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' 5 goat fthese Iectures
d 'some history (as a guide)
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4 -us r current knowledge and demonstrate why the
C may be an exceptional source of new knowledge

'."‘-ﬁ(—-

:_' rese aﬂisome of the capabilities and expectations for
== mportant new findings

_::4-
m—,ﬁh‘e main point | hope to make:
- -~ Altisa great time to be in experimental particle physics
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ental Par Physics
are NOW very many precise measurements
0 fsubstantlal discrepancies with the

| d Model (SM) of particle physics

_,, ental Astrophysics and Cosmology
— AAbundant evidence for physics beyond the
é:_:-—""'f’ standard model (BSM)

= ~~ A Dark energy and non-baryonic dark matter

A Neutrino oscillations

A Cosmic matter-antimatter asymmetry
A €Cosmic density fluctuations consistent with inflation

*first few slides inspired by a talk by lan Low (UC"Irvine)
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neoretical problems

ws new partlcles at the TeV scale

\Y ’e ulls |mal Impact on SM parameters because they must be
n  pairs (and so only begin to enter in loop corrections).

J rcles at the TeV scale cancel quadratic divergences in
‘the Hic ».k,, self energy

A ‘;"T'" pt6§
- SUSY with R parity:
~= A partners of SM particles have opposite spin statistics, Higgs is natural

A Little Higgs theories with T parity:
A partners of SM particles have same spin statistics, Higgs is natural
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natter cand date, will appear
n broad range of energy scales.
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TS -smted to this task:
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' ‘hou "-."- there were already theoretical reasons for considering
.f_',_-,;_:--s ,an‘a—other BSM models at the TeV scale when the LHC
s first considered, it was not until more recently that there was

e S
——
- suchstrong motivation from cosmology.
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f /iew ofcurrent models and how we will need to
- unravel them from the SM at 14 TeV
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Some jf)‘aSJCS history & lessons learned




A quark-quark, and quark-anti-
guark scattering or annihilation

A quark-gluon scattering or
annihilation

A gluon-gluon fusion etc.



Qa MTOT]T X =

- rac v -

e ﬁFt 0 fo np r0o t<o x

Example of pp

— ;" A-He en (pﬂs the momentum of the proton (antiproton) and p , and p,
,,..._ ‘Jhe ‘momenta of the interacting partons: p, = X,p, P, =X,p

’V Constltuent centre-of-mass com energy
To produce a mass of:

CRVE| kx,pp) < @ S= @) - =
LHC Tevatro*n:-...

ner
Wherg as |§ the com energy 100GeV. X @007 O‘QB’-
of the incoming protons 5TeV X @0.36 i

-
—
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r-pro-ton'isntructure down to

tramts also-from hadron colliders

f: ~'~= ymmetrlc production of W* and W- is a measure of the
NS f uand d quarks

2=

HERAep accelerator, 6.3 km circumference
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Q’ =10 GeV?

—— ZEUS-O (prel.) 94-00
B2 uncorrelated uncertainty

[ ] correlated uncertainty

H1 PDF 2000 sy A

A u- and d-quarks at large x
A Gluons dominate at small x

i\

A Gluon distribution at small x
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I . tum P B ¢
{he beam ———

Pseudorapidity h= - In(tan(q/2))

Uarks or gluons which carry portion of p momentum
batance al l component s
PT (P,)* Total transverse (longitudinal) momentum must (need not) balance.
R% Use relativistic cylindrical coordinates (r,h,f) with = - In(tan(g/2)),
A dN/dh is largely invariant for boosts along z, e.qg. for particles in a jet
A Use cones with apex at interaction point and having a radius R
AR = =[( #f ) (-h.)
A where (f,, }) gives the flight direction of object i jet, e, m, etay
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Example shown here is
for pp but pp is similar
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A Y small momentum transfer

A N3 ate part

longitudinal but small
transverse momentum

A < p; > ° 500 MeV

s

~6 particles per unit of pseudorapdity
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\E ———  Pythia6.214 (CTEQSL,tuned) v 7 ——————  PYTHIAB.214 (tuned)
SN\ —/ T e Phojet1.12 (GRVO4L) = PHOJET1.12 (default)
- o
LHC predictions } &
6 L T R L e T EEE EEN ESE B S B S S S S S e . .
o A UA5 53, 200, 546 ond 2900 GeV
© CDF 630 and 1800 GeV
4
3
2
NSO data - 0.023In%(s) — 0.25In{s) + 2.5
® CDF (1.8TeV) =+ 0.27In(s) - 3.2
O UAS (200 GeV)

A Different extrapolations: PYTHIA In2(+ s); PHOJETIn(= s).

A Must measure multiplicities with early data as well as the energy
distribution of Min -bias charged particle tracks
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st
ity goal

:; 2--

4-5 events p ch crossing
" 20 events per bunch crossing ————

JE—
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S SUSY event no pileup SUSY event at L =10%*cm?s?

Pile-up at high luminosity affects jet energies (impacts mass and kinematic
measurements) makes isolation of leptons and photons difficult. Therefore
It must be studied in real data and taken into account.

uile
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