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Energy frontier
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Luminosity frontier

* Need corresponding rise in luminosity (beam
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DENEQIERUEE

* Particle species  How do you produce
— Electron/positrons antiparticles?
— Protons/antiprotons * Ones produced how
— Muons/antimuons ones keep them (muon
e Beam energy collider)?
* Spin * Ones collided what
ones does with spent

* Luminosity X 5
eams:

* Accelerator and
detector protection



Accelerator is much more than just....

Particle production

Damping, cooling or preparation

njection and extraction

Acceleration

Collimation (betatron, energy etc.)
Diagnostics and controls

Machine (and detector protection)

Beam delivery and luminosity production
Technology spin off

— Lower energy machines, medical applications, applied
physics, materials, .....




Acceleration

Lorentz force law Energy change
ra
F=qg(E+vxDB) AE/ F - dr
/ T \ I

Electric field Velocity Magnetic field

* Electric field (either static or more commonly, time
varying) to accelerate, or more appropriately, increase

energy of beam
 Magnetic part of Lorentz force used to guide and focus

— Dipole magnets: to bend
— Quadrupole: to focus or defocus



* Workhorse of modern ®B
particle physics E
— Huge legacy of discovery Y T i

— Increase energy whilst
synchronously increasing
bending magnet strength

Velocity
— Stable storage of high A
mov
beam current/power qBv = p
* Magnetic field -/ \
5 Magnetic field Bending radius
proportional to ;
momentum p=r/q

!

Momentum



Synchrotron + many passages in RF cavities

LHC circular machine with energy gain per turn ~0.5 MeV
acceleration from 450 GeV to 7 TeV will take about 20 minutes
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Supercon\ddcting magnets in LHC tunnel




©B | e Time varying electric
i field:
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Synchrotron Radiation Limits

® Wh
LE P?

® Reuse accelerating section '
every revolution of :
particle bunch

not just build bigger

® Power loss due to
synchrotron radiation

® | EP2 was practical limit
for electron-positron
synchrotron

i Energy loss per turn

Beam energy

/
N =8.85x 107 °E*/p

T

Magnetic radius
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Absolute Limits on Acceleration

® Need to create large on | L
axis electric fields
® Accelerating structures:
................... @ i
° Sugerconductlng
5 MV/m
o N | conducti : .
(__?BEG'M(\:/?:,I)UC ng Machlne\ length [m]E ‘B/eam energy [MeV]
® Beyond these values S = 7 dV/ds
there is high voltage j
breakdown I

Accelerating gradient [MV/m]

13



400 MHz system:

16 superconducting cavities (copper
| sputtered with niobium) for

| 16 MV /beam, built and assembled in
" | four modules




Principle of a synchrotron

* Injection at low energy

 Ramping of magnetic field and acceleration by RF
field. Beams are accelerated in bunches

* Operation (collisions) at top energy

Magnetic field t

4 TeV

Beam intensity

—»

c =
=g
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=
4+  man
h

450 GeV\.

/ \ CERN - LHC

Injection
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Injection —

1 Time

Cycle ——
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CERN accelerator complex

= § .
BOOSTER 'SOE oo —F—yp=—x)

. Leir
b p (proton) PP (antiproton) AD Antiproton Decelerator LHC Large Hadron Collider
p ion <+ proton/antiproton conversion PS Proton Synchrotron n-ToF Neutron Time of Flight

P neutron p neutrino SPS Super Proton Synchrotron CNGS Cern Neutrinos Gran Sasso
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Experimental long straight section

quadrupole quadrupole
Q4 Q4
quadrupole recombination separation inner quadrupole  inner quadrupole separation recombination quadrupole
Q5 dipole dipole (warm) triplet triplet dipole dipole Q5
1 beam Il ATLAS
or CMS /
beam
distance —— TR .«—f
i beam |
collision point
‘ 24m

! 200 m

Example for an LHC insertion with ATLAS or CMS

The 2 LHC beams are brought together to collide in
common region. Over ~260m the beams circulate in one
vacum chamber with ,,parasitic” encounters.

The crossing angle of about 300urad
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® What luminosity is : Luminosity Bunch

required for ;[T m7] .~ populations

measurement? o N1 N5

® Need some knowledge /' dro,o,

of x-section  Fe ; N |
: quency © Beam r.m.s. sizes

® Simple relationship . collisions [Hz] [m]

between number of _ /B

particles, frequency of ! 7= Ve

collision and beam sizes /' \

Emittance [m]  Beta function [m]

N1 No

[ =
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= Wlth the parameters of 2012 for each bunch crossmg there are
up to ~35 interactions (lower luminosity, less number of bunches)
Hats off’ to ALTAS & CMS for handllng th|s p|le up 4

2010: ~ 2 events/x-ing 2011: ~ 10 events/x-ing 2012: ~ 20 events/x-ing




Layout of beam system dump

When it is time to get rid of the beams (also in case of
emergency!), the beams are 'kicked' out of the ring by a
system of kicker magnets

Ultra-high reliability
Septum magnets system !!

deflect the
extracted beam
vertically

Kicker magnets
to paint (dilute)

the beam Beam dump
block

15 fast ‘kicker’ about 700 m

magnets deflect
the beam to the
outside

e

about 500 m

The 3 ps gap in the beam
gives the kicker time to
reach full field. quadrupoles
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Dump line




Beam Loss Monitors

» lonization chambers to detect beam losses:
» Reaction time ~ %2 turn (40 pus)
« Very large dynamic range (> 106)
» There are ~3600 chambers distributed over the ring

to detect abnormal beam losses and if necessary
trigger a beam abort !

» Very important beam instrumentation!




The LHC: just another collider?

Type

Max
proton
energy

[GeV]

Stored
beam

energy
[MJoule]

TEVATRON

Fermilab
lllinois USA

p-pbar

980

1.6 for
protons

HERA
DESY
Hamburg

p—e+
p—e-

2.7 for
protons

RHIC
Brookhaven
Long Island

lon-lon
P-P

0.9 per
proton
beam

LHC
CERN

lon-lon
P-P

7000
Now 4000

362 per
beam

Factor

7

100




The confusion with 7 TeV: energy of one
proton or two protons ? .. .watch out

LHC Accelerator
100 m down

e =




Summary: 2010 - 2012

_ kozf}’

L S
An [ €

Parameter 2011 2012 Nominal
Energy [TeV] 3.5 4.0 7.0
N, [10"" p/bunch] 1.45 1.6 1.15
K (no. bunches) 1380 1380 2808
Bunch spacing [ns] 75750 50 25
Stored energy [MJ] 112 140 362
g* [um] 24 2.5 3.75

15> 1 0.6 0.55
Crossing angle [urad] 240 290 285
L [1034 cm=2s1] 0.35 0.76 1.0
Beam-beam parameter/IP -0.0054 -0.0065 -0.0069 -0.0033
(AQyy)
Average Pile-up @ beg. of fill 17 38 26
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The next years

J
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I | | |
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High Luminosity LHC




Experim = '
ent = probing theories with data
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The ATLAS detector

Length : ~ 46 m

Radius : ~12 m

Colo\rimeler Liquid Argon Calorimeter WCIghT e 7000 tons

) " ~108 electronic channels

Muon Daleclors

3-level trigger
reducing the rate
from 40 MHz to
~200 Hz

| Inner Detector (|n|<2.5, B=2T):
{ Si Pixels and strips (SCT) +
Transition Radiation straws
Precise tracking and vertexing,
e/n separation (TRT).
| Momentum resclution:

’, ! | o/pr ~ 3.4x104 py (GeV) ® 0.015

! \ \ )

{ \ \ .
loroid Magnets Solenoid Magnet SCT Tragker Pixel Detector [IRT lracker

EM calorimeter: Pb-LAr Accordion b
e/y trigger, identification and measurement HAD calorimetry (|n|<5): segmentation, hermeticity
E-resolution: ~ 1% at 100 GeV, 0.5% at 1 TeV | Tilecal Fe/scintillator (central), Cu/W-LAr (fwd)
Trigger and measurement of jets and missing E+
E-resolution: 6/E ~ 50%/VE ® 0.03
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2008
rotons at 450 GeV) stopped by (closed)

periments —
ectors (debris are mainly muons)

Beam bunches (2x10°
collimators upstream o
“splash” events in the

tertiary
limators
140 m

Beam pick-ups (BPT
175 m)
=

T MR Y 20m 9% &e0 77

2008-09~10 10:19:10 CEST evertlive L]_C e jeometry. <default:
alo Stream

First ATLAS
beam splash

event, recorded
10 September

~ 100 TeV in
the detector !
E]z’: -----
1/10/0¢




K, K
T, T
\
wtout v, v

muonic component,
neutrinos

o

Cosmic rays

Primary Particle

nuclear interaction

~<=7 with air molecule ¢\\\

+ 0
T <K, K—> 1’

N
H ) Y.
ha(ltpr{ljic ‘/‘l’ % kl ¢' N
it

Cherenkov +
flucrescence
radiation

gt & : + -
p, N, 7, K, € yeyye vy e
nuclear fragments
hadronic glectromagnetic
component component

Flux (m® sr GeV sec)”
8§ 23
R B T e O I B R

-
o
&

vl
L)
)

10"

10"

30 km

107

107"

10%

10%

PlUNyog "4 ‘ddouy

10%

10 km

Simulation proton 10'¢ eV

(W. Hanlon after S. Swordy)

LEAP - sateliite

Preton - satetite

. (1 particle/m™sec) Yotnatk - ground aresy
e // ©  Heversh Pk~ ground ey
i O Akeno - ground seray
3 A AGASA-greund sy
a Fiy's Eye - or flusrescmnce

HiRes 1 mens - air fuorescenco
HiRes2 mons - air fuorsscencs
Hifles Stereo - ait fuorescence

a Auger - Prybesd
(” Knee
% _ (1 particle/m™-year)
- Galactic i
- TSHeS ?) o%%z
B origin (? (%
3 %
— Ankle
E (1 particle/km®-yoar)
b— (1 particle km*-centuryy—— ’ﬁ
= | B
10° 10" 10" 10" 10" 10" 10" 10" 10'7 10" 10" 10*
Energy (eV)

» The most penetrating component of atmospheric showers: the muon component
» At sea level muons represent about 80% of the cosmic ray flux

» averaged over all energies

» above E = 1 GeV they contribute almost 100%
 Below 1 GeV the energy spectrum of muons is almost flat
* Above 100 GeV falls exponentially
» [t extends to extremely high energies
» The average cosmic ray muon energy is 4 GeV
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Cosmic Muons in ATLAS i 2008
/ ’w«/ﬂr\ AW ZA 7

=R L s

\\:\ _\\\\

v\ “\3‘\ 1 Simulated cosmics
"

.\‘\\\\\ ‘.._\‘ > % 4 ’\}\ flux

N |n the ATLAS cavern

Muon impact points
extrapolated
to surface as measured by
Muon Trigger chambers
(RPC)

(Calnrimai‘nr trimAnar alen
Rate ~100 m below ground:
~ O(15 Hz) crossing Inner Detector

EClurto Ut Lare puyores
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First collisions in ATLAS (2009)

ATLAS

-_’. EXPERIMENT

2009-11-23, 14:22 CET
Run 140541, Event 171897

Candidate
Collision Event




{

'~ y— ete conversions

p:(e*) = 1.75 GeV, 11 TRT high-threshold hits
p;(e) = 0.79 GeV, 3 TRT high-threshold hits




Trigger system

eInteractions every 25 ns ..

«In 25 ns particles travel 7.5 m
c=30cm/ns; in 25ns, s=7.5m

Muon Detectors

Electromagnetic Calorimeters
M

Barrel Toroid Hadronic Calorimeters Shielding

FUa “un “gCable length ~100 meters ..
«In 25 ns signals travel 5 m
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Trigger system

Jak w ciqgu 1 sekundy wybraé¢ 1 sposréd 107 ?

Co to znaczy niewielka czesc?

. 25ns = 40 x 10%/s zderzen
. 23 oddziat/zderzenie = 23 x 40 x 106 /sek ~ 10° /sek oddziat
. mozemy zarejestrowacé tylko ~ 100/sek zderzeh = redukcja 107

lle informaciji trzeba przetworzy¢?
trigger elektron: 8bit x 40MHz x 7500 ~ 3 000 Gbit/sek

Czy mozna podjg¢ decyzje w 25ns?

nie mozna: czas rejestracji w detektorze dtuzszy (ok. 50 x 25ns)
informacje trzeba wystac do procesora (ok. 15 x 25ns)
informacje trzeba przetworzy¢ (ok. 10 x 25ns)

trigger
\ YES

Ino

10° evts/s

save

detector — PIPELINE
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Trigger system

10° Evi/s
99.99 % Lv1 0.01 %
|
Eo Readout
! | Systems
ayer Sd cs:t':o '

Can’t Undo A ®Z
cut ®’X
Copy ®C Filter
Copy Merged < #C ‘ T T Systems
Paste BY =
Paste Into BV 99.9 °/o HLT Computifig Services

Clear 1 02E |
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T

detector

M \Data Flow for Physics Analysis

i

event filter
(selection &
reconstruction)

reconstruction Y .. /—-—-»
e,

processed
data

100%

—= § batch
event physics
reprocessing analysis

analysis 10 N\

‘ analys objects \
/(extracted by physics topic) \

e Sontt

event ) 3
simulation [| Simulation ! l .. l
s i . lnteractivec s

B physics
= analysis
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¥ Running jobs: 243209
!E”"‘* AR B Transf»-l rate: 7.59 GiB/sec

_ DlSk use in PB

2012 Data

simulation | 2011 MC

P Y

B 2011data r—— | ATLAS uses ~80
user analysis iy ' jcgi WLCG sites

] e T vE S — : : World'Wide
MC reconstruction _

_groupproduction & il . . | ! Performance is
4—:**:*— one year e e B superb

130231
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Collisions at LHC

Proton-Proton 2835 bunch/beam
Protons/bunch 10"

Beam energy 7 TeV (7x10'? eV)
Luminosity 10* cm? s

In the experiments:

Fraton 10° pp interactions per second
~ 1500 particles (p,n, ) produced in the
Batton detectors at each bunch-crossing

(quark, gluon)

Selection of 1 in
10,000,000,000,000

Particle
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Inner structure of a proton

protons have substructures

V' partons = quarks & gluons

v 3 valence (colored) quarks bound by gluons O
v Gluons (colored) have self-interactions f

v Virtual quark pairs can pop-up (sea-quark) O
v p momentum shared among constituents

*  described by p structure functions

Parton energy not ‘monochromatic’
v" Parton Distribution Function
| PDF=qkQdq=udse 5 fn Kinematic variables

v" Bjorken-x: fraction of the proton

Pe"

momentum carried by struck parton

¢ X= Ppurmnlppmton

v Q?: 4-momentum? transfer

(22 = (Pein' |::'eﬁn)'2
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Inner structure of a proton

MSTW 2008 NLO PDFs (68% C.L.)

' Q? = 10° GeV?-

A
\ | gr10
\
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Proton-proton scattering at LHC

Proton =¥ / dz1dzs iz, Q%) f;(2, Q) 5(Q)
ij

pP1 == L0Q?)
TPl Hard Process 5
J [calculable] Product g(z, Q%)
jj £z
PDFs ](
p2 * Product

Proton
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Proton-proton scattering at LHC

- Hard interaction: qq, gg, qg fusion
- Initial and final state radiation (ISR,FSR)
« Secondary interaction [‘underlying event’]
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Cross-sections at LHC

c (nb)

proton - (anti)proton cross sections

: lll T T T IITI'I[ T T T ll:rTllI T T I.
r Tevatron LHC :
[ L
F 5,
E jet I
i ujm(ET > Vs/20)
r Oy
l 5,
3 P 5 100 GaY
C 651( ET > )
r
r ) /
: cieitET’m > \s/4)
i* O igaeM, =120 GOV)
200 GeV”
F
3 wisaccs 500 Ge\fl |
0.1 1 10

Vs (TeV)

108 events/s
~10'0

10-2 events/s ~

|0 events/min
[my ~ 120 GeV]

02%H > yy
1.5% H > ZZ

A

\ 4
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Year 2010: Retracing history of particle physics

Events/GeV

2010 Data corresponding to ~40 pb-! collected
-> re-discovery of the Standard Model

5

E P:U? ¢‘ JJ‘LIJ >
0% M p' Y(1,2,38) S
“’sé uu

| Ty [Iss1
10° [cc]| |[bb]
10° ~1960 1974 | 1978
102 proton

CMS Preliminary

10

Ill

\s=7TeV, L =40 pb’

1983

1

10

10° >
u*n- mass (GeV/c®)

The di-muon spectrum recalls a long period of particle physics:

Well known quark-antiquark resonances (bound states) appear “online”




Bosons at hadron colliders

2010
The primary decay

chanel is through
. | v/ Observed
leptonic decays: z | ==Theoy

Observation of Bosons at Hadron Colliders

9 BR(W-ev) ~ 10%

0 BR(Z- ee) ~ 3% | e |

1995 wWw
- Fermilab | ' wz @ |
120050 22
* |t means that we are .~ Fermiab 2007 .
. é | i - Fermilab 2008
probing ¢ X BR values 7 Fermilab
orders of magnitude L 3 1 ¥ & @

smaller

" At LHC cross-section
5-10 x higher than at
Tevatron at Fermilab.

H

t
-
5]
2
0
2
S
g
2
e
0
®
)
P
:
(&)
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Bosons and top quark at LHC

 Well measured by

previous experiments | e
 Still educational at LHC ~ -

— Cross-sections e g

— New PDF constraints E S
 ,Standard candles” for g | /,/"“‘

high pr analyses of e X

— Calibration, alignment :::_- /N

— Independent luminosity o mey

measurements
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W and Z boson decays

® ev ® o
: uv ®
TV . ™

. hadrons . hadrons
® v

Leptonic decays (e/M): very clean, but small(ish) branching fractions
Hadronic decays: two-jet final states; large QCD dijet background
Tau decays: somewhere in between...
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Example: Drell-Yan process

@q(EZa _ﬁt) TLFL(E37 _ﬁf)
Anti-Quark Muon
Anti-Muon
uQ(Elnp@.) ﬁ!L(Eﬁl?ﬁf)

Averaging
over initial spins

Summing over

\ mmal and final spins

2 2
|Mf1| — (23q‘|‘1)2 ' L L |Mf?»|

/
Sq,Sy, s“,
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W and Z boson signatures

W — lv i Z— U

W:  lepton & neutrino: . Z:  two leptons;
hadronic recoil (u) hadronic recoil (u)

Additional hadronic activity > recoil, not as clean as ete-
Precision measurements: only leptonic decays
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E I ectron: wacking chamber
4 Compact electromagnetic cluster in |:l> ’H—ﬁ“%-j

a

Muons: [::j>

a

a
MatChEd to traCK clectromagnetic hydronic mnon
tracking chamhc%h lommeter calorimeter .o mher
Taus: | s
—
2 Narrow jet \4
a2 Matched to one or three tracks
. electromagnetic . s
Neutrinos o cilormeier  ClRer o e,
4 |Imbalanse in transverse momentum |:"> ________________________________ )
4 |nferred from total transverse

Lepton identification

eleciromagnetic hadronic
) E I
calorimeter u{‘?lur‘?mcmr --hl-lmihgr

[0

calorimeter
Ma tc h ed to tra C I( L‘JCL‘[Z:UID:l:_‘.'li!l.lL‘ haldwnir
A calorimeter calcrimeter ohamber
rracking chamber

Track in the muon chambers

i

energy in detector
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Electrons and jets

MC "Meitiheeiw™ = There is also lot of true
e — Y2 electrons from
5% e o semileptonic decays inside
4 1 ’ 000 i
5 v B
it DATA: loose electron ID
12-: 100 i D gms ATLAS Preliminary
10 10° ol (GeV) _._2105 JL=16.9 . Ef:f:m(\?nwn
“ Jets can look like electrons £ §~af’m
9 Photon conversion from n°%'s o Lw—e

DI
2 Early showering charged pions 1

" And there is lot of jets
= Difficult to model in Monte Carlo

O 10 20 30 40 50 60 70 80 90 100
9 Detailed simulation in tracking E; [GeV]

and calorimeter volume

~
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W selection (2010)

Electrons:
Er>20 GeV
Tight ID
Missing Er> 25 GeV
mqy > 40 GeV
1069 Candidates

Muons:

pr > 20 GeV

Track isolation
Missing Ep> 25 GeV
my > 40 GeV

> 1181 Candidates

Entries / 5 GeV

Enlries / 5 GeV

IUE'_" T T LI DL L LB LI B
: ATLAS —a— DEAZCI0NE=TTEV )

104' s l:IIW—'-g;
E = 3 ==l o) 3
: Ldt=315nb o :
I [

103': [

/O«

) P,
60 80

100

20
ET™ [GeV]

Entries / 5 GeV

40 60 80 100 120
ET™ [GeV]

Eror T T T L e I B
= ATLAS —=— Dala301088-7TeV} § @
F W —av i@
= = -1 Jaoco 4 0
E Ldt=310nb C W= 3 _;
E | T 1ia
= -Z—:n | =
E [ 15

'"f;' DL LA B R B L B 3
- ATLAS —a— DA 2010 iNE= T TEV ) ]
ol i [ ]
107 ¢ = ' CJoco E
;J.Ldt-ﬂ'lf-nb T 3
r - L
10°: G
= | I 3
107 ' 4

—a— Data 2000 S s= T

10°E CIwW-m
£ [Cczco
CI W o—Tv
B T
10° - ez
| i

10°:

10

A nil b
60 80 100

120
m, [GeV]

ATLAS
ILdt=31onb‘
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Z selection (2010)

2 Electrons :

]

v 3 2 O

E.>20 GeV
Opposite charge
Medium ID

66 <m,, <116 GeV
70 Candidates

2 Muons :

O

()

2 O

pr=> 20 GeV

Track isolation
Opposite charge

66 <m, <116 GeV

i
109 Candidates

=

O
(]
Ly
-
w
2
I=
[N}

Entries / 5 GeV¥

UL LN L LR RN LR RRLAN R i

- ATLAS
10°%% j‘ _1
FolLdt=316 nb = Doa 2010 foo= 7 ToV) 5
[ F e }
= acn +
102: = 7 i
[ Y | IW—ay i
10 e Tl d
i A 1y
1 I | 3
E —’—l | 1
107k ' 3

10° ]
20 30 40 50 80 70 80 20 100110120

=

E; [GeV]

I ATLAS

—=— Data 2010 { 5=T TeV] 3

20
p, [GeV]

Entries / 5 GaV

Entries / 5 GeV

50— T i T RE
455 . Data 2010 pos= 7 Tav) 3
40F [Jz—e= ATLAS
a5l M E
a0l .[L dt=316 nb ]
25
20
15
10 } , <
] -_l_ 4
D1+.¢l«—|l.'..| el . _+_| Lo
(=]4] 70 80 a0 100 1410 120
M, [GaV]
. -
20l ™ Diata 2010 {\t—lTaU}
&0 |:|2—*uu ATLAS
50 IL dt=331mb"
40 E
| E
30 1
20 B |
10 + f
By ) ok | |
Gﬁﬂ 70 B0 90 100 110 120

i [GEM]
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W backgrounds

Electrons:
_ :"3[]0_""|"' N R RN LR | R
» EW + top background: W—1 v +Z —e'e + {t & I ATLAS
Newstop = 33.5 + 0.2(stat) = 3.0(syst) = 2500 | JL dt =315 nb’
o -
» QCD background is estimated with the template £ 200F I —4— Data 2010 (s =7 Tev) ]
5 _

method using the missing energy distribution. - [Jwoerewas

1501 | [ ] oD idaia lempate) -
Ngqcp = 28.0 + 3.0(stat) + 10.0(syst) . | ]
100F l i
Muons: - !
B 500
« EW +top background: Z —-py+ty- +W—1t7 v+t . | L
Nwerop = 77.6 = 0.3(stat) = 5.4(syst) %10 20 30 40 50 60 70 B0 90 100
ET® [GeV]

» QCD background estimated from comparison of
events seen 1n data after the full selection to number
of events observed if the 1solation 1s not applied.

Nqcp = 22.8 + 4.6(stat) + 8.7(syst)

Nigose = NnonQGD + NQCD
Niso = €pongopNnon@ep + €gopNoop
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Cross-section & Luminosity

Background
measured from data or
calculated from theory

Nbs NPk
) =
[ Ldt-e
Luminosity Efficiency
determined by accelerator, many factors, optimized

triggers, ... by experimentalist
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W cross-section measurement

The total cross section for each lepton channel can be obtained by:

ow X BR(W — lv) =

Nﬁ?s _ kag
Aw Cw Lin:

Ay 1s the geometrical acceptance calculated at generator level:

NGC:C
Aw = ( Nall )
geEmn
MC Aw Ap,; Aw A“; Aw Aw
W—sev | W sev Woey W muvy W —suv W-—puy
PYTHIA MRST LO* 0466 0457 - 0.462 0484 0.475 0480
PYTHIA CTEQ6.6 0479 0.458 0.471 0499 0.477 0.490
PYTHIA HERAPDF1.0 0477 0461 0.470 0.496 0.479 0.489
MC@NLO HERAPDF1.0 | 0475 0.454 0.465 0.494 0.472 (0.483
MC@NLO CTEQG.6 0478 0.452 0.465 0.496 0.470 0.483
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W cross-section measurement

The total cross section for each lepton channel can be obtained by:

ow X BR(W — lv) =

Nﬁ?s _ kag
Aw Cw Lin:

Ay 1s the geometrical acceptance calculated at generator level:

NGC:C
Aw = ( Nall )
geEmn
MC Aw Ap,; Aw A“; Aw Aw
W—sev | W sev Woey W muvy W —suv W-—puy
PYTHIA MRST LO* 0466 0457 - 0.462 0484 0.475 0480
PYTHIA CTEQ6.6 0479 0.458 0.471 0499 0.477 0.490
PYTHIA HERAPDF1.0 0477 0461 0.470 0.496 0.479 0.489
MC@NLO HERAPDF1.0 | 0475 0.454 0.465 0.494 0.472 (0.483
MC@NLO CTEQG.6 0478 0.452 0.465 0.496 0.470 0.483
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C,y correction factor and uncertainties

ow X BR(W — lv) =

Nﬁ?s . ka g
AwCw Lint

o Cw1is a factor correcting for reconstruction, identification and trigger

efficiencies of the lepton.

W — ev

W — pv

Cw

0.66

0.76

o Components to systematic uncertainties, are summarized below:

" Parameter

8Cy /Cy (%) =

Trigger efficiency <0.2
Matenal effects, reconstruction and identification 5.6
Energy scale and resolution 33
E™ scale and resolution 2.0
Problematic regions in the calorimeter 14
Pile-up 0.5
Charge misidentification 0.5
FSR modelling 0.3
Theoretical uncertainty (PDFs) 0.3
Total uncertainty 7.0

Flectrons

Parameter OCy /Cw (%)
Trigger efficiency 1.9
Reconstruction efficiency 25
Momentum scale 1.2
Momentum resolution 0.2
EF** scale and resolution 2.0
Isolation efficiency 1.0
Theoretical uncertainty (PDFs) 0.3

4.0

Total uncertainty

Muons
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W cross-section measurement

L=310-315nb

Theory prediction : 10.46 &= 0.42 nb
ow X BR(W — ev) = [10.51 £+ 0.34(stat) = 0.81(sys) = 1.16(lumz)| nb
ow X BR(W — pv) = [9.58 + 0.30(stat) + 0.50(sys) + 1.05(lumsz)] nb

p— o

£ I ATLAS

N

o~ Dala 2010 {\ s = 7 TeV)

b

-_— 10 IL«:mo-:nsnb"

T = oW v e

; E W=y L
B AW=I -

N I e

= e

@ |

X E

= -

- [ -~ NNLO QCD OIS S Py

B =/ DO W {eru)s
....... w
10-1 —~ w(’(‘;:; ® UATW-—-1Iv
E 2 W* (pp} . 5
-~ o1 = ® Phenix W — (e°/@7}
- o 9 S W (pp
£ I 1 2 2 5 1 2 3 W |
1 10
Jose E. Garcia - HEP-LHC-2010 V3 [Tev]
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/ cross-section measurement

L=310-315nb

P
Theory prediction : 0.96 + 0.04 nb for [66 — 116] GeV mass window

oz X BR(Z — eTe™) = [0.75 £ 0.09(stat) £ 0.08(sys) £ 0.08(lumz)] nb

oz X BR(Z — p'" ) = [0.87 & 0.08(stat) & 0.06(sys) & 0.10(lumi)] nb)
\

—
-g - ATLAS
: 1= Data 2010 fs = 7 TeV)
? = _[ L dt=316-331 np”’
* L @ Ziy 1l (86 <m < 116 GeV)
T r
(1]
®X 107 o ®  CDF 2y sec (66<m_<116GeV)
;5- - J"‘f B DIZM vre (70<m <110GeV)
B N +t‘.‘ /O CDF Ziy*» eelun (66 < m_ <116 GeV)
- NNLO QCD B Doz oree (T5< m <105 GeV)
Y 2y (9D) e UAZIY see (m >70 GeV)
2% (pp) O UAT1 2" 5 uu {mm = 50 GeV)
11".‘.!‘2 = ¥ UAzZiy* ree (m =76 GeV)
E | . L
1 10
s [TeV]
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