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Littlest Higgs model
SU(5) → SO(5)
Gauge sector → [SU2⊗ U1]2

Only 1 Higgs doubletOnly 1 Higgs doublet

• Arkani-Hamed et al.,
JHEP 207 (2002) 34

Phenomenology
• Han et al., Phys. Rev. D67
(2003) 95004
• Burdman, Perelstein, Pierce,
hep-ph/0212228
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Cancellation of top-quark loop (1) 3
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mmhh  =  =  mmhh(o)  +   (o)  +   δδmmhh  
2 2  2

base mass loop 
corrections

λt

t

λt

+ Λ2 divergence

(boson loop) = - ((boson loop) = - (fermion fermion loop)loop)

→→ need boson loop to cancel this divergence need boson loop to cancel this divergence

→→    need need supersymmetrysupersymmetry

Not really true Not really true ………………



Cancellation of top-quark loop (2) 4
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+ λt tt hh
-λt/ƒ

( t = top quark, λt = Yukawa coupling)
- λt ƒ      =  - λt → - λt t χ hh

ƒ
λt

2

New couplings in the Lagrangian

t t
t χ

t χ χ χ
h h

h

can be implemented with Goldstone bosonsGoldstone bosons

( χ = heavy top, ƒ  = new scale ∼  1 TeV )

2



Cancellation of top-quark loop (3) 5
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 t and χ will mix → standard top t, heavy top T 

v = electroweak scale = 244 GeV
ƒ = heavy scale ∼  1 TeV
λ1, λ2 = Yukawa couplings O(1)

→ 2 new free parameters, ƒ, λ1

λ2 can be eliminated using SM top mass

ƒ > 1 TeV
(EW data!)

but if MT is too large → fine tuning

ƒ = 1 TeV
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λt

t
λt

(4m(4mtt  –– 2M 2Mww  –– 4M 4Mzz  ––  mmhh  ))
2  2  2  2  2δδmmhh  ==

8 8 ππ  νν

2

 2  2
3 3 ΛΛ

Minimum needed to cancel all loops

T        heavy top        new EW singlet
WH, ZH        heavy gauge bosons    new SU(2)⊗ U(1) symmetry

Φ      heavy higgs bosons    many new Goldstone bosons
        EW triplet (φ0 , φ+ , φ++)



The Littlest Higgs model 7
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dim 24

SU(5)

dim 10

S0(5)

[SU(2)⊗ U(1)]2

contains
SU(2)⊗ U(1)

Standard model

U(1)

QED

24 - 10 = 14 massless
Goldstone bosons

4 GB used
to give mass
to ZH, WH, AH 

4 GB used
to give mass
to Z,W, and h

10 GB 6 GB φ0 , φ+ , φ++

broken at scale
ƒ ∼  1 TeV

broken at scale
ν ∼  244 GeV

broken at scale ƒ ∼  1 TeV

mass through
radiative

corrections

±±



Littlest Higgs: particle content and couplings 8
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new particles couplings mass

New constants: scale ƒ and λ1, θ, θ’, ν’
-  No relations between these new constants
-  AH couplings not fixed by the model
-  EW data → ƒ ← fine tuning

 2 TeV < ƒ < 4 TeV

weakness of 
the model



Strategies at LHC 9
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  VBF mechanismVBF mechanism
σ ∼  (v’)2

v’ should be small
 φ++ → WW++WW++ 

large SM large SM bkgbkg

  WbWb fusion fusion
σ ∼  (λ1)2

λ1∼  1 but
suppressed by b-
quark PDF.
T → bWbW, , ttZZ
     clear signalclear signal

  qqqq annihilation annihilation
σ ∼  (cotθ)2

Wide range in cotθ
possible.
ZH

 → ee++ee--

     clear signal
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Expectations for ZH 10

M(ZH) ≈ mW (f/v) [cot θ + 1/cot θ] f = scale for new physics
v = Fermi scale (244 GeV)

Avoid fine tuning ⇒  M < 2.2 TeV
(assuming mh = 120 GeV)

M expected in 1-2 TeV
region with wide range
of cot θ parameter.

Agree with EW data ⇒  f > 2 TeV
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Gauge Boson ZH 11

Once a mass is given, the
only free parameter in
the model is, θ.

σ(
Z

H
) 

(f
b)

σ ∼  (cot θ) 2

 cot θ = 1

q

q

ZH

ZhZh

ee++ee- - + + µµ++µµ- - + + ττ++ττ--

12%12%

B
R

cot θ
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Search for ZH 12

qq   ZH    ee++ee--

µµ++µµ-- not used due to not used due to
invariant mass resolutioninvariant mass resolution

M(ZH) = 2 TeV      L = 3· 105 pb-1

Selection cutsSelection cuts::

••    2 isolated electrons with2 isolated electrons with
        ppTT > 20 GeV > 20 GeV and  and ||ηη| < 2.5| < 2.5
••  minimum invariant mass  minimum invariant mass
    equal to 800 GeV    equal to 800 GeV

BackgroundBackground::

  DrellDrell--YanYan ( (qq → Z/γ → ee++ee- - ))
M(e+e-)   (GeV)

N
(e

+
e- ) 

b
kg

 s
u
b
tr

a
ct

e
d

cot θ = 1.0
S ≈ 5000
B ≈ 20

cot θ = 0.2
S ≈ 100
B ≈ 8
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Discovery region for ZH 13

L = 3· 105 pb-1

  S
√B

> 5

2 4 6

co
t 
θ

••  σσ(Z(ZHH) decreases as M increases) decreases as M increases

••  σσ(Z(ZHH) ) ∼∼  (cot  (cot θθ))22

      BR(BR(ZH         ee++ee--) drops for ) drops for cot cot θθ  → 0 0

•• If Z If ZHH is found, cot  is found, cot θθ can be can be

  extracted from   extracted from σσ(Z(ZHH) and ) and ΓΓ(Z(ZHH))

ΓΓ
MM

= [ 3.4= [ 3.4 (cot (cot θθ))22 +0.071 (cot 2 +0.071 (cot 2θθ))22] %] % 

MZ   (TeV)
H
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 mh = 200 GeV

BR(h W+W-) = 74 %
BR(h ZZ) = 26 %

ZH          Zh 14

q

q

cot θ cot 2θ

σ ∼  (cot θ cot 2θ) 2

σ(cot θ)
σ(cot θ = 0.5) mh = 120 GeV

BR(h bb) = 66 %
BR(h γγ) = 0.2 %

ZH

hh

ZZ

R
at

io

0.5

Little Higgs Searches with ATLASXXXII IMFP Alicante –  March 3th



ZH     Zh with h     bb 15

Cuts

 Background: Z + jets

Cuts

|η| < 2.5 (jets and leptons)
PT(Z)  > 250 GeV
PT(h)  > 250 GeV
b-tagging

  |η| < 2.5 (jets and leptons)
  PT(Z)  > 500 GeV
  PT(h)  > 500 GeV 
  b-tagging
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b-tagging 16

< pT (b)> = 220 GeV < pT (bb)> =  800 GeV

115

0.5

MZ = 1 TeV
H

MZ = 2 TeV
H

~ 100

0.4

Little Higgs Searches with ATLASXXXII IMFP Alicante –  March 3th



Signal and background 17

b-tag: εb = 40%, Ru = 100 
Inside mass window:
S = 15  S
B = 8 √B = 5

b-tag: εb = 50%, Ru = 100 
Inside mass window:
S = 195  S
B = 16 √B = 50

M(ZH)  (GeV)

MZ = 1 TeV
H

M(ZH) (GeV)

MZ = 2 TeV
H

L = 3· 105 pb-1

cot θ = 0.5

L = 3· 105 pb-1

cot θ = 0.5

E
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s

E
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s
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WH / ZH → W/Z h with h → γγ 18

hh

WH +ZH
W+Z
W+Z

Cuts

  |η(γ)| < 2.5
  PT(γ) > 25 GeV
  PT(h) > 400 GeV 
  γ-tagging, ε(γ) = 80%

γ

γ

X

  S(WH → Wh) = 65
  S(ZH  → Zh)  = 33

  B(h inclusive) = 7
  B(γγ inclusive) = 4

98

11

 S
√B

= 29

1 TeV
WH

ZHBkg

L = 3· 105 pb-1

cot θ = 0.5

E
ve

nt
s

MZ = MW = 1 TeV
HH
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Discovery region Discovery region forfor Z ZH H →→ Zh Zh 19

L = 3· 105 pb-1

    S/√B > 5
     N > 10 h(120) → γγ

h(120) → bb

ZH  → Zh →  jets  γγ
WH → Wh → jets γγ
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heavy top  T 20

q

W

b T

q’

σ(
T

) 
(f

b)

T T
T

λ1 = λ2  ≈ 1

• Production mechanism = Wb fusion

T       bWbW 50 %50 %

T       tZtZ 25 %25 %

T       thth 25 %25 %

BR
λ1 , λ2  Yukawa couplings

ΓΓ      1      1
M    16M    16ππ

≈        ≈ 2 %

λ1

λ2
σ ∼ (   )2
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21 T searches

h

bb

bb

T

t1 TeV W

bb

t

T
Z

1 TeV

bb

ν

W

Signature
3 leptons
+  1 b-jet
+ ETmiss

Signature
3 b-jets
+ 1 lepton
+ ETmiss

BKG pp → tZ pp → tt

pp → WZ pp → Wbb

ν
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T → Zt  signal 22

Cuts:
- 3 isolated leptons
 (2 of them with Ml l = MZ)
- 1 b –jet
- ET > 100 GeV

MT= 1 TeV

L = 3· 105 pb-1

  λ1 = λ2

  S = 12

T → tZ → 3 leptons + b-jet + ET 
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T → ht  signal 23

Cuts:
- pT(3-jets) > 90 GeV
- pT(lepton) > 70 GeV
- 100 < Mh < 140 GeV

At least 1 b-tag

M(T)  (GeV)

MT= 0.7, 1.0, 1.3  TeV

L = 3· 105 pb-1

T → ht → 3 b-jets + lepton + ET 

MMTT= 0.7= 0.7

MMTT= 1.0= 1.0

MMTT= 1.3= 1.3

BkgBkgE
ve

nt
s

X-sections to achieve
3σ observations
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q’

New Higgs φ++ 24

• Production: VBF mechanism
(vector boson fusion)

 φ++ → WW++WW++

 φ++ → ττ++  ττ   ++, , ee++ee++, …, …
Decays

E
ve

nt
s

L = 3· 105 pb-1

M(φ) = 1.5 TeV M(φ) = 2 TeV

 W+W+ → φ++ → W+W+

q1
W+

q2

q’

W+

1

2

φ++

might be suppressed

v’ = 25 GeV
σ ∼  (v’)2

SM
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φ++ → W+W+ 25

E
ve

nt
s

L = 3· 105 pb-1φ++ → W+W+ → l +l +νν

M(φ++) = 1.5 TeV

Bkg: WWqq, WZ
WZqq, Wtt

• 2 forward jets
• PT(lepton 1) > 100 GeV
• PT(lepton 2) > 50 GeV
• ET > 50 GeV

• MT > 600 GeV

Main cuts:

Bkg

Signal (v’ = 25 GeV)

MT (φ)  (GeV)

S = 3.2
B = 20

Parameter v’ > 67 GeV
To achieve 5σ
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φ++ → τ+ τ+ 26

φ++ → τ+τ+ → lepton + jet

Bkg: WWjj, tt

• Forward jet tag
PT(j1) > 40 GeV

 PT(j2) > 20 GeV
|∆η | < 3.8
Mjj > 600 GeV

• Central jet veto
• τ selection cuts
• Same charge for τ-jet

and lepton

Main cuts:

M(τ+τ+)   (GeV)

M(φ++) = 0.3 TeV

M(φ++) = 0.7 TeV

M(φ++) = 1.5 TeVE
ve

nt
s 

(a
rb

it
ra

ry
 u
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ts

)

Couplings might be
suppressed in the little Higgs
model
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••  h(200)h(200)  →→  ZZ,ZZ,  WW++WW--

••  AAHH  andand W WHH  production and decayproduction and decay

••  TT→→  ZZtt, Zh, , Zh, bWbW

••  φφ++++  →→ W W++WW++

Outlook 27

SU(5) SU(5) →→  SU(4), SU(6), SO(5)SU(4), SU(6), SO(5)

1 higgs doublet 2 higgs doublets 

Work in progressWork in progress

Other modelsOther models
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Conclusion 28
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‘ Subtle is the Lord, but not malicious ’‘ Subtle is the Lord, but not malicious ’

This time the Lord has been too subtle…This time the Lord has been too subtle…

Little Little higgshiggs models are an alternative to  models are an alternative to supersymmetrysupersymmetry at 1 TeV scale at 1 TeV scale

ƒ = 1 GeV ƒ = 100 GeV ƒ = 10 TeV

QEDQED
+ + FermiFermi

theory  oftheory  of
weaksweaks decays decays

SMSM
SU(2)SU(2)⊗⊗ U(1)U(1)
gauge theorygauge theory ??


