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" TheStandardModd =

Bosons: the carriers of forces (inter actions) e

P ot

elektromagn. Kraft starke Kraft

Piicdent

schwache Kraft Gravitation

~ Electroweak interactions SU(2), xU(1): Y, Z, W+
- Strong interactions QCD SU(3)c: g
~ Gravitation?

-my=m,=0 m, = 91.1875+0.0021 GeV .\ - Tb
| m, = 80.329+0.029 GeV -
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Theergln of I\/Iass

« Why arethefermlon masses so dlfferent’?
rangingfromm,.<2eV ... m,=175GeV

« Massive gauge bosons Z, W+
apriori inconsistent with local gauge symmetries -

 Partial answer: Higgs mechanics
spontaneous symmetry breaking

- Predicts the existence of a neutral, spin 0 boson
- Last missing particle of the Standard Mode
- Mass m,, isa free parameter

once measured, all propertiesof the
nggs boson areflxed In thetheory
Today S knowledge about the H 10gs mass
- 1144GeV < m,<~ 1TeV

(experiment) | (theory)

V(®
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L =
2

. ey ectrlc
Sl and magnetic forces (1864) SRL s

Electroweak mter actlon unlflcatlon of \
electromagnetic and weak interations \-

Glashow-Salam-Weinber g model
- prediction of W and Z bosons

L = e - Higgs mechanism isa cornerstoneof

- AUQUSRZ&\?QQG-;H\ R TR :



Arethereother, not yet dlscovered types of matter’P ,
The answer isyes!

From studies of

- rotational curves of galaxies
- the cosmic microwave background
- very distant supernovae

the univer se consists of

N,

~ 5% baryonic matter

~ 25% dark matter (neutral, weakly interacting)
~ 70% dark energy???

Supersymmetry (SUSY) isa popular SM extension
- candidate for dark matter
- unification of forces possble

Quark _ T T it e R
' Top | : o
" Electron gll\lﬂpgarwtrizgrlc partnersof
— w ~ Spin differsby 1/2
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~ Other Questionsand Problems
Arequarksand leptons realiy 'el.er'h;ent'ar'y? -
e.g. structureless, pointlike obj ects?

Why arethere 3 families?

What isthe origin of the matter -antimatter asymmetry in the univer se? ._;f_
What isthe origin of CP violation? R

Arethere additional forces and gauge bosons?

Answer sto these questions need
- experiments at high energy S
- and with high precision - _. | B

. August28,2006- . T " J Mnich: Physicsatppoolliders. ST il g



State of the Art

Many experimentsat the LEP & SLC ete- colllders the Tevatron pp collider etc.
have explored the energy range up to O(100 GeV) with high precision

the Standard M odel is correct to the 1-loop level
no evidence for new phenomena (e.g. SUSY)
the Higgs boson, If it exists, IS prob_ab_l_y light

: -..I iide I, I : I | 1 6

{ —LEP1 and SLD . A
..... Ohag = N :
80.5- LEP2 and Tevatron (prel.) 5- A 10055 .
68% CL IR VR 0.02749+0.00012
4 - ==+ incl. low Q? data —
t’.\l}< ]
I 37 |
2_ ]
1 ] p—
= 0 | Excluded w Preliminary |
200 30 100 300 -

5 m,, [GeV]



Discoveries
- Increase collision energy to explore TeV region
explorethe allowed Higgs mass range
sear ch for Supersymmetry
and other new physics phenomena
be prepared for the unexpected

LHC

Precision measur ements and tests of the SM
measure SM parameters m,,, m,

measur e properties of new particles (Higgs, SUSY)

and check consistency of the model

LHC & ILC
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Proton Colllder
™

Why a proton collider IlketheLHC’P '
e*e machineslike LEP areideal machines
for precision emasurements:
- e*/e- are point-like, no substructure

very clean events
- centre-of-mass system
- event kinematics completely fixed

Eventsat proton collider are much more
complex:
- protons are not elementary

- hard scattering of partons (quarks &
gluons)

- underlying event
- use only part of the beam energy
- event kinematicsonly partially constraint




Drawback of circular electron collldersllkeLEP
Energy loss dueto synchrotron radiation
(Accelerated charge do radiate photons!)

- Radiated power P (in synchrotron photons)
ring with radiusR and energy E

- Energy loss per turn

- Ratio of energy loss between electrons and AE(p) =
prqtons
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 Toreach higher energiesat futurecolliders. =

o~ = a)linear electron-positron colliders (- ILC)
.~ Db)Proton colliders (= LHC) :
LHC usesexisting LEP tunnel!
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Comparison of past and future electron and

R 10 TeV |
=
s — Hadron Colliders
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Proton-Antiproton Collider

1992 - 1996

Run | with 2 experiments
CDF and DO
Vs=1.8TeV

JLdt =125 pb-1

1996 — 2001 Upgrade

- new injector, antiproton
recycler
- higher luminosity

- detector improvements

since M arch 2001
Runll, vVs=1.96 TeV

IR

““ﬂ Both exp

.

H - ___.__‘..“__-\
p—— o\

erimentsarerunning

-_“_‘-lh‘

~ collecting & analysing data

LAY |

|
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- s
.

~ Upgradesfor Run I1:
- tracking system

large Si-strip detector
- - forward calorimeter

s

_ ~ 700 physicists -




ii——,-—- _
l‘-}l_ ' Y institutesfrom 19 countries
700 physi cists

Upgradesfor Run II

- inner detector

- magnetic field

- forward muon

- trlgger and DAQ wstems
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Proton-proton collider in the former
LEPtunneI at CERN (Geneva)

pee .:> <-. 2p
7T TeV 7T TeV

S, it | —

nghest ever energy per colllson
14 TeV in the pp-system
Conditions as 102 — 104 s after
the Big Bang
4 experiments:
ATLAS
LHC-B specialised on b-physics . PN
ALICE specialised for heavy ion collisons Q‘\.,
Constructed in a worldwide collabor ation {\*‘“‘
Start planned for 2007 |




Total weight

Overall diameter :
Overall length

Magnetic field

: 12,500

15.00m

: 21.60m
: 4 Tesla




Ch all enges for the L Hf e

Super conductlng dipole magnets
to keep 7 TeV protonson circular
path (r ~ 3 km)

IB| =8.33 Teda
1232 dipole magnets ar e needed

(+ quadrupole, sextupolesetc.)
each dipoleis 15 m long

1.9 K operating temperature Efj LHC dipolé désign E
supraliquid He - incoporatesreversed field for
lar gest cyrogenic facility in the world Iopposi_tely r_otat__ing proton beam

Quench protection ~_ BTW:

stored energy in onedipole: 8MJ - thestored energy intheLHC
e proton beamsis 350 MJ

correspondsto a " enough to melt 500 kg of copper! -~

40t truck at 50 km/hl g S e T R SR T

. August28, 2006 TN G0 3 Magh: PhySesal ppdolliddes: T i STy g




Equivalent dipoles

L HC schedule: - first beam in 2007 =

- pilot run end 2007
- f_irst full physiqsyear In 2008

TN

La - - TR Py

Example dipole cold masses e
S ST S e Storage of cold masseson CERN site . -

Dipole cold masses
1250

1000

a0

500

250

01-Jar01 01-Jlan02 01-lan03 01-Jan04 01-dan0s 01-Jan06 01-Jan07

‘ = Contractual ~E—=Collared colls =#—Delvered cold masses —JLustirtme ‘




- nstal lation-

n

Installatlon of cryogenic lines

delayed in 2004 dueto manufacturlng problem.

———

R
01-Jan07 " bt A8

Cryogenic distribution line
320 pEgntseptory T T ] ]
300 .-
B o 4L A S R P S R lf ........
260 ]
pap {EMsECHe e
220 1
gomofmemee L L L L L [ [ /I
ﬁ 180 [ F
gl L L L L el
% 140 Tz sefors (! f/
[ SRR SR S S S 1} ____________
o Twa sedtors [
L e L e e e e ER Eam e 3 e
60 "_1
a0 One seqtor '
0 I
) W7 a8
e 01-Jan-01 01-Jan02 01-Jan03 01-Jan04 01-Jar0s 01-Jar06
. =—Pipe elements delivered  —i—Sendce modules delivered  —d—Installed  —8—Inierconnected
ey T
I nstal lation of magnets
after cryogenics
transport & Interconn.
time consumi ng
o on critical path




~ =~ only asmall fraction of the total cross section
- total inelastic cross section ~ 70 mb (huge!)

: August\28 2006 - \

Protons are composite, complex objects

- partonic substructure

- quarks and gluons

| nter esting har d scattering processes

quark-(anti)quark

| Q_d_qluon-gluon WORNIN \ A\t
”u“\ ,,a %E
- %w T
3
Y &;
5 J'r f

" However, hard scatterrng (hrgh momentum transfer) processes are .

- domrnated by events W|th smaII momentum transfer



Proton-Pr otonColllsmns

Proton beam can be seen as beam of quarks and gluons W|th awide band of energies
The proton constituents (partons) carry only afraction 0 < x < 1 of the proton momentun

/ - "“‘“\\‘ Xp :;‘/ X,p f /' ) _--\\._\

—( = e
N N S
The effective centre-of-mass energy VS Note:
issmaller than vsof theincoming protons = the component of the parton momentum -
B e gy parallel to the beam can vary from O
- to the proton momentum (0 < x < 1)
V3 = T 258 = ; .
p=mpp | T VREETE V¢ thevariation of thetransverse
(if % =x3 =x) component is much smaller
ik = pE = T TN (of order the proton mass)

To produce a particle of mass
mass LHC Tevatron
100 GeV | x ~ 0.007 | x ~ 0.05
5TeV | x ~036 |---

 August 28, 2006 sy M_hi_c.h:'lf’h'ysi'cs'at pp..col"li-der__s_ _ S ! ' by L 023 :



Kinematicsfully defined only in transver se plane =

L - -+

Transver se momentum p; .

Rapidity: y:% nEJ_f EL

Differencesin y areinvariant under L orentz boosts

Pseudo-rapidity: 1= "”g

~ handy approximation, do not need to know the particle mass |

= =

 August 28 2006 TR R MnlchPhyscsat ppcolllders S R SO

wie=100 [n=~24] 04 N

T proton proton e B e



How do the distributions of the x-values ook lik
M easured at H ERA In ep-scat

0.8

0.6

ZEUS

= x

ZEUS-0O (prel) 94-00 J

4 uncorrelated uncertainty |

|:| correlated uncertainty g
xu,

----- H1 PDF 200D
e MIRST 2001

Q' =10GeV? |

terin

ey

e?

g, €9:

. -

gluons dominate at small x
~ largeuncertaintiesfor




sum over initial statesa,b
f (xI,QZ) parton densty functions

c
A

\n‘-




- LHCisaproton-proton collider -
But fundamental processesare
the scattering of : —

© Quark — Antiquark =

Quark — Gluon
Gluon — Gluon

b

i

mﬁ LI need precise PDF(x,Q?) =
- © +QCD corrections (scale) :

e e o
3 \ e
: TG, Y
— * A
3 'I:--‘ '-.._\_\_ : " _.'.l
. Y -
AT
AT Ly e ]
RS TR fe)

10’ 3

XW,Z
E Q =M

= (M/14 TeV) exp(zy)

y = rapidity

M =100 GeV

M=10TeV

fixed
target

'_,'f._['-‘_.—'j-_'ﬁ;/ r r‘ ’, J{_;'.l 7
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Rate of produced eventsfor a grven process L
: OCross Sectlon [barn = 10 24 cm2]
‘ N GL | L Iumlnosrty [1/cm2/s] B

luminosity depends on machine par ameters:
number of protons stored, beam focus at the inter action point, .
Iumlnosrty should be hrgh to achreve acceptable ratesfor rare processes i\ \.

\ Comparlson of coIIrders

- 10%%cm?s LEP

- 240%/cm?/s  Tevatron Run Il design SN T
- 10¥/cm?s  LHC nitial phase (~ 3years) W T
- 10%fem?ls L HC desr gn Iumrnosrty (> 2010) |

e

~
— O
S, ELLTRY B N

?T'.I-: 1 experrmental year is about 107
- 10fb* per year in theinitial LHC phase
1OOfb1per year Iater A

Lo, .u-._ LY “ERL] i —
e SR Rl L T s -~ sy % S, v ]
] : S Ly e W e
e T P S N, = : i | L.._.\T
-

.....

: Augus(282096 _ : J Mm"h_f" Physrcsat pp colhders .




.......

2835 + 2835 proton bunches
separated by 7.5 m

—> collisonsevery 25 ns

=40 MHzcrossing rate

10 protons per bunch

at 10*cm?/s
~ 25 pp interactions per crossing

pile-up
~ 10° pp interactions per second !!!

In each collision
~ 1600 char ged particles produced

© Augus 28,2006 -



approximately L Tevatron e 119

The L HC |S a b, W, Z, '[Op, H |ggs’ .. 10° E Origgs
~factory! . oo,
~ Theproblem isto detect theeventsl o

ey

Cr oss Secti on o ari
L LOWlumlrIOSIty phase 10" g g ()

10%/cm¥'s = 1/nb/s S "

Gtot

proton - (anti)proton cross sections

108 pp inter actions

10° bb events = B o

200 W-bosons ¢

50 Z-bosons B 10° Opu(E;" > 15/20) 10’ ET \\\\

1 tt-pair R O Tl

hadl o, . S T

will be produced per second and g o, (EF > 100 GeV) 08N
il 10" 10" 5 N\

1 light Higgs |
per minute! L -

G

G (E" > s/4)

(M, = 150 GeV)

R 10° (M,, = 500 GeV)

Augusr\2820§)6x B R .



Pt

q /1 e """ " no hlgh pTIeptonsor photons =
q = |_n thefinal state ELae

________

J2. Lepton/photonSW|th hlgh Pr,
example nggs pr_oductlon and decay

355 - _ B
. g

¥ I mportant sgnatur&sfor
wlw ._ ~ interesting events:
- Ieptons and photons 3

| August 28,2006

ey



Reconstructed tracks
with pt > 25 GeV

reqUires high granular”i't-y (r-nﬂany channéIS) |

| with 25 pile-up events

removing trackswith
- p; <25GeV '

good position, momentum and ener gy resolution I3

~ August 282006 _ b R JMnlchPhyscsat ppcolllders



Detector Dgn Aspects

good measur ement of Ieptons (hlgh pT)

muons. large and precise muon chambers
electrons. precise electromagnetic calorimeter and tracking

good measurement of photons

good measur ement of missing transver se ener gy (E,™)

requiresin particular good hadronic energy measurements
down to small angles, i.e. large pseudo-rapidities(n ~ 5, i.e. 0 ~ 1°)

- In addition identification of b-quarks and T-leptons
precise vertex detectors (Si-pixel detectors)

Very important: radiation hardness
e.g. flux of neutronsin forward calorimeters ~~*
10" n/cm? in 10 years of LHC operation Sl B

© August 28, 2006 TH RO Majeh Physiesal ppocolliders: T S ST R S g



omme[ rlgger

Trigger of interesting events at the LHC IS much more compllcated than at e*e machlnes

Interaction rate.  ~ 10° events/s
max. record rate. ~ 100 events/s  event size ~ 1 MByte [0 1000 TBytelyear of data

L trigger rgection ~ 107

collison rateis25ns (correspondsto 5 m cable delay)
trigger decision takes ~ afew s

[0 storemassive amount of data in front-end pipelines
Whlle speC|aI trlgger procrs perform calculatlons

 detector — > PIPELINE | Ssave |
T NO T

10° evts/s Ntrash / 1oz evisss

AUQUSL28,2006 . T o JMnich: Physicsat pp colliders
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ATLASIn anutshell: =

- Largeair toroid
with p chambers

- HCAL: stedl &
scintillator tiles

- ECAL: LAr
- Inner solenoid (2T) e
-Tracker: Si-strips . SNV Y~ o — K]

& straw tubes (TRD) I /" /7 i, |
- Si-pixel detector =

108 channels
15 pm resolution

e

\ 2% Muon Detectors

Electromagnetic Calorimeters

Forward Calorimeters

Solenoid

End Cap Toroid

i

A iy

e 2
—

Barrel Toroid Inner Detector
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x . -,
—tgthi
. — =
o 4
el s
T

= i R S

Barrel tracker -

On schedule for 2007
- -somesmaller detector
- components deferred
- stagging of DAQ

el
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CMSinanutshdl: ™ =  GasssmnmsmmESOtoSIIRE 0 s T
-4 T solenoid i e LR SRR e
B IJ' Chambers In S CMIAE MUCH CHAMBERE TAKCEER CRYSTAL ECAL
) u:..l.cdnrlllz'mn AN
iron yoke \
- HCAL: copper \
& scintillator
- ECAL.:

PbWO, crystals
- All Si-strip tracker
220 m?, 107 channels
- Si-pixel detector _
similar to ATLAS | " =4/ F7|
e | e 2 !

Svoo o i Toalwelght 12,500 A
: Overall diameter : 15.00m ol o e

- Owverall length  : 21.60m = RETIRHN YORE
Magnetic field : 4 Tesla

i B
3,
A,

N
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| 22/36 super mbled
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M ajor structuresassembled on surface -
- Detector sllcesto be Iowered In cavern

0m-Eeh-JHBR o T8:F ek 2000

Test on surfaceiscurrently going on
3 95 Tesla reached last WeekI

- \k
i \-{

Largefraction of muon chambers i)
_“w/installed

.......




11 dlices: 5 barrel and 2*3 endcap-s

3 : __/ \ v 1xi )
f i "







ATLAS CMS

length =46 m ~22m

diameter ~25m ~15m

weight =7000t| =12000t e :

i o =

i
i
it
Ve
f
e ——

% Py

L340 m
7320

IR 2T ?i‘ e
A
1

% -
etz = {

N
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Physics per for mance:
comparlson in ter ms of massresol utlons
Table 8 i
Mass resolution for various states in the different experiments (at a luminosity of 2 » 10~ em ™= 57! in the case of ATLAS and NS
CMS)
ATLAS CMS LHCb ALICE
(GeVe™2) (GeVe™2) (GeVe™2) (GeVe™2) |
B — rx 0.070 0.031 0.017 — -
B — J/WKY 0.019 0.016 0.010 — N\
Y — up 0.152 (0.050 e 0.107 ‘Q\
H(130GeV c™2) — pp 1.55 0.90 — —
H(150GeV c™2) — Z7* — 4y 1.60 1.35 — — \
A(S00GeV ¢™2) — 11 50.0 75.0 — —
W — jet jet 8.0 10.0
| ZBTeve™) — 240 170
2 Z7(1TeVe ™) = ee 7.0 5.0

.......




-~ Example CM S:
v Collision rate 40 MHz
- Level-1 max. trigger rate 100 kHz'
- - Averageevent size ~ 1 Mbyte

t50 kHz at startup (DAQ staglng)

B =R R A e —_ =T e O S -

Detector Frontend

Level 1 > 40 MHz

Trigger e
£ < [ I : = = Readout ™
I " ] ? I ; | —I—E—I—H—I— Systems 10° HZ TRy, ‘

h 4

Mgzzgzr b Builder Networks Controls 1Tbls 5%

Fllter farm:
approx. 2000 CPUs
<. eadly scaleable
. staged (lower lumi & saves money)
& uses offlme software

ey



December 2005
Cosmlc Muons in CMS

[ -I -_'

& "y . m -
s s WA e, Y

__ August 2006:
cosmlc with magnet on




Cosmic Data TakingATLAS

Just before Christmas:

First cosmics muons
registered-in the stations
installed in the bottom
sector of the spectrometer

I |

August 28, 2006 J. Mnich: Physicsat-pp-colliders
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2007 LHC startup
single beam oper ation
collisons: pilot run with low luminosity, ~ 1 month
at low beam energy: 450 GeV, perhapsupto~1TeV -~ - =
2008 first physics year e
at 7 TeV proton energy
try to reach 10%/cm?/s
1-10fb?
2008 - 2010 threeyearsat 1 - 24.0%3/cm?/s
> 30 fbtin total
important for precison physics and discoveries
> 2011 high luminosity running at 10%**/cm?/s
100 fb* per year
2015 Upgradeto Super LHC 10%/cm?/s
under discussion S RN X
requires major machine and detector upgrades G e

 August 28,2006 TN N0 Maleh Physiesa pp.collidérs, T 1 ST L o g



" Not a complete survey
. Just afew examples of

\ - Tevatron results and
- LHC prospects

- on QCD, W&Z bosons

6: llider:

"\h___‘ SV 2
Physr%a‘ho




Hard scatterlng proriesses- " dbrninated by
QCD jet production

Originating from quark-quark, quark-gluon and

gluon-gluon scattering
color ed objects fragment S

- observation of jetswith high p; in the detectors N

Studies of jet production isimportant \\
- test of the experiment \

- test of the theory, down to the smallest drstances :
- new physrcs eg quark substructure’? -

| August 28,2006
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QCD and Jet Physms

A two—Jet event at the Tevatron (CDF)

| Lego—plot

_ - - project objectson ne- plane
= F helght of tower energy

n= 043

=TV Bl % 496,53 GeV

Massof thedi-jet system:

| ‘ E. - 633 GeV

1.364 TeV n=-019

~ August 28 2006 T R MnlchPhyscsat ppcol||ders WiBas ok

= 666 GeV



QCD and Jet Physms

A | inclusive Jet Cross Section N |\/| easur ed et cross section ver sus ET
+D@ Runll Data, L, = 34 pb” - -com par Ison to theory
. —NLOCTEQ6M, R_ =13, p, —p = e - good agreement

L. sep F 2

.HIH. over many orders of magnitude

iy
=]
el

—
Qm
j__l

L] T |I1|T'|

UL

™, ~ Cone Algorithm ~ theoretical errors
1| “‘L:Izi Reone =0.7 - QCD higher order (difficult)
~ - pdf
Imi<0s L ~ measurement can be used to check pdf

-
(=3
-t

T T T T

—_—

T r|1r1|

, Dﬁ Hun | [:me.-llmlnar‘p,nr : .
10°L b1 . experimental errors
10ﬂ 150 200 25ﬂ Sﬂﬂ 350 4ﬂﬂ 45ﬂ 500 550 .

_Jet Transverse Momentum [GeV/c] -~ - €l energy scale

h 'Calibratioh processeé:s y+Jet _; A jet isnot avery well defined object:
= ~ .= = -needalgorithm to define it
T ¥ o orelation to parton energy - correction
S pileup



Jet physicsat the LHC e
E, spectrum, rate variesover 11 orders of magnitude - .

‘ Test QCD at themulti-TeV scale N _
L e 0<|n|«1 Inclusive et ratesfor 300 fb:
%‘\10'3 . ._2 <Inl <3
O [ AN, NLOQCD Ar10°
LS £, . =300fb"
e U B Tntegrated 3
. F
o %10 -
B =
D Ol
: -1 _| | | |ﬂT|

el 0 1000 2000 3000 4000

Erjet (GeV)



Jet rateswill be one of the first

LHC result:
statlstlcal preC|S|on

> 10
Q
: (9"9

o 10°
o

—
(=]
=

—
[== =]
= in

33 .33
= —
L 2R

(=} [SUALLLL UL UL BRI AL UL AL L L L ||IH|\1 ||||u”_

—_
e e
B e

JL=0.1 b
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Measurement of a at LHC limited by :

PDF (3%) e
Renormalisation & factorisation scale (/%) = 415
Par ametrlsaton (A B)

¢ MRSAF, A =564 MeV —

?'@50.115 —— A reconstructed 549 MeV-

Cb—, \ . 5 011 - ----- A generated 564 MeV
dE—,— ( )A( ET) T % ( )B( T) e x - 0.105
10% accuracy C(S(mz) from |ncI. jets 0.095

Improvement from 3-jet to 2—jet rate? 0.09 -

: Verlflcatlon of runnlng of o and T 008
) Eq=14TeV,-15 AN ALS5 -

| testonCDatthesmaIIestdlstancescale oors LB LTS ]
1000 2000 3000 4000 5000

a. = 0.118 at m, .1"=._, E,(GeV)
= 0. 082 at 4 TeV (QCD expectatlon) :
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- W and Z bosons wer e discovered in proton-antiproton collisions
- 1983: UAl& UA2at the Spps_gpll_ide_r at CERN
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How do W/Z

Use leptonic decays (electrons & muons)
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Z >l
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Z>ee
- 70 GeVic? < m_, < 110 GeVic?
e LN T “-—-—«-.1 2 W 9 ev
A ~ CDF Run Il Preliminary, 72pb "
“*‘":““ 3 ] Entries 93870
| Sig00o] .
L 'g ] « DATA
- 27000 EII Sum Eo
= ] W-oev MC s e . Fang o . ! -
¢ 316000/ E:r Cut ZseeMC | T S e i N e I L
: O W—v MC = L3 i " S TSN
O acp - Separation of W »>|vevents

- Example from the Tev

atron:

T - A

Electrons

* Isolated el.magn. cluster in the calorimeter

« P> 25 GeVic

» Shower shape consistent with expectation for electrons
. Matched with tracks

from background
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missing transverse momentum P,™ss (GeV/c)
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Events / 2 GeV/c?

Massof theW

precision measur ement at proton
colliders possible

results com petitive toLEP exper iments
e e T LT TEVATRON
deflnetransverse massfrom mlssmg E.

3000 CDF Run Il Prellmmary 72pb

P é
li W DSum
W -sevMC

[J acb
¥ DW—)I\’MC
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#
o
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# iy > eeMC

2500/

2000/

7 LEP2

¥ e 37584 W s evCandidates] " ‘—

St LEP1/SLD

. Average -0~

My = \/2 hoF (1 cos A(D”)

-~ NuTeV

{_ LEP1/SLD/m, *

Latest results on m,,

“W-Boson Mass [GeV]

—e— 80.452 + 0.059
80.376 +0.033 -
80.392+0.029 - -

x%/DoF: 1.3 /1

80.136 +0.084 <7

80.363 + 0.032

80.361 + 0.020 AL

1

80 80.2 80.4

80.6

150(}j # : _

1000/ .

mW [GeV]

46.LO4 reI preC|S|on on m,,

5004

Tevatron resultswill improve S
Wlthlncreasmg Run 1 Statlstlcs

20 40 60 80 100 120 140

M, (GeVIcz)

main challenge electron/muon energy scale
use Z->ee, Ul eventsand precisem, from LEP
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; background fiom Z = e
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~ 200W/s >
~ 50 Z/s »

plusthe same ratesfor muon decays'

- Augusr\28 2096-

Aty
LY

. Recall rates (|n|t|al phase 1033/cm2/s)

~ 20W=ev /s
~15Z > eels

T T71T “,-|||

I signal + background

! backgmund fiom Z— cc

W and Z eventswill providean
excellent tool for detector
calibration




Any improvement at the LHC requirescontrol of systematic error to 10*level

take advantage from large statisticsZ - e‘e”, -

most experimental and theoretical uncertainties cancel in W/Z ratio
e.g. Scaled Observable M ethod

O,=E', M" distributions are scaled accordmg to

do” 0 =XM )
M

.Giele, S.Keller, PR D57 (1998) S

do"ldX,,
R(X)=

daz/dx

NNLO calculatlons (pT spectra)
probably needed to achieve the -

requwed preC|S|on
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CMS: detailed study of statistical and systematic errors
1 fb-1: early measurement
10 fb-1. asymptotlcreach best callbrated & understood detector |mproved theory etc.

Source of uncertainty uncertainty ‘ A My [Me\»’/cz ] uncertainty ‘ AMw [MeV/J 11 St
with 1fb™! with 10 fb~! k LM ae
scaled lepton-pt method applied to W— ev
statistics 40 15
background 10% 10 2% 2
electron energy scale 0.25% 10 0.05% 2
scale linearity 0.00006/ GeV 30 <0.00002/ GeV <10
energy resolution 8% 5 3% 2
MET scale 2% 15 <1.5% <10
MET resolution 5% 9 <2.5% <5
R recoil system 2% 15 <1.5% <10
L total instrumental 40 <20
PDF uncertainties 20 <10
I'w 15 <15
Py 30 30 (or NNLO)
transformation method applied to W— pv
statistics 40 15
background 10% 4 2% negligible
e momentum scale 0.1% 14 <0.1% <10
1/p’ resolution 10% 30 <3% <10
acceptance definition n-resol. 19 < oy <10
o calorimeter EF™, scale 2% 38 <1% <20
Rl s calorimeter EF***, resolution 5% 30 <3% <18
detector allgnment 12 — negligible
total instrumental 64 <30
PDF uncertainties ~20 <10
I'w 10 < 10
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ATLAS study: S S S

Source CDF _Run Ib ATLAS or CMS W— /v ,.otte lepton species ( :
30K evts, 84 pb-l| 60M evts, 10fb-!
Statistics 65 MeV < 2 MeV

Lepton scale 75 MeV 15 MeV | most serious challenge
Energy resolution 25 MeV 5 MeV | known to 1.5% from Z peak
Recoil model 33 MeV 5 MeV | scales with Z statistics

W width 10 MeV 7 MeV | AT %30 MeV (Run II)

PDF 15 MeV 10 MeV ST L R (D
Radiative 20 MeV <10 MeV | (improved Theory calc) S ST Gl \ \
decays \ .

PH(W) 45 MeV 5 MeV | P(Z) from data,
P W)/ P+(Z) from theory

Background 5 MeV 5 MeV 3, T e S
- | ToTAL 113 Mev s 25MeV | Per expt. per lepton species N e

Comblne both channels& both experlments :
IZI Am,, s 15I\/|eV (LHC)

Compareto
. 2006: m,, =80392+29 MeV LEP & Tevatron Run I/I1

©2007: m,, =80 ... +20 MeV (2 5. 104) expected after Tevatron Run II

' August282006 J Mntch Physcsat pp colllders



I| Boson I'roductlon at the LHEC

very mterestmg WW,WZ,ZZ final states not yet observed at the Tevatron
test triple gauge boson couplings (TGC)

YWW and ZWW precisely fixed in SM

YZZ and 277 do not exist in SM'

SM Nevv physics °

1 ---- --'-'-'-'-'-'.""""- + g ZU x:-.-,'_'.'f"_“

-, deviationsfrom SM are amplified with E .
.~ asoWyand Zyfinal statescan beused
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20

1fb? suff|C|ent to

10 observe both Processes |.
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M(e'e), GeV/e® - M, D¢ GeVic®
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Why |sthetop quark so mterestlng speC|aI’>
- by far the heaviest fermion :
- could provide window to New Physics

(mass gener ation) =
- discovered 1995 at the Tevatron
O(100) events observed in Run |

- still we know very little about it (mass)
would liketo measure all other properties
- top hasavery short lifetime stnivnn | wanioans
the only quark that decays before forming
hadrons
- can determine spin, polarisation from
Ist decay products

QUARK

.

Chicern




i two marn mechanrsms

‘ Tevatron mal nIy quark annihihaltion 0(90%) a0

Cross sections:

AL e Ui e VP ‘"'._."~ ,
e nae] _\_\_.- E ...___-.‘_- Ny

ey

Top quar Kksarema nly produced in pairs (top antrtop) L

gluon fusr on

&)

LHC: mainly gluon fusion O(90%)

~ 7 pb (Tevatron)
800 pb (L HC)

) \_.--- ‘_' PR R

......
____________

S approx 1tt parr per second at 1033/cm2/s \
LHC |satop factory' |

* -, T B DR
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Top decay: =100% t bW e
Other rare SM decays:
CKM suppressedt swW,dwW: 10°-10*leve

t bWZ:. O(10°%)
difficult, but snce m, = m _+m,,+m, sensmvetom

& non- SM decays eg t bH*

In SM topologlesand branchmg ratlos areflxed
expect two b-quark jets

plus W+W- decay products: _

2 char ged leptons + 2 neutrinos SN 3| o naaronc

1 charged lepton + 1 neutrino + 2 jets s il

4Jets(no b- quark') )

- % (et
S tt—lvqgbb  30% (e p) sl | R AT
| T aqqabb  46% BEE L g

' August 28 2006 T 0 3 Mnich: Physicsat ppcolliders



A TopéPai'r Event at CDF

semi-leptonic channel

1 muon

1 neutrino (missing E;)

2 light quark jets

2 b-quark jets

tagged by dlsplaced vertlces

- CDF Il Preliminary % meven =178.9 GeV/c®
= . top
1.2 =94.9 GeV/c’
N Jet1 102 GeV
1
0.8
=0.6[
| & T ! \
8 [ \
> 0.4— \is
0.2~ Jotd 365GeV | i
0 et 57.8 Gev 7/ A%
* muon j . - -0.21 _
* electron 3 N Jet2 69.7 GeV
* photon ' S =04

1 -08 06 04 02 0 0.2 04 06
X(cm)_
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select top palr events
perform kinematic fit to improve resolutlon
use W massto fix jet energy scale

perform maximum likelihood fit to all
observed events

Reallt fromDO:. o
D Run Il Preliminary €ptontjets (=1 b-tag)

: % - = tT+Background Eu
S0 14— =====: Background g,
o B Data b 3 ) ¢
-— = -1 E" 1
S12f- | =230 pb ..
a {
it B o
T .l \
8.—.— I m__ (GeW¥) i —— \ ™
— : 'l‘1
6 \
~ 4 |
2__ 'J:.------I:--"'----
[ PN T N S TG W A I N M AN OO A B BRE | |.1"-| 111 = 1=1-4-d=$=s=]=

100 120 140 160 180 200 220 240 260 280

Fit Mass (GeV) | . |
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August 28, 2006

Top Massat theLHC

Examples of simUIated
tt bb g pv events

J. Mnich: Physies at pp-colliders =

from CMS& ATLAS

69



- Because of the high production rate results on m, can be obtained
with Iow/modeet_ Iuminosi_ty:

D| Ieptonlc events S T
% ’ b S e :.—"‘\‘nl ey B
:.'_’;3::'25[1: rrTTTTITeT l§1 LELED LIS v

L=100 pbi e »
(1 day @ 10% cm2s-) i ] 1fb-1 —
-

B B ttoar non dilepton
200 [ Wwets
“““ s | B Zet

{ - [ Zwiets

5 £ h
- Full simulation P |

Signal (MC@NLO)

- 40
30

W+n jets (Alpgen)

.. ‘2“ - !
+ combinatorial

. *-araj._

;.Hll...ll.l.

200 250 Bnt
3 Invariant mass [Ge\r] _‘“.
e i “'H, L: gl L E1':'- 3
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[ i e

: _‘"‘I"“\""I""\""I"_l\;--_'-"-"-'-‘.;"
. O i ) ) 2/ ndf 1.462/-1 | | ;

All decay topologies can be used: -3, Semi-leptonic b osesswnonss |
di-lepton events L2 .
Kinematics under constraint SRE 8F E
but sensitiveto m, S O 1

F® 2 N .

..... —=E . =
: : s D T ]
semi-leptonic events s £ 10 gl
golden channel, ideogramm method ST 1
limited by b-jet E-scale - lgoa :
| A N ]

_ _ 0 1 2 3
fully hadronic top pairs

suffersfrom QCD and combinatorial
background

T ‘ T T T ‘ T T T ‘ T T T

75 my,, =am+b

- a=0.56 +/-0.05 )
74:_ b = (-25.3 +/- 8.3) GeV/c® e

exclusivet = J/¥ + X decays i :
low stat., but different systematic

partial reconstruction J/ ¥ + lepton fr

73?- )l(/

Reconst