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Littlest Higgs Model

• Littlest Higgs Model (hep-ph/0206021 Arkani-Hamed, Cohen, Katz, and

Nelson):

Consider a theory with a global G = SU(5) spontaneously broken down

to H = SO(5) at a scale f ∼ 1 TeV. Thus, the 14 massless NGBs are

described by G/H = SU(5)/SO(5) non-linear σ model.

Σ(x) = exp(iΠ/f)Σ0 exp(iΠT/f) = exp(2iΠ/f)Σ0
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πa(x)Xa , XaΣ0 − Σ0X
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• H is SM Higgs; φ is triplet scalar.
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Littlest Higgs Model – (Continued)

• The global symmetry is broken by gauging an [SU(2)×U(1)]2 subgroup

of SU(5).

• Gauge symmetry breaking

– η and ω±,0 are absorbed by BH and W a
H . H and φ remain physical.

[SU(2)× U(1)]2
Σ0−→ SUL(2) × UY (1)

– At a scale v ∼ 246 GeV, EWSB is triggered by a radiatively in-

duced Higgs potential. Similar mechanism used by Alvarez-Gaume,

Polchinski, and Wise in SUSY.

SUL(2) × UY (1)
Coleman−Weinberg−→ Uem(1)

• Collective symmetry breaking mechanism is a design to ensure quadratic

divergences are cancelled at 1-loop level.

• Solve the little hierarchy problem up to one-loop between the two scales

MW and Λ = 4πf .

• f is severely constrained by electroweak precision measurement.
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T -Parity and Dark Matter

• (Cheng-Low) T -Parity acts an automorphism which exchanges the two

gauge factors:

[SU(2)× U(1)]1
T−Parity←→ [SU(2)× U(1)]2

This implies

g1 = g2 , g′1 = g′2

and

Π(x)
T−Parity−→ −ΩΠ(x)Ω, Ω = diag(1, 1,−1, 1, 1)

• Before EWSB, the gauge boson mass eigenstates have the simple form

W± =
W1 ± W2√

2
, B± =

B1 ± B2√
2

where W+ and B+ are SM T -even gauge bosons, whereas, W− and B−

are additional T -odd states. After EWSB by Coleman-Weinberg mech-

anism, W 3
+ and B+ mix to produce the SM Z and γ.

• Typically, B− is the lightest T -odd state (LTP) and plays the role of

dark matter. In the literature, B− is sometimes denoted as AH , the

heavy photon. Interesting mass range of AH :

MAH
≈

g′f√
5
≈ 0.16f

600 GeV ≤ f ≤ 2 TeV ←→ 100 GeV ≤ MAH
≤ 300 GeV
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Figure 2: The contours of constant present abundance of the heavy photon LTP, ΩLTPh2,
in the M − M̃ plane. The Higgs mass is taken to be 300 GeV (left panel) and 120 GeV
(right panel). The red and green contours correspond to the upper and lower bounds from
WMAP, Eq. (10), assuming that the LTP makes up all of dark matter. The yellow and blue
lines correspond to the LTP contributing 50% and 70%, respectively, of the measured dark
matter density. The shaded region corresponds to a charged and/or colored LTP.

• The coannihilation tail, where the heavy photon abundance is predominantly set by
coannihilation processes. Since the T-odd fermions are assumed to be degenerate, all
of them participate in the coannihilation reactions. The location and shape of this
feature are similar to the tau coannihilation tail in cMSSM.

As the Higgs mass is decreased, the pair-annihilation bands appear for lower WIMP
masses, and for light Higgs (115–150 GeV) the “low” band disappears, since the required
values of f are already ruled out by data. The “high” band persists until the Higgs mass
is close to the current experimental bound. To illustrate this, consider the right panel of
Fig. 2, where mh = 120 GeV. The band between the two red lines (90 <∼ M <∼ 100 GeV) is
allowed. Note that the behavior of the relic density as a function of M within this band is
non-trivial: The relic density first drops with increasing M due to the fact that the threshold
for the reaction BHBH → ZZ is passed. It then bottoms out at a value consistent with the
measured Ωdmh2, and begins increasing as increasing M further takes the center-of-mass
energy away from the Higgs resonance, suppressing annihilation. Clearly, this situation is
quite non-generic, and for somewhat higher mh the Z threshold becomes irrelevant and relic
density is a uniformly increasing function of M in the “high” band. The coannihilation tail
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High

Low
T -Parity and Dark Matter (Continued)

• WMAP data: ΩCDMh2 = 0.105± 0.009

• Ωχh2 ∼ 〈σv〉−1

• Pair annihilation of LTP (AH + AH): For a given Higgs mass mh, there

are two solutions for the AH mass to satisfy the WMAP data

MAH
≈

mh − 24 GeV

2.38
(Low)

MAH
≈

mh + 83 GeV

1.89
(High)

• Coannihilation region (AH + QH):

MQH
≈ MAH

+ 20 GeV

roughly independent of the Higgs mass.
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Collider Signatures

• We are primarily interested in the coannihilation region deduced from

the above relic density calculation in our work.

• Search for

– Monojet events pp(p̄) −→ AHQH(QH) followed by QH −→ qAH

and QH −→ q̄AH plus missing energies

– Dijet events pp(p̄) −→ QHQH followed by QH −→ qAH and

QH −→ q̄AH plus missing energies

• Signatures are similar with SUSY with R-parity. But the pT spectrum

of the jet is expected to be harder in SUSY.

• Parton processes are

– qg −→ AHQH and q̄g −→ AHQH

– gg −→ QHQH and qq̄ −→ QHQH

• AH − QH − q vertex

L = gHQHγµPLqAµ
H + H.c. with gH = g′Ỹ

In the coannihilation scenario, gH constraints to be rather small by the

WMAP data.
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FIG. 1: Feynman diagrams for (a) production and coannihilation of AHQH and (b) production

and coannihilation of QHQH . Production reads from left to right, whereas coannihilation reads

from right to left.

Higgs boson mass such that the annihilation cross section has just the right size to produce

the correct relic density for DM. This is somewhat a fine-tuned mechanism. Perhaps a

slightly more natural domain of the parameter space is a region where the coannihilation of

the LTP AH and the T -odd partner of light quark QH becomes strong. This coannihilation

region has been explored and is given by [8]

MAH
+ 20 ≈ MQH

, (2)

with MQH
≥ 200 GeV. Note that no mass relation is necessary for mH and MAH

in this

coannihilation region. In this work, we consider that the coannihilation region is a more

natural setting and we focus on the physics of this interesting region.

The Feynman diagrams responsible for coannihilation is depicted in Fig. 1. It has been

widely discussed in the literature that the LHC is a good place to investigate the nature of

the DM candidate. In this work, we propose novel signatures for the LTP of the Little Higgs

models with T -parity in the coannihilation region. We consider the associated production

of pp → AHQH , followed by the decay QH → qAH , which will give rise to monojet plus

missing energy events, as well as the direct production of QHQH , which gives rise to the

dijet plus missing energy signal.
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FIG. 2: The contour plot of coannihilation cross section σeffv in the plane of (∆m, gH). We take

MAH
= 200 GeV. The WMAP implied result of 0.95 ± 0.08 pb for this quantity is shown.

∆m ≡ MQH
−MAH

, and MAH
. In Fig. 2, we show the contours of σeffv = 0.95± 0.08 pb in

the plane of (∆m, gH) for the case MAH
= 200 GeV. From the figure, it is interesting to see

that when ∆m increases along the contour, the required gH has to increase so as to come up

with sufficient coannihilation rate. For a reasonable ∆m <∼ 30 GeV and MAH
in the range

varies from 200 to 400 GeV, gH never gets larger than 0.02. It is obvious that these values

of gH is too small to achieve a meaningful production cross section for AHQH at colliders,

and thus a negligible signal of monojet plus missing energy. We therefore focus on the dijet

plus missing energy signal, which is independent of gH , in the next Section.
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Collider Signatures (Continued)

• Major SM monojet backgrounds:

– pp(p̄) −→ Z + 1j production followed by invisible decay of Z. This

is irreducible in hadronic environment.

– pp(p̄) −→ W + 1j −→ lν + 1j with unidentified charged lepton.

• Major SM dijet backgrounds:

– pp(p̄) −→ Z + 2j −→ νν̄ + 2j.
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FIG. 3: Production rate for the dijet plus missing energy signal with the acceptance cuts defined

in Eq. (18) at the Tevatron and at the LHC.
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the Tevatron. We have used 2 sets of (MQH
,MAH

) = (220, 200) and (320, 300) GeV.

production of g̃g̃, q̃q̃∗, and g̃q̃(q̃∗). On the other hand, the dominant production for T -

odd particles are gg, qq̄ → QHQH and gq → QHAH , which give rise to dijet and monojet,

respectively, plus missing energy events. Therefore, by counting how many jets in multijet

plus missing energy events, one may be able to differentiate between Little Higgs models
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,MAH
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with T -parity and minimal SUSY models.
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production of g̃g̃, q̃q̃∗, and g̃q̃(q̃∗). On the other hand, the dominant production for T -

odd particles are gg, qq̄ → QHQH and gq → QHAH , which give rise to dijet and monojet,

respectively, plus missing energy events. Therefore, by counting how many jets in multijet

plus missing energy events, one may be able to differentiate between Little Higgs models
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Summary

• The heavy photon AH in the Little Higgs models with T -Parity is an

interesting alternative dark matter candidate.

• We have studied the production rates for AHQH and QHQH at hadronic

colliders that can lead to monojet and dijet events plus missing energies.

• Although the monojet plus missing energy events are very clean, the

SM background is several order of magnitudes larger than the signals.

• However, dijet plus missing energy events in the littlest Higgs model

with T-parity have a softer pT spectrum compared with minimal SUSY

and are potential measurable at the LHC.
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