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Why the Higgs?

• gauge invariance

• renormalisability

• unitarity

Motivation



• as yet undiscovered and first and only scalar

• on all other occasions: composite scalars

• ad hoc negative mass term

• quadratic divergencies

Why not the Higgs?

Motivation



G = SU(N)TC × SU(3)QCD × SU(2)L × U(1)Y
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Abbildung 4: Schematische Darstellung des Minimal-
Walking-Technicolor-Modells [24]. Neben den im
Standard Modell vorhandenen Teilchen sind die
Techniquarks U und D sowie die zur Vermeidung ei-
ner Wittenanomalie eingeführten Leptonen N und E
aufgeführt. Die Staffelung der Quarks und der Tech-
niquarks steht für deren drei Farb- beziehungsweise
Technifarbkopien. •

chen Eichbosonen. Die verbleibenden sechs sind
drei Paare von Technibaryonen und ihren Anti-
teilchen.

Da die adjungierte Darstellung der SU(2)
dreidimensional ist, transformiert sich eine un-
gerade zusätzliche Zahl von Fermionen unter der
elektroschwachen SU(2)L, was, wie bereits dis-
kutiert, zu einer Witten-Anomalie führte. Sie
wird im Fall von Minimal Walking Technicolor
durch die Hinzunahme einer Familie von Lepto-
nen vermieden (Siehe Abbildung 4.).

Die Forderung nach der Abwesenheit von
Eichanomalien fixiert dementsprechend die Hy-
perladungszuordnung zu diesen Fermionen bis
auf einen kontinuierlichen Parameter. Nachfol-
gend werden drei spezielle Zuordnungen disku-
tiert: Zum einen kann die Hyperladungszuord-
nung wie in einer Familie des Standardmodells
vorgenommen werden (I), da es sich hier um ei-
ne vollständige Familie von Fermionen handelt,
deren eine Hälfte, die Technifermionen, sich un-
ter einer dreidimensionalen Darstellung transfor-
mieren [Die Quarks des Standardmodells trans-
formieren sich auch unter einer dreidimensiona-
len Darstellung, der fundamentalen Darstellung
der SU(3) der Quantenchromodynamik.]. Zum
anderen gibt es eine Zuordnung, bei der die An-
omalien für die Techniquarks und die Leptonen
getrennt verschwinden (II). In diesem Fall haben
die beiden Techniflavour die elektrischen Ladun-
gen -1/2 und +1/2. Gleiches gilt für die Lepto-
nen. Als drittes Beispiel soll eine Hyperladungs-
zuordnung dienen, bei der alle elementaren Fer-

mionen ganzzahlige elektrische Ladungen tragen
(III); konkret 0 und +1 für die Techniquarks und
-1 und -2 für die Leptonen.

Abbildung 5 zeigt den Vergleich der für die-
se Szenarien berechneten Werte für den S- und
den T -Parameter mit den experimentell be-
stimmten Werten [25, 26]. (Der T -Parameter
ist ein weiterer obliquer Parameter, der Bei-
träge zur Brechung der Isospinsymmetrie er-
fasst.) Der Beitrag der Techniquarks wird da-
bei konservativ durch den störungstheoretischen
abgeschätzt. Ein Vergleich obliquer Parameter
findet immer in Bezug auf eine Standardmodell-
referenz mit vorgegebener Higgs- und Topquark-
masse statt. Entgegen der üblichen Annahme,
dass der skalare Partner der Technipionen, der
dem Higgs entspricht, vergleichsweise schwer ist
(einige hundert GeV), ist dies für quasikonfor-
me Technicolormodelle nicht notwendigerweise
der Fall. Vielmehr könnte er in Minimal Wal-
king Technicolor 150 GeV leicht sein [1, 2, 27].
Für diesen Referenzwert der Masse haben die
für Minimal Walking Technicolor berechneten
Werte signifikanten Überlapp mit dem 68%-
Konfidenzbereich des neueren Fits an die Da-
ten [26], der keine NuTeV-Daten berücksichtigt.
Dabei wird der oblique U -Parameter bei null
festgehalten, was konsistent mit den im Mo-
dell gefundenen Werten ist. (Der U -Parameter
kann als Ableitung des T -Parameters gese-
hen werden und liefert hier keine neuen Be-
schränkungen.) Die Überschneidung des 68%-
Konfidenzbereiches mit den berechneten Werten
ergibt für die Leptonen einen bevorzugten Mas-
senunterschied von etwa einer Z-Bosonenmasse
vor [2].

!!!: Ursachen für Unterschiede in den Plots?
Andere Plots? QM?

D. Next-to-Minimal Walking Technicolor

Das als Next-to-Minimal Walking Tech-
nicolor bezeichnete Modell basiert auf zwei
Techniflavors, die sich unter der zwei-index-
symmetrischen Darstellung der SU(3) transfor-
mieren. Diese ist sechsdimensional, entspricht
also einer geraden Zahl zusätzlicher Fermio-
nen, die sich unter der SU(2)L transformie-

fπ︸︷︷︸
O(102MeV)

!→ Λew︸︷︷︸
O(102GeV)

π± !→ W±
L

π0 !→ Z0
L

Technicolor



Technicolor

• quasiconformal dynamics (walking)

• oblique parameters ⇒ small matter content

• high masses for extra Nambu-Goldstone modes

• stability of the vacuum allignment

Shopping list



Quasiconformal dynamics

β-function



Technicolor

• gauge group (number of colors)

• number of flavors

• representation

Repertoire

• partially gauged technicolor

• gauge groups other than SU(N)

→ phase diagram
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Abbildung 4: Schematische Darstellung des Minimal-
Walking-Technicolor-Modells [24]. Neben den im
Standard Modell vorhandenen Teilchen sind die
Techniquarks U und D sowie die zur Vermeidung ei-
ner Wittenanomalie eingeführten Leptonen N und E
aufgeführt. Die Staffelung der Quarks und der Tech-
niquarks steht für deren drei Farb- beziehungsweise
Technifarbkopien. •

chen Eichbosonen. Die verbleibenden sechs sind
drei Paare von Technibaryonen und ihren Anti-
teilchen.

Da die adjungierte Darstellung der SU(2)
dreidimensional ist, transformiert sich eine un-
gerade zusätzliche Zahl von Fermionen unter der
elektroschwachen SU(2)L, was, wie bereits dis-
kutiert, zu einer Witten-Anomalie führte. Sie
wird im Fall von Minimal Walking Technicolor
durch die Hinzunahme einer Familie von Lepto-
nen vermieden (Siehe Abbildung 4.).

Die Forderung nach der Abwesenheit von
Eichanomalien fixiert dementsprechend die Hy-
perladungszuordnung zu diesen Fermionen bis
auf einen kontinuierlichen Parameter. Nachfol-
gend werden drei spezielle Zuordnungen disku-
tiert: Zum einen kann die Hyperladungszuord-
nung wie in einer Familie des Standardmodells
vorgenommen werden (I), da es sich hier um ei-
ne vollständige Familie von Fermionen handelt,
deren eine Hälfte, die Technifermionen, sich un-
ter einer dreidimensionalen Darstellung transfor-
mieren [Die Quarks des Standardmodells trans-
formieren sich auch unter einer dreidimensiona-
len Darstellung, der fundamentalen Darstellung
der SU(3) der Quantenchromodynamik.]. Zum
anderen gibt es eine Zuordnung, bei der die An-
omalien für die Techniquarks und die Leptonen
getrennt verschwinden (II). In diesem Fall haben
die beiden Techniflavour die elektrischen Ladun-
gen -1/2 und +1/2. Gleiches gilt für die Lepto-
nen. Als drittes Beispiel soll eine Hyperladungs-
zuordnung dienen, bei der alle elementaren Fer-

mionen ganzzahlige elektrische Ladungen tragen
(III); konkret 0 und +1 für die Techniquarks und
-1 und -2 für die Leptonen.

Abbildung 5 zeigt den Vergleich der für die-
se Szenarien berechneten Werte für den S- und
den T -Parameter mit den experimentell be-
stimmten Werten [25, 26]. (Der T -Parameter
ist ein weiterer obliquer Parameter, der Bei-
träge zur Brechung der Isospinsymmetrie er-
fasst.) Der Beitrag der Techniquarks wird da-
bei konservativ durch den störungstheoretischen
abgeschätzt. Ein Vergleich obliquer Parameter
findet immer in Bezug auf eine Standardmodell-
referenz mit vorgegebener Higgs- und Topquark-
masse statt. Entgegen der üblichen Annahme,
dass der skalare Partner der Technipionen, der
dem Higgs entspricht, vergleichsweise schwer ist
(einige hundert GeV), ist dies für quasikonfor-
me Technicolormodelle nicht notwendigerweise
der Fall. Vielmehr könnte er in Minimal Wal-
king Technicolor 150 GeV leicht sein [1, 2, 27].
Für diesen Referenzwert der Masse haben die
für Minimal Walking Technicolor berechneten
Werte signifikanten Überlapp mit dem 68%-
Konfidenzbereich des neueren Fits an die Da-
ten [26], der keine NuTeV-Daten berücksichtigt.
Dabei wird der oblique U -Parameter bei null
festgehalten, was konsistent mit den im Mo-
dell gefundenen Werten ist. (Der U -Parameter
kann als Ableitung des T -Parameters gese-
hen werden und liefert hier keine neuen Be-
schränkungen.) Die Überschneidung des 68%-
Konfidenzbereiches mit den berechneten Werten
ergibt für die Leptonen einen bevorzugten Mas-
senunterschied von etwa einer Z-Bosonenmasse
vor [2].

!!!: Ursachen für Unterschiede in den Plots?
Andere Plots? QM?

D. Next-to-Minimal Walking Technicolor

Das als Next-to-Minimal Walking Tech-
nicolor bezeichnete Modell basiert auf zwei
Techniflavors, die sich unter der zwei-index-
symmetrischen Darstellung der SU(3) transfor-
mieren. Diese ist sechsdimensional, entspricht
also einer geraden Zahl zusätzlicher Fermio-
nen, die sich unter der SU(2)L transformie-

Witten anomaly

gauge anomaly cancellation ⇒ hypercharge assignment

SU(2) adjoint

D3, Sannino & Tuominen, Phys.Rev.D72:055001,2005



Minimal walking technicolor
standard model like

D3, Sannino & Tuominen, Phys.Rev.D73:037701,2006
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Fig. 12.2: Left Panel: The black shaded parabolic area corresponds to the accessible range of S and T for the extra
neutrino and extra electron for masses from mZ to 10mZ for the model of ref [10]. The perturbative estimate for
the contribution to S from techniquarks equals 1/2π. The ellipse is the 90% confidence level contour for the global
fit to the electroweak precision data with U kept at 0. The contour is for the reference Higgs mass of mH = 150
GeV. Right Panel: Here the plot is obtained with a larger value of the hypercharge choice, according to which one
of the two fermions is doubly charged and the other is singly charged under the electromagnetic interactions.

electroweak symmetry breaking [45–48]. This may happen due to the fact that the top quark is very
heavy and hence strongly coupled to the electroweak symmetry breaking sector. Unfortunately the top-
quark condensation mechanism per se seems to yield a too large top mass [49]. This problem can be
addressed by re-introducing a technicolor theory [27]. One has also to invent a new strongly interacting
theory coupling to the third generation of quarks and an additional strongly coupled U(1) forbidding the
formation of the bottom condensate. In this model one predicts the existence of topgluons, i.e. a massive
color octet of vectors coupling mostly to the third generation. Due to the presence of the U(1) interaction
one predicts also the presence of a topcolor Z ′ particle.

Another promising idea is the top-seesaw model [6,50] in which the electroweak symmetry is bro-
ken thanks to the topcolor dynamics augmented with a seesaw mechanism involving an extra vectorlike
quark, χ. The Higgs boson is composite, resulting from a I = 1/2 condensate of a left-handed top quark
and a right-handed state of the new isosinglet quark. With the condensate mass scale at ∼ 600 GeV, the
vev of the Higgs field is at the right scale for electroweak symmetry breaking (EWSB) and the correct
physical top mass will derive from the diagonalization of the mass matrix.

A summary of direct experimental limits on the existence of technicolor particles, as well as other
resonances predicted in dynamical electroweak breaking scenarios can be found in [3, 51].

Most of the searches for technicolor resonances, have been performed in the context of a “multi-
scale” technicolor model [36,37] in which “walking” of αTC is achieved by the presence of a large num-
ber of technifermions, which are copies of the fundamental representation of the technicolor gauge group,
or which belong to a few higher representations, or both. It is then expected, in a “technicolor straw man
model”(TCSM) [52–54], that the low energy phenomenology will be determined by the lowest-lying
bound states associated to the lightest technifermion family doublet. The lowest technicolor scale could
be of a few hundred GeV’s, and therefore these bound states, the isovector technipions π±,0

T and tech-
nirho ρ±,0 and the isoscalar π′

T and techniomega ωT , would have a good chance of being seen at the
Tevatron and should certainly be accessible at the LHC. A limited number of parameters is assumed in
the TCSM model: (i) NTC , the number of technicolors of the SU(NTC) group, (ii) ND, the number of
technifermion families (iii) χ, the mixing angle between the longitudinal vector bosons and the physical
technipions, (iv) Q = QU + QD, the sum of the electric charges of the technifermions, (v) mV ∼ mA,
the mass parameters that control the strength of the technivector decay to a technipion and a transversely
polarized electroweak boson (e.g., ωT → π0

T + γ), (vi) |ερω|, a mixing amplitude between ρ0
T and ωT ,

and (vii) mρT ,mωT ,mπT , the masses of the vector resonances and of the technipions.
At LEP, in technicolor searches based on the TCSM [55–58] the processes considered were:

e+e− → ρ0
T ,ωT → π+

T π−
T → bq̄b̄q′, as well as final states π0

T γ → bb̄γ and WπT . As a result of
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corresponds to a second branch in the relative plot shown
in Fig. 3. For our model, the expected mass of the com-
posite Higgs is 150 GeV [1]. Let it be noted that, even if it
was as heavy as 1 TeV there would still be an overlap
between the measurements and the values attainable in our
model. This can also be achieved in top-seesaw models
[19]. Regarding Fig. 1, we can also remark how the models
with different numbers of technicolors considered in [1]
would appear with respect to the precision data. The mod-
els with techniflavors in the two-index antisymmetric rep-
resentation are excluded by the precision data [1,7]. In the
model with two technifermion flavors in the two-index
symmetric representation of the gauge group SUT!3" (de-
noted by S!3; 2" in [1]) there is no Witten anomaly and
hence no need to introduce the new fermion generation.
The contribution of the techniquarks yields S # 0:32 and
T # 0. Taking into account the possible reduction of 20%
leads to S # 0:25, a value close to the tip of the shaded
parabola in Fig. 1.

Let us then set aside the other variants and continue to
analyze in detail the S!2; 2"-model. Translating the overlap
depicted in the perturbative versions of Figs. 1 and 2 to
values of the lepton masses favored at the 68% level of
confidence leads to the plots in Fig. 3. For technical rea-
sons, the exact intersection of the parabolic shape with the
interior of the ellipse is not presented but instead with the
interior of a polygon characterized by: $0:1< S% T <
%0:5, $0:15< S$ T <%0:025, and S < 0:22. In all in-
vestigated cases there exists a branch for which the more
negatively charged lepton (m2) is about one Z-boson mass
(mZ) heavier than the more positively charged lepton (m1).
The mass gap of approximately one mZ is mostly dictated
by the limits in the (S$ T)-direction. The second branch

with m1 >m2 is usually forbidden by the limits imposed
on S. This does not affect the situation for the fractionally
charged leptons (II), which yield no variation in S as a
function of their masses. Incorporating nonperturbative
corrections leads to a second branch for not too small
masses in the standard model–like situation (I). This cor-
responds to the overlap of the ellipse with the right half of
the black area in Fig. 1(b).

III. SUMMARY

In light of the fact that new relevant electroweak preci-
sion data have appeared very recently we have investigated
the consequences for the technicolor theory with two tech-
niflavors in the two-index symmetric representation of
SUT!2" and one additional lepton generation presented in
[1]. We found that the range of masses of the leptons,
consistent with the new data at the 68% level of confidence
[13], is much larger than with the previous data at the 90%
level of confidence [5]. The comparison of our theory with
the new precision measurements further strengthens our
claim that certain technicolor theories are directly compat-
ible with precision measurements.
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FIG. 3. The shaded areas depict the range for the masses of the new leptons which are accessible due to the oblique corrections in
accordance with the electroweak precision data without taking into account nonperturbative corrections. m1 (m2) is the mass, in units
of mZ, for the lepton with the higher (lower) charge. The black stripes do not correspond exactly to the overlap of the parabolic area
with the 68% ellipse in the !S; T"-plane from [13] but with a polygonal area defined by $0:1< S% T <%0:5, $0:15< S$ T <
%0:025, and S < 0:22. After taking into account nonperturbative corrections subfigures (b) and (c) stay qualitatively the same, while
for not too small masses (a) has a second branch with m1 <m2 like in (c). This corresponds to the overlap of the ellipse with the right
branch of the parabolic area in Fig. 1(b) as opposed to Fig. 1(a).
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{UD̄,DŪ, (UŪ −DD̄)/
√

2} #→ {π+, π−, π0} #→ {W+
L , W−

L , Z0
L}

Nambu-Goldstone modes

SU(4)→ SO(4)

adjoint representation

SU(2)L × SU(2)R → SU(2)V

additionally
UU, DD, UD

ŪŪ , D̄D̄, ŪD̄

UG, DG, ŪG, D̄G

Minimal walking technicolor

→ Dark matter

NMWT

MWT
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FIG. 1: Contour plots of m2
walk as function of MA and g = M2

V /(
√

2FV ) for S = 0 (S = SMWT
pert ≈ 0.16) and λ = 6TeV (λ = 20

TeV). Contours are for m2
walk = 0.0252 TeV2, 0.052 TeV2, 0.0752 TeV2, . . . with zero at the origin. For S = SMWT

pert , the plot
range in g is constrained by the requirement F 2

A > 0.

cussed MWT where the typical scale of these corrections
was seen to be from 100 to 200 GeV. Interestingly, the
technipion masses can be large enough to exceed present
experimental bounds even without any additional ETC
interactions, expect in the region of small MA and g.

The naive expectation that the masses (not the
squared masses) at least in the running case can be sim-
ply scaled up from their value in quantum chromody-
namics to their value in techincolour by the ration say
of the respective pion decay constants is not confirmed.
For the QCD pions the above formulation returns the
difference if the squared masses of the charged and the
neutral pions. In order to obtain the linear mass dif-
ference, the result has to be divided by the sum of the
masses, which is dominated by explicit symmetry break-
ing, i.e., the bare quark masses. In the application to

TC directly the squared masses of the uneaten pions are
computed, the square root of which returns the linear
masses. Therefore, it is understandable that the thus ob-
tained pion masses may (and do) exceed the values ob-
tained by scaling up the QCD masses. Quasiconformal
dynamics leads to an additional enhancement.
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Walking technicolour. Let us study what this means
for TC theories. For these f2

π = 2Λ2
ew/Ng

f where Λew =
246GeV. Ng

f stands for the number of techniflavours
gauged under the electroweak interactions. This number
need not be equal to the number of techniflavours. In a
situation where more than two techniquarks are needed
to achieve walking dynamics it is advantageous to gauge
only two of them under the electroweak gauge group in
order to alleviate the pressure from the constraints on
the oblique S parameter. This setup is known as par-
tially gauged TC [3].

Apart from imposing the first Weinberg sum rule we
introduce a coupling g in the spirit of the coupling con-
nected to a local symmetry such that M4

V = 2g2F 2
V . It

is expected to be of order unity. For positive S there is
an upper limit for g above which F 2

A turns negative. In
the plots, we display m2

walk which is a model independent
factor. The detailed mass structure m̂2

ab differs between
models. The normalisation of m2

walk has been chosen such
that the eigenvalues of m̂2

ab are in general of order unity.
Hence, one can directly gain an initial impression on the
magnitude of the pion masses from the numbers in the
plots in Fig. 1: For small S parameters and large values
of λ, MA and g up to 400GeV can be reached, which
corresponds to five times the mass of the W boson.

For a concrete model, MWT features two techni-
quarks transforming under the adjoint representation of
an SU(2) gauge group. The adjoint representation is real.
The unbroken chiral symmetry is therefore enhanced to
SU(4) which breaks to SO(4) yielding nine Goldstone
modes, three of which become the longitudinal degrees
of freedom of the weak gauge bosons. This leaves behind
six extra technipions which here carry nonzero baryon
number. In this setup, the techniquarks alone would
lead to a theory with a global Witten anomaly, as an
odd number of fermions [The adjoint of SU(2) is three-
dimensional.] would transform under the SU(2)L of the
Standard Model. The anomaly is cancelled by including
an additional pair of leptons. Due to the presence of these
leptons the requirement of freedom from gauge anomalies
does not fix the hypercharge assignment completely, but
leaves one free continuous parameter.

By using the generators of MWT from [3, 6] in (9)
we find for the electroweak contributions to the masses
of the technipions of MWT which are not eaten by the
electroweak gauge fields,

(
g2
1 + g2

2

)
m̂2

ΠUU
= g2

1 (1 + 2y)2 + g2
2(

g2
1 + g2

2

)
m̂2

ΠDD
= g2

1 (1− 2y)2 + g2
2(

g2
1 + g2

2

)
m̂2

ΠUD
= g2

1

(
4y2 − 1

)
+ g2

2 . (20)

Here y is a parameter that controls the hypercharge as-
signment of the techniquarks and the subscripts U and D
denote the flavours of the techniquarks which constitute
the corresponding technipion. The masses of the charge
conjugate pions are the same. Since g2 > g1 the squared

y m̂2
ΠUU

m̂2
ΠDD

m̂2
ΠUD

0 1 1 0.53

+1 2.87 1 1.47

−1 1 2.87 1.47

TABLE I: Eigenvalues of m̂2
ab for the uneaten technipions in

MWT for various values of the parameter y.

masses are positive for all values of y. In Table I we
present the numerical values for the most natural choices
of y. g1 and g2 are weakly dependent on the mixing of
the electroweak gauge bosons with the composite vector
states in MWT. We use their standard model (tree-level)
values which is sufficient for our purposes.

The squares of the physical masses as functions of MA

and g are obtained by multiplying the values in Fig. 1
by the factors of Table I. Pion masses for the light mass
window [6] of MWT, where MA < MV

<∼ 1 TeV, are
from 50 to 300 GeV. For the heavy mass window, where
MA > MV

>∼ 2 TeV, all pion masses are at least 150
GeV. Interestingly, the pion masses can be large enough
to exceed present experimental bounds even without any
additional extended technicolour (ETC) interactions, ex-
pect in the region of small MA and g.

The low-energy limit of the continuum is given by twice
the dynamical mass Σ(0), i.e., the threshold of the loop.
It’s estimated to be 2Σ(0) ≈ 4πfπ/dR. For MWT this
evaluates to circa 1 TeV. Picking resonances consider-
ably above this value entails a slight modification of the
picture, if one does not want to put them inside the con-
tinuum: The continuum threshold has to be taken higher.
The only definite constraint for our investigation is that
the scale λ must lie inside the continuum. As we have
chosen reference values of λ = 6 TeV and λ = 20 TeV,
we extend our plots to close to 3 TeV resonance masses.

The model known under the name Next-to-Minimal
Walking Technicolour (NMWT) possesses two techni-
quarks which transform under the two-index symmetric
representation of SU(3) which is not (pseudo)real, but
even-dimensional. Consequently, the flavour symmetry
breaking pattern is SU(2)L × SU(2)R → SU(2)V lead-
ing to three Goldstone modes which are all eaten by the
weak gauge bosons. Hence, there are no degrees of free-
dom left which would receive contributions to their mass
in the framework of the present analysis.

Other viable candidates for dynamical electroweak
symmetry breaking by walking TC theories are discussed
in [4] and can be analysed using the above formulae.

Summary. We studied the modifications of the Wein-
berg sum rules in quasiconformal gauge field theories.
We showed that while the X parameter is not directly
altered by nearly conformal dynamics, the electroweak
corrections to pion masses can be enhanced considerably
wrt. running theories. As an explicit example we dis-

D3 & Järvinen, Phys.Rev.D79:057903,2009

Minimal walking technicolor

vacuum allignment 
stable!

NMWT:
no extra pions

masses outside 
excluded range



Conclusion

Dynamical electroweak symmetry breaking by 
quasiconformal technicolor models is feasible.

• quasiconformal dynamics (walking)

• oblique parameters       small matter content

• high masses for Nambu-Goldstone modes

• stability of the vacuum allignment

Shopping list

⇒ ✓
✓

✓
✓

⇒



• Dark matter candidates

• Models beyond MWT & NMWT

• AdS/CFT methods

• Potential signals at LHC

Outlook

D3 & Kouvaris, PRD78(2008)055005, PRD79(2009)075004
D3, Järvinen & Kouvaris, work in progress
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(MT
! )2 = [

√
M2(!) + p2

T (!) + |/pT |]
2 − |"pT (!) + /"pT |

2 (23)

(MT
3!)

2 = [
√

M2(!!!) + p2
T (!!!) + |/pT |]

2 − |"pT (!!!) + /"pT |
2 (24)

We also add a cut on the transverse missing energy /ET > 15 GeV. We consider the

representative parameter space points g̃ = 2, 5 and MA = 0.5, 1, 1.5, 2 TeV for our plots and

discussion.

The invariant mass and transverse mass distributions for signatures (1)-(3) are shown in

Figs. 9-11. In the left frames of Figs. 9 and 10, corresponding to g̃ = 2, clear signals
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FIG. 9: Dilepton invariant mass distribution M!! for pp → R0
1,2 → !+!− signal and background

processes. We consider g̃ = 2, 5 respectively and masses MA = 0.5 Tev (purple), MA = 1 Tev
(red), MA = 1.5 Tev (green) and MA = 2 Tev (blue).

from the leptonic decays of R0
1,2 and R±

1,2 are seen even for 2 TeV resonances. Moreover

Fig. 9 demonstrates that for g̃ = 2 both peaks from R0
1 and R0

2 may be resolved. The lepton

energy resolution effects should not visibly affect the presented distributions. In the case

of signature (2) a double-resonance peak is also seen at low mass, but the transverse mass

distribution MT
! is not able to resolve the signal pattern as well as the M !! distribution for

signature (1), because of the presence of missing transverse momenta from the neutrino. This

analysis must be improved via a full-detector simulation. However, for larger masses only a

single resonance is visible because the R±
1 coupling to fermions is strongly suppressed. This

is a distinguishing footprint of the NMWT model at higher masses closer to the inversion

18

Next-to-minimal walking TC



1

10

10
2

10
3

10
4

10
5

500 1000 1500 2000

S=0.3
g̃=2

M
T
l  (GeV)N

u
m

b
e
r 

o
f 

e
v
e
n

ts
/2

0
 G

e
V

 @
 1

0
0
 f

b
-1

1

10

10
2

10
3

10
4

500 1000 1500 2000

S=0.3
g̃=5

M
T
l  (GeV)N

u
m

b
e
r 

o
f 

e
v
e
n

ts
/2

0
 G

e
V

 @
 1

0
0
 f

b
-1

FIG. 10: MT
! mass distribution for pp → R±

1,2 → !±ν signal and background processes. We consider
g̃ = 2, 5 respectively and masses MA = 0.5 Tev (purple), MA = 1 Tev (red), MA = 1.5 Tev (green)

and MA = 2 Tev (blue).
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FIG. 11: MT
3! mass distribution for pp → R±

1,2 → ZW± → 3!ν signal and background processes.

We consider g̃ = 2, 5 respectively and masses MA = 0.5 Tev (purple), MA = 1 Tev (red), MA = 1.5
Tev (green) and MA = 2 Tev (blue).

point: only a single peak from the R±
2 will appear in the single lepton channel while a double

peak should be visible in the di-lepton channel.

Let us now turn to the case of g̃ = 5 in the right frames of Figs. 9 and 10. For large g̃

the Rff couplings are suppressed, so observing signatures (1) and (2) could be problematic

(quantative results for the LHC reach for all signatures are presented below). However, for

large g̃, the triple-vector coupling is enchanced, so one can observe a clear signal in the MT
3!
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FIG. 10: MT
! mass distribution for pp → R±

1,2 → !±ν signal and background processes. We consider
g̃ = 2, 5 respectively and masses MA = 0.5 Tev (purple), MA = 1 Tev (red), MA = 1.5 Tev (green)

and MA = 2 Tev (blue).
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FIG. 11: MT
3! mass distribution for pp → R±

1,2 → ZW± → 3!ν signal and background processes.

We consider g̃ = 2, 5 respectively and masses MA = 0.5 Tev (purple), MA = 1 Tev (red), MA = 1.5
Tev (green) and MA = 2 Tev (blue).

point: only a single peak from the R±
2 will appear in the single lepton channel while a double

peak should be visible in the di-lepton channel.

Let us now turn to the case of g̃ = 5 in the right frames of Figs. 9 and 10. For large g̃

the Rff couplings are suppressed, so observing signatures (1) and (2) could be problematic

(quantative results for the LHC reach for all signatures are presented below). However, for

large g̃, the triple-vector coupling is enchanced, so one can observe a clear signal in the MT
3!
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