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Outline of Part III

Searching for a Higgs boson: present and future.

Higgs boson physics at the Tevatron, Run II.

—— Main production modes.
— Exclusion/discovery reach for a SM/MSSM Higgs boson.

Higgs boson physics at the Large Hadron Collider (LHC).

—— Main production modes.

— Discovery reach for a SM/MSSM Higgs boson.

—— Measurements of the Higgs boson mass, width, spin.
—— Measurements of Higgs boson couplings.

Higgs boson physics at a high energy Linear Collider (LC).

— Production reach for a SM/MSSM Higgs boson.
—— Precision measurements of most Higgs boson properties.
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Searching for the Higgs boson: present and future

> A light Higgs boson, in the 110-180 GeV range, could be discovered
during Run IT of the levatron (Fermilab), with /s=1.96 TeV.

> The Large Hadron Collider (CERN), with 1/s=14 TeV, will cover
the entire Higgs boson mass range up to 1 Tev, and start measuring
mass, couplings, and width of the discovered particle.

> A high energy LC (?), with /s > 500 GeV, will unambiguously
identify the nature of any discovered new particle, via precision

measurements of its mass, spin, couplings, and width.



The basic picture of a pp, pp — X high energy process ...

where the short and long distance part of the QCD interactions can be

factorized and the cross section for pp, pp — X can be calculated as:

o(pp,pp — X) = Z/dﬂ?ld@fip(ﬁ)fjp’ﬁ(@)&(ij — X)
ij

— 1j — quarks or gluons (partons)
— f7(x), [P (z): Parton Distributions Functions: probability densities

(probability of finding parton ¢ in p or p with a fraction x of the original

hadron momentum)
— (15 — X ): partonic cross section



pp, pp colliders: SM Higgs production modes
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Searching for a SM Higgs boson at the Tevatron
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Reach of the Tevatron, Run II, for a SM Higgs boson
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Improved studies suggest that less luminosity is needed

both for exclusion and discovery.



Searching for an MSSM Higgs boson at the Tevatron

We expect that:

e AV'V couplings are absent

e couplings can be enhanced /suppressed
> Ma > My (— decoupling limit):

—— hY — Hgyy, while
—— Ma>~Mg and goa myws > Jusyes > JHVYV K GHsu VY-

> Ma < Mz and tan 8 > 1:

—— gHVV =~ §Hsy, vV, While
—— Ma >~ My, and ga s > IHens » VYV K GHgyVV-

We could also have:

e Higgs bosons decaying into supersymmetric particles.

e Higgs bosons produced in the decay of supersymmetric particles.



We will consider only:

> SM-like production modes (see previous section)

> the assoclated production modes:



Neutral Higgs boson production
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cross sections at the Tevatron
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Reach of the Tevatron, Run II, in the MSSM parameter space

95% CL Exclusion, Maximal Mixing Scenario
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Searching for a SM Higgs boson at the LHC
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Discovery reach of the LHC for a SM Higgs boson
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Mass, Width, Spin and more

Color and charge are given by the measurement of a given
(production+decay) channel.

The Higgs boson mass will be measured with 0.1% accuracy in
H — ZZ* — Al*, complemented by H — ~~ in the low mass region.
Above My ~ 400 GeV precision deteriorates to ~ 1% (lower rates).

The Higgs boson width can be measured in H — ZZ* — 4l* above
Mg ~ 200 GeV. The best accuracy of ~ 5% is reached for Mg ~ 400 GeV.
Below My ~ 200 GeV — see later.

The Higgs boson spin could be measured through angular correlations
between fermions in H — V'V — 4f, but this will be impaired by lack of

statistics.



The LHC can also measure most SM Higgs couplings at 10-30%!
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Observing a given production+decay (p+d) channel gives a relation:

U;h(H) Ial’p
Ttk T

(00 (H)Br(H — dd))*? =

(in the narrow Higgs approximation).



Associate to each channel (o,(H) x Br(H — dd))

Zc(ip) —

')y { ey & g%lpp = yg — production
I

I'g ~ g?{dd = y?z — decay

From LHC measurements, given the current simulated accuracies:

e Determine in a model independent way ratios of couplings at the

10 — 20% level, for example:

Yp Iy Z;Et)
T V10
w L 207"
w T, 7z

e Determine individual couplings at the 10-30% level
(under the assumption: ' =T, + ', + '\, + ', + 'y +T',)



Accuracies on Couplings and Width of a Higgs boson with

expected accuracy (%)
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Toward a more model independent determination of Higgs

couplings and width
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Global y? fit

assuming

— ¢*(H,V) < ¢*(H,V,SM) +5% (V =W, Z)

— mnew particles in loop production/decay modes

—— unobservable decay modes



Cross-section (pb)

Cross-section (pb)

MSSM Higgs boson production cross sections at the LHC
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H* production at the LHC
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(see Tevatron section for more details on production modes)
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Reach of the LHC in the MSSM parameter space
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ete colliders: SM Higgs production modes

,H tb

and additional MSSM modes

e . h° HO e HT



The Linear Collider: precision Higgs physics

Production cross sections for a
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Program:

One or more Higgs bosons will be observed over the entire mass spectrum.

A high energy ete™ collider will then have the unique possibility of:

e Measure o(ete™ — ZH) at the 2% level: extract Br(H — zz) in model
independent way!

e Measure My from the recoiling ff mass in ZH — H f f. Accuracies of
the order of 50-80 MeV can be obtained.

15

spin measured by:

H
o
1 ‘ 1

> onset slope of the eTe™ — ZH

> correlations in ete™ — ZH — 4f, ...

cross section (fb)

> phase space distributions in ete™ — ttH
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e Measure I'yy below My ~ 200 Gev combining Br(H — WTW ™) (from
ete” — ZH) and ggww (from eTe™ — Hvp), with a ~ 6% accuracy.

Ex.: SM Higgs boson, 1/s=120 GeV

Coupling: Hbb Hr'r~ Hee HWW HZZ Htt HHH
(Mg =120 GeV) 22%  33%  3.7% 12% 12% 25%  17%
(Mg =140 GeV) 22%  4.8% 10%  2.0%  1.3% 23%

Theory 1.4% 2.3% 23% 2.3% 2.3% 5%




Difficult measurements:
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Optimal to distinguish Hg,; from A
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