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Electroweak Vandalism
As we all know, the point of the LHC is to unravel 
the nature of Electroweak symmetry-breaking - the 
mechanism by which the SM obtains mass.

The SM does this with a single scalar doublet.  A 
potential induces the correct expectation value:

Three would-be Goldstone bosons are eaten and 
one physical Higgs remains with mass2 =λ v2 - the 
signature of the SM we are looking for at LHC.

V = λ
(
|Φ|2 − v2

)2

dimensionless quartic “mass parameter”



The Higgs sector of the SM is minimal in that it provides a gauge 
invariant description that we can imagine could persist to high energies.

The Higgs particle is something of a leftover.  Nevertheless, It is 
important to cancel bad behavior in the high energy limit of W W 
scattering.

To avoid a breakdown of perturbation theory, the Higgs mass must be 
less than about one TeV.

Perturbative Unitarity

∼ E2

cancels



Why not a SM Higgs?
The SM Higgs sector makes us uncomfortable.  

The mass parameter is unduly sensitive to heavy 
mass physics beyond the SM (hierarchy problem).

The quartic becomes non-perturbative at high 
energies (triviality).

∼ g2

16π2
M2

X

dλ

d log µ
=

1
16π2

{
12λ2 + ....

}

Hsin-Chia told us many ways people propose to solve these problems...



The SM Higgs tells us...

For the theory, the Higgs maintains gauge invariance 
(and thus perturbation theory) in light of the 
broken electroweak symmetry.

For a theorist, the Higgs (as a fundamental scalar) 
tells us that something is missing in the Standard 
Model.  In the very least, we can see the description 
in terms of the SM degrees of freedom may break 
down at some finite energy scale.

(It tells us to build models...)



Expectations from Precision Data
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New Physics and mH
The LEP/SLD data, combined with 
the top mass from the Tevatron, is 
a triumph of precision physics.

But we should take the mH limits 
with a grain of salt.  That fit works 
when the Standard Model is the 
whole story.  Most of us think it 
isn’t.

Examples include: new quarks and/
or leptons, an extended Higgs 
sector, Z’s, RS EW resonances, 
new strong dynamics, and (even!) 
super-partners!

Example from Top color with a Top Seesaw:
Hill, Dobrescu, Chivukula, Georgi

He, Hill, TT ‘02

Seeing a heavy SM Higgs would already tell us something...



The Higgs and New Physics

The Higgs is also potentially a bridge to physics 
beyond the Standard Model.

Solutions of the hierarchy problem necessarily 
involve coupling to the Higgs.  Examples like twin 
Higgs and cousins in model space illustrate the fact 
that solutions to the hierarchy problem can be 
sequestered to some degree into the Higgs sector.

Higgs may be our only way to access some models...



A Higgs Portal?

The Higgs as a fundamental scalar is also somewhat 
unique -         is one of two dimension 2 SM gauge 
singlets I can form.

This operator is potentially part of the lowest 
dimension interactions between the SM and a 
hidden sector, and thus the most relevant 
interaction at low energies.

1
Λn

(
Φ†Φ

)
Od

Higgs
Hidden sector operator

n = d− 2

Φ†Φ



The Trans-TeV Higgs
One example has a (SM) singlet 
Higgs which couples to the SM 
through a mixed Higgs-singlet 
quartic:

If the singlet gets a VEV, this term 
mixes it with the SM Higgs.

Models which maintain 
perturbative unitarity can have 
TeV scalars which decay 
predominantly into pairs of lighter 
Higgses.

Bowen, Cui, Wells ‘07 

(
Φ†Φ

) (
S†S

)

gg → H → hh→ γγbb

MH = 300 GeV
Mh = 115 GeV

Schabinger, Wells ‘05



Higgs into a Hidden Valley
Another option could have a heavy Higgs which decays 
predominantly (through mixing as before) into fields that live in a 
‘hidden valley’ consisting of a non-Abelian gauge theory described 
by “v-hadron” states below its confinement scale.

These v-hadrons could decay through a higher dimensional 
operator back into SM fields.  If the scale of those operators is 
high, the life-time of the v-hadrons can be long, leading to the 
novel Higgs signatures of displaced vertices!

Strassler, Zurek ’05



More Higgs Doublets?
Even without a sequestered sector, we can ask for an extension of 
the SM Higgs sector.  The fact that we haven’t seen a Higgs means we 
really don’t know whether we should expect a minimal picture.

Some theories (like the MSSM) naturally demand two or more!

Even the simple addition of another Higgs doublet can lead to very 
interesting phenomena:

Only one set of would-be Goldstone bosons are needed to give 
mass to the Ws and Z.  Two Higgs doublets contain three physical 
neutral scalars and two charged scalars.



2HDM
The addition of the extra doublet allows a lot more freedom in the 
couplings.

The VEV can be shared among the doublets.  In a two doublet case with 
VEVs v1 and v2:

The couplings to gauge bosons can be smaller than expected.

The couplings to fermions can be enhanced or depressed.

The mismatch between masses and couplings can lead to flavor-
changing neutral currents mediated by Higgses.

mf = yf
1 v1 + yf

2 v2M2
W = g2

(
v2
1 + v2

2

)



SM Higgs: Parameters
In the SM, all of the couplings are fixed in terms of masses we have 
already measured except for the quartic λ, which controls the self-
interactions and Higgs mass.

So in the Standard Model, the only thing left to measure is the Higgs 
mass, and any property of the SM Higgs can be determined once the mass 
is known.

Lets take a closer look at the SM Higgs - our expectations for what it 
looks like determine the ways we search for it at the LHC, and what the 
properties we would like to measure.  What the Higgs can tell us will rest 
on what we can measure and how those properties might be related to 
something unexpected or interesting! 

(It would be nice to verify the self-coupling/mass relation too). Baur, Plehn, Rainwater ‘04 



Measuring Couplings?

Zeppenfeld ‘02

200-300 fb-1



Branching Ratios

The general rule for 
Higgs decays is that the 
Higgs will decay into the 
heaviest thing available 
for a given mass.

The exception is top 
pairs, which don’t manage 
to dominate WW/ZZ 
pairs.

FIG. 4: Select Standard Model Higgs boson branching ratios as a function of mass, MH [22]. The
Higgs prefers to decay to the most massive possible final state. The ratio of fermionic branching

ratios are proportional to fermion masses squared, modulo color factors and radiative corrections.

2. A brief word on statistics – the simple view

Now that we understand the basics of Higgs decay, and production in electron-positron
collisions, we should take a moment to consider statistics. The reason we must resort to
statistics is that particle detectors are imperfect instruments. It is impossible to precisely
measure the energy of all outgoing particles in every collision. The calorimeters are sampling
devices, which means they don’t capture all the energy; rather they’re calibrated to give
an accurate central value at large statistics, with some Gaussian uncertainty about the
mean for any single event. Excess energy can also appear, due to cosmic rays, beam–
gas or beam secondary interactions. Quark final states hadronize, resulting in the true
final state in the detector (a jet) being far more complicated and difficult even to identify
uniquely. The electronics can suffer hiccups, and software always has bugs, leading to
imperfect analysis. Thus, we would never see two or three events at precisely the Higgs
mass of, say, 122.6288... GeV, and pop the champagne. Rather, we’ll get a distribution of
masses and have to identify the central value and its associated uncertainty.

In any experiment, event counts are quantum rolls of the dice. For a sufficient number

9

Hdecay



Higgs to bottom quarks
For a low mass Higgs, the dominant 
decay mode is into bottom quarks.

In the SM, the coupling to bottom is 
very small - the Higgs decays into 
bottom only because its the only 
thing kinematically available.

As a result, the partial width into 
bottom is very small.

New physics could easily overwhelm 
this, and dominate in Higgs decays.

C. Higgs couplings at LHC

Now to something much harder. It’s commonly believed that LHC cannot measure Higgs
couplings, only ratios of BRs [42]. This is incorrect, but requires a little explanation to
understand why people previously believed in a limitation.

First, let me state that the LHC doesn’t measure couplings or any other quantum number
directly. It measures rates. (This is true for any particle physics experiment.) From those
we extract various σi ·BRj by removing detector, soft QCD and phase space effects, among
other things, using Monte Carlo simulations based on known physics inputs.

Second, we note that for a light Higgs, which has a very small width (cf. Sec. IIA 1), the
Higgs production cross section is proportional to the partial width for Higgs decay to the
initial state (the Narrow Width Approximation, NWA). That is, σgg→H ∝ ΓH→gg. Similarly,
σWBF ∝ ΓH→W+W−. The student who has never seen this may easily derive it by recalling
the definition of cross section and partial decay width – they share the same matrix elements
and differ only by phase space factors13. Typically we abbreviate these partial widths with
a subscript identifying the final state particle, thus we have Γg, Γγ , Γb, etc. Since a BR is
just the partial decay width over the total width, we then write:

(
σH · BR

)
i
∝

(
ΓpΓd

ΓH

)

i

(19)

where Γp and Γd are the “production” and decay widths, respectively.
Third, count up the number of observables we have and measurements we can make.

Assuming we have a decay channel for each possible Higgs decay (which we don’t), we’re
still one short: ΓH , the total width. Now, if the width is large enough, larger than detector
resolution, we can measure it directly. Fig. 39 shows that this can happen only for MH !
230 GeV or so [42], far above where EW precision data suggests we’ll find the (SM) Higgs.
Below this mass range, we have to think of something else.
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FIG. 39: Left: Standard Model Higgs total width as a function of MH . Right: expected experi-

mental precision on ΓH at ATLAS using the gg → H → ZZ → 4! channel [42] (CMS similar).

13 Well, slightly more than that in the case of WBF, but the argument holds after careful consideration.
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H Decay to Neutralini
If the lightest neutralino is light 
enough, the Higgs could decay into it.  
Assuming R-parity is conserved, this 
is an invisible decay mode for the 
Higgs.

It has been proposed to search      
for such a Higgs using weak boson   
fusion.  The idea is that the      
rapidity gap of the associated        
jets provides something to tag on.

An invisble decay becomes much 
more likely with an extra singlet.

Eboli, Zeppenfeld, ’00
Datta, Konar, Mukhopadhyaya, ‘01 Barger, Langacker, 

Shaughnessy ‘06

100 fb-1

ξ2
i = BF (Hi → invisible)

σWBF

σSM
WBF



Higgs to Dijets
An option is a Higgs decaying into light 
sbottoms which themselves decay through 
R-parity (B-) violating interactions into 
collimated quarks, looking like a single jet.

If they are light enough for the Higgs to 
decay into them, the BR is controlled by 
(μ tan β / mh).

Note that this is even true in the 
“decoupling” (large MA) regime!  The 
sbottom is not a SM particle and its Higgs 
coupling doesn’t asymptote to a SM 
quantity.
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FIG. 5: Branching fractions for various Higgs boson decay channels as a function of the ratio

µ tan β/mh, with (a) mh = 120 GeV and (b) mh = 140 GeV. We fix mb̃ = 5 GeV in obtaining

these values.
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Berger, Chiang, Jiang, Tait, Wagner
PRDD66, 095001 (2002)



H to Dijets at LHC
A decay into dijets is really tough 
at the LHC.

The QCD background swamps any 
channel we can imagine looking for 
the Higgs decaying into jets.  

At the same time, the BRs into 
more friendly decay modes is 
suppressed.

Once the partial width is enhanced 
by a factor of a few, the LHC 
probably cannot discover the 
Higgs.
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FIG. 6: Expected accuracy in LHC measurements of the product of production cross sections and

branching ratios for the WW , ZZ, bb, γγ, and τ+τ− decay modes of a Higgs boson with masses

120 GeV and 140 GeV, as a function of the ratio of the jet-jet and the bb widths. The horizontal

dotted line at 0.2 indicates the 5σ discovery reach under the assumption B ! S. The partial widths

for decay into WW , ZZ, bb, γγ, and τ+τ− and the production cross sections are assumed to be

standard.
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(Maybe look at WW scattering?)



Higgs to More Jets
Another R-parity violating option allows the Higgs to decay into 
heavier super-partners which then decay into SM particles.

A variety of possible LSP’s and RPV couplings lead to an array of 
signals.  Many contain large numbers of moderately hard SM particles.

Carpenter, Kaplan, Rhee ’08
(and see Linda’s slides from the parallels!)h

χ

χ

q

q

q

q

q

q



Higgs to Singlets
In models with scalar singlets, the Higgs 
can decay into pairs of pseudoscalars.

The pseudoscalar a can pick up 
(reduced) couplings to the SM    
through mixing with the Higgs itself.

In that case, the decays depend on    
the a mass:

ma > 2 mb :   a to bb

2 mb > ma > 2 mτ :   a to ττ
ma < 2 mτ :    a to γγ ?

In the NMSSM, models with h to aa can 
suffer from much less fine-tuning.

Dobrescu, Landsberg, Matchev
PRD63, 075003 (2001)

3

FIG. 2: For the NMSSM, we plot the fine-tuning measure
F vs.

√
m

t̃1
m

t̃2
for NMHDECAY-accepted scenarios with

tan β = 10 and M1,2,3(mZ) = 100, 200, 300 GeV. Points
marked by ’+’ (’×’) escape LEP exclusion primarily due to
dominance of h1 → a1a1 decays (due to mh1

> 114 GeV).

FIG. 3: For the NMSSM, we plot the fine-tuning measure F
vs. mh1

for NMHDECAY-accepted scenarios with tan β = 10
and M1,2,3(mZ) = 100, 200, 300 GeV. Point labeling as in
Fig. 2.

played in Fig. 2. We see that F as small as F ∼ 5.5 can
be achieved for √m

t̃1
m

t̃2
∼ 250÷400 GeV. In the figure,

the + points have mh1
< 114 GeV and escape LEP exclu-

sion by virtue of the dominance of h1 → a1a1 decays; as
noted earlier, LEP is less sensitive to this channel as com-
pared to the traditional h1 → bb decays. Points marked
by × have mh1

> 114 GeV and will escape LEP exclu-
sion regardless of the dominant decay mode. For most of
these latter points h1 → bb decays are dominant, even if
somewhat suppressed; h1 → a1a1 decays dominate for a
few. For both classes of points, the h1 has fairly SM-like
couplings. We also note that all points with F < 20 have
mh1

< 114 GeV and BR(h1 → a1a1) > 0.70. Finally, in
Fig. 3 we demonstrate the rapid increase of the minimum
F with mh1

. The lowest F values are only achieved for
mh1

<∼ 105 GeV. However, even for mh1
≥ 114 GeV, the

lowest F value of F ∼ 24 is far below that attainable for

mh ≥ 114 GeV in the MSSM.
A small value for Aκ(mZ) (typically of order a few

GeV) appears to be essential to achieve small F . First,
small Aκ allows small enough ma1

[28] that h1 → a1a1

decays are dominant; this makes it possible for the natu-
rally less fine-tuned values of mh1

< 114 GeV to be LEP-
allowed. Second, small F is frequently (nearly always)
achieved for mh1

< 114 GeV (mh1
≥ 114 GeV) via the

cancellation mechanism noted earlier, where C & B2,
and this mechanism generally works mainly for small Aκ.
Indeed, there are many phenomenologically acceptable
parameter choices with mh1

> 114 GeV that have large
Aκ, but these all also have very large F .

For lower tanβ values such as tan β = 3, extremely
large √m

t̃1
m

t̃2
is required for mh > 114 GeV in

the MSSM, leading to extremely large F . Results in
the NMSSM for tanβ = 3 are plotted in Fig. 4 for
M1,2,3(mZ) = 100, 200, 300 GeV and scanning as in the
tan β = 10 case. We see that F ∼ 15 is achievable for
√m

t̃1
m

t̃2
∼ 300 GeV. No points with mh1

> 114 GeV
were found. All the plotted points escape LEP limits
because of the dominance of the h1 → a1a1 decay. For
very large tanβ (e.g. tan β ∼ 50), it is possible to ob-
tain mh > 114 GeV with relatively small √m

t̃1
m

t̃2
in

the MSSM as well as in the NMSSM. We have not yet
studied fine-tuning at very large tanβ in either model.

FIG. 4: For the NMSSM, we plot the fine-tuning measure
F vs.

√
m

t̃1
m

t̃2
for NMHDECAY-accepted scenarios with

tan β = 3 and M1,2,3(mZ) = 100, 200, 300 GeV. Point label-
ing as in Fig. 2.

In the NMSSM context, the smallest achievable value
for F is mainly sensitive to M3(mZ). For example, for
M3(mZ) ∼ 700 GeV and tanβ = 10, the smallest F we
find is of order F ∼ 40.

We note that in [21] the mass of the SM-like Higgs
h (where h = h2 for the parameter choices they fo-
cus on) is increased beyond the LEP limit by choosing
modest tan β ∼ 2 ÷ 5 and λ values close to the 0.7 up-
per limit consistent with perturbativity up to the GUT
scale. This maximizes the additional NMSSM tree-level

Dermisek, Gunion PRL95, 041801 (2005)
+: BR(H->ττττ) > 0.9
x: mH > 114 GeV



Production
The dominant production 
mechanism is gluon 
fusion, mediated in the SM 
by a loop of top quarks.

Next larger is weak boson 
fusion (WBF).

Unlike at Tevatron, the 
associated production 
with W or Z are not 
usually very important 
modes.

SSI 2006, Tully 13 0.2 Standard Model Higgs Search

0.2. Standard Model Higgs Search

The Standard Model Higgs production cross sections at the LHC and branching
fractions are plotted in Figures 8 and 9, respectively.
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Figure 8: Standard Model Higgs
Production Cross Sections.

Figure 9: Standard Model Higgs
Decay Branching Fractions.

SSI 2006, Tully 14 0.2 Standard Model Higgs Search

At low Higgs mass, mH ≈ 115 GeV/c2, the dominant production process is gluon-
gluon fusion with a cross section ×1000 times larger than the corresponding LEP
Higgs search. The WW fusion process is much stronger at the LHC due to the
relatively low mass scale of the Higgs boson relative to the proton beam energy.
The smallest relevant production rates are due to Higgsstrahlung processes from the
heaviest known elementary particles WH, ZH and tt̄H. The most dramatic aspect of
the LHC Higgs searches is the transition in branching fractions from 3rd generation
fermion dominated decays to diboson dominated decays.

Folding the Higgs production cross sections and branching fractions (Figs. 8 and
9) against the trigger and selection efficiencies, a preliminary list of relevant search
channels for a low mass Higgs search can be formed. This is given in Table 1. Of
the channels in the left-most column, only the diboson decays of the Higgs are suf-
ficiently clean to be detected inclusively within corresponding specific trigger paths.
The columns to the right are a set of exclusive decay channels where identification
of associated production particles give at least an order of magnitude improvement
in signal to background separation, relative to the inclusive searches. The exclusive
channels have unique sensitivities to 3rd generation Higgs couplings, tree-level elec-
troweak couplings and more precise mass and partial decay width measurements.

SSI 2006, Tully 15 0.2 Standard Model Higgs Search

Table 1: The most important SM Higgs channels for mH below the WW-threshold.

In the 20 GeV mass range between the WW and ZZ-thresholds, the inclusive WW
channel is the dominant decay mode with substantial statistics to form a transverse
mass measurement of the Higgs. Above the ZZ-threshold, the four-lepton decay is
the golden channel for Higgs discovery with low backgrounds and high resolution
mass reconstruction in a mixture of pairs of dielectron and dimuon decays.

At the highest masses, the dropping production cross sections are compensated by
the addition of hadronic W and Z decay modes. The high pT boson signature has
lower backgrounds and the dijets begin to merge, providing a clear massive monojet
signature. Similarly, the neutrino decays of high pT Z bosons provide a substan-

SSI 2006, Tully 16 0.2 Standard Model Higgs Search

tial transverse missing energy. These highly boosted diboson decays provide Higgs
boson search coverage up through 1 TeV/c2 where the width of the Higgs becomes
comparable to its mass and the electroweak scattering of massive weak bosons will
begin to form resonances in a semi-strong coupling regime. Thus, 1 TeV/c2 marks
the upper limit to the production of a meaningful particle excitation of the Standard
Model Higgs field.

0.2.1. High Mass Resolution Search Channels

The sub-threshold decay of the Higgs boson to ZZ∗ is kinematically similar to a
semileptonic b-quark decay in that dominantly one Z boson is nearly on-shell and
the second Z boson has a mass corresponding to the remaining Q2 of the decay.
Therefore, a 130 GeV/c2 Higgs boson will decay into a ∼ 90 GeV/c2 and a less than
40 GeV/c2 pair of Z bosons. The soft Z boson decay into leptons is problematic
in terms of lepton backgrounds and reconstruction efficiency. Ultimately, low pT

lepton detection and diminishing ZZ∗ branching fraction limit this channel to above
130 GeV/c2.

Background to H → 4! comes from tt̄ dilepton decays with both b-jets producing

Hdecay



Gluon Fusion to Higgs
The dominant production is 
through gluon fusion, because of 
the larger gluon PDFs at smallish x.

That’s already pretty exciting, 
because that process receives its 
leading contribution at one loop - 
which means there is a lot of room 
for new physics to contribute 
significantly!

For example, a chiral fourth family 
for allowed masses could raise this 
rate by a factor of nine or so!
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Kribs, Plehn, Spannowsky, TT  ‘07Gunio, McKay, Pois ‘96



Weak Boson Fusion

Weak boson fusion is an important LHC Higgs discovery mode, and 
also an important test of the Higgs as the agent of EWSB.

The W-W-H vertex is a consequence of the fact that the Higgs is the 
agent of electroweak symmetry-breaking.  It violates the usual 
“matter-matter-gauge” (really matter-matter-gauge-gauge) structure 
of gauge interactions by inserting the Higgs VEV on one of the matter 
lines to give a “matter-gauge-gauge” interaction.

In a multi-Higgs doublet model, the rate can be reduced because the 
VEV is shared among several different scalars.



Higgs with Heavy Quarks
We can radiate a Higgs from a heavy quark 
such as top or bottom.

Production with top looks harder and 
harder at the LHC in the SM.  Maybe by 
the end of the LHC we can use it for a 
measurement of the top Yukawa coupling.

It also allows for novel discovery modes.  
An observable Higgs + bottom quarks rate 
would be a clear sign that the Higgs isn’t 
SM-like, and would argue for more Higgs 
doublets.

QQ

QQ



Neutrino Masses?
The Higgs is also responsible for neutrino 
masses!

This is obvious for a Dirac neutrino.  It’s also 
true for Majorana masses.  The seesaw argues 
for natural neutrino masses with a heavy 
Majorana mass and large Yukawa couplings.

But the Majorana mass doesn’t need to be at a 
high scale.  It may be accessible in Higgs decays.

Since we don’t really understand the small 
Yukawas in (i.e.) the charged leptons, it is easy 
to imagine deviations from the canonical seesaw.
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Λ
NINJH†H

Contours of
Γ(h -> NN) /  Γ(h->bb)

Graesser, ‘07



Triplet Higgses

Beyond the right-handed neutrino, 
one can induce neutrino masses by 
including an EW triplet Higgs 
carrying hypercharge.

It can be produced as pairs of H++H-- 
or through a W boson into i.e.        
H++H-.

Decays into two like-sign leptons can 
produce a very distinct signature!

Perez, Han, Huang,  Li, Wang ‘08



SUSY Higgs Mass
In the MSSM, the Higgs quartic is related by supersymmetry to 
the EW gauge couplings.

There are further large corrections from supersymmetry 
breaking through the top/stop loops.

Even if we see evidence of supersymmetric partners, verifying the 
MSSM mass relation tells us something about whether the MSSM 
is a good low energy description!

m2
h = (g2

1 + g2
2)v2 cos2 2β +

3m4
t

8π2v2

[
log

m2
t̃

m2
t

+ mixing

]
+ ...



Beyond the MSSM?!
If the relation fails to hold, we know to 

look for physics beyond the MSSM...

                   Extra Singlets

Gauge Extensions

Fat Higgs

Operators

Kane, Kolda, Wells ’92
Espinosa, Quiros, ‘92

Langacker
Batra, Delgado, Kaplan, TT ’03
Maloney, Pierce, Wacker ‘04

Harnik, Kribs, Larson, Murayama ’03
Chang, Kilic, Mahbubani ’04

Delgado, TT ‘05

Dine, Seiberg, Thomas ‘07

More Higgses! Axinos!

More Vectors & Gauginos!
Extra EW charged Matter!

Signs of Compositeness?

????



No Higgs at All?
We could find no Higgs!  WW 
scattering could be unitarized by 
vectors particles such as a Tecnirho or 
the KK modes of a Higgsless theory.

Much of the work on such theories 
lives in warped space...

But one can also deconstruct into a 
“three site moose model”.

Either way, consistency demands small 
couplings of the new vectors to light 
fermions.

Cacciapaglia, Csaki, Grojean, Hubisz, Pilo, 
Marandella, Murayama, Shirman, Terning ‘04-’06

Belyaev, Chivukula, Coleppa, DiChiara, He, 
Kuang, Kurachi, Matsuzaki, Pukhov, Qi, 

Simmons, Tanabashi, Zhang ‘06-’07
(Talks by Simmons and Coleppa on Monday)



Higgsless W’ Signal
Despite the weak couplings 
to light fermions, one can 
search for the new 
resonances either in WBF 
or produced in association 
with a light electroweak 
boson.



Outlook
A Higgs boson can tell us a lot!

The basic properties we want to understand are the 
role it plays in electroweak symmetry-breaking and 
whether it is responsible for unitarizing WW 
scattering.

What we know about the SM Higgs picture argues 
for new physics, and it is easy to believe the Higgs is 
our best hope for a “portal” into a hidden sector.



Outlook

The LHC can discover a SM Higgs produced 
through many process, and in many decay modes.  
Putting these together can verify the SM picture, or 
provide a clue as to how the SM is breaking down.

Even the mass of the Higgs is interesting, perhaps 
allowing us to use the precision EW data to guess 
the form of new physics, or to test ‘how minimal’ 
the MSSM has turned out to be!



And most of all....

Discovering the Higgs will make people happy!


