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What do we know about Higgs?

Electroweak precision suggests there exist a light scalar coupled to W and Z
masses
Couples to mass, so expected to decay to heaviest available particle
But there is no experimental information or hints concerning Higgs coupling to SM
fermions!
Branching ratios for various Higgs decays can easily be altered by new physics,
especially when Higgs is light

AA (Rutgers University) Buried Yale’09 3 / 29

o Coupling ~ mass, decays into heaviest available

o For light Higgs, dominant decay into 2b.

Standard Higgs decays
140 GeV
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o Indirect tests suggest light scalar  < 158 GeV (95%cl)

o without                                           

4.2 Global Standard Model Analysis 30
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Figure 5: ∆χ2 as a function of MH for the standard fit (top) and the complete fit (bottom). The solid
(dashed) lines give the results when including (ignoring) theoretical errors. The minimum χ2

min of the fit
including theoretical errors is used for both curves in each plot to obtain the offset-corrected ∆χ2.

Ab
FB , mH = 55+32
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Higgs’ Small Width

h

yb(mh) ∼ 1
60

Γh→bb ∼ y2
b

b

b̄

Light Higgs’ Small Width



Suppress
SM BR to
20 % 
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mη < 2mb

NMSSM = MSSM + singlet η

assume Dermisek & Gunion ’06



Non-standard Higgs decays

Can Higgs be lighter than 115 GeV?

LEP limits on non-standard Higgs decay (assuming SM production cross section)

Chang,Fox,Weiner [hep-ph/0608310]

Decay Channel Limit
h→ bb or ττ 115 GeV
h→ jj 113 GeV
h→ WW ∗ or ZZ ∗ 110 GeV
h→ γγ 117 GeV
h→ E/ 114 GeV
h→ AA→ 4b 110 GeV
h→ AA→ 4τ, 4c, 4g 86 GeV
h→ anything 82 GeV

Invisible and two-body decay channels very well constrained
Constraints on four- and more body decay channels typically not much better than
the model independent OPAL constraint, with one exception of the 4b channel

Are there any more or less motivated models with non-standard light Higgs decay?

AA (Rutgers University) Buried Yale’09 5 / 29

Constraints on 4- (or more) body decays typically 
as weak as model-independent bound of 82 GeV



Little Hierarchy problem of the MSSM



Figure 2: The phase diagram of the minimal supersymmetric SM, assuming a universal
scalar mass m2, a gaugino unified mass M , a Higgsino mass µ, and trilinear term A = 0,
with all parameters defined at the GUT scale. The top Yukawa coupling is fixed such that
mt = 172.7 GeV and tanβ = 10 in the usual phase with electroweak breaking. Some
contours are shown for masses of the lightest stop (Mt̃1), the gluino (Mg̃), and the lightest
chargino (Mχ+). The green (gray) area shows the region of parameters allowed after LEP
Higgs searches.

involved in the conventional SU(2) × U(1) breaking pattern (third-generation squarks and

the two Higgses).

More interesting is a special multi-critical point, separating the various Higgs phases,

that corresponds to vanishing Higgs bilinear terms (m2
1 = m2

2 = m2
3 = 0)2. This point,

which is actually a surface in the case of general soft terms, occurs at negative m2, in the

example we are considering. Moving away from the multi-critical point, different phases

emerge, depending on the signs and the values of m2
1 and m2

2 at the scale MS. For positive
2These three conditions cannot be in general satisfied in the case of only two free parameters. However,

fig. 2 corresponds to fixed tanβ, and thus m2
3 automatically vanishes, whenever m2

1 = m2
2 = 0.

5

Giudice, Rattazzi ’06

No natural MSSM after LEP2.



Negative search at LEP:  mH > 114 GeV

Need mstop ~ O(1 TeV). But at minimum satisfy:

What’s wrong with the MSSM?

m2
Z

2
= −|µ|2 −

m2
Hu

tan2β −m2
Hd

tan2β − 1
≈ −m2

Hu
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t
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stop ln
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m2
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Did we miss the Higgs 
at LEP ?
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Currently ongoing search for exotic Higgs 
decays in archived LEP data h → 4 tau, ...

Kyle Cranmer presented the results this 
Tuesday at CERN (ALEPH’s 20th birthday), 
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Kyle Cranmer (NYU)

Center for 

Cosmology and 

Particle Physics

20 years of ALEPH data, Nov. 3, 2009
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Expected limits @ ma = 4,10 GeV
Seeing no sign of excess, we proceed to set limits

! Here, we make reference to background acceptance uncertainties in MSSM 
Higgs analysis.  (Statistical errors dominate, systematics make little di!erence in result)

23

expected limit for ma = 4 GeV

ξ2 =
σ BR(h→ aa) BR(a→ ττ)2

σSM

expected limit for ma = 10 GeV

ξ2 =
σ BR(h→ aa) BR(a→ ττ)2

σSM

Our first analysis of                                            is essentially 
complete, and will extend the reach of the OPAL analysis

! we had  sensitivity for a      discovery up to ~90 GeV

! expected [observed] limits (          ) are ~105 [110] GeV 

e+e− → Zh→ (ee, µµ, νν) 4τ

5σ

ξ2 = 1

w/ James 

Beacham,

Paolo

Spagnolo,

Itay Yavin



Non-standard Higgs decays

Can Higgs be lighter than 115 GeV?

LEP limits on non-standard Higgs decay (assuming SM production cross section)

Chang,Fox,Weiner [hep-ph/0608310]

Decay Channel Limit
h→ bb or ττ 115 GeV
h→ jj 113 GeV
h→ WW ∗ or ZZ ∗ 110 GeV
h→ γγ 117 GeV
h→ E/ 114 GeV
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h→ anything 82 GeV

Invisible and two-body decay channels very well constrained
Constraints on four- and more body decay channels typically not much better than
the model independent OPAL constraint, with one exception of the 4b channel

Are there any more or less motivated models with non-standard light Higgs decay?
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Constraints on 4- (or more) body decays typically 
as weak as model-independent bound of 82 GeV
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Non-standard Higgs decays

Can Higgs be lighter than 115 GeV?

LEP limits on non-standard Higgs decay (assuming SM production cross section)

Chang,Fox,Weiner [hep-ph/0608310]

Decay Channel Limit
h→ bb or ττ 115 GeV
h→ jj 113 GeV
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h→ E/ 114 GeV
h→ AA→ 4b 110 GeV
h→ AA→ 4τ, 4c, 4g 86 GeV
h→ anything 82 GeV

Invisible and two-body decay channels very well constrained
Constraints on four- and more body decay channels typically not much better than
the model independent OPAL constraint, with one exception of the 4b channel

Are there any more or less motivated models with non-standard light Higgs decay?

AA (Rutgers University) Buried Yale’09 5 / 29

Constraints on 4- (or more) body decays except
4c and 4g decays almost as strong as SM limit

→ 4τ 110 GeV



Simplest Susy Little Higgs

Birkedal, Chacko, Gaillard '04
Berezhiani, Chankowsky, Falkowski, Pokorski, Wagner '04, '05
Csaki, Strumia, Marandella, Shirman '05; Roy, Schmaltz '06;
Bellazzini, Csaki, Delgado, AW ’09; Bellazzini, Csaki, Falkowski, AW ’09



o Higgs as pGB of SU(3)/SU(2) at 

 8 - 3 = 5 broken generators

 5 = 4 (Higgs doublet) + 1 (singlet)

o Collective symmetry breaking

f ≈ (2− 3)× v

early attempts higgs as pGB in susy: 

Berezhiani, Dvali ’89; Dvali, Giudice, 

Pomarol, 96



o Higgs → 2 eta→4j (or 4c) cascade decay 
   depending on fermion representation

o Higgs below SM LEP bound (~ 90 GeV)

o No little hierarchy problem

o Higgs buried in QCD background

o Fake Higgs readily available

Buried / charming Higgs

higgs

η

η



Eta decays - buried Higgs
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What completes unitarization of WW scattering?

→ radial excitation, oscillations around global symmetry 
breaking scale f

o Couples like Higgs but suppressed by vew/f ~ 1/2
o Cures T parameter

o Apparent inconsistency with EWPT and unitarization of 
WLWL scattering

Fake Higgs
Wrong Higgs

Coupling of Higgs to W and Z suppressed, ghWW = gSM
hWW cos(ṽ/f )

Who unitarizes WW scattering? Radial Higgs:

Hu ≈ (f + r/
√

2) sin β




sin((ṽ + h)/f )

0
eiη/f cos((ṽ + h)/f )





200-400 GeV scalar corresponding to oscillation of the global symmetry breaking
scale f
Higgs-like coupling to W and Z, but suppressed by sin(ṽ/f ) = vEW /f ∼ 1/2
Cures also the T parameter,

∆T ∼ cos2(ṽ/f )(log mh/Λ) + sin2(ṽ/f ) log(mr /Λ) → meff = mh(mr /mh)
v2

EW /f 2

Can be discovered in WW and ZZ decay channels, suppressed decay to tops
By itself appears inconsistent with electroweak precision observables and unitarity
of WW scattering

AA (Rutgers University) Buried Yale’09 27 / 29

Wrong Higgs

Coupling of Higgs to W and Z suppressed, ghWW = gSM
hWW cos(ṽ/f )

Who unitarizes WW scattering? Radial Higgs:

Hu ≈ (f + r/
√

2) sin β




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o Higgs and eta are pGB’s of SU(3)/SU(2)

o Higgs → 2 eta → 4 j cascade decay natural

o Higgs below SM LEP bound

o No little hierarchy

o Light susy spectrum

o Higgs buried in QCD background

o Fake Higgs readily available

Summary
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