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Outline of this course

Introduction to LHC, its experiments, physics
programme and experimental challenges

First physics and performance results with 900 GeV
and 2.36 TeV

First measurements with 7 TeV collisions:
9 SM physics: W, Z, top, QCD jets

More to come:

2 Extra dimensions and exotics

2 The SM and MSSM Higgs

9 Sypersymmetry

First heavy ion results
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Outline of this lecture

What is CERN and brief history toward the LHC?
What is LHC?

Why the LHC?

The general purpose experiments: ATLAS and CMS
Brief overview of the physics programme
Experimental challenges
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LHC at CERN laboratory

" CERN: the world’s largest particle physics laboratory

9 International organisation created in 1953/1954, initial
membership: 12 countries

9 Poland is a member starting from year 1991

9 About 10000 active physicists, computlng scientists,
engineers | =5

Situated between
Jura mountains
and Geneva
(France/Swiss)
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http://public.web.cern.ch/

\A brief historical overview:
toward LHC

1964: First formulation of Higgs mechanism
(P.W.Higgs)

1981l: The CERN SpS becomes a
proton-antiproton collider LEP and
SLC are approved before

1967: Electroweak unification, with W, Z | W/Z boson discovery

and H (Glashow, Weinberg, Salam) 1983: LEP and SLC construction starts
W and Z discovery (UA1l, UA2)

1973: Discovery of neutral currents in

v , e scattering (Gargamelle, CERN) One of the first Z-bosons detected

in the world
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1974: Complete formulation of the standard |
model with SU(2),,x U(1), (lliopoulos) qh = Z _} e+ e vy
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A brief historical overview:
toward LHC

1984: Glimmerings of LHC and SSC 2000: End of LEP running
1987: First comparative studies of 2001: LHC schedule delayed by
physics potential of hadron colliders two more years
(LHEC/55C) and eve” linear 2008: LHC started but after few
colliders (CLIC) d . . "
ays of operating with single
1989: First collisions in LEP and SLC beam very serious accident
Precision tests of the SM and search 2009: Restarted back just before
for the Higgs boson begin in earnest Xmass with 900 GeV collision
R&D for LHC detectors begins 2010: Since March collecting data

at 7 TeV pp collision.
Time shared between machine
commissioning and physics

1993: Demise of the SSC

1994: LHC machine is approved

(start in 2005) runs. About 10ph-1 collected
by each experiment as of
1995: Discovery of the top quark at today.

Fermilab by CDF (and DO}
Precision tests of the SM and search
for the Higgs boson continue at LEP2

Approval of ATLAS and CMS
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The LHC

* pp machine (mainly):

Vs =14 TeV

7 times higher than present highest energy
machine (Tevatron/Fermilab: s =2 TeV)

— search for new massive particles up to m ~ 5 TeV
Note : Vs limited by needed bending power.
LHC : 1232 superconducting dipoles with B=8.4T
working at 1.9 Kelvin (biggest cryogenic system in the world)
N, N, o
Loc———— =10"cm~s
Ox Oy

~ 10* larger than LEP2, Tevatron

—search for rare processes with small 6 (N=Lo )
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A few machine parameters:
(nominal)

Brergy - E | [TeV 7.0 o
Dipale feld B[ 54 [+— Limiting factor for Vs :

Luminosity L (lem=2e| 10% . _
Bear—beam paramater f 0.0084 bending power needed to fit ring
Total beam-beam tune speead 0. in 27 km circumference LEP tunnel:
Injeckion energy | [GeV] | 450
Circulasing current/ beam Tomm|  [A] 0.53
Mumber of bunches =% 2835 -
Harrmnne tmbar - 2o p (TeV) = 0.3 B(T) R(km)

Bunch spacing T s 24 .95
Particles per bunch Ty I.05 oM _ _
Stared beam energy E | Mn | 3 =7TeV = 4.3 km
Mormalized iransverse emitlance (J4)0% /8| &, | lemaad) | 375
Collisions LHC :
§-valye at LE. o R B=8.4 T : ~ 1300 superconducting
r.oe Deam radius an LR ot |wezn] 16 . .
e fﬁmmf} at ;].p_ . i:, [Lumd% . dipoles working at 1.9 K

uminoaity per buneh collizion G . i i i
Coomsing oo o | endl | 20 (biggest cryogenic system in the world)
Mumber of events par croesing T 14
Besm lifetime Theam [h] 22
Luminosity litetime Ty Ih| 10
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Experiments

Four (five) laroe-scale experiments:

ATLAS
general-purpose pp
o experiments
CMS
LHCb pp experiment dedicated
to b-quark physics and CP violation
ALICE heavy-ion experiment (Pb-Pb collisions)
at 5.5 TeV/nucleon —\s = 1000 TeV
Quark-gluon plasma studies.
TOTEM Total Cross-Section, Elastic Scattering and Diffraction Dissociation

{in CMS cavern)
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Experiments

| .nu'-ﬁ.{p'l )
High Lurninosity

RF
& Fulure: Exgr.

SR

Orctant 5

= =
Oectant 1~

fh

o E—

Lo B
({3 physics)

-
.

| Low B (Tons)

Low 5 (pp)
High Lurminosity
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LHC Is an unprecedented machine

*Energy
*Luminosity
* Cost : >4000 MCHF (machine + experiments)
* Size/complexity of experiments :
~ 1.3-2 times bigger than present collider experiments

~ 10 times more complex

* Human resources @ > 4000 physicists in the
ex periments

WHY ?
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Motivation for LHC

Motivation 1 : Origin of particle masses

Standard Model of electroweak interactions
verified with precision 10~ - 10* by
measurements at LEP at Vs > m,,

and at the Tevatron at Vs = 1.8 TeV

discovery of top quark in ‘94,
m, = 174 GeV

top —
However: origin of particle masses not known.
Ex.: m, =0
my , = 100 GeV
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Motivation for LHC

SM : Higgs mechanism gives mass to particles
(Electroweak Symmetry Breaking)

my < 1 TeV from theory

~ My

However:
-- Higgs not found yet: only missing (and essential) piece of SM
-- present limit : my; > 1 14.4 GeV (from LEP)
-- Tevatron may go beyond (depending on luminosity)
— need a machine to discover/exclude

Higgs from = 115 GeV to 1 TeV

Elzbieta Richter-Was Lectures on LHC physics
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Motivation for LHC

Motivation 2 : Is SM the “ultimate theory™ ?

* Higgs mechanism is the weakest part of the SM:
-- *ad hoc” mechanism
-- due to radiative corrections

H Q H A :energy scale up to which SM
. . is valid (can be very large).
Amgi~ A?
= radiative corrections can be very large (“unnatural™)

and Higgs mass can diverge unless “fine-tuned”
cancellations —* bad behaviour ™ of the theory
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Motivation for LHC

Motivation 2 : Is SM the “ultimate theory™ ?

*Hints that forces could unify at high energy

= 1/128 = 0.008

O weag =0, = 0.03

Cegm= Oy

Vs = 100

GeV
o =0 ;= 0.12

= T
>0 -

T T 1
B &11 \ | ]
| o3

[ T T T T Y T (RS S N S
1 1ol 1pf2  gptE gp@0
(SR =T 1]

* E-dependence of coupling constants proven experimentally

o Coand Unitied Theories: EM/Weak/Strong forces unify at
E ~ 10'* = beyond physics become simple (one force with strength o )
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Motivation for LHC

* SM is probably low-energy approximation of
a more general theory

®* Need a high-energy machine to look for
manifestations of this theory

e e.g. Supersymmetry @ Mgy ~ 1eV
Many other theories predict New Physics at the TeV scale

Elzbieta Richter-Was Lectures on LHC physics
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Motivation for LHC

Motivation 3 : Manyv other open questions

* Are quarks and leptons really elementary ?

Why 3 fermion families ?

Are there additional families of (heavy) quarks and leptons ?

Are there additional gauge bosons ?

What is the origin of matter-antimatter asymmetry in the universe ?

* Can quarks and gluons be deconfined in a quark-gluon plasma as in early
stage of universe ?

* ] et‘:- % EEEE

Elzbieta Richter-Was Lectures on LHC physics
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Motivation for LHC

Motivation 4 : The most fascinatinge one ...

Unexpected physics  ?

Motivation S : Precise measurements
Two ways to find new physics:

-- discover new particles/phenomena

-- measure properties of known particles

as precisely as possible =find deviations
from SM

Elzbieta Richter-Was Lectures on LHC physics
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Motivation for LHC

LHC: known particles (W, Z, b, top, ...)
produced with enormous rates thanks to
high energy (— high ¢ ) and L (— high rate)

Ex.: 1 vear at low luminosity Note : measurements of 7 parameters
510° W v performed
5107 7 1 at LEP and SLD, however
tt precision can be improved for :
102 bb pairs — W physics
- Triple Gauge Couplings
WWry . WWZ,
— many precision measurements possible - b-quark ph}'s“:f
thanks to large statistics -- top-quark physics

(stat. error ~ 1/4/ N)
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Phenomenology of pp collision

p Transverse momentum

i (in the plane perpendicular to tlee beam) :
0 ! Pr pr =p sino

0=90° — n=0
Rapidity: 77 =-log (tg §) 0=10° — n=24
0=170° > n=-2.4

v

Total mnelastic cross-section:
G (PP)=70mb  Vs=14TeV

L n. events . |
Rate= —————7" =L x o, (pp) = 10° interactions/s

second
L 1034 cm™ st
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Phenomenology of pp collision

Class I:

Most interactions due to collisions at large distance between incoming protons
where protons interact as * a whole 7 —small momentum transfer (A p= 1

/A x ) —particles in final state have large longitudinal momentum but small
transverse momentum (scattering at large angle is small)

O e =

<p;>= 500 NMeV  of charged particles in final state dN

charged particles uniformly distributed in ¢ dn
Most energy escapes down the beam pipe.

These are called minimum-bias events (** soft ** events).
They are the large majority but are not very interesting.
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Phenomenology of pp collision

Class 2:

Monochromatic proton beam can be seen as beam of quarks and gluons with a wide band
of energy. Occasionally hard scattering (** head on™) between constituents of incoming protons
occurs. _

1,?

X.p

]I =
/

p = momentum of incoming protons =7 TeV

Interactions at small distance — large momentum transfer — massive particles and/or
particles at large angle are produced.

u
These are interesting physics events but they are rare. W+
Ex. u+d W+
G (pp—=W)= 150nb= 10¢G . (pp) d
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Unlike at et e~ colliders

Faral®a, Q%) Partor: disiriButions
measured in 1S

A /, = =
;? i a Hare scaiering

panan seliprocess

Beam o
panicles Tiab x.i
Bean fragmenrtas

B \ o
e q' spectatar el
furplxn, GF)

=
— to produce m =

* effective centre-of-mass energy V' §  smaller
to produce m =

than Vs of colliding beams:

Pa=XaPy P —
- = Pa=pp=7 TeV N SZVX X85 XNS
Pp=XpPp I

if x_ = X,

100 GeV

5 TeV

x ~ 0.01

x ~0.35
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Unlike at et e~ colliders

*Cross-section :

J:Et; | dx, dx, £ (x,, Q%) f,(x,, Q%) o, (x,.X,)

’EE; CTEQ4M (Q@°=20 GeV?)
® s - 0 = hard scattering cross-section
L5 L ab
SBent
- - - downbar 5 . . i ’ 5 £
: -+ =+ - Srange f. (x, Q%)= parton distribution function
as p = uud
Q
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Two main difficulties

Lypical of LHC
R=Lo = 107 interactions / second
Protons are grouped in bunches (of = 10! protons)

colliding at interaction points every 25 ns

25 = At each interaction on average

) . = 25 mimimum-bias events are produced.

120:/.‘_/.’( These overlap with interesting (high p;)
H \O\Q\ physics events, giving rise to so-called
¢ pile-up

detector

~ 1000 charged particles produced over In < 2.5
at each crossing. However < p;>= 500 MeV
(particles from minimum-bias).

— applying prcut allows extraction of interesting particles

Elzbieta Richter-Was Lectures on LHC physics
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Bunch crossing rates

LEP: e'e Crossing rate 30 kHz

_I - 22ps > ” ”

Tevatron (Run 1): pp Crossing rate 280 kHz

evatron (Run Il): pp Crossing rate 2.5 MHz

a1 ELINCHE
n CHSTAN
l (3 MIBENE BUNCHES)

LHC: pp Crossing rate 40 MHz

[ Tl TTTTTTI

25ns

uT (3 MISIMG BUNCHES)

12T MIEZING BLIKCHES)

|

Y
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Two main difficulties

H —77 —4u

30 minimum bhias events + H = Z7 == 4p

reconstructed tracks with p, > 2.0 GeV

Elzbieta Richter-Was Lectures on LHC physics
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Particle multiplicity

* n =rapidity = log(tge /2)

(longitudinal dimension)
* U, = no. charged particles / unit-n = 7
* N, = NO. charged particles / interaction
* N, = no. chrgd particles / bunch xing

* N, = no. particles / bunch xing

°n, =u,xn =6x7=42 | ,”fx'l :
sf:f;'l-' el i
... still much ﬁfﬂ"
eN, - 22 = ~ 900 LA
ch =N, Xx22 = more complex . o
than a LEP R

o Nmt =N_x15=~ 1400 event

The LHC flushes each detector with ~1400 particles every 25 ns
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Two main difficulties

Pile-up is one of the most serious experimental difficulty at LHC,
Large impact on detector design:
* LHC detectors must have fast response, otherwise integrate over many bunch crossings
—stoo large pile-up

Typical response time : 20-50 ns

— tegrate over 1-2 bunch crossings — pile-up of

25-50 minimum bias
— very challenging readout electronics

* LHC detectors must be highly granular to minimise probability that pile-up particles be
in the same detector element as interesting object (e.g. vy fromH —vy v decays)

—s large number of electronic channels

= high cost

* LHC detectors must be radiation resistant: high flux of particles from pp

collisions —high radiation environment
E.g. 1n forward calorimeters: up to 107 n/ cm?

(10 years of LHC operation) upto 1F Gy

Note : 1 Gy =
unit of absorbed energy =
| Joule/Kg
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Two main difficulties:
QCD background

Common to all hadron colliders:
high-p, events dominated by QCD jet production
q L q —

] o " —_—

5 - jet

|_|":1
Ll

q o q )

* Strong production — large cross-section

* Many diagrams contribute: qq —qq, qg —qg, gg —gg, etc.
* Called " QCD background *

Most interesting are rare Drocesses:
* involve heavy particles

* weak-force mediated production mechanisms (e.g. W production)

Elzbieta Richter-Was Lectures on LHC physics
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Two main difficulties:
QCD background

Common to all hadron colliders:
high-p, events dominated by QCD jet production
q L q —

] o " —_—

5 - jet

|_|":1
Ll

q o q )

* Strong production — large cross-section

* Many diagrams contribute: qq —qq, qg —qg, gg —gg, etc.
* Called " QCD background *

Most interesting are rare Drocesses:
* involve heavy particles

* weak-force mediated production mechanisms (e.g. W production)

Elzbieta Richter-Was Lectures on LHC physics

31



Proton - (anti) proton cross-section

107 g — T ——g 10"
10° o, 10"
1o’ Tevatron LHC Lo’
A Th - P o A ]ﬂé | _,_,_,-—'—'__'_'_'_F -“-_.'6
To extract signal over QCD _—
. - 10° o 1o’
jet background must look at . o - )
i o ot
decays to photons and leptons o P e B
— pay a prize in branching ratio o 6., [E/" > Vs/20) 1 1. %=
N ]
= 0 Sy = T
e o - =
e w0 s (E" = 100 Gsv? - 0 g
. . al ]
Ex. BR (W —jetjet) = 70% w' o — qe
BR (W —lv ) = 30% 10 - 10%
1o =, 10"
10"4 DH(ETJ-H S '\.E.-"4:I 10‘4
1o G‘H?(MH = 150 GeV) 1o”
0% F o, (M, = 500 GeV) 10*®
1o’ el : e —t el N —t 1o
ol 1 LD

Ws (TeW)
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Farmilalh SSC

Events /s ford: 10% em< g

CERM LH
: I
ross-section ———
T ot E710 T
UA4/S L
Orders of magnitude amongst x-sections of "_"*':\h o7
various physics channels:
» Inelastic : 10° Hz
Wy 102 Hz _
« t-t production : 10' Hz  Siuo
« Higgs (m=100 GeV/c?) : 107 Hz -
« Higgs (m=600 GeV/c?) : 102 Hz 3
. H;1 (1a]
==> selection power : 1071
... lepton decay BR : ~ 102
1 pb
==> Selection power for My =500 Gev
nggs dIEC{l‘u’EI’y : 1{]13 {]-E:lm D.':Ili 2.1 1.0 1GI 100
Vs Tev
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General Purpose Detectors

When it became more and more likely, early in 1980, that an electron—positron
collider, energetic enough to produce the as yet undiscovered Z boson, would
be constructed at CERN, some of us got together to initiate discussions on a
possible experiment. Some of us who collaborated in the CDHS neutrino
experiment were joined by colleagues from Orsay, Pisa, Munich (Max Planck)
and Rutherford Labs.

The first question we asked ourselves was: “Can we think of a focused
experiment, reqguiring a specialized rather than general-purpose detector?’

The answer was a clear no, and in fact, no special purpose detector was ever
built at LEP. So we started to think of a general-purpose, 411 detector, such as
had been developed at the DESY Petra and the SLAC PEP colliders, but clearly
more ambitious in all aspects: tracking resolution, angular coverage,
calorimetry, and particle identification.

Jack Steinberger — Nobel Laureate and first spolesman of the Aleph
Experiment
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General Principle

Collider detectors look
all stmilar since they
must perform in
sequence the same
basic measurements.

The dimension of the detector are driven by the required
resolution . The calorimeter thickness change only with the
logarithm of the energy: for this reason the dimension of the
detectors change only slightly with the energy.
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Particle identification

Elzbieta Richter-Was Lectures on LHC physics
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Particle measurement

® Detectors must be capable of
* Resolving individual tracks, in-and-outside the calorimeters
* Measuring energy depositions of isolated particles and jets

* Measuring the vertex position.

® Detector size and granularity is dictated by

... the required (physics) accuracy
... the particle multiplicity.

® Size + granularity determine
... the no. of measuring elements
... I.e. the no. of electronics channels.

Elzbieta Richter-Was Lectures on LHC physics
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ATLAS and CMS detectors

Tracking Electromagnetic Hadron Muon
charnber calorimeter calorimeter charnber

Innermost Layer... » ...Outermost Layer

Elzbieta Richter-Was Lectures on LHC physics
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ATLAS (A Toroidal Lhc AparatuS)

Length:40m
Radius : 10 m

Weight : 7000 tons
Electronics channels : 10®

huon Detectors Electromagnetic Calorimeters

% N, Salenoid Forward Calorimeters

., .- End Cap Torold

" Inner Debactor : . el
Barrel Torold Hadranic Calorimeters Shietding

Elzbieta Richter-Was
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Few pictures from construction

2006

Barrel calorimeter
(EM liquid-argon + HAD Fe/scintillator Tilecal)
in final position at Z=0. Barrel cryostat cold and
filled with Ar.
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Few pictures from construction

Atlas C5 MCS “-P"* E EE R | -‘“—.J*EJ El ;zimﬂ:#::lmlc-— S|
'1 :If.a..l |m.uﬁn O 42T |ml_ma. - |vu-u-a-|- [TeTe) |m_p'5 u |mm. |r_-u_-:: - |; e j & Uk Sofenoid
n.: 1]";r-p | acia e searen ouer T [ L T Lo
i July — August 2006:
2 The solenoid has been
4 fully commissioned in-situ
) up to 8.0 kA
| 1
2 e — The operation current is
s 7T.73 kA forafieldof 20T
== Successful accurate field
=t mapping
:_II-.. : "Ihl:l:):l. |9'|: H:ll“ : .I:j":r T 000 “til S0 00 1 000 :I].II:I: :)l:TD S0 2008 502000 S0 w00 20k 2100 511008 120 J = . -
; TR Curaiad 13 - - _!_
| ; | | | e e ==
T T —

1= August 2006: the solenoid is fully operational
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Few pictures from construction

TRTH+SCT barrel travelled to the pit, 24" Aug 2006

From the trolley to the support rails I

Elzbieta Richter-Was Lectures on LHC physics
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Few pictures from construction

Lot of progress on the
Pixels!

.

%ﬁrx‘_
'Pixel La : :
= 1= T TG
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Few pictures from construction

Event display from the first LAr + Tile Calorimeter barrel cosmics run

ATLAS Arlantis 2006-08-24 15:8608 CEST Event cosm 0024 Rum:TE10 Eveni: 24

| BarrelA - middie eta vs front eta - 1.6 sigma |

=09 5

2 .5 Correlation between . s

4 _ELAr Middle & Front layer | ‘
il 3.5

08

| ! ]
] I“ 2.5
L
IIII

E [T e——
! Entries 13 15
Meanx 04074
Maany  (.4085 4
RMS x 0.7ES

(RMSy  0.1698 0.5

1 | | 1 i la Lig L A
a3 04 05 0E 0F 08 03
Eta Front

TileCal Energy in most en. Tower (MeV} | FT ORI vt Srvrirtiaeny

Enitriss T4
Mear 2185
RMS 1856

o' Il 33188
Preb L]
Canslar ATE1: 1041

MPY FERLES R
k-1 1+ 4,

2000 4000 EODU  HOOD 10080 12000 14000 1E000 1000 20000
mast an. Towar Enargy {Mei)

6/10/2010
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Few pictures from construction

One more view of the first installed TGC Big Wheel
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CMS - a compact muon solenoid

Length : 20 m
Radius: 7 m

Weight : 14000 tons
Electronics channels : 108

Tobkal Ik : 12,500,
Cremildibmeter: 15.00m
Crremll ben : 21.50m
Magnatic : A Tesk CME-PARA-OD -1 RET LEFE
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CMS and ATLAS detectors

Don” t know how New Physics will manifest —detectors must be able to detect as many
particles and signatures as possible:

e, . T .V .Y . jets, b-quarks, ....

— " multi-purpose’ experiments.

* Momentum / charge of tracks and secondary vertices (e.g. from b-quark decays)
measured n central tracker. Excellent momentum and position resolution required.
* Energy and position of electrons and photons measured in electromagnetic calorimeters
Excellent resolution and particle identification required.
* Energy and position of hadrons and jets measured mainly

in hadronic calorimeters. Good coverage and granularity are required.
* Muons identified and momentum measured in external muon spectrometer (+ central
tracker). Excellent resolution over ~ 5 GeV < p; <~ TeV required.
* Neutrinos “detected and measured”™ through measurement of missing transverse
energy E,™. Calorimeter coverage over | <5 needed.
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\Example of performance
requirements

Excellent energy resolution .
of EM calorimeters fore/y  and r
of the tracking devices for 1t In
order to extract a signal over the
backgrounds.

Example: H —vy v

H —vy v bad resolution

|/

background from

VAR e

m,
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Example of performance
requirements

Excellent particle identification capability e.g. e/jet, 7y /jet separation

> -—'E‘:'}‘__:._ . . number and p; of hadron in a jet
q JEt have large fluctuations
-‘rqzl—:: :Uﬁ;i Y in some cases: one high-p, m % all other particles
q TC 0 Y too soft to be detected

EM calo HAD calo

e (v v )y< 10 mm in calorimeter
—QCD jets can mimic photons.
Rare cases, however:

D
Y D o

ri

oglH—yy) -~ 103
m, , ~ 100 GeV

need detector (calorimeter) with fine granularity to separate overlapping photons from
single photons

Elzbieta Richter-Was Lectures on LHC physics 49



ATLAS and CMS detectors

Detection and measurement of neutrinos

® Neutrinos traverse the detector
without interacting \
. Y L et
—not detected directly

* (Can be detected and measured
asking energy-momentum
conservation:

Hadron colliders: energy and momentum of nitial state
(energy and momentum of interacting partons) not known.
However: transverse momentum of the system = ()

if a neutrino produced pf# 0

— missing transverse momentum and py = p{ = E{MsS

Elzbieta Richter-Was Lectures on LHC physics
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Example of performance
requirements

Trieeer : much more difficult than at ete- machines

Interaction rate: ~ 107 events/second
Can record ~ 100 events/second
(event size 1 MB)
= trigger rejection ~ 0¥
Trigger decision = 1 s —larger than interaction rate of 25 ns
store massive amount of data in pipelines while trigger performs calculations

trigger
. YES
detecto —>— PIPELINE F—l +| save
NO X

r T
107 evts/s 102 evis/s
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‘ ® Interactions every 25 ns ...
*In 25 ns particles travel 7.5 m

Trigger

Teters

Forward Calorimeters

B N , \ | ) /
X o | ] 5 W I End Cap Toroid

¥

i : i Inner Detector
“'FE]ght B okl Hadronic Calorimeters

17000 “® Cable length ~100 meters ..

t

.y
Shielding

°In 25 ns sianals travel 5 m
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Looking for interesting event

23 min bias events I

Higgs = ZZ - 2e+2p 1

53
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Basic design criteria

® Lepton measurement: p;= GeV —5 TeV
(b—=IX,W/Z)

® Mass resolution (m ~ 100 GeV) :
= 1% (H—y v . 4D
= 10 % (W —jj.H —bb)

® Calorimeter coverage : Im 1< 5

(E miss_ forward jet tag for strongly interacting Higgs)

® Particle identification :

g .= 50 % R;= 100 (H —bb, SUSY)
e ., = 50 % R;= 100 (A'H— 1 1)
e, = 80% R;> 1¥ H— v v )

g > 50 % R;> 1@
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Basic design criteria

In addition : 3 crucial parameters for precision measurements

* Absolute jnosity :  goal < 5%

Main tools: machine, optical theorem, rate of
known processes (W, Z. QED pp —pp 1)

L
EM energy scale: goal 1% most cases

0.2%0 W mass
Main tool: 72 —ll (1event/ 1/s at low L)
close to my,, m,

N.B.: 1%c achieved by CDF/DO (despite small Z sample)
Jetenergy scale: goal 1% (my, SUSY)
(limited by physics)
Main tools : LZ+1ljet (L=l
W —)  from top decays
(10! events/s low L)

N.B. 4% at Tevatron
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Summary

LHC: (nominal)
pp machine (also Pb-Pb)
Vs = 14 TeV
L =10*¥-10*cm? s!

Four large-scale experiments:
ATLAS, CMS pp multi-purpose
LHCb pp B-physics
ALICE Pb-Pb
+ dedicated small experiment
TOTEM

Very broad physics programme thanks to energy and
luminosity: mass reach : £ 5TeV
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