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Preview

LHC’s ‘core business’: Higgs & Susy

Importance of understanding QCD

Parton saturation, RHIC and the CGC
UHECRs & Forward physics (@ LHC
Diffractive Higgs production (@ LHC







Higgs Detection at the LHC
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How Accurately can the Higgs Cross
Section be Calculated?

Need gluon distribution @ Resumming next-to-next-to-leading

X, ~ 102, Q> ~10* GeV? logarithms: 10% uncertainty
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Accuracy in LHC Determinations of
Higgs Couplings
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2 Experiments

L dt=2*30 fb !

2 Experiments

j L dt=2*300 fb !
WBF: 2*100 fb !
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Theorists getting Cold Feet

Composite Higgs model?

Interpretation of EW data?
Higgs + higher-dimensional operators?
Little Higgs models?

Higgsless models?




Little Higgs Models

 Embed SM 1n larger gauge group

* Higgs as pseudo-Goldstone boson
* Cancel top loop

* New gauge bosons, Higgses M, <2 TeV (m, /200 GeV)?

° nggs hght, Other new MW’ <6TeV (mh /200 GGV)2
M,,. <10 TeV

phySICS heavy Not as complete as susy: more physics > 10 TeT/-



UV completion ?

Generic Little semn bl

colored fermion related to top quark

Higgs Sp eCtrum new gauge bosons related to SU(2)

new scalars related to Higes

200 Ge I or 2 Higgs doublets,

possibly more scalars

Loop cancellation mechanisms ==

Supersymmetry Little Higgs
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Measuring Little Higgs Couplings
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Why Supersymmetry (Susy)?

(m, ~ 10" GeV 1s scale of gravity)
Alternatively, why 1s

G, =1/my*>> G = 1/m,*?
Or, why 1s

\Y ?7 e2>>Gm?=m?*/m,’
Set by hand? What about loop corrections?

omy ,° = O(a/m) A?

>>V

Coulomb Newton °

Need |my?—my? <1 TeV?



Other Reasons to like Susy

It enables the gauge couplings to unify §

SM -

World Avermge
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Astronomers say fs

that most of the
matter in the
Universe 1s

invisible
- Dark Matter

them with the
LHC




Constraints on Supersymmetry

* Absence of sparticles at LEP, Tevatron

e Indirect constraints

* Density of dark matter




Current Constraints on CMSSM
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B lightest sparticle L
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tanB=10, 1> 0
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Higgs Production: CMSSM vs SM
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Possible CP-Violating Asymmetries
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Supersymmetry Searches at LHC

LHC I'GaCh in fLdt=1,10, 100, 300 fb!
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Supersymmetric Benchmark Studies
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Scapabilities
and Other
1 Accelerators

Summary of LHC

! LHC almost

‘guaranteed’

to discover

S supersymmetry

mm=  oluino
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Precision Observables in Susy
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More
Observables
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(Global Fits to Present Data
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(Global Fits

to Present
Data
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Minimal Supergravity Model

More constrained than CMSSM m,, = mO, B = A, —

Y LEP congtrai nts
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Slepton Trapping at the LHC?

If stau next-to-lightest sparticle (NLSP)
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Ultra-High-Energy Cosmic Rays

Discrepancies

LHC closest in energy
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Understanding High-Energy Cosmic
Rays

Development of SN Uncertainties in Composition s

extensive air shower : due to model dependence
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(Lack of) Coverage by LHC Detectors
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Parton Saturation Effects

Boundary
. : of non-linear
High energies sopen accessto small X = Q%/s B  regime:
s _ _ partons of
== Size 1/Q > 1/Q,
fast (p>>q,) 02 5 ]
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5 BV

Large probability to emit an extra gluon ~ qln(1/x) ~ 1:
number of gluons at small x grows, transverse area limited
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Non-linear QCD evolution

o and population growth

- T
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Phase diagram of high energy QCD

Rapidity |}

B difference
from beam

Proton—proton “E“‘ =

Parton Gas
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RHIC at y=3




Extraction of Saturation Scale from
HERA Data
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Gluon multiplication 1n
a limited (nuclear) environment

. pA
Ratio of R oy

PA and pp 1.75|
Cross sections

/ CGC at y=0 S——
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I momentum 8
s § Very high energy k/Qs
“ e At large rapidity y gsmall angle) expect }

suppression of hard particles



Color Glass Condensate: confronting the data

BRAHMS data:
F0,1,2.2,3.2

Kharzeev, Kovchegov, Tuchin



Cox




The Diffractive Menagerie

- Soft diffraction dissociation:
Peripheral proton-proton collision
dissociate proton — low-mass system

, . - Soft double diffraction:
- Hard diffraction: Peripheral proton-proton collision

Small colour dipole penetrates proton produces low-mass central system
produces very high-mass system
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Diffractive Higgs Production

 Double-diftractive
Higgs production

mechanism:

e Effective luminosity: k&
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for nominal values :

of other inputs of Determine using
ZATA SN HERA & LHC data!

e Gluon collision factor
for different PDFs:




Effective Luminosity: Double-Diffractive
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Cross Section, CP-Violating
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Perhaps none of the above?

Black Hole Production at LHC?

Multiple jets,

leptons from

Hawking




'+ We do not know what the LHC will find
 But HERA physics provides crucial inputs:

* Forward physics 1s potentially exciting area
not covered by present detectors




Black Hole Production
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Black Hole Decay Spectrum
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Measuring Extra Dimensions
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Higgs Production: CMSSM vs SM
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(Global Fits to Present Data
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Example of Benchmark Point
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Examples of Sparticle Measurements
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Added Value of LC Measurements
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Hadron multiplicities:
the eftect of parton coherence
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Nuclear Modification of Hard Parton Scattering
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