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e Results from pp collisions at /s =7 TeV
-> properties of inelastic pp collisions
- production of high p; jets
- production of W/Z bosons
- production of top quarks
- search for physics beyond the Standard Model

e Conclusions and outlook
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" _.was die Welt
im Innersten
zusammenhdlt ...~
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e Standard Model: status

> (stilll) very successful
- one missing piece: Higgs boson

e some of the open issues

> why 3 families?

origin of mass?

N2 2N 0N N 2N 2N

why hierarchy of masses?

unification of forces?
inclusion of gravity?
candidate(s) for dark matter?
quantum theory of gravity?

e
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experimental clarification of mechanism
for electroweak symmetry breaking

> SM Higgs boson search:

full mass range from ~ 114 GeV to 1 TeV

direct search for new physics beyond SM
> conceptually predicted for TeV scale
> many models/ideas/concepts on the

market

precision measurements (indirect search)

> top quark properties, W mass,
gauge boson self couplings, ...

further topics (not addressed here)

> B-hadron physics, forward physics, heavy ion physics, ...

early on: verify understanding of

properties of proton-proton interactions

> understanding of QCD processes
mandatory for all possible discoveries

proton - (anti)proton cross sections
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e LHC: first appeared >26 years ago!

> s = 10-18 TeV, L = 1031-1033 cm-2s-!
e construction started in 1998

CERN: 50 YEARS AND COUNTING

Tl;e life of an experiment

1984 Workshop in Lausanne on installinga Large Hadron Collider
(LHC) in the LEP tunnel

CERN's long-range planning committee chaired by Carlo
Rubbia recommends LHC as the right choice for lab’s future
ECFA Study Week on instrumentation technology for a
high-luminosity hadron collider; Barcelona; LEP collider
starts operation

ECFA LHC workshop, Aachen

General meeting on LHC physics and detectors,
Evian-les-Bains

Letters of intent for LHC detectors submitted

Technical proposals for ATLAS and CMS approved/LHC

1987

1989

1990

1992

1993
1994

1998 Construction begins
2000 CMS assembly begins above ground; LEP collider closes
2003 ATLAS underground cavern completed and assembly started

2004
2007
2007

CMS cavern completed

Experiments ready for beam

First proton—proton collisions

2008 First results

2010 Reachdesignluminosity

>2014 Upgrade LHC luminosity by factor of 10

too optimistic
in 2004

1984

ECFA 84/85
CERN 84-10
5 September 1984

f\-f‘—ﬂ'

o )
¥

AN\

LARGE HADRON COLLIDER
IN THE LEP TUNNEL

Yol.1

PROCEEDINGS OF THE ECFA-CERN WORKSHOP

held at Lausanne and Geneva,
21-27 March 1984
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LHC Pagel Fill: 1005 E: 3500 GeV 30-03-2010 12:56:29

BEAM SETUP: FLAT TOP

3500 GeV [RIGIDE 1.86e+10 I(B2): 1.78e+10

Intensity

Comments 30-03-2010 12:56:00 ; BIS status and SMP flags Bl B2
Link Status of Beam Permits
Flat top 3.5 TeV Global Beam Permit

Setup Beam
Beam Presence

Moveable Devices Allowed In
Stable Beams

LHC Operation in CCC : 77600, 70480 MUBICld-R- 3 ENABLED  [HuBsir-idilcgcel  ENABLED
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LHC Pagel Fill: 1005 E: 3500 GeV 30-03-2010 13:23:42

PROTON PHYSICS: STABLE BEAMS

3500 Gev [EBIGIRE 1.90e+10 1(B2): 1.59e+10

Intensity

Comments 30-03-2010 13:22:57 . BIS status and SMP flags Bl B2
Stable beams! Link Status of Beam Permits
Global Beam Permit
Setup Beam
Beam Presence
Moveable Devices Allowed In
Stable Beams

LHC Operation in CCC : 77600, 70480 MUBSi-idi-R-al - ENABLED  [guisicidii-Bcely ENABLED
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LHC Pagel Fill: 1406 E: 3500 GeV 10-10-2010 21:17:18

| PROTON PHYSICS: SQUEEZE
3500 GeV 2.70e+13

FBCT Intensity and Beam Energy

2.5E13

2E134

1.3E13

Intensity

1E134

SE124

OED -~

Comments 10-10-2010 21:06:09 : BIS status and SMP flags

squeezing Link Status of Beam Permits
Global Beam Permit

Setup Beam
Beam Presence

Moveable Devices Allowed In
Next: This fill for physics(248 bu/ring) Stable Beams




Luminosity_above 2+1032 cm-2 s:!

25-0ct-2010 02:36:55 Fill #: 1440 Energy: 3500 GeV  I(Bl): 4.36e+13 I(B2): 4.34e+13
ATLAS ALICE CMS LHCb

Instantaneous Lumi (ub.s)~-1 206.923 0.000 203.564 165.624
BRAN Luminosity (ub.s)~-1 206.326 0.527 183.192 91.140

Fill Luminosity (nb)~-1 18.4 - 16.0 12.9

BKGD 1 0.064 0.017 15.991 0.582

BKGD 2 8478.000 0.000 0.000 0.694
BKGD 3 30.000 0.005 2.441 0.632

LHCb VELO Position Gap: 58.0 mm TOTEM:

T, T I
Performance over the last 24 Hrs
4E13 - 3000
'——'—=== ?
£ 3E13 S
L 2000 I
a | o
E 2E13 E
1E13- L_’ } L_’ } F1000 w
| J T T T T T J T J T 0
05:00 08:00 11:00 14:00 17:00 20:00 23:00 02:00
RSN ) L [ Su— ]l | R ¥ Y T

e this fill (# 1440) continued for 11 h
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S. Redaelli
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Initial lu osity run

ommission nominal
. bunch intensity

Nomin@al bunch
intgnsity

Performaigle ramp-up
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e firstly: solid operational
experience gained
> initial luminosity
o including squeezing (f*= 2 m)
> nominal bunch intensity
o 1.1x10" p/bunch (B*= 3.5 m)
> bunch trains (150 ns spacing)
O need to infroduce crossing angle
e luminosity > 2x1032cm2s!
> twice the goal for 2010
> average: 3.8 events/crossing

e stored energy: 28 MJ

> 24 MJ in collisions (~ 6 kg TNT)
e number of bunches: 368

> maximum of 348 in collisions
e machine availability: ~65%

> ~16% in stable beams

> longest time in stable beams
during one fill: 30 h

> fastest turn-around to stable
beam: 3.7 h

Stored Energy [MJ]

100

10 E

Aajor achievements in 201C

Technical stop/HC
10%

setup no beam -§
9% &
n
Stable beal
16%
beam setup
40%
B =reached m =goals
T T LR ' a
LHC ]
LHC Injection LHC Goal ‘10/11
®  LHC Oct. “10 A
=~ LHC Sep. 10 =
———————————————————— - — ]
. -
ISR SPS_ HERA
%
- RHIC m Tevatron =
L1l I 1 1 1 L1 1 1.1 I L1 1 l-
10 100 1000 10000

Beam Momentum [GeV/c]
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The ATLAS Collaboration, 6. Aad et al.,
The ATLAS Experiment at the CERN Large Hadron Collider, 44m

JINST 3 (2008) S08003.

25m \—' .- /
\\

Tile calorimeters

' LAr hadronic end-cap and
forward calorimeters
Pixel detector

LAr eleciromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transifion radiafion tracker
Semiconductor tracker
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ATLAS detector operation 201C

Number of Channels | Approximate Operational Fraction

Fixels

SCT Silicon Strips

TRT Transition Radiation Tracker
LAr EM Calorimeter

Tile calorimeter

Hadronic endcap LAr calorimeter
Forward LAr calonimeter

LVL1 Calo trigger

LVL1 Muon RPC trigger

LVL1 Muon TGC trigger

MDT Muon Drift Tubes

CSC Cathode Strip Chambers
RPC Barrel Muon Chambers
TGC Endcap Muon Chambers

80 M
6.3 M
350 k
170 k
9800
5600
3500
160
370 k
320 k
350 k
31k
370 k
320 k

97 3%
99 2%
97.1%
98.1%
96.9%
99 9%
100%
99 9%
99 5%
100%
99 7%
98 5%
97 0%
98 6%

e very high operational fractions for all systems
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= g gl * ™ S T I LR T 7
& 2'25_ ATLAS Online Lummosﬂy _5 8 - ATLAS Onllne Lumlnosny \s=7TeV .
= -t [ LHC Delivered 14 July, 2010 J .y B .
S 20 [ILHC Stable Beams LHCFill 1225 2 50 [EJiHC pelivered 3
> 1.8 [C]ATLAS Recorded N5 =7TeV E E - [ ATLAS Recorded
= - E € 40 N ’
= 1.6 Total Delivered: 60.0 nb™! — =1 L Total Delivered: 48.1 pb
= e . . - | - i .
3 1.4;— Total Recorded: 59.5 nb™ _; o] C Total Recorded: 45.0 pb'’
L 1.0 - % 30__
E E . a L
2 1= = b3 -
0.8 - £ 20—
0.6F = gt
0.4 = = 10c
0.2 E -
i Lo v v b v b b by a3 e 1
02h 04h 06h 08h 10h 12h 14h 16h 18h 24/03 19/05 14/07 08/09 03/11
CEST Time Day in 2010

Inner Tracking
Detectors

Calorimeters Muon Detectors

) LAr LAr LAr .
Pixel SCT TRT EM  HAD EWD Tile MDT RPC TGC CSC

96.7 975 100 93.8 988 99.0 99.7 986 985 986 98.5

Luminosity weighted relative detector uptime and good quality data delivery
during 2010 stable beams at Vs=7 TeV between March 30% and August 30t (in %)
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Tracking and vertexin

A EXPERIMENT

Run Number: 153565, Event Number: 4487360
Date: 2010-04-24 04:18:53 CEST
Event with 4 Pileup Vertices
in 7 TeV Collisions
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Preliminary

\s=7TeV

4.5

Average Number of Pixel Hits
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n

£ so00fF ' 4— batazoio '
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w5 500

- ATLAS

—g 400 Preliminary
é \Ns =7 TeV

300

200

100
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d, [mm]

Inner Detector: fracking

Number of Tracks

—
5
[

Preliminary
\s=7TeV

—4— Data 2010
- Minimum Bias MC

Average Number of SCT Hits

T T T T T AT A

%|1 lo? T LI I e 3 LN B I T 1 1T F T T ° 7T LI B B L] L T
a00F S I =LA
350 E_ ,‘_Emj ] Minimum Bias MC _E

- 510 =
300 gi0® ATLAS =

== ] Preliminary ]
250 =" % ==

E = z, sin 8 [mm] WE =T TN 3
200 e
150 3
100 3

E
0_2 1.5 2
Z, sin 8 [mm]

e frack selection: >1 Pixel hit, >6 SCT hits, pp»500 MeV

> good agreement between MC and data

arXiv:1012.5104 (submitted to New J Phys.)
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- ATLAS Preliminary
- ‘Data 2010-77

Entries / 25 MeV

® Data 2009 f\s = 900 GeV) !
— Non-diffractive minimum bias MC 4

50 100 150 200 250 300 350 400 450 500

ATLASPreliminary

-0.626 <1 <-0.100

: MC conversion candidates

MC true conversions
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Calorimetry: Jets

SATLAS

1A EXPERIMENT g
Run Number: 162620, Event Number: 16060241

Date: 2010-08-24 19:45:23 CEST

0 B e oL




Calorimetry: n ng fransverse enerc

e calculated using topological clusters (3 dimensional)

> seed: |E_,| > 40, iTeratively include neighbouring cells with |E_,|>2c
o add direct neighbours of secondary cells

noise
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> I B \ L S OC10° % —+—Hd Dat ;
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E 10° |i|I\D.'IaC‘aMinBias Data 2010 /s =7 TeV “310‘1 3 .'-... ATLAS Preliminary E
S LCW Ldt=0.34 nb™’ ;C: - *, .
@ 10t mi<4.5 m10° £ ".,.. E
103 102 :_ -. .
“~ E
102 C LN 1 -
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—————————— o 0
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v s 1 > within £ o E
3 « Data . 8 Si 3
10 [ ]MC MinBias 5 a feW iTe = 3
- 3" 4= -
LCW 2 c 3
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10 ; 25_ Data 2010 \Ji=7TeV_§
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Kolloquiur

w ATLAS

1A EXPERIMENT

Run: 154822, Event: 14321500
Date: 2010-05—10 02:07:22 CEST

p () =27 GeV n(u)= 0.7
p.(4') =45 GeV n(u') = 2.2
M, =87 GeV

\ll  Z>pu candidate
~in 7 TeV collisions

m, MPI Minchen, 22. Februar 2011

Stefan Tapprogge, Johannes

Gutenberg-Universita

Muon spectrometer
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x10° Minimum Bias Stream, Data 2010 fs=7 TeV)
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ATLAS-CONF-2010-006, -023, -032, -033, -034
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Resonances in
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Trigger rates of lowest unprescaled items

ATLAS Trigger Operation, 25 Oct, 2010 i

e Five orders of magnhitude
increase in luminosity during
2010

e Gradually commission LVL1and 30
HLT (Higher Level Triggers) 25
> then apply HLT rejection 15

e Evolution of HLT configuration 10
during the pp run:

'Y
0

L=2.1x10%

1.1x10%? (cm?s™)

Rate [Hz]
=

electrons 15 GeV

taus 50 GeV
muons 15 GeV

MET 40 GeV
jets 115 GeV

01:00 04:00 07:00 10:00 13:00

Date (2010) April May June July August September October
Luminosity 27 28 29 30 ik
(cmZsTy 10 10 10 10 10
Level 1 active HLT Rejection on Increasing HLT Rejection
MinBias MinBi led 23
inBias prescaled, 1.5x10 ey

HLT Records e Y, U, jets, MET, 1, 29
Trigger all data, in pass-through mode 4x10°" forward p
Config HLT in pass- 29

through 6x10 v

30
1x10 MET

menu InitialBeam_v3, approx. 600 items csmenu approx. 550 items
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proton - (anti)proton cross sections

10 IIT T T 'IIIITII ! T IIIEIII T L T
10°
Gto‘t !
107 Tevatron LHC
105 1 1
10°
10* %
10°
j=t |
10° csjstthT = vs/20)
E 1
£ 10 Oy
b
10° z 4
- .(E," > 100 GeV)
107
10° o,
W[ o (B> .
10 It p 4
1= [Te(M=120 GeV)
200 GeV
10°
500 GeV
10'7 Ll i Lo s aaal \ i |||;||| ! i i1
01 1 10

Vs (TeV)

(-]

- Properties

10°

Iinelastic

-1

cm's

=
events/ sec for £ = 10

_—y
(]
&

collisions
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e motivation

- basic properties of inelastic

<
(=]

— P¥THIAG.214 - ATLAS
PYTHIAE.214 - CDF tune A

dN,/dn at n=0

events uncertain at LHC energies

O due to extrapolation

- need to understand precisely

o will be background

o

# UAS and CDF data

CERN-OPEN-2008-020

(pile-up) at higher luminosity

e measurement done using tracks
-> well defined kinematic range for inelastic events

oeg. forng > 2, [n[<2.5, pr> 100 MeV

> distributions corrected for detector effects

o from track to (stable) hadron level

- single diffractive component not subtracted

2 Otot = Opclas + Osd T O-dd + Gﬂd

Kolloquium, MPI Miinchen, 22. Februar 2011
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1_8 TI T [T I T[T I AT [ AT T [ AT T [T T[T T I I T[T [T rrT

5 [ 15 L L R L AR LA A A M R R BN LA AR R RN RARRN EAAR AR
< f Ny21,p >500 MeV, |1 |<25 | < 22—  ny>1,p >500MeV,|n|<25 — < Ney>1,p_>500 MeV, 1| <25 ]
2 16 ATLAS\'s = 0.9 TeV 4z 0 ATLAS \'s = 2.36 TeV -z ATLAS\s=7TeV .
: - 1 ol _ 7 2.8 -
3 13 - 3 .

2t 12 - Z 26 13

T i ' - 24 = &

i i e e i - LTI CInR =

1.2 e TR P T by . 1.6 P TE T [ . 2.2 5

: ., ; 12

- o LT e e e e (T ~ - 20 . -4 =

- R i o ettt s

i &= Data 2009 ] C == Data 2009 ] 1.8p- == Data 2010 g p

I — PYTHIA ATLAS AMBT1 ] - — PYTHIA ATLAS AMBT1 E - — PYTHIA ATLAS AMBT1 18

0.8 ==+ PYTHIA ATLAS MC09 4 e ==+ PYTHIA ATLAS MC09 N ==+ PYTHIA ATLAS MC09 79

I — PYTHIA DW i - — PYTHIADW 1 u — PYTHIA DW 13

i -~ PYTHIA 8 i . -~ PYTHIA8 e -~ PYTHIA 8 39

0.6 w PHOJET - T e PHOJET D qob w PHOJET ERS

bbb bbb ] SEP R NP PR PP PP VST T PO PO B ] 3

1.2 - Data Uncertainties ] 1-25_ == Data Uncertainties E 1.2 - Data Uncertainties § ;

r MC / Data i 1.1 ..., MC / Data = : MC /Data : %

2 1 o 1 o |
E T — = = - - o — l‘a i L-===1_ = l‘a S ad - 9..--"‘----—--—-————-:$th
e T e e T S T B S LY - L ]
0.8 4 ogpT T bl T 08P R B
_. PR EFEPEPEES EPEEPEE ENPETE B EPEPET BT SRR JlljllA_ 0-7.;..I..|.I| PN EPENETET B Jlillillllijllllil!ilj_; _; PP EFEPEPEES PR EPEPEE SR B R 1 il i
25 -2-15-1-050 05 1 15 2 2 25-2-15-1-050 05 1 15 2 2 25-2-15-1-050 05 1 1.5 2 25
n

e charged particle multiplicity distribution vs. n
> fully corrected for detector effects
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Minimum Dbia ertie

arXiv:1012.5104 (accepted by New J.Phys.)

<“|_| T T T T TT |1| T T T T TT |i| T T T Lo | _I T I 17T | 17T [ T l T ] LI I LI I L I T I TT I_
> 102 Ny, =2,p_>100 MeV, |n | < 2.5 E .65 Mon 2 2, p; > 100 MeV, | | < 2.5 B
G 10E%= ATLAS\s=7TeVE — [ ATLAS\s=7TeV -
- o 1.4 -
3 10" > - == Data 2010 , .
5 - 10 PYTHIA ATLAS AMBTA1 =
E: 10 L ==- PYTHIA ATLAS MC09 / -
< 10° - —- PYTHIA DW PR ]
E 10-4 __"' PYTHIAS /// - __
P C o PHOJET - __o==""7 S
8 0.8~ I s ~
= 10 . —
3 107k == Data 2010 0.6 —
£ 0®C — PYTHIA ATLAS AMBT1 = .
T 10° ==+ PYTHIA ATLAS MCO09 0.4F —
oE PYTHIA DW = B .
107F --- PYTHIA 8 X 0.0 -
10 M e PHOJET - ]
2: — ] ] T IR AN IS SR EIUN U S RIS

__ __ .I‘l. ._-_r—'-_
== Data Uncertainties T ’ 2'_ £ e 7
=== MC / Data - - =L e e aemTmmear T :
o 157 . P P SN
© - ]« i e |

o 1_ . . - o mim.a | o 1 _— Z
:__,_'E,_'.‘ "1 ?ﬁl'_ Data Uncer’t*aint_!les i
0.5 - - MC/ Data Sy .
10" 1 10 0.8 20 40 60 80 100120140160180200

p_ [GeV] Ny,
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e definition: everything not
associated with the hard
scattering

- measurement in transverse
region to leading track (jet)

> observables

and minimum
9 9 bias events
(d*Nen/dnde)  (d73 pr/dnde)
leadingtrack T op— 5TIlIrlrlrlrll]ll’l]lrl[lrll\l\l\!lllll’:I—!
% 45 All 3 Regions ATLAS = %
O) p,>0.5 GeVand [y <2.5 \s=7TeV § <
d 4 —s— Data 2010, Transverse Region = A
Ag- A — — PYTHIA ATLAS MC09 4 :8-
3.5 —a— Data 2010, Toward Region _| - _g
%— —— PYTHIA ATLAS MC09 1 \1_
3 —— Data 2010, Away Region a4 a
toward _g - - - - PYTHIA ATLAS MC09 | 3
Ag| < 60° L s 13 “@
transverse transverse Q. 2 "IP__+?““‘I ; v
60° < |Ad| < 120° 60° < |Ag| < 120° (\H =
T 15 E
away 7]
|Ag] > 120° | T T . R S - %
E e
0.5 15
0||||||||||||||||||||||||||\|\|\:||||| =
2 4 6 8 10 12 14 16 18 20

p';-‘ﬂ" [GeV]

underlying event

proton

PDF's, PDF luminosities
and PDF uncertainties

underlying event

outgoing parton

“Hard" Scattering

final-statc

rachation

outgoing parton

proton

LO, NLO and NNLO calculations
K-factors

benchmark cross
sections and pdf
correlations

underlying event

initial-state

radiation

Sudakov form factors

jet algorithms and jet reconstruction

1.8
1.6
1.4
1.2

08
06
04

0.2 =

Transverse Region

p,>0.5 GeVand | <25

= Data 2010
—— PYTHIA ATLAS MC09

=*= HERWIG+JIMMY ATLAS MCp3  --=- PHOJET

- VRYAE = =T
.............

= = - PYTHIA DW
-- PYTHIA Perugia0

R. Field, Acta Phys. Pol. B39 (2008) Vol. 10, 2611

arXiv:1012.0791 (accepted by PhysRev.D)
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proton - (anti)proton cross sections

T

o (E;" > 100 GeV)

o I:_rjE'JE > \s/d)

g
Higgz=

T

T T rrrrr|

T

T r rrrrr
.

Ot

0

Tevatron

(M,=120 GeV) /S

200 GeV”

500 GeV

i

LHC

0.1

1

Vs (TeV)

10

a

10

—
L]
2 -
]

cm

i Luminosity

determination

events/ sec for - = 10
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e absolute calibration

using Van-der-Meer £ =

scans

> with

2

1 [R(x

”bfrIIIZ

22 Xy
)dx

V21

«(0)

> R, (x): count rate for separation x
in horizontal scan

e after calibration

> less <2% difference between methods

5.1

E ATLAS
._.._:.. ® LUCID_Event_AND
—. ® LUCID_Event_OR
‘_‘O_'E © MBTS_AND
— O MBTS_OR
-—:—&—- A MBTS_timing_Event
'——O—E—' ¢ PrimVix_Event
—— 4= ChPari_Event
o ——— +r LAr_timing_Event
'_i_"'—' * ZDC_A
T x ZDC_C
| ]
1 1 1 | 1 1 I: 1 | 1 1 1 | 1 1 1 | 1 1 1 1 | 1 1 1 1
4.8 4.85 4.9 4.95 5 5.05
Lepoo [ 10%° ecm™2s' bunch™ (10" p)™= ]

g
£
c
Q
s
(1]
[=%
[
w
1=
@
@
o

Counts/Bunch Crossing

0.3

0.2

0.1

s
=

— : S — S
C [ ] [ ] 7
L - - i
[ - - -
= = > E
- K > .
B K > ]
E o > ]
. [ ] [ ] T
E - [ ] 4
[ - - -
C - rY 7
F K A ]
— - - - - - - —
B K X ]
E o > E
C [ ] [ ] .
— [ ] - ]
L - - -
C - Y .
- K A ,
B K > ]
FoS s 7
S >
Foa > ]
= - - m
33 0741 0149 0158 0206 0274 0223
Time(Hours:Mins)
A TLA$‘I‘°r‘ei|Hn|hary" ESERERL L
- ; ¢ Fy 1
- ) ‘ " -
= L St E
C i ! 3 : 3
- ‘ L = 1 =
32 01:40 0149 0158 0206 0215 02:23

Time(Hours:Mins)

arXiv 1101.2185 (submitted to EPJC) and ATLAS-CONF-2010-060

Source Uncertainty on Gy (% )
Beam Intensities 10
Length-Scale Calibration 2
Impertect Beam Centring 2
Transverse Emittance Growth & Other Sources of Non-Reproducibility 3
u Dependence 2
Fit Model 1
Total 11
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—

ne
e MBTS trigger fired

at least on one side

- good acceptance
for mass M, of the
dissociative system

e constrain fraction
fp of diffractive
events using data

> fp = 0.30 assumed

o M?, /s = £>10°°

- corresponds to
M, > 22 GeV

ON -

Timel(€ > 107) = 57.2 + 0.1(stat) + 0.4(syst) + 6.3(lumi) mb

0 — ~ 0 ﬁ

Source AT inel | Tinel (%)

Trigger Efficiency 0.08 §
MBTS Response 0.09 g'
Material 0.20 o
Backgrounds 0.42 g
fo 0.13 s
Physics Modeling 0.35 :—f'
Total 0.61 =

I T TTTT
Schuler and Sjostrand

— — - Schuler and Spsstrand: & > 10

Block 2010

Data 2010Vs = 7 TeV:£ > 107

Data 2010Vs = 7 TeV: extrap. to & > mi/s
pp Data

pp Data

ATLAS Preliminary

Theoretical predictions and data are shown for & > mZ/s unless specified otherwise

ATLAS data extrapolated using Pythia prediction for do/dg
III| | II\II\\‘ | | \I\Il\l L L III\II|

I\\|\II|I\I‘\I-\""I\I\‘I

10 10° fi5* ilia

\'s [GeV]
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proton - (anti)proton cross sections

1Dg IIT T T T T IITII ! T T T IEIII T L T 1Dg
10° . P 10°
tot i :
107 Tevatron | LHC 107 @
10° — 10° ,
10° 10°
O, v
10* : 10% @
10° : 10°
ja=t !
16? stt(ET = vs/20) 10° ,H
£ o .
= 10 W 10" 3
b ] GZ [¥] Ha
10 , 10° @
,(E;" > 100 GeV) e
107" 10" »
= @
[4b]
107 107 >
107 o, 107
S
10 o BT = s/ 10

(M,=120 GeV) /™

1D-5 GHigg: 1D.5
. 200 GeV? .
10 500 GeV : NG 10
o bl e e g7
0.1 1 10
Vs (TeV)
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calorimeter jets

e coloured partons emerge as

narrow hadron jets
| - definition through algorithm
Calorimeter shower . . .
; e sequential recombination
particle jets : Decays, interactions in C(I Or'l'l'hm . 2 92 Aq,z
¢ material & magnetic field 9 di‘j - II]lIl(k’m-p? kt:}p)?; '
BT A = (=) + (6 —0p)?  dip = kil
¢ hadronization > p=-1: anti-k, algorithm
out of cone
parton jets : partons

Kolloquium, MPI Miinchen, 22. Februar 2011

underlying event

O size parameter R=04 0or 0.6
b, [GeV] L

ek, Rt

proton

Stefan Tapprogge, Johannes Gutenberg-Universitat Mainz

"3
G. Salam
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[

= _r_
L0 8 1
1 pg*
. il

LT lil L LI.,: F_.El JEC
Il hcREs

1A EXPERIMENT |

Run Number: 166466, Event Number: 787561 955_‘ =
Date: 2010-10-08 08:05:57 CEST '

o Ist jet: pr=6706eV,n=19,9=-05
e 2nd jet:pr=6106GeV,n=-16,¢9=238

Kolloquium, MPI

o EMss = 47 GeV

Stefan Tapprogge, Johannes Gutenberg-Universitat Mainz




1 1 ZpT(T—AT/Z,T—l—&T/Z)

B .. . < r< R— /9.
p(r) NS (0. 1) ,Ar/2<r < R-Ar/2.

jets

= 10E ] g T T T T =

- (@ |

=~ 0T+ ter g

: - Ell"lti-kt jets R=10.6 - E ATLAS E
Wﬁl : | ] —~
B 40 GeV<pT<60 GeV ] [ antik jets R=0.6 2
n e ly|<28 (b) _ 110 GeV < p, < 160 GeV &
WE iyi<2e 3 9
—_—— = ! . .‘ : | = I
e PP S E 8 B e T, . - *
— s = o ———— e LTSS e - P ] o, >
- = 1 s ==sh=== —+ = o)
- ATLAS 3 osl - 1 3
B 0 0.1 0.2 03 0.4 05 06 o
I r 3
10-17 ] S 10 T T T T T = 8
- - a F e Data[Ldt=07nb'-3pb" 1 ©
- T - PYTHIA-Perugia2010 i 8
0 I HERWIG ++ © 1 8
2 R ALPGEN =
z 15_ EEEMARS _ DuToie MCOS _é 3
_ - ATLAS 7 S

r | anti-k jets R=0.6 i

B 500 GeV < p_ < 600 GeV
e jets get narrower with e

g 1_4 = el sriurrs ARV S ] —

N 1 £ 121 T B TN I o

increasing pr § e

0 0.1 0.2 0.3 0.4 0.5 0.6
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> 0.18—

e correction of jet energy o

T T T T T T T T
anti-k, R=0.6, 0.3<[n|<0.8, PYTHIA &

RPN S AV G :
hecessary due to S oyl § owiens D e
9 _ . E 0. 1;_ X JEScalibration non-closure [ | Total JES Systematic Uncertain'ryr_i
- energy in loss in inactive 2 00F E
regions g 22‘2‘: 53%;13@@“&
> loss due to leakage R R NS
. .. . i p-[GeV]

> inefficiencies '

e determine jet energy scale g '"?mseeioc amas
. . . . = | o
calibration from simulation 5 L==—""__ 12
> validate with measurement  —,;  peeemen o
of single hadron response 0dl, cre-tomy s 610) | &
e unfolding of detector e
distribution to hadron level 65206 500 400 500 ‘6'00:?2;3?0 E



— 1023 1 B B ) BB B p— 1 018 - | : — -
:5; 102'E Tti'ktjemﬁ A=06 ¢ yeosei0s 1 o107 ATLAS =
Q) | Ldt=17nb", \5=7 TeV _ — -
B 1 019 - |:| Systematic Uncertainties O 03<ll<08 {><109) — % 1 015 - anti-kt jetS, R=0.6 —¥—21< |,V|max <28 (X 108) -
2 1017 — [ N.OpCCD (CTEQ66) xNonpert.cor. M 0.8<ly|< 1.2 (x107) Qo L \s=7TeV, JL dt=17nb"  —e—12<ll <21 (x10) |
%\ 5 ?—l— O 12<lyl<21 (x109 = x1 013 — —— 08<ly| <12 (x10) Ev\
QI—1 013 ;— ¢ .~ A 21<yl<28610) :: _g y - Systematic uncertainties ___ 5. Yl <08 (x10) — g
|- ——_ g _ — 0, — N
310 ——__ - % 107 pmm niosaco cTEQss) —*— V<03 (10 =
B 10 —— | N B x Non-pert. corr. Y- 1 ©
o 107 = _ 5 \n 109 = 52 B
109 - = — — o) — o ' g
N —— | ~Z —A— '9'_9_ o0
=) —a— 1 B 10°F —— s -4 8
1 07 = e —a— - o . <= 0
c :_ —— — 85 _: o] 5 — —— =‘=_‘_ % ] é\
0%, e CRRT i S Fgr 9 °
103 T e == — . - _E_=D=_E|_ — >;<—_
— —p— S — — —— .
il E—— 7 10 - T -1 4
10F -, - - - . -
AL | —— N 10 A== E
10" FATLAS = | . 11 -
1 0'3 [ | I I | | I I | | | | | I I | I I O | —I 10-1 ] ] | | ‘ |
3 3
100 200 300 400 500[(3 600 . F 20
p. [GeV]
T m,, [GeV]
e very good description by NLO calculation

Kolloquium, MPI Miinchen, 22. Februar 2011

Stefan Tapprogge, Johannes Gutenberg-Universitat Mainz

Seite 44



1 0_1 T T T [ T T I T T [ T T .,T'—' 1 0_2 crr oo r o1t 1t T T T T ] 7|=
= - > E o 3
> ATLAS Preliminary e Date [ Lates63 g O r ATLAS Preliminary P
S.10 Ns=7 TeV 'OR 0-3 — —e— Data J. Ldt=36.3 pb™! |
2H0° — ey \s=7 TeV 5
E MGC (Pythia LO + Parton Shower, normalised to data) E= -4 = PYTHIA ]
< 1 0'4 Statistical errors only 1 0 . . E
© S MC (Pythia LO + Parton Shower, normalised to data) 7
£ 0° C -5 Statistical errors only
- S 10

9
AL SRR Hnwmumw AL A AR R
HHHH‘ HHU_HJ HHHH‘ L1 HHHH‘ HHHH‘ HHUJ_J HHHH‘ \l\\M
n

107 —10°%F ~
- anti-k, R=0.6 B _
10 : y"i<2 107 ¢ anti-k, R=0.6 =
10 - jet =
, ly [<2.8
107 . 107 ¢ E
10-11 I I I | | I I \ | ! | | ! ! -9 E n
500 1000 1500 107 ¢ =
p; [GeV] 10 B
- 1 ?—L; T T T T T T T T T3 10 g =
< C MC_(Pythia LO + Parton Shower, normalised to data) ] _11 ;‘ L | L | ‘ L | ‘ ‘ L ‘ L | ‘ —
3 -1 = Statistical errors onl —
=9 " i 1 197071000 2000 3000 4000 5000
= 102 = =
— ; — PYTHIA ; m. [GeV]
3 s 1l
102 ? ar?etti_k' R=0.6 ? o d I -J e.l-
10% = v l==8 E . . .
osh N E > leading jet:  py> 60 GeV
10'6; ATLAS Preliminary | *; > SUbleGdlng JeT' pT > 30 Gev
E \s=7 TeV ] . o o
107 3 e multiplicity
sl | | .
10° >1 2|2 >3 zl4 >5 2‘6 >7 28 =29 2‘102‘112‘12

> all jets: py> 60 GeV

jet multiplicity
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’—//.
2 EXPERIMENT |
4
=
Run Number: 167576, Event Number: 69725215 S0gis

Date: 2010-10-24 15:42:22 CEST

o Istjet: p;=13TeV,n=02,¢=28
e 2ndjetipr=11TeV, n=00,9=-05 Emiss = 42 GeV
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. . = C | T |
e anti-k, jets (R=0.6 - oL
td ( . ) @ 10" ATLAS \s=7 TeV 3
> two leading jets: |y|<0.8 S { 8L ek jelsR=05 p>100GeV <08 et
T © = Data |Ldt=36pb" —x— 9
> leading jet p™ > 110 GeV s _r, aapm)wg SeV (<10 __ s
> subleading jet py > 100 GeV = 10" £ 600< ph< 800 GeV (x107) L ®
3, g ¢ 500<p< 600 GeV (x10°) = ]
B 107 £4 400< p™< 500 GeV (x10%) 5= " A
O _F 4310<p™<400 GeV (x10°) # =
O 10° £ 260< p™*< 310 GeV (x10°) A" 2
L - m210<p¥<260 GV (x107) —Fm == 41
= 10%E0 160<pM™< 210 GeV (x10) —— a2
) = ax ke -
CE | | ] 103 :_o 110<pT™< 160 GeV (x10) aﬁﬁaﬂ.:‘;‘_-‘- 5‘5‘&%_:
T [ ATLAS\s=7TeV : e S
T antick i ] = —— A ]
Lﬁ - anti-k, jets R=0.6 . 1 02 - \ == ..IR_E
— 1 04 L P >100 GeV |y|<2.8 - = \—E— *.l- 0{5
S = Leading two jets: |y|<0.8 —— 7 C — =~k Q{% 3
o © p™>110 GeV ] 10 SR P ==
-g 4| Data | Lat=a6 po :‘='_._|_‘_l=jh = —— — o o *¢
2 210 L —— 15 s
o - m>5jets T v ] 10-1 L o _
g ‘Io‘g__l:,Y_H_HA:D=|$|_—D——'=D:‘=E=|=|:gE - \ mﬂ: :
= E - = - ]
5 B ] 1 0-2 L ) o=
2 i —— ] = — NLO pQCD [O(ed)] =
© 10E e, Zore = o _33_ 77) PDF & o, unc. _3
N E . 10 £ | scale unc?. E
N B B C | i
o . i

: | ve s s we emwd omb T

x .
S A [radians] A(]) [radlans]
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proton - (anti)proton cross sections

10 Il'[ T T TIIITII ! T IIIEIII T L T
10°
ot |
107 Tevatron LHC
1DE i i
10°
10* %
10°
jat I
- o (E;" > s/20)
E i
£ 10 Oy
b
10° ©z
- o (E;" > 100 GeV)
107
107 o,
" o (EF >s/d) |
0 O, el M, =120 GeV)
200 GeV”
10°
500 GeV
10'7 il i i waiasil i i III;IlI | i i
01 1 10
Vs (TeV)

10

—
L=
i

g"" a

events/ sec for

bosons
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100 —r—r—r—rrrr — 100 —r—v—r—rrr ————r
[ R i
% 10 S ~ 1oF E
5 ﬁT 2
RS | : .8 TF .
g
0.1 0.1 -
Vs (TeV) Vs (TeV)
e 20% of total W/Z cross-section involves s,c,b quarks (LHC)
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Candidate event W > ev

1 —
N . . ‘ . Y \ Run Number: 152409, Event Number: 5966801
Date: 2010-04-05 06:54:50 CEST

A EXPERIMENT

T
CETTTITT T ]

W-ev candidate in

7 TeV collisions
p.(e+) = 34 GeV

ne+)= -042

E,™ = 26 GeV

M, =57 GeV
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Run Number: 152221, Event Number: 383185
Date: 2010-04-01 00:31:22 CEST

p,(p+) =29 GeV
n(p+)=  0.66
E M =24 GeV
M_=53 GeV

W-uv candidate in
7 TeV collisions




e single lepton selection
> e E;>206GeV, "tight" identification criteria
> w: pr> 20 6GeV, track based isolation (Zpto/ps+ < 0.2)
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e cuts

- W = uv: ph >20GeV,

— Z —ee: ET>20GeV,

~ Z—up: ph>20GeV, n| < 2.4, 66< my, < 116 GeV.

e master formulae

o -BR(W(Z) — tv (£0)) = :
(W(Z) (££)) Az T Lwe)

W(z)

e acceptance for W: A,, = 45-50%
e efficiencies for W: Cy, ~66% (e), ~76% (n)

n| <24, pY > 25GeV, mr > 40 GeV;

sig
NW(Z}

n| < 2.47, excluding 1.37 < |n| < 1.52, 66< m,. < 116 GeV;

— W —ev: Ef >20GeV, [n| < 2.47, excluding 1.37 < |n| < 1.52, pY > 25 GeV, my > 40 GeV;

arXiv:1010.2130 (THEP 12 (2010) 060)

310 - 330 nb-! Z/y
Electron channel Muon channel
. value ‘ stat ‘ syst | lumi || value ‘ stat ‘ syst ‘ lumi
e details for Z: NG 688 | 84 04 00] 1088104 00] 00
Lz [nb~1] 316 - -1 35 331 - -l 35
Cz 0.651 - | 0.061 - || 0.773 0.043 -
Az 0.446 - 1 0.018 - || 0.486 0.019 -
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o, X Br(W— 1v) [nb]

10"

oy -BR(W — #v) =
oyt -BR(W — #v) =

oy -BR(W — fv) =

ATLAS

— Data 2010 \'s = 7 TeV)

_[ L dt = 310-315 nb™
e W lv

“““

e
A
.
At
At
Y
At
At
Wt

At

“““

< . NNLO QCD ®/O CDFW-> (lle) v
T e W (pP) - f Ei:”J lelft)v
= — W (pp)
- ST W* (pp) v UA2 \-N% f.- v _
_ .\.‘:% o W (pp) ®/O Phenix W — (e/e’)v
f \ . | | . o

5.93 £ 0.17 (stat) =0.30 (syst) =0.65 (lumi) nb,
4.00 £ 0.15 (stat) =0.20 (syst) =0.44 (lumi) nb,

9.96 + 0.23(stat) = 0.50(syst) = 1.10(lumi) nb.

| 10
\'s [TeV]

oNNLO = 6.16£0.31 nb,

WH—fty

GMVLO = 4.30+0.21 nb,

GIVLO = 10.46£0.52 nb

arXiv:1010.2130 (THEP 12 (2010) 060)
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_[ L dt = 316-331 nb™

® Ziyv*—> 1l (66 < m < 116 GeV)

NNLO QCD

------- Z/v* (PP)
Z/v* (pp)

CDF Z/y*—> ee (66 <m < 116 GeV)
DOZ/yv*—~>ee (70<m <110 GeV)

CDF Z/y*— ee/pn (66 < m_ < 116 GeV)
DOZ/yv*—>ee (75<m <105 GeV)
UA1 Z/yv*— ee (mee > ;E GeV)

UA1 Z/v*— up l(mMl > 50 GeV)

UA2 Z/yv*— ee (mee > 76 GeV)

NNLO
Oz/y—ere-

o™ -BR(Z/Y = f) = 0.8240.06(stat) £ 0.05(syst) £0.09(Iumi) nb

Zly

| 10
\s [TeV]

= 0.96=0.05 nb, for 66 < my; < 116 GeV.

(66 < my < 116 GeV).

arXiv:1010.2130 (THEP 12 (2010) 060)
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p;(p) = 18 GeV
p‘.;_is(Th) = 26 GeV
My (I.l,Th) = 47 GeV

) s cov 1A EXPERIMENT

EM* =7 GeV
Run Number: 160613, Event Number: 9209492

Date: 2010-08-03 02:12:37 CEST

-5

L =TT B
Candidate in 7 TeV Collisions’, i~

ﬂi

‘3-prong hadronic
tau decay ﬁ

/|
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CATLAS ™

h L EXPERIMENT |

Run 166466 Event 26227945
Time 2010-10-07 22:16:39 UTC

B WZ%evpu Candidate
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proton - (anti)proton cross sections
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Top_pair _production

Top Pair Branching Fractions ® eve n1‘ se I eCT i on

"alliets" 46%

1%
t::’u 20 ,-:;0;
..tl'e '2.)\ g{ 00
i
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s 15% O pr(lepton)> 20 GeV
o ELMiss > 20 GeV
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5 ¢ W single t
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- dilepton §
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0 >2 jets with p>20 GeV (|n|<2.5) 2

b

QO pp.

Mee-Mz

O ee: Etmiss > 40 GeV,

>H GeV

E-miss > 30 GeV,

M, ~Mz

> 10 GeV

oew: H(e,u,jets)>150 GeV

F2] T
c 0.8 _
g ATLAS Preliminary [
5 Simulation [ single top
c [z +jets
S 06— -
5] [ W+jets
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Tof candlda’re (sm Ie lepton)

Run Number: 159086, Event Number: 64558586 [’
Date: 2010-07-14 15:04:51 CEST
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Events / 40 GeV

S e T - _
6 ATLAS taQQEG eszdjets | 8 - 'ATLAS I‘agged w+=4 ;els _:
i ® dala g ® data ]
14} IL=2.9pb" Ot @ 14 jL=2.9 pb' [t
F M single top § H I single top
2 W Z + jets @12 W Z + jets E
10k W+ jets s W+ jets
: W aco s W aco
8 77 uncertainty - 8- % uncertainty -
6
4 ]
2
0' - = [y 1. —
0 100 200 300 400 500 600 0 100 200 300 400 500 600

e acceptance+BR: about 3%

‘ Method

‘ e+jets

+jets

‘ e/u +jets combined

Counting o7 [pb]

45
105 + 46 *43

4
168 + 49 *4

142 + 34 739

Fitted o;;{A) [pb]
Fitted o-;;1B) [pb]

08 + 58 34
110 + 50 + 39

167 £ 68 *35
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38
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118 + 34 + 34

o
3
o
o)
~
m;[GeV] m;[GeV] %; Ex pectatlbn scaled from 2.9 pb / (aerv 4012 11792i L L
O200- ATLAS b-tagged e/ u+>4-jets‘r P
o - _
- PS 1 9
42-1600 [ Expectation scalkd from 2.9 pb (arXiv:1012.1792) | — 31 80— Preliminary d_ata -1 3
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- | L=35pb" [t i W140F I Z + jets 4 9
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800 Il QcD - 100p uncertainty —
uncertainty 7 80 - g
] C ] o
600 ) ] 60 -4 R
400 — o ] 40 — — §
200 - 20 = %
: =
O o
1 2 3 >4 0 100 200 300 400 500 600
Number of jets m;[GeV]
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Top candidate (dilepton

Run Number: 160958, Event Number: 9038972
Date: 2010-08-08 12:01:12 CEST

A Sy
\) A EXPERIMENT

AAY.

e 2 b-tagged jets
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arXiv:1012.1792 (accepted by EPJC) and update to full 2010 data
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e combination
of single
lepton and

of dilepton

channels

—- ® ATLAS

----- NLO QCD (pp)

(2.9 pb™) —— Approx. NNLO (pp)

---------- NLO QCD (pp)

~~~~~ Approx. NNLO (pp) ...

-----
.

I'i

arXiv:1012.1792 (accepted by EPJC)

O = 145 -

Kolloquium, MPI Miinchen, 22. Februar 2011
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proton - (anti)proton cross sections
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e using the H > WW® channel
- consider separately: H+Qjet, H+1jet and H+2 jets

e common selection
> =2 leptons with

b_

E I I T T | T 17T | T T | T T
& 10° ; LAS Preliminary -
pr>20/15 GeV ¢ - —— Observed J. Ldt = 35 pb ™' -
ovetoZandY § - ---- Expected — i
candidates E , N m- 1':; Ns=7TeV 7]
> Ems>306ev 5 10E [+ 20 E
> topological O - 18
criteria 2 - 18
& 10 =
% ] ATLASPreIlmma ERRRE - 19
(E En[irmt ET‘H_MW(m =170 GeV) | B B z
3 °F HeOjet Hwm E7ae 2 L =
Lﬁ 1% # \ISL—diIEBVSpb'1—§ 1§_ _E
10_1: E _I | | | | | | | | I | | [ I | [ I | I | | | | | | | ‘ | I_
120 130 140 150 160 170 180 190 200
0 50 100 150 200 252& [Ge\sj?o mH [GeV]

Kolloquium, MPI Miinchen, 22. Februar 2011 Stefan Tapprogge, Johannes Gutenberg-Universitat Mainz Seite 68



: I UEA DOF BAIALL
i i WTHTENTEN |

oR

http://www.interactions.org/imag

DARK ENERGY
FARELETTDAS e s
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> CDF exclusion: M(W')<1.12 TeV (5.3 fb1)
e event selection

> high p; lepton: p>25 GeV

> E

10

10

107

o with isolation criteria
Tmiss > 25 Gev
o for e: Eqyiss > 0.6 Er(e)

T T T T [ T f ' I I I
---s--- NNLO theory
—+— Observed limit
------- Expected limit
[ Expected + 16

Expected + 2c

ATLAS Preliminary
W' — v
\s=7TeV, 36 pb

1 | 1
500 1000

e exclusion limits (95% C.L.)

> W:M<149 TeV
> W' M<147 TeV

ATLAS-CONF-2010-089 (update to full 2010 data set)
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e Tevatron limit on excited quarks:
= m(q*) from 260 to 870 GeV excluded (1 13 fb1 - CDF)
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o exclusuon m(g*) from 0.6 to 2.15 TeV at 95% C.L.

arXiv:1008.2461 (Phys.Rev.Lett. 105 (2010), 161801). ATLAS-CONF-2010-093 - updted to fuli 2010 data set
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e Tevatron limit on contact interactions
> A>2.8- 31TeVa’r95°/oCL (0.7 fb1 - DO)

_§ 0 22 ] T T LI B T =
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e exclusion of contact interactions with A < 3.4 TeV

> at 95% C.L.

arXiv:1009.5069 (Phys. Lett. B694 (2010) 327) - updated tfo full 2010 data
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MSUGRA/CMSSM: tanp = 3, A0= 0, u>0
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e Conclusions and outlook

e long way from conception and construction of LHC, ATLAS (and ...)

> energy frontier is really back in Europe:
o pp collisions at s =7 TeV recorded for several months (~ 45 pb!)
O PbPb collisions at Vs = 2.76 TeV recorded for several weeks (~ 10 ub?)

e ATLAS is functioning well

> very good performance achieved already now
O investment in commissioning with cosmic muons / detailed simulation studies

e rediscovery of SM in full swing
> measurements of event properties and cross-sections
> only some results based on the full 2010 data set
O more to emerge in the next weeks
e no sign (yet) of new physics
> several cases where sensitivity already well beyond Tevatron reach
o several competitive limits published
- again: only some results based on the full 2010 data set

e goal for 2011: 1 fb! (or more) -> Nature might be kind to us ...

> instantaneous luminosity up to O(1033) cm2 s
O more bunches, more protons per bunch, stronger squeezing
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rom the weekend
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again in 2011
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