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 “Little”: Composite Higgs Models

“M-theory”: Unified Framework

One “weakly coupled”
mother (moose) theory.

1. Mooses !"#$%&'( !! !"#$%&'( !! !"#$%&'( (1.1)
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Why This is Interesting...
Model A

Model B
} One MC

Tool!

Model A

Model B
}
Lunified ⇒

New

Benchmarks!
⇒Model A cos θ + B sin θ

SUSY & Composite Higgs on the Same Footing!

MSSM & Little M-theory: 

Flexible Frameworks for Studying
Broad Classes of Terascale Models



How is this Possible?

Minimal Moose :  Moose w/ Gauged SU(2)2

(Arkani-Hamed, Cohen, Gregoire, Katz, Nelson, Wacker)

Simple Group :  Sigma Model w/ Gauged SU(3)
(Schmaltz, Kaplan)

Original Holographic Higgs :  AdS5 w/ Gauged SU(2)
(Contino, Nomura, Pomarol)

Unify Different Frameworks/Symmetries?  



Little M-theory is      
Possible Because...

	 Theoretical Fact  :	 All (known) non-SUSY BTSM 
theories are describable by 
mooses at low energies!

	Experimental Fact  :	 The LHC has finite reach and 
we should probably take the 
LEP paradox seriously.



Theoretical Fact

Deconstruction:   All of these are Approx. Mooses!

All (known) non-SUSY BTSM theories are either:
1. Mooses !"#$%&'( !! !"#$%&'( !! !"#$%&'( (1.1)

Global : G G!"#$%&'( !!

Σ !"#$%&'(
Gauged : F H

(1.2)
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⇒

Based on Moose Diagrams

 Approx. Moose Diagram
(HLS, aka Little Technicolor)

G/H NLΣM
F ⊂ G gauged

Based on Extra Dimensions

 Approx. Extra Dimension
(AdS/CFT)

Brane Brane

Bulk

HGF

UV IR

Bulk

HGF

⇒
CFT

G global
F ⊂ G gauged

G→ H



Experimental Fact
LEP :  Evidence for Little Hierarchy 

LHC : 14 TeV Center-of-Mass

Technicolor-like

vEW

Hard to make
an M-theory...

Λ ∼ 4πvEW

LHC reach

Composite Higgs-like

fπ

Λ ∼ 4πfπ

vEW

LHC reach

Weakly coupled
on relevant scales.



1. Construct Non-Linear Sigma Model

2. Map NLΣM to AdS5 Using AdS/CFT

3. Deconstruct AdS5 (This is the M-theory!)

4. Explore Various Limits

5. Add Bells and Whistles

W–W? Scalar Higgs
V (h)? Same Statistics Partners

Little Hierarchy? vEW ! fπ

Composite Higgs {
Let’s Make an M-theory



Step 1 : Construct NLΣM

SU(3)/SU(2) ⇒ 8− 3 = 5 Goldstones

Φ = eiΠ/f




0
0
f



 Π ∼




η 0 h1

0 η h2

h†
1 h†

2 −2η





Turn off U(1)Y

Gauge SU(2)L ⊂ SU(3)

h : doublet of SU(2)L η : singlet of SU(2)L

Consider NLΣM SU(3)/SU(2)

(Dimopoulos, Georgi, Kaplan; Georgi, Kaplan)



Step 2 : Use AdS/CFT

(Arkani-Hamed, Porrati, Randall; Rattazzi, Zaffaroni; Contino, Nomura, Pomarol)

SU(3) global symmetry
SU(3)→ SU(2) spontaneous symmetry breaking
SU(2)L ⊂ SU(3) gauged

CFT {

UV brane IR brane

Bulk

SU(3)SU(2) SU(2)

This is (essentially)

the Original

Holographic Higgs!



Step 3 : Deconstruct

There are at least three theories based on this coset space, namely the simple group little
Higgs [17], the minimal moose little Higgs [19], and the original holographic Higgs [9]. As
we will see, they can all be described by the same three-site M-theory. Further variations
are discussed in [26].

At first, it seems implausible that these three theories could arise as different limits
of the same theory because they all have different fundamental gauge symmetries. The
minimal moose is based on gauging a product group SU(2)×SU(2), the simple group has
the simple group SU(3) gauged, whereas the original holographic Higgs is dual to a CFT
with a single copy of SU(2) gauged. How can these theories come from the same M-theory
if they have different gauge structures?

The point is that for LHC phenomenology, we only require the low energy degrees of
freedom of the three theories to be the same, and indeed, immediately above the electroweak
symmetry breaking scale all three theories have only massless SU(2) gauge bosons. The
heavy gauge fields will appear at the LHC as new heavy spin-1 modes, and in the spirit of
Abbott-Farhi, to first approximation we are free to interpret these heavy modes as either
gauge bosons that get a mass via spontaneous symmetry breaking or resonances from some
strong dynamics. The little M-theory description will include an SU(3) × SU(2)’s worth
of massive gauge bosons, but we can decouple any of the modes that are irrelevant by
changing some appropriate gauge couplings.

The toy SU(3)/SU(2) little M-theory can be described by the following moose diagram:

Global : SU(3)1 SU(3)m SU(3)2!"#$%&'( !!

Σ1 !"#$%&'( !!

Σ2 !"#$%&'(
Gauged : SU(2)1 SU(3)m SU(2)2

(2.12)

In unitary gauge, an SU(3)×SU(2)’s worth of Goldstone are eaten, yielding SU(3)×SU(2)
massive gauge bosons and massless SU(2) gauge bosons. The link fields are parametrized
in terms of the uneaten Goldstones as

Σ1 = eiΠ/f1 , Σ2 = eiΠ/f2 . (2.13)

The T -parity limit of this theory is achieved when the gauge couplings g1 and g2 and the
decay constants f1 and f2 are taken to be equal.

It is now straightforward to see how Eq. (2.12) can interpolate between the three
different theories mentioned above. If we take the gm gauge coupling to infinity, then we
can integrate out the ultra-massive SU(3)m gauge bosons. If we ignore the mechanism for
generating the Higgs quartic, then this yields the correct gauge structure for the minimal
moose:

Global : SU(3)1 SU(3)2!"#$%&'( !!

Σ !"#$%&'(
Gauged : SU(2)1 SU(2)2

(2.14)
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{ SU(3) Bulk Symmetry
Reduce to SU(2) on UV Brane
Reduce to SU(2) on IR Brane

Slice of AdS5

This is Little M-theory!
Spin-0 and Spin-1 Sector : f1, f2, g1, gm, g2

(Arkani-Hamed, Cohen, Georgi)



Step 4 : Explore Limits

(JKT; Cheng, Wang, JKT)

Simple
Group

Minimal
Moose

AdS5

Higgs

(a)(b) (a) gm →∞
(b) g1, g2 →∞



Minimal Moose Limit

There are at least three theories based on this coset space, namely the simple group little
Higgs [17], the minimal moose little Higgs [19], and the original holographic Higgs [9]. As
we will see, they can all be described by the same three-site M-theory. Further variations
are discussed in [26].

At first, it seems implausible that these three theories could arise as different limits
of the same theory because they all have different fundamental gauge symmetries. The
minimal moose is based on gauging a product group SU(2)×SU(2), the simple group has
the simple group SU(3) gauged, whereas the original holographic Higgs is dual to a CFT
with a single copy of SU(2) gauged. How can these theories come from the same M-theory
if they have different gauge structures?

The point is that for LHC phenomenology, we only require the low energy degrees of
freedom of the three theories to be the same, and indeed, immediately above the electroweak
symmetry breaking scale all three theories have only massless SU(2) gauge bosons. The
heavy gauge fields will appear at the LHC as new heavy spin-1 modes, and in the spirit of
Abbott-Farhi, to first approximation we are free to interpret these heavy modes as either
gauge bosons that get a mass via spontaneous symmetry breaking or resonances from some
strong dynamics. The little M-theory description will include an SU(3) × SU(2)’s worth
of massive gauge bosons, but we can decouple any of the modes that are irrelevant by
changing some appropriate gauge couplings.

The toy SU(3)/SU(2) little M-theory can be described by the following moose diagram:

Global : SU(3)1 SU(3)m SU(3)2!"#$%&'( !!

Σ1 !"#$%&'( !!

Σ2 !"#$%&'(
Gauged : SU(2)1 SU(3)m SU(2)2

(2.12)

In unitary gauge, an SU(3)×SU(2)’s worth of Goldstone are eaten, yielding SU(3)×SU(2)
massive gauge bosons and massless SU(2) gauge bosons. The link fields are parametrized
in terms of the uneaten Goldstones as

Σ1 = eiΠ/f1 , Σ2 = eiΠ/f2 . (2.13)

The T -parity limit of this theory is achieved when the gauge couplings g1 and g2 and the
decay constants f1 and f2 are taken to be equal.

It is now straightforward to see how Eq. (2.12) can interpolate between the three
different theories mentioned above. If we take the gm gauge coupling to infinity, then we
can integrate out the ultra-massive SU(3)m gauge bosons. If we ignore the mechanism for
generating the Higgs quartic, then this yields the correct gauge structure for the minimal
moose:

Global : SU(3)1 SU(3)2!"#$%&'( !!

Σ !"#$%&'(
Gauged : SU(2)1 SU(2)2

(2.14)
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There are at least three theories based on this coset space, namely the simple group little
Higgs [17], the minimal moose little Higgs [19], and the original holographic Higgs [9]. As
we will see, they can all be described by the same three-site M-theory. Further variations
are discussed in [26].

At first, it seems implausible that these three theories could arise as different limits
of the same theory because they all have different fundamental gauge symmetries. The
minimal moose is based on gauging a product group SU(2)×SU(2), the simple group has
the simple group SU(3) gauged, whereas the original holographic Higgs is dual to a CFT
with a single copy of SU(2) gauged. How can these theories come from the same M-theory
if they have different gauge structures?

The point is that for LHC phenomenology, we only require the low energy degrees of
freedom of the three theories to be the same, and indeed, immediately above the electroweak
symmetry breaking scale all three theories have only massless SU(2) gauge bosons. The
heavy gauge fields will appear at the LHC as new heavy spin-1 modes, and in the spirit of
Abbott-Farhi, to first approximation we are free to interpret these heavy modes as either
gauge bosons that get a mass via spontaneous symmetry breaking or resonances from some
strong dynamics. The little M-theory description will include an SU(3) × SU(2)’s worth
of massive gauge bosons, but we can decouple any of the modes that are irrelevant by
changing some appropriate gauge couplings.

The toy SU(3)/SU(2) little M-theory can be described by the following moose diagram:

Global : SU(3)1 SU(3)m SU(3)2!"#$%&'( !!

Σ1 !"#$%&'( !!

Σ2 !"#$%&'(
Gauged : SU(2)1 SU(3)m SU(2)2

(2.12)

In unitary gauge, an SU(3)×SU(2)’s worth of Goldstone are eaten, yielding SU(3)×SU(2)
massive gauge bosons and massless SU(2) gauge bosons. The link fields are parametrized
in terms of the uneaten Goldstones as

Σ1 = eiΠ/f1 , Σ2 = eiΠ/f2 . (2.13)

The T -parity limit of this theory is achieved when the gauge couplings g1 and g2 and the
decay constants f1 and f2 are taken to be equal.

It is now straightforward to see how Eq. (2.12) can interpolate between the three
different theories mentioned above. If we take the gm gauge coupling to infinity, then we
can integrate out the ultra-massive SU(3)m gauge bosons. If we ignore the mechanism for
generating the Higgs quartic, then this yields the correct gauge structure for the minimal
moose:

Global : SU(3)1 SU(3)2!"#$%&'( !!

Σ !"#$%&'(
Gauged : SU(2)1 SU(2)2

(2.14)
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This is (essentially)

the Minimal Moose!

Little M-theory : 

gm →∞
Integrate Out Middle Site



Simple Group Limit

(Bando, Kugo, Uehara, Yamawaki, Yanagida; JKT)

where
Σ = Σ1Σ2. (2.15)

The minimal moose exhibits a collective symmetry breaking structure, in that both g1 and
g2 must be non-zero for the Higgs boson in Σ to get a radiative potential from gauge loops.

If we take the g1 and g2 gauge couplings to infinity, then we can integrate out the
ultra-massive SU(2)i gauge bosons. This will yield the simple group little Higgs. In order
to see this, recall from Eq. (2.8), that in the little technicolor or hidden local symmetry
construction, the moose

Global : SU(3) SU(3)!"#$%&'( !! !"#$%&'(
Gauged : SU(2)ρ

(2.16)

turns into a SU(3)/SU(2) nonlinear sigma model when the SU(2)ρ gauge boson is inte-
grated out. Therefore, when the SU(2)i gauge bosons are integrated out, we get a theory
without an obvious moose description:

(SU(3)/SU(2))2 non-linear σ-model with SU(3)V gauged (2.17)

which is indeed the simple group theory. Unlike the minimal moose, this theory does
not exhibit ordinary collective symmetry breaking. However, the Higgs potential is not
quadratically divergent because both f1 and f2 must be nonzero for the Higgs boson not
to be eaten.

Finally, Eq. (2.12) can turn into the original holographic Higgs if we take f1 > f2. To
see this, note that Eq. (2.12) can be thought of as the three-site deconstruction of a warped
extra dimension with bulk gauge fields and appropriate boundary conditions:

SU(2) SU(2)

Bulk

IR BraneUV Brane

SU(3)

(2.18)

The warp factor is reflected in the different pion decay constants on the links, so there is
no natural T -parity limit in this case. The original holographic Higgs exhibits AdS/CFT
collective breaking, in the sense that both the IR brane and UV brane boundary conditions
must violate the bulk SU(3) symmetry in order for the Higgs to get a radiative potential
[51]. To better reproduce an extra dimension, we can add additional SU(3) sites to the
middle of the moose.

From a high energy perspective, these three theories have very different philosophies,
with different “natural” values for the gauge couplings and the decay constants. For the
purposes of LHC phenomenology, however, these theories are just models with novel spin-
1 and spin-0 spectra, and the M-theory description is a convenient way to summarize
their main features. In the next section, we describe a complete model with hypercharge,
custodial SU(2), and three families of standard model fermions.
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gρ →∞

SU(3)/SU(2)⇒

Recall Technique of Hidden Local Symmetry
(aka Little Technicolor):



Simple Group Limit

There are at least three theories based on this coset space, namely the simple group little
Higgs [17], the minimal moose little Higgs [19], and the original holographic Higgs [9]. As
we will see, they can all be described by the same three-site M-theory. Further variations
are discussed in [26].

At first, it seems implausible that these three theories could arise as different limits
of the same theory because they all have different fundamental gauge symmetries. The
minimal moose is based on gauging a product group SU(2)×SU(2), the simple group has
the simple group SU(3) gauged, whereas the original holographic Higgs is dual to a CFT
with a single copy of SU(2) gauged. How can these theories come from the same M-theory
if they have different gauge structures?

The point is that for LHC phenomenology, we only require the low energy degrees of
freedom of the three theories to be the same, and indeed, immediately above the electroweak
symmetry breaking scale all three theories have only massless SU(2) gauge bosons. The
heavy gauge fields will appear at the LHC as new heavy spin-1 modes, and in the spirit of
Abbott-Farhi, to first approximation we are free to interpret these heavy modes as either
gauge bosons that get a mass via spontaneous symmetry breaking or resonances from some
strong dynamics. The little M-theory description will include an SU(3) × SU(2)’s worth
of massive gauge bosons, but we can decouple any of the modes that are irrelevant by
changing some appropriate gauge couplings.

The toy SU(3)/SU(2) little M-theory can be described by the following moose diagram:

Global : SU(3)1 SU(3)m SU(3)2!"#$%&'( !!

Σ1 !"#$%&'( !!

Σ2 !"#$%&'(
Gauged : SU(2)1 SU(3)m SU(2)2

(2.12)

In unitary gauge, an SU(3)×SU(2)’s worth of Goldstone are eaten, yielding SU(3)×SU(2)
massive gauge bosons and massless SU(2) gauge bosons. The link fields are parametrized
in terms of the uneaten Goldstones as

Σ1 = eiΠ/f1 , Σ2 = eiΠ/f2 . (2.13)

The T -parity limit of this theory is achieved when the gauge couplings g1 and g2 and the
decay constants f1 and f2 are taken to be equal.

It is now straightforward to see how Eq. (2.12) can interpolate between the three
different theories mentioned above. If we take the gm gauge coupling to infinity, then we
can integrate out the ultra-massive SU(3)m gauge bosons. If we ignore the mechanism for
generating the Higgs quartic, then this yields the correct gauge structure for the minimal
moose:

Global : SU(3)1 SU(3)2!"#$%&'( !!

Σ !"#$%&'(
Gauged : SU(2)1 SU(2)2

(2.14)
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Little M-theory : 

This is (essentially)

the Simple Group!

Integrate Out Outside Sites

g1, g2 →∞

(
SU(3)/SU(2)

)2

SU(3)V gauged



• Hypercharge

• Fermions

• Custodial SU(2)

• Minimal Flavor Violation

• Minimal Isospin Violation

• T-parity

• See hep-ph/0607205 for 
details...

• Complete model based on 
Sp(4)/SO(4)

• Anomaly Free

• Lots of Dials

• Rich LHC Phenomenology

Step 5 : Bells and Whistles

(Cheng, Wang, JKT)



Little M-theory
SUSY  :  Composite Higgs  : :  MSSM  :  Little M-theory

• Simplifies and Broadens 
Composite Higgs Model Space

• Flexible Framework for 
Exploring Composite Higgs 
Theories at the LHC

• Midpoint Between Top-Down 
Model Building and Bottom-Up 
LHC Discoveries?

Simple
Group

Minimal
Moose

AdS5

Higgs


