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The Littlest Higgs Model
with T Parity

(LHT)



The “Little Higgs” question: Could the Higgs be a pseudo-
GSB of a global symmetry broken at a scale f ~ 1TeV?
Higgs mass unstable:  With 1-loop corrections, mh f.       
Solution: Collective Symmetry Breaking. 

An economical implementation:  The “Littlest Higgs” model. 
a) EW sector embedded in an SU(5)/SO(5) nlsm.           
b) Heavy vector quark, triplet scalar, and four GB’s.

Little Hier. Problem:  Violates EWPM without fine-tuning. 
Solution: A Z2 symmetry dubbed “T Parity” (LH’s R Parity).   

Evolution of the LHT Idea

Cheng and Low (2004)

Georgi, et. al. (1974)

Arkani-Hamed, Cohen, Katz, Nelson (2002)

Arkani-Hamed, Cohen, Georgi (2002)

600GeV < f < 3TeV OK!
Hubisz, Meade, AN, and Perelstein (2005)



Why study the LHT?
Stabilizes the Higgs mass with perturbative physics at 
the TeV scale and radiative EWSB.

Satisfies EW constraints without fine-tuning.

Provides a WIMP dark matter candidate.

Predicts the pair production of new heavy particles and 
a generic missing energy signal that could fake SUSY at 
the LHC.



Globally               SU(5) ! SO(5)

Gauged subgroup    [SU(2) x U(1)]1,2 !  SU(2)L x U(1)Y

LHT Structure

Qa

2 =




0 0 0

0 0 0

0 0 −σa∗/2


 Y2 = diag(2, 2, 2,−3,−3)/10

Qa

1 =




σa/2 0 0

0 0 0

0 0 0


Gauged generators   Y1 = diag(3, 3,−2,−2,−2)/10

by Σ0 =




0 0 0 1 0

0 0 0 0 1

0 0 1 0 0

1 0 0 0 0

0 1 0 0 0




Explicitly breaks 

SU(5)!Higgsing generates WH and BH.
a

T Parity               [SU(2) x U(1)]1 "!  [SU(2) x U(1)]2!



A Non-Linear Sigma Model

Lkin =
f2

8
TrDµΣ(DµΣ)†

Low Energy 
Dynamics

where Π =


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Goldstone 
Expansion Σ = e

iΠ/f
Σ0e

iΠT /f

with ΛNDA ∼ 4πf



“Bosonic SUSY!”
At one-loop order, quadratic divergences in the Higgs 
mass due to SM particles are cancelled by heavy 
particles of the same spin-statistics running in the loop.                 

At two-loop order, the Higgs mass will receive quadratic 
corrections, but no fine-tuning required if !~10TeV.

W a
Lµ

H† H

g2

W a
Hµ

H† H

−g2

Figure 4: One-loop contributions to the Higgs boson (mass)2 from the SU(2) gauge
sector in the Littlest Higgs model, in the mass eigenbasis.

of the dangerous type are completely absent in the L2H model. All quartic couplings
involving two Higgs fields and two gauge bosons that appear in the model can be
worked out from Eq. (18); they have the form

1

4
H†H

(
g1g2 W µa

1 W a
2µ + g′

1g
′
2 Bµ

1 B2µ

)
. (26)

In a generic theory, one would also expect diagonal couplings such as g2
1W

2
1 H†H and

g2
2W

2
2 H†H . These couplings would lead to quadratically divergent bow tie diagrams.

The absence of the diagonal couplings in Eq. (26), which is a consequence of the
collective symmetry breaking structure of the theory, guarantees the absence of such
divergences. The only bow tie diagrams in the L2H model include a mass insertion
which mixes W1 and W2 (or B1 and B2) fields, see Fig. 3. These diagrams diverge
only logarithmically.

The cancellation can also be understood in terms of the gauge boson mass eigen-
states WL/H and BL/H . In this basis, Eq. (26) becomes [17]

1

4
H† H

(
g2(W a

LµW
µa
L − W a

HµW
µa
H − 2 cot 2ψ W a

HµW
µa
L ) +

g′2(BLµB
µ
L − BHµB

µ
H − 2 cot 2ψ′ BHµB

µ
L)

)
. (27)

The diagonal couplings of the Higgs to the gauge bosons are now present, but the
couplings to the light and heavy states have equal magnitude and opposite sign,
ensuring the cancellation of quadratic divergences. This is illustrated in Fig. 4. Again,
the relation between the couplings is not an accident, but an unavoidable consequence
of the symmetry structure of the theory.
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“Collective Symmetry Breaking”

∆m
2

h ∼

g
4

(4π)4
Λ2



Implementing the collective symmetry breaking pattern in 
the top sector introduces a T-even heavy Dirac fermion.  

Top sector gives leading contribution in the CW potential.

Radiative EWSB

m
2

h = −

3λ2
t M

2

T

8π2
log

Λ2

M2

T

“T” 



Problems without T Parity 

T Parity saves the Littlest Higgs in the same way that 
R Parity saves Supersymmetry.

2)  The tree-level exchange of 
     heavy gauge bosons.

1)  A small but non-vanishing            due to           tadpole.< φ > hφh

Figure 1: Corrections to ΓZ and to M2
W through mixing with heavy gauge bosons.

strength of the couplings between heavy-to-light fields. For c1 ∼ 1 or c2 ∼ 1, it is trivial to
calculate the EW bound on f ,

f > 5.5 TeV to 95% C.L. . (1.2)

Notice that even if the coupling of light fermions to the heavy gauge bosons were zero
(c1 = 0), maximal mixing among SU(2) gauge bosons (c2 = 1) is sufficient to place a
strong constraint on the scale of new physics.

In our previous paper [10] we examined the tree-level precision EW constraints on
the Littlest Higgs model, SU(5)/SO(5). We found strong constraints on the symmetry
breaking scale f consistent with the above naive argument. The reason for the appearance
of these large corrections is that some interactions involving the heavy gauge bosons violate
custodial SU(2). However, the custodial SU(2) violating corrections come mostly from the
exchange of the heavy U(1) gauge boson, thus one might try to adjust the U(1) sector of
the theory so that the contributions to the EW precision observables can be reduced. We
examine such possibilities for the modifications of the U(1) sector in the Littlest Higgs model
in the first part of the paper, by including other U(1) fermion charge assignments, gauging
only U(1)Y , and gauging a different combination of U(1)’s. In the second part of the paper
we consider changing the global symmetry structure slightly (to the SU(6)/Sp(6) model)
and more drastically (the SU(4)4/SU(3)4 “simple group” model). Generically, meaning
no special choices of the model parameters, we find that these models have constraints
comparable to the those on the Littlest Higgs model. Unlike our previous analysis, however,
we find regions of parameter space for certain models (or their variations) in which the
bound on the symmetry breaking scale f is lowered to 1-2 TeV. We identify the extent of
these regions of parameter space. Most recently a model based on SO(5)8/SO(5)4 which
has a custodial SU(2) has been proposed [9]. This model was specifically constructed to
avoid constraints on the model from custodial SU(2) violation from heavy gauge boson
exchange. However, this model does contain SU(2) triplets that could in principle lead to
constraints, a complete analysis will be given in [20].

The organization of this paper is as follows. In Section 2 we review the Littlest Higgs
model and consider the various possible U(1) charge assignments. In Section 3 we examine
what happens when different choices are made for the U(1) gauge structure, including the
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1)  Leading corrections to EWPM occur at one-loop order.

Electroweak Constraints
Csaki, Hubisz, Kribs, Meade, Terning (2003)

2)  Heavy top contributions to the T parameter dominate EWP fits.

Hewett, Petriello, Rizzo (2002)



<10% tuning

mh,ref = 113GeV

LHT Fit to EWPM
Hubisz, Meade, AN, and Perelstein (2005)



A Heavy Higgs Region
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For our purposes, assume a common mass ~!f.

SM T-even Fermions

The LHT Fermion Content

Composite T-odd Fermions
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Heavy Particle Spectrum

f

v

T+  T-  Φ

m

WH ~ g f 

BH ~ g f∕√5 

Q ~ κ f 

Generic DM Coannihilator
(100GeV<M<500GeV) M>M~

~



LHT Dark Matter



Pair annihilation:       gives         . BH is an s-annihilator!

Coannihilation: Solve two coupled Boltzmann equations.

Relic Density

Q

Q

q

q

g
BH

BH

Q

Q

q

〈σv〉 Ωdmh
2



Pair-Annihilation
Hubisz and Meade (2004)

Regions where BH 
accounts for 100% of 
the WMAP DM value.

“High”
“Low”

mh ≈ 2.38M + 24GeV

mh ≈ 1.89M − 83GeV

Ωdmh
2

= 0.111 ± 0.018



Coannihilation
!LTP
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Measuring the recoil energy of a nucleus due to an 
elastic collision with a WIMP.

In the NRL, the cross-sections can be divided into     
spin-independent and spin-dependent contributions. 

The small couplings of BH to partons result in DD     
cross-sections significantly below current sensitivities.

Direct Detection



Spin-Independent

Pair annihilation Coannihilation Tail



Spin-Dependent

Pair annihilation Coannihilation Tail



Goal: Distinguish fluxes due to WIMP annihilation in the 
galactic center from astrophysical backgrounds.

  contains the dependence on the halo dark matter 
density squared.  

For              , typical of ACTs, estimates of    
near the galactic center range from    to   . 

Gamma Ray
Indirect Detection

10
3

10
7

J̄

J̄

Φ ∼

σv

M2
J̄(θ, φ,∆Ω)∆Ω

∆Ω = 10
−3

sr



Monochromatic “Line” Flux

“low”

“high”

J̄∆Ω = 1

ACT sensitivity Φ ∼ (1 − 5) × 10−12cm−2sec−1



Dominant production process:

GLAST should see ~50 events above 2GeV. 
But a soft, featureless spectrum makes this signal difficult 
to distinguish from astrophysical backgrounds.

Fragmentation Flux
J̄∆Ω = 1

M(GeV)
150
200
250

BH + BH → W+W−, ZZ / W,Z → qq̄ / q → π0 . . . / π0
→ γγ



J̄∆Ω = 10
3

5

FIG. 4: The minimum flux of gamma-rays from dark matter in the galactic center needed to be detected by GLAST, assuming a power-law

background extrapolated from the HESS data (see Fig. 1). The two frames correspond to two dark matter masses: 50 GeV (left) and 3 TeV

(right). For a 50 GeVWIMP, the quantity (< σv > /(3×10−26cm3/s))×J(∆Ω)∆Ω needs to be larger than∼0.2 to be identified by GLAST.
For a 3 TeV WIMP, this quantity must be larger ∼50 to be detected. For GLAST, we have used an effective area × exposure time of 1 m2 yr.

FIG. 5: The range of annihilation rates and WIMP masses excluded by HESS and/or EGRET and within the reach of GLAST. The models

which remain potentially observable by GLAST are those in the non-hatched region in the middle of the figure. The upper-right and upper-left

hatched regions are currently excluded by HESS or EGRET [3], respectively. The lower hatched region represents the models which will

be undetectable with GLAST, considering the astrophysical background extrapolated from HESS. If instead we considered the astrophysical

background model 3 of Fig. 1, however, this region extends up to the dotted line. Also shown, for comparison, is the reach of GLAST if no

astrophysical source were present (dashed line).

Visible Against GC Bkg
Hooper and Zaharijas (2006)

J̄∆Ω = 1



 Final State Radiation Flux

Dominant production process:  

Flux reduced by a factor of α compared to fragmentation 
photons.  

Observation of the edge feature would strengthen the 
case for WIMPs and provide a measurement of M.

BH + BH → W+W−γ

Birkedal, Matchev, Perelstein, and Spray (2005)

Emax = M −

m2

W

M

J̄∆Ω = 1



Positron
Indirect Detection

Asano, Matsumoto, Okada, Okada (2006)
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Figure 6: χ2 plot along with the center value (Ωh2 = 0.112) of U- (left figure) and L-

branch (right figure) as a function of the Higgs boson mass mh and the dark matter mass

mAH
(see the top axis). In both figures, the χ2 of PAMELA with BF = 5, AMS-02 with

BF = 2, and BF = 1 are depicted.

interesting area including the WMAP region is covered in AMS-02 with BF = 2.

Furthermore, the value of χ2 in the AMS-02 with BF = 1 is quite similar to the plot

in the PAMELA with BF = 5. Thus it is possible to detect the signal in AMS-02

even if there is no enhancement from the boost factor.

The χ2 plot along with the center value (Ωh2 = 0.112) of U- and L-branch as a

function of the Higgs boson mass mh and dark matter mass mAH
are presented in

Fig.6. The result of the U-branch case is shown in the left figure, while that of the

L-branch is in the right figure. In both figures, the χ2 of the PAMELA with BF = 5,

AMS-02 with BF = 2 and BF = 1 are depicted. For the reference, the line χ2 = 33.9

(corresponds to the 95% confidence level) is shown. The decreasing behavior of χ2

along with increasing mh is due to the fact that a number density of the dark matter

is decreasing as mAH
is increasing. If the boost factor is around 5, the PAMELA

experiment has a potential to detect the dark matter signal when mh < 300 GeV

(mAH
< 120 GeV) in the U-branch case or mh < 150 GeV (mAH

< 120 GeV) in the

L-branch. Furthermore, these regions can be covered in AMS-02, even if BF = 1.

Finally, we show the 95% confidence level contour within the WMAP constraint

in (f or mAH
,BF )-plane. The region above the line can be distinguished from the

background in each experiment. Although both results in U- and L-branch cases

are depicted in the figure, the contour lines are almost degenerate in this parameter

16



Conclusions
The “heavy photon” BH in the Littlest Higgs with T Parity 
provides a potential DM candidate. 
BH can account for 100% of observed DM in both the pair 
annihilation and coannihilation scenarios.

Current direct detection prospects are low, but 
SuperCDMS would be sensitive to these cross-sections.

Indirect detection with the current ACT sensitivities 
would require               .

GLAST has the sensitivity to observe ~50 anomalous 
gamma rays due to the fragmentation flux.

J̄ >
∼

10
5
− 10

6



New Parameters:  

R=!
1
/!
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, f, and " m

v

f

Q̃ ∼ κf

T+ ∼ f

√
λ2

1 + λ2
2 T

−
∼ fλ2

φ ∼
√

2mhf

v
WH ∼ gf

BH ∼ g′f/
√

5

mt ∼ λ1λ2v/
√

λ2
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+ λ2
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!W,Z, higgstop

Figure 1: The most significant quadratically divergent contributions to the
Higgs mass in the Standard Model.

give

top loop − 3
8π2 λ2

t Λ
2 ∼ −(2 TeV)2

SU(2) gauge boson loops 9
64π2 g2Λ2 ∼ (700 GeV)2

Higgs loop 1
16π2 λ2Λ2 ∼ (500 GeV)2.

The total Higgs mass-squared includes the sum of these loop contributions and
a tree-level mass-squared parameter.

To obtain a weak-scale expectation value for the Higgs without worse than
10% fine tuning, the top, gauge, and Higgs loops must be cut off at scales
satisfying

Λtop
<
∼ 2 TeV Λgauge

<
∼ 5 TeV ΛHiggs

<
∼ 10 TeV. (1)

We see that the Standard Model with a cut-off near the maximum attainable
energy at the Tevatron (∼ 1 TeV) is natural, and we should not be surprised
that we have not observed any new physics. However, the Standard Model with
a cut-off of order the LHC energy would be fine tuned, and so we should expect
to see new physics at the LHC.

More specifically, we expect new physics that cuts off the divergent top
loop at or below 2 TeV. In a weakly coupled theory this implies that there are
new particles with masses at or below 2 TeV. These particles must couple to the
Higgs, giving rise to a new loop diagram that cancels the quadratically divergent
contribution from the top loop. For this cancellation to be natural, the new
particles must be related to the top quark by some symmetry, implying that the
new particles have similar quantum numbers to top quarks. Thus naturalness
arguments predict a new multiplet of colored particles with mass below 2 TeV,
particles that would be easily produced at the LHC. In supersymmetry these
new particles are of course the top squarks.

Similarly, the contributions from SU(2) gauge loops must be canceled by
new particles related to the Standard Model SU(2) gauge bosons by symmetry,
and the masses of these particles must be at or below 5 TeV for the cancellation
to be natural. Finally, the Higgs loop requires new particles related to the Higgs
itself at or below 10 TeV. Given the LHC’s 14 TeV center-of-mass energy, these
predictions are very exciting, and encourage us to explore different possibilities
for what the new particles could be.

4

W a
µ

H† H

W a
µ

Figure 1: The leading (quadratically divergent) one-loop contributions to the
Higgs boson mass (left) and quartic coupling (right) from the gauge sector in the
SU(3)/SU(2) toy model.

with the SM Higgs. Note that the Higgs field remains massless at tree level, since
no explicit mass terms have been introduced. On the other hand, explicit tree-level
breaking of the global symmetry by the gauge interactions in Eq. (6) will result in
the Higgs acquiring a mass term, µ2H†H , as well as a quartic coupling, λ(H†H)2,
via quantum effects. In particular, if a negative µ2 and a positive λ are generated,
electroweak symmetry breaking will be triggered.

Let us analyze the Higgs potential induced by quantum effects in more detail.
The leading contributions to the Higgs mass and the quartic coupling arise from the
“bow tie” one-loop diagrams5 shown in Fig. 1. (The vertex in the diagram on the
right appears when the Σ fields in Eq. (5) are expanded to cubic order in H .) Both
diagrams are quadratically divergent, and the loop momentum integrals need to be
cut off at a certain ultraviolet (UV) energy scale to obtain a finite result. The nlsm
under consideration is an effective theory, valid below the cutoff energy scale Λ ∼ 4πf .
(At this scale, the tree-level NGB scattering amplitudes computed within the nlsm
become inconsistent with unitarity, indicating that the nlsm description of physics
breaks down and needs to be replaced with a more fundamental theory, the “UV
completion” of the nlsm.) Assuming that the divergences in the bow tie diagrams are
cut off at the same scale, we obtain an estimate

µ2 = c
g2

16π2
Λ2 ∼ cg2f 2, λ = c′

g2

f 2

1

16π2
Λ2 ∼ c′g2 , (8)

where c and c′ are order-one numbers whose exact values depend on the details of
physics at the scale Λ and can only be computed if the UV completion is specified.

5We assume that the calculations are performed in the Lorentz gauge, ∂µWµ = 0. In this gauge,
the bow tie diagram provides the only contibution to the Higgs mass at one loop; the bubble diagram,
involving the cubic Higgs gauge coupling, does not contribute.
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W,Z
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
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


SU(3)1

Collective Symmetry Breaking
Idea from Arkani-Hamed, Cohen, Georgi (2001)

g1 turned off 

↓

↑

Qa

2 =




0 0 0

0 0 0

0 0 −σa∗/2


 only gauge

g2 turned off Qa

1 =




σa/2 0 0

0 0 0

0 0 0


 only gauge
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0
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
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SU(3)2

DµΣ = ∂µΣ − i
∑

j

[
gjW

a
j (Qa

j Σ + ΣQaT
j ) + g′jBj(YjΣ + ΣYj)

]



4

obtained via multiplication by (−i)):

gHtt =
λ1λ2√
λ2

1 + λ2
2

(12)

gHTRtL
=

λ2
1√

λ2
1 + λ2

2

gHTT = − λ2
1λ

2
2

(λ2
1 + λ2

2)
3/2

v

f

gHHTT = − 1

f

λ2
1√

λ2
1 + λ2

2

gHHtt =
mt

f2

λ2
1

λ2
1 + λ2

2 − 4fv′/v2

gHtRTL
= − λ1λ3

2

(λ2
1 + λ2

2)
3/2

v

f

The relevant Feynman diagrams for the Higgs self-energy are shown in figure (1).

(a)

t

t

(b)

TR

tL

(c)

T

(d)

t, T

FIG. 1: One-loop corrections to the Higgs mass, to order v/f : (a) standard top quark loop, (b) mixture of standard and
extra top quark loop, (c) extra top quark loop with a 4-particle vertex, and (d) tadpoles with standard and with extra
top quark loops. There are other diagrams but they are suppressed by factors of order (v/f)2 or higher.

The cancellation of tadpole diagrams requires that

gHttmt + gHTT mT = 0 (13)

whereas the cancellation of higgs self-energy quadratic divergences implies

g2
Htt + g2

HTT + g2
HTRtL

+ g2
HtRTL

+ gHHtt mt + gHHTT mT = 0 (14)

These conditions are satisfied up to terms of order O(v/f) by the masses and couplings listed above.[9]
In the simplest LH models, strict bounds on the parameters are obtained. In particular, electroweak precision

constraints require f > 3.5 TeV [4]. However, in a recent variation on the littlest Higgs model, where a so-called
T-parity that interchanges the two subgroups [SU(2)×U(1)]1 and [SU(2)×U(1)]2 of SU(5) is introduced, can
significantly lower this bound to f > 500 GeV [10]. This is an important point for the phenomenology of these
models, since a lower f implies larger deviations from the SM. Since the T-odd states do not participate in the
cancellation of quadratic divergences, our calculation is valid in models with T-parity as well. T-parity also
forbids the generation of a vacuum expectation value for the triplet scalar field (i.e., v′ = 0 in the notation of
T. Han et al.[5]), which is one of the causes for easing the electroweak constraints.

The Top Sector
To the third-family quark doublet add a new Weyl fermion.   

χ =
(
d3, u3, t̃

)

!

Breaks SU(3)2 
!

Breaks SU(3)1 

Write down a Lagrangian that follows the collective 
symmetry breaking pattern.

Lt = λ1fεijkεxyχiΣjxΣkyuc
3 + λ2f t̃t̃c + h.c

In the mass eigenbasis, we find the SM top Yukawa coupling 
and a new “heavy top” T with an f-scale Dirac mass.

!

Explicitly breaks 

SU(5)!



 must follow the collective symmetry breaking pattern to cancel,
Top Sector Modification:
LTeven

Extend the two fermion doublets in this sector to SU(3) representations.

Q1 =




q1

UL1

0


 ,Q2 =




0

UL2

q2


 where, under T Parity, UL1 ↔ −UL2

Lt =
1

2
√

2
λ1fεijkεxy

[
(Q̄1)iΣjxΣky−(Q̄2Σ0)iΣ̃jxΣ̃ky

]
uR+λ2f(ŪL1UR1+ŪL2UR2)+h.c.

↓
Breaks one T-even SU(3) 

↓
Breaks other T-even SU(3) 

Then the top sector Lagrangian supporting collective symmetry breaking is,

In the mass eigenbasis, we find,

tL = uL+ − s2
λ

v

f
UL+ TL+ = UL+ + s2

λ

v

f
uL+

tR = cλuR − sλUR+ TR+ = cλUR+ + sλuR



O4−f = −
κ2

128π2f2
f̄LγµfLf̄ ′

Lγµf ′

L

T-odd Fermion Corrections

!!"!!""+ #

!!"!!""+ #

fSM

f f

f
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SM
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SM

f

fSM
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f f

f

f

SM

SM

SM

f

The leading contributions to four-fermion operators, 
in the limit where ! >> g, come from,

Strongest constraint comes from eedd coefficient. 

Assuming a universal, flavor-diagonal !, the 12 T-odd 
fermion doublets contribute,    

TT−odd = −12 ×
κ2

192π2α

(
v

f

)2

⇒δeedd <
2π

(26.4TeV )2
MT−odd

TeV
=

√
2κf < 4.8f2

TeV



Relic Abundance
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Direct Detection: SI
Lhgg =

αs

12πv
hG

a
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Direct Detection: SD
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ID: Line Flux
σγγu ≡ σ (BHBH → γγ) u =

g′4v2
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ID: Fragmentation Flux
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ID: FSR Flux
dσ

dx

(
BHBH → W+W−γ
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= σ
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