the hypercharge parameter at y ¼ 1=3 and keep all
other parameters at their best fit values. The many techni-
fermion degrees of freedom implies a relatively small value
of jaHγγj to fit the data for ct ≃ 1. Finally we illustrate the
correlation between aHgg and ct in the lower right panel of
Fig. 8, with the other parameters, including aHγγ , fixed to
the best-fit values. Along the axis of the ellipses, the TC
Higgs production via gluon fusion is close to that of the SM
Higgs. However once ct deviates too much from unity, the
diphoton production rate is driven too far from the SM
Higgs value to allow for a good fit to the data.

VIII. CONCLUSIONS

In this paper we have studied the technicolor Higgs, i.e.,
the lightest JPC ¼ 0þþ resonance in various technicolor
models. We have explored the viable space of the effective
Higgs boson couplings within the TC Higgs scenario using
the latest LHC data and prepared the ground for studying

the RUN II of LHC at 13 TeV. It had previously been
argued that this resonance can be as light as the observed
125 GeV boson [13–16,20]. Here we have further argued
that the TC Higgs has SM-Higgs-like tree-level couplings.
We then employed a simple model computation of the
diphoton decay rate, including a form factor aHγγ encoding
strong coupling effects. In order to have an idea of the size
of aHγγ , we computed the analogous quantity in QCD for
the decay of the σ meson into two photons, and obtained
jaσγγj ∼ 2.5≳ 1: this is consistent with general expect-
ations, as the form factor should approach unity in the
large-Nc limit.
We have fitted several TC Higgs scenarios to LHC Higgs

data. Our findings show TC Higgs couplings to massive
weak bosons and SM fermions that are very close to SM
values, in agreement with expectations for TC theories. In
particular, the top quark Yukawa coupling is found to be
close to unity: this is the right size needed if top corrections
are to help provide a light mass for the TC Higgs [13]. The
form factor for the diphoton channel is found to be jaHγγj ≳
1 for most of the TC theories we considered: as explained
above, this is consistent with TC dynamics. We have also
considered a theory with technifermions carrying QCD
charge, namely one-family technicolor. If the TC-Higgs
contains the colored technifermions, alongside with the
uncolored ones, then in addition to the aHγγ form factor,
there is also a aHgg form factor for TC Higgs decays into
two gluons. Our analysis shows best fit values of these form
factors that are less than one, a result which might be
difficult to account for in TC.
We conclude that the TC Higgs isft a viable candidate

for the observed 125 GeV resonance at the LHC. For
instance, a promising candidate TC theory is the SUð3Þ2S
MWT (NMWT) model. In fact, this has the same
global symmetries as two-flavor QCD, and the fit yields
jaHγγj ∼ jaσγγj. Furthermore, the SUð3Þ2S MWT model has
been investigated on the lattice, and the results are con-
sistent with a 125 GeV TC Higgs [13,31,32]. There are
several other TC theories consistent with current data. The
ultimate verification of the TC scenario would of course be
the discovery of new resonances.
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