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Resonant production of a light, narrow techni-rho, followed by the decay �T ! W� þ �TðjjÞ has been
proposed as an explanation of the W þ jj excess observed by CDF. If the �T decays to �þ ��=�

þ��

rather than to jets, subsequent leptonic � decay leads to ‘þ‘��� �� �� , a final state that will be picked up by

the standard model WWð�Þ ! ‘þ‘� þ 6ET Higgs searches. We point out that, for the same range of

technicolor parameters required to fit the CDF W þ jj excess, the correlated ‘þ‘� þ 6ET technicolor

signal can have strength comparable to that of an intermediate-mass standard model Higgs boson, and

therefore could be visible at the Tevatron or LHC.
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I. INTRODUCTION

In the range of masses mH � 130–180 GeV, the most
sensitive Higgs search mode at the LHC and Tevatron is

h ! WWð�Þ ! ‘þ‘�� �� [1–4]. As there are two sources of
missing energy, the invariant mass of the Higgs cannot be
reconstructed. Thus, any new physics with a ‘þ‘� þ 6ET

final state, regardless of whether the leptons and missing
energy came from W bosons, will be picked up to some
extent by Higgs searches. This makes the ‘þ‘� þ 6ET

mode particularly susceptible to ‘‘Higgs-fakes’’–non-
Higgs particles which get mistaken for the Higgs.

While there are many potential Higgs-fakes, in this
paper we focus on fake Higgs signals from technicolor,
namely, pp ! �T ! Wð‘�Þ�T , where �T is a techni-
rho and �T is a techni-pion. Techni-pion couplings to
electrons and muons are usually negligible, however, the
coupling, and hence the branching ratio, of �T to �þ ��

can be large. A leptonic decay of the tau then gives us the
‘þ‘��� �� �� ffi ‘þ‘� þ 6ET signature necessary for posing
as a Higgs boson. The technicolor signal is controlled by
a handful of parameters: M�T

, M�T
govern the rate for

�T ! W�T production, while Bð�T ! ���=�
þ��Þ deter-

mines the fraction of ‘þ‘� þ 6ET final states.
The technicolor Higgs-fake is interesting for several

reasons. First, one (or both) of the leptons come from a �
rather than aW and there are four invisible particles rather
than two. This makes theWð‘�Þ�Tð��Þ signal qualitatively
different from Higgs impostors considered in the past [5].
Second, when a techni-pion decays hadronically the final
state from �T ! W þ �T is a W and two jets. This final
state has been the subject of much interest since the CDF
collaboration reported an excess inWð‘�Þ þ jj of 3:2� [6]
(later updated to 4:1�), and in Ref [7] it was shown that, for
M�T

� 250–300 GeV, M�T
� 150–170 GeV, a techni-

color �T ! W þ �T explanation fits the excess quite well.
As we will show here, for the same range of para-

meters required to fit the CDF excess, the ‘þ‘� þ 6ET

signal from the techni-pion þW channel can have a rate
similar to an intermediate-mass standard model (SM)

h ! WWð�Þ ! ‘þ‘�� ��. Thus, the same (non-Higgs)
physics that leads to W þ jj can also generate a ‘þ‘� þ
6ET signal that fakes a Higgs; given the sensitivity of
Tevatron and LHC searches, such an excess should be
visible, either now or in the near future. This coincidence
of signals is especially tantalizing given that both CMS and
ATLAS see a discrepancy between their observed and
expected limits in the ‘þ‘� þ 6ET channel for 120 GeV &
mH & 180 GeV [8].
The setup of this paper is the following: after giving an

introduction to the interactions and states in technicolor in
Sec. II, we describe the CDF W þ jj signal in Sec. III
along with the technicolor parameters which fit the ob-
served excess. Then, in Sec. IV, we study the technicolor
‘þ‘� þ 6ET signal: its rate, its kinematics, and its depen-
dence on model parameters. We also plot several important
kinematic variables and compare with SM Higgs signals.
Finally, in Sec. V, we conclude.

II. TECHNI-PIONS AND TECHNI-RHOS

Techni-pions and techni-rhos are common ingredients in
theories of dynamical electroweak symmetry breaking.
Techni-pions are pseudoscalar states, uneaten cousins
of the longitudinally polarized W=Z; they are present
only if the chiral symmetry of the underlying degrees of
freedom is big enough. Being pseudo-Goldstone bosons,
techni-pions are typically the lightest states in the spec-
trum, and are expected to have small couplings to light
fermions. Techni-rhos are spin-1 resonances which couple
strongly to (longitudinally polarized) W=Z and techni-
pions, but have very weak couplings to SM fermions.
Both techni-pions and techni-rhos lie in electroweak triplet
representations.
Given their connection to electroweak symmetry

breaking, the most natural mass for techni-resonances is
OðTeVÞ, far too heavy to be produced with sizable rate
at the Tevatron. One class of models with lighter
techni-resonances, and thus a larger rate, are ‘‘multiscale’’
technicolor models [9], where there is more than one
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(presumably dynamical) source of electroweak breaking.
In the simplest version, there are two scales (or vacuum
expectation values), v1, v2. The sum in quadrature of the
two scales is fixed to the weak scale, but the ratio of the
vacuum expectation values is a free parameter. Resonances
associated with the lighter scale are not only light, but their
couplings to SM fermions are also suppressed [10]:

gff�T;1
� g

�
MW

M�T;1

�
sin�; (1)

where tan� ¼ v1=v2 and g is a SM electroweak gauge
coupling. Provided gff�T;1

& 0:1� g, resonances as light

as 200–300 GeV are allowed by all LEP, Tevatron, and
LHC data. While resonance-fermion couplings are small in
these scenarios, the resonance-�T couplings are large; as
the physical (uneaten) combination of �T in a multiscale
model reside primarily in the sector with the smaller con-
tribution to EWSB, the �T couple more strongly to the
lower-scale resonances.

III. CDF W þ DIJET EXCESS

A two-scale technicolor setup was invoked in Ref. [7] to
explain the 3:2� excess in W þ jj events observed by the
CDF collaboration in 4:3 fb�1 of data [6].1 In the CDF
signal data, the invariant mass of the dijets, after subtract-
ing the large W þ jets background, forms a peak centered
at �150 GeV. Assuming the extra events come from new
physics, and assuming the signal acceptance is similar to
p �p ! H þW, the cross section attributed to this excess is
3:1� 0:8 pb [12]. The D0 collaboration explored the same
final state using identical cuts in Ref. [13], setting a limit on
the allowed new physics cross section of 0:82þ0:83

�0:82 pb,
consistent with no excess. While the cuts are the same in
both collaborations, the treatment of systematics and, in
particular, the jet-energy correction are quite different
[11,12,14]. Given the large background that must be sub-
tracted to see the signal, all of these subtle differences must
be examined carefully.2 The LHC will eventually weigh in
on this issue. However, with the current amount of inte-
grated luminosity, ATLAS/CMS are not yet sensitive to
weakly coupled, q� �q initiated processes such as techi-
rho production [14–17].

To fit the CDF data, in Ref. [7] the parameters M�T
¼

290 GeV, M�T
¼ 160 GeV, and sin� ¼ 1=3 were used.

Not only does theW þ jj rate for this parameter set match
the excess observed by CDF, but the signal changes with
respect to the background as cuts are varied in exactly the

way the technicolor model predicts [11,12]. Furthermore,
studies of the kinematic distributions of the CDF excess are
consistent with technicolor expectations [14]. Specifically,
the dijet �R distribution has a sharp turn-on at �2:3 and
the pT of the dijet system falls to zero above �80 GeV
[18]. Both of these features are expected in a two-
resonance topology, where the total energy in theWþ dijet
system is limited by parent resonance mass.3 Another
interesting aspect of the parameters used in Ref. [7,9] is
that the techni-rho mass is less than twice the techni-pion
mass. This choice kinematically suppresses the �T !
�T�T decay mode, leaving �T þW=Z as the dominant
mode. The dominance of the �T þW=Z mode, along with
the small width it induces, are the keys to a large techni-
color rate into W þ jj.
While the pointM�T

¼ 290 GeV,M�T
¼ 160 GeV was

chosen for calculations in [7], the actual range of masses
which fit the signal is broader, approximately M�T

�
250–300 GeV, M�T

� 150–170 GeV. As the �T is taken

lighter, the W�T rate increases. However, an increasing
cross section can be counteracted by decreasing the
M�T

�M�T
splitting; as the available kinetic energy for

theW � �T system shrinks, the pT;jj cut imposed by CDF

[6] removes more and more of the W þ jj signal.
In Ref. [7], the flavor of the jets coming from charged�T

was left ambiguous. Naively, techni-pions couple to SM
fermions proportional to their mass. With the techni-pion
mass less than the top mass, �þ ! �bc is an obvious choice
for the dominant mode. However, the flavor structure of the
techni-pion-SM fermion coupling is model dependent, so
intergeneration decays can be accompanied by CKM-like
mixing factors. Taking this mixing as an input parameter,
we can freely dial the branching fraction of �T to bottom
quarks. If decays to bottom þu=c are highly suppressed,
the most massive fermion to decay into is the �. If the �T

decays appreciably to �þ ��, the rate for W þ jj suffers,
however, the � modes are essential for faking a Higgs
signal.
Charged techni-pion decays are not the only way to get

dilepton states from technicolor. As the �0
T ! �bb mode is

kinematically allowed and is not an intergeneration decay,
it is not expected to be suppressed with mixing angles so
wewill leave the�0

T branching fractions unchanged. While

Bð�0
T ! �bbÞ is the dominant decay mode, Bð�0

T ! �þ��Þ
is not negligible (� 10%) and can still lead to ‘þ‘� þ 6ET

final states—either from both taus decaying leptonically or
one leptonic tau plus a lepton from the accompanying W.
However, ‘þ‘� þ 6ET events fromW þ �0

T decays usually
contain extra jets, and Higgs searches often include a jet
veto to remove the top-quark background. Under a jet veto,
only the fraction of W þ �0

Tð��Þ events where all jets are

1After 7:3 fb�1, the significance grew to 4:1�. The update,
many cross-checks, and several kinematic distributions can be
found in Ref. [11].

2Note the D0 analysis utilized less data than the updated CDF
analysis and did not contain an inclusive ( � 2 jets) analysis;
inclusive analyses, especially for �tt, are under better theoretical
control than exclusive ones.

3The numerical values where the pT and �Rjj features occur
depends sensitively on the mass difference between the parent
and daughter resonances
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too soft or fall outside the detector acceptance will actually
survive.

IV. HIGGS POSING

In this section, we will show how related decay modes of
the �T can lead to a Higgs-fake ‘þ‘� þ 6ET signal and
explore the rates and kinematics of such signals. An ex-
ample Feynman diagram for the Higgs-faking processes
we have in mind is shown below in Fig. 1.

To generate a dilepton þ6ET final state from the techni-
color scenario, we must pay the price of Bð�T ! ��Þ and
the �35% leptonic branching fraction of the tau.
Additionally, the Higgs-fake events must pass selection
cuts. On top of basic identification and kinematic cuts,
‘þ‘� þ 6ET Higgs searches impose low dilepton invariant
mass, substantial dilepton pT and a small azimuthal sepa-
ration between leptons [2]. The first two cuts are imposed
to remove background events containing Z bosons, while
the third cut takes advantage of the fact that the two leptons
in the (Higgs) signal originate in a spin-0 resonance. While
the technicolor fake signal has no Z, the mass of the mother
resonance (M�T

* 250 GeV) is considerably higher than

that of an intermediate-mass Higgs, which raises the m‘‘

distribution to higher values. The techni-signal also has a
different correlation among leptons than a Higgs, so the
efficiency for the ��‘‘ cut can be quite different.

To study the relative efficiencies under Higgs cuts, we
rely on Monte Carlo simulations. Technicolor events are
generated using PYTHIA6.4 [19], while comparison

samples of h ! WWð�Þ ! ‘þ‘�� �� events are generated
at matrix-element level with MadGraph5 [20], then passed
through PYTHIA for showering and hadronization. Post-
PYTHIA, isolated leptons and photons are identified and
removed from the list of final particles.4 The remaining
particles are granularized into 0:1� 0:1 cells in ð�;�Þ
space, with the energy of each cell rescaled such that it is
massless. All cells with energy greater than 1.0 GeV are

then clustered into jets using the anti-kT algorithm via
FastJet [21].
Once all physics objects have been identified, we apply

the (below-threshold) Higgs search cuts [2]. The basic cuts
are the following: two leptons pT;‘1 > 25:0 GeV, pT;‘2 >
20:0 GeV, j�‘j< 2:5, 6ET > 25 GeV, 10 GeV<m‘‘, and
jm‘‘ �MZj> 15 GeV for same-flavor lepton pairs. On
top of the basic cuts, topological cuts pT;‘‘ > 30:0, m‘‘ <
50:0 GeV, and��‘‘ < 1:3 are applied.5 Finally, events are
binned by jet multiplicity (pT;j > 25 GeV, j�jj< 4:5). We

will focus on the zero-jet bin, which has the best sensitivity.
To get an idea for how the m‘‘ and ��‘‘ cuts effect the
technicolor and SM Higgs signals differently, we plot the
shapes of these distributions below in Fig. 2. The plots
show two different technicolor benchmark ðM�T

;M�T
Þ

points, as well as two different SM Higgs masses mH ¼
130 GeV and mH ¼ 150 GeV. The technicolor signal
clearly has a different shape than a SM Higgs, peaking at

FIG. 1. Diagram for the process pp ! �T ! W�ð‘�Þ�
��

T ð��ð ��ÞÞ.
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FIG. 2 (color online). Top panel: m‘‘ distributions for two SM
Higgs mass values, mH ¼ 150 GeV (black, solid), mH ¼
130 GeV (black, dashed), and for two different technicolor
benchmark scenarios, M�T

¼ 290 GeV, M�T
¼ 160 GeV (red,

dot-dashed) and M�T
¼ 250 GeV, M�T

¼ 150 GeV (red, dot-

ted). Only basic selection cuts have been applied. Bottom panel:
��‘‘ distribution, after basic selection, for the same SM and
technicolor points. All distributions are normalized to unit area.

4Leptons are considered as isolated if the total 6ET of all
particles within a radius of R ¼ 0:4 of the lepton is less that
0:2� ET;‘.

5Technically, the cuts in [2] depend on the flavor of the
leptons. While the cuts we describe in the text are the e	 cuts,
in our simulations we vary the cuts with lepton flavor as dictated
by Ref. [2].
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higher m‘‘ and ��‘‘. The technicolor rates would cer-
tainly grow if the m‘‘, ��jj cuts were loosened, however,

a larger acceptance can be compensated for by taking a
smaller Bð�T ! ���Þ.

After imposing the pT;‘‘, m‘‘, and ��jj cuts, the final

cross sections for the two technicolor mass points are
tabulated below in Table I and compared with the two SM
Higgs masses used in Fig. 2. As we are seeking to link the
CDF W þ jj excess with a possible ‘þ‘� þ 6ET excess, in
Table I we also present the cross sections (at the Tevatron)
for the technicolor points after imposing the W þ jj cuts
from Ref. [6]. Also, for each technicolor point we present
two cross sections; the first number uses Bð�T ! ���Þ ¼
4:5%—the PYTHIA default inspired by Ref. [22,23] which
assumes no suppression of the �T ! bc=bu or dc modes,
while the second number uses Bð�T ! ���Þ ¼ 66%, the
result of shutting off all intergenerational�T decays. These
two numbers demonstrate how the technicolor rates depend
on the branching fraction of the charged �T to ���. All
technicolor cross sections include a K-factor of 1.3 [23,24]
to account for next-to-leading order (NLO) effects, and we
have scaled the SM Higgs cross sections to match the NLO
values computed with MCFM [25].

No jet/lepton smearing or detector inefficiencies have
been taken into account in these simulations. While these
detector effects will influence the total rates, they will
effect Higgs and technicolor impostor signals in the same
way, so the relative rates in the second column of Table I
will remain unchanged. Note that, while the branching
fraction for ��

T changes by a factor of 12 between the

two rows (in each technicolor point), the actual changes in
the ‘þ‘� þ 6ET rates are less drastic. The mismatch occurs
because the rows differ only in the charged�T contribution
to ‘þ‘� þ 6ET while the �0

T contribution is held fixed.
For the technicolor parameter point used in Ref. [7], the

rates in ‘þ‘� þ 6ET are smaller than the rate for either SM
Higgs values regardless of the ��

T branching fraction to

taus. The technicolor ‘þ‘� þ 6ET signal in this case would

look like a (non-SM) Higgs with decreased couplings. For
the lighter mass technicolor point, the ‘þ‘� þ 6ET rate is
much closer to the SM Higgs rate. Depending on Bð�� !
��Þ, the rate can even be larger than a SM Higgs of mass
130 GeV. To determine whether a technicolor point fits
the CDF W þ jj, recall that the excess consisted of
�255� 58 events in 4:3 fb�1 of luminosity [6]. Looking
at the third column, we can see that the lighter technicolor
point is still quite compatible.
To further illustrate how the technicolor Higgs-fake sig-

nal would look compared to a SM Higgs, we plot some of
the important distributions, below in Figs. 3 and 4. In these
comparison plots, the technicolor signal is stacked on top of
SM backgrounds that has been generated using
ALPGENv214 [26] and PYTHIA.6 The dominant back-
ground isWW, with small contributions from other diboson
processes and �tt. The signalþ background distributions we
plot are the same as can be found in Ref. [2]: (i)m‘‘ after all
basic cuts and the pT;‘‘ cut, (ii) ��‘‘ after basic cuts, the

pT;‘‘ and m‘‘ cuts, (iii) the total ‘þ‘� þ 6ET transverse

mass mT;H after all cuts, where mT;H is defined as

m2
T;H ¼ ðET;‘‘ þ 6ETÞ2 � ð ~pT;‘‘ þ ~6pTÞ2;

ET;‘‘ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
m2

‘‘ þ p2
T;‘‘

q
:

(2)

For leptons coming from a SMHiggs, this distribution has a
Jacobian edge at mH, while the technicolor distribution is
muchwider. Detector effects will smooth out the edge in the
HiggsmT;H distribution, but the shape will remain different

than we get from technicolor.
In Figs. 3 and 4, we use the lighter technicolor point

throughout and assume the maximum ��
T branching frac-

tion to tau. In the first (second) row of plots, the technicolor
signal is compared with a mH ¼ 150 GeV (mH ¼
130 GeV) SM Higgs. While there are some differences
between the technicolor Higgs-fake signal and a genuine
Higgs signal, the differences disappear as more cuts are
applied. After all selection and topological cuts, the techni-
color Higgs-fake is nearly indistinguishable from a
130 GeV SMHiggs, especially with the currently available
statistics.
While linking two excess is obviously the most exciting

outcome, our result is interesting even if one of these
excesses disappears with more data. The lack of a ‘þ‘� þ
6ET signal is informative because it imposes an upper limit
on the branching fraction of the ��

T to �. Similarly, if the
W þ jj excess disappears we are free to consider a wider
range of technicolor parameters for Higgs-fake signals.
Finally, while we have focused on a technicolor explana-
tion of both the W þ jj excess and a potential ‘þ‘� þ 6ET

signal, two-Higgs-doublet-motivated scenarios for W þ
jj, such as [27–29] can also generate Higgs-fakes via

TABLE I. Cross sections, after all branching fractions and
cuts. The second column shows �ðpp ! ‘þ‘� þ 6ETÞ at the
LHC, while the third column shows �ðp �p ! ‘�jjÞ at the
Tevatron. For the technicolor benchmarks, the first row assumes
Bð�� ! ���Þ ¼ 4:5% (PYTHIA default), while the second row
assumes intergenerational ��

T decays are impossible and hence

Bð�� ! ���Þ ¼ 66%. The technicolor cross sections include
both W�0

T and W��
T production.

Process �ð‘þ‘�� ��ÞLHC7 �ð‘�jjÞTeV
mH ¼ 130 GeV 10 fb -

mH ¼ 150 GeV 33 fb -

M�T
¼ 290 GeV 0.81 fb 88 fb

M�T
¼ 160 GeV 9.1 fb 53 fb

M�T
¼ 250 GeV 2.7 fb 82 fb

M�T
¼ 150 GeV 19 fb 58 fb

6We use CTEQ6L1 parton distribution functions and take the
default factorization/renormalization scale in all simulations
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Wð‘�Þ þH�ð��Þ. Note that two-Higgs-doublet scenarios

also contain a real h ! WWð�Þ ! ‘þ‘� þ 6ET signal, and
the interplay of the real and fake Higgs signals would be
interesting to study.

V. CONCLUSIONS

We have shown that the same dynamics behind CDF’s
W þ jj excess, namely, low-scale technicolor, ‘þ‘� þ 6ET

final states of the same order of magnitude as an
intermediate-mass SM Higgs. In low-scale technicolor,
the ‘þ‘� þ 6ET final states come from W þ �T , where
the �T decays to �þ �=�þ��. The rate for this process
is sensitive to the branching fraction of techni-pions to tau
states, which in turn depends on the details of how techni-
pions and SM fermions interact. Varying the charged
techni-pion branching fraction to �� over a reasonable

range and using techni-rho and techni-pion masses consis-
tent with the W þ jj excess, we find the ‘þ‘� þ 6ET rate
indeed spans the same region as amH � 120–140 GeV SM
Higgs. We find a W þ jj rate consistent with the CDF
excess and good overlap between the technicolor and SM
Higgs ‘þ‘� þ 6ET rates requires a slightly lighter set of
technicolor masses than considered in Ref. [7] and a large
Bð�T ! ��Þ. For the lighter technicolor point, the Higgs-
fake signal also has similarly shaped kinematic distribu-
tions to a SM Higgs, especially after tight selection and
topological cuts are applied. With looser cuts, the differ-
ences between a fake and genuine Higgs would be more
evident, though perhaps difficult to dig out of larger back-
grounds. It would also be interesting to study how Higgs-
fakes such as technicolor appear when processed through
multivariate techniques that are tuned and trained on SM
Higgs-like events.
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FIG. 3 (color online). Comparison of SM background plus technicolor signal (M�T
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¼ 150 GeV) (histogram) with
the background plus SM Higgs of mass mH ¼ 150 GeV (dashed line): m‘‘ distribution after basic cuts and the pT;‘‘ cut (left pane),

��‘‘ distribution after basic cuts and cuts on the dilepton pT and invariant mass (center pane), and mT;H after all cuts (right pane). All

plots assume 1 fb�1 of data at a 7 TeV LHC.
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More generally, we introduce a new type of Higgs im-
postor. This impostor is specific to the ‘þ‘� þ 6ET search
mode, and is novel in that (at least) one of the leptons comes
from a � decay rather than from a W. The existence of
channel-specific Higgs-fakes emphasizes that, to verify an
excess is indeed the SM Higgs boson, multiple discovery
modes must be checked. For example, for the technicolor
Higgs-fake discussed here, there should be no signal in
either the ZZð4‘Þ or 

 channels. Similarly, if technicolor
is behind the CDF excess its presence should be seen at the
LHC in ��

T ! W�Z ! 3‘þ �, �0
T ! ‘þ‘�, in addition to

the ‘þ‘� þ 6ET final state discussed here.
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