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“The most prominent issue for the LHC is the
quest for the origin of the spontaneous
symmetry breaking mechanism in the

electroweak sector of the Standard Model (...)

The Higgs search is therefore used as a first

benchmark for the detector optimization”

ATLAS Technical Proposal
|5 December 1994
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A few words on LHC operation and performance
Overview of the ATLAS detector
SM results

Higgs highlights: See Pierre Savard’s talk!

BSM highlights: See Georges Azuelos’ talk!
A look ahead
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Superb LHC performance!!

Parameter 2010 2011
N ( 10! p/b) 1.2 1.5
k (n bunches) 368 1380
B. spacing 150 50
€ (um rad) 244 1.9-2.3
B* (m) 3.5 1
L (cm2s) 2102  3.610%
Stored
Energy(MJ) 28 110
D.Fournier, HCP2011
7 — kNiNof
Ao * Uy
— A / B*g
£ =11.25 kHz
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machine revolution frequency

L _
Nominal o 7L ATLAS Onlme Luminosity \s=7TeVv —
115 % 65— LHC Delivered _E
£208 .é E ATLAS Recorded .
E O  Total Delivered: 5.61 fb' 0
25 5 - Total Recorded: 5.25 fb' -
375 5 F E
0.55 g 3 =
7 < n .
10 g oF =
2 - 3

360 1E !
o — | =

28/02 30/04 30/06 30/08 31/10

Day in 2011

~117 -fold increase in integrated
luminosity compared to 2010 !

beam size at collision point

~20 -fold increase in peak
luminosity compared to 2010 !
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Increase of peak luminosity over 2011

= LN N L I L N L L L L L ) N L s
.  45F ATLAS Online Luminosity \s=7TeV =
g - e |HC Stable Beams -
41— —
2 - Peak Lumi: 3.65x 10® cm2 g™ -
2 a5 :
r 3 =
_ — emittar_lce E
8_ 25 ; reduction -
> — o .
:?) 2 - increase { ’:. o =
@) - number of ~
E 1 5:_ bunches _:
- e & -
I ST L ool -
x F . >
o OS5 mn o o e 42010
Ojl.....l..b || ey feg . -
28/02 02/04 05/05 08/06 11/07 1 4/08 1 6/09 20/10 22/11
Day in 2011
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Peak Luminosity per Fill [10 ?* cm?2 s

Pb-Pb operation in 2011

— 1T | T T T I llllll I T T T T 7T l T T ] ‘.‘r| : T T T T T T I T T T T T T ] T T T T T T I T T T T T T :
- ATLAS Online Luminosity  \fs, =2.76 TeV - Ie 200 ATLAS Online Luminosity  \[s, =276 TeV = —
600 o LHC Stable Beams 3 > 180 [ LHC Delivered (Pb+Pb) =
sogf.  FeakLumi: 5120 10%cm?2s® . 3 8 41s0F []ATLAS Recorded =
- - ... + .*. _ g - . g
: ot 1 § 140 Total Delivered: 161 ub
400 < . . -| 2 4ppf. Total Recorded: 153 ub™
- o e o* 1 8 -
300/ 4 & 100t
- 12 80
200 n . = % 60—
100E- 4 8 40F
- - 20
()_l . S L1 L L L u 0:1 a——— | L1 L1 L1 1 1 L1 1 :
04/11 11/11 17/11 24/11 01/12 08/1z 09/11 16/11 23/11 30/11 07/12
Day in 2011 D. Strom, LHCC, 7 Dec 2011 Day in 2011
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~15 times more data than in 2010!
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The ATLAS deteCtor length ~ 46 m

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter radius ~ 12 m
weight ~ 7000 tonnes

| —— e

a,_\. L

~ 108 elebtronic channels
~ 3000 km of cables

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

Michel Lefebvre, UVic TRIUMF Workshop on LHC Results 2011/12/14 7
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The ATLAS Inner Detector
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2.1m

Barrel semiconductor tracker
sl Pixel detectors

297 Barrel transition radiation tracker
S End-cap fransition radiation fracker

End-cap semiconductor tracker momentum resolution:
o/pt ~ 3.8x104 pt (GeV) @ 0.015
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|—— l=— ARGON GAPS
—I:I_ l=— KAPTON/CAREON LOADED KAPTON

KAPTON /COPPER /CARBON LOADED KAPTON

o~ The ATLAS Calorimeters
n
:
! .
+ Fe-Scintillator
% Z Tile barrel In| <1.7 Tile extended barrel
¢ im - ]

v Segmented in pseudo-
Cu-LAr T S p— p— | rapidity n and azimuthal
1.5<n| <3.2 | angle ¢

LAr hadronic
end-cap (HEC)

=

n | tan (2
= —In |tan [ =
g 2

i
=

LAr electromagnetic Vo
end-cap (EMEC) ————

Pb-LAr

o Ar system: 182,468 cells
1.375<|n| < 3.2 %

e Tile system: 10,364 cells

: ald

.
=
2 =]
'Alr'.t E
r

LAr electromagnetic L’ /) |
barrel - /{ | A el (Fea)
Pb_LAr , r rorwarn al) . :

3.2<|n| <49 -
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The ATLAS Muon Detectors

Thin-gap chambers (TGC)
R

In| <2.7
air-core toroid

Cathode strip chambers (CSC)

Barrel tforoid

Resistive-plate
chambers (RPC)

End-cap toroid
Monitored drift tubes (MDT)
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Getting down to business

proton - (anti)proton cross sections

% live ATLAS channels -

T , 10°
TGC End Cap Muon [N 98 49, 1 E 1o’
RPC Barrel Muon W97 (0% 10 Tevatron LHC 10
CSC Muon N 98 5% 10° 10
MDT Muon 99 8%, 10
LVL1 Muon TGC Trigger WE)(),0% 10 | 3
7 / X Trioco 10°
LVL1 I\Itton IiPL. Tu.&,g_,er 99 5% ) E o (E > Vs20)
LVL1 Calo Trigger 99 9% s 1 E
Forward Lar 99 89 £ 1 g‘ O
Had End-Cap Lar 99 6% o 10° Fo (E. > 100 G;v)
Tile Calo 97,9% 10" E
Lar EM Calo 99 59, 102 E /
TRT m®97,5% 10° | vy
>CT  m®99,1% 10* o, (M,=120 GeV)
Pixel mm 96,9% 10° 200 GeV
D.Fournier, HCP2011 10°%
WJS2010 500 Gev
10—7 ral L1 sl 11111
0.1 1 10

Vs (TeV)
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ATLAS publications on collision data
38 papers submitted

261 public CONF notes

14 -
. Searches
12 m Measurements
m Performance
10-
8 |
6
4 -

D. Strom, LHCC, 7 Dec 2011

1 [ 1

Mar May  Jul Sep Nov Jan Mar May Jul Sep Nov
2010 2011
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Luminosity normalization

B Accurate measurement of the luminosity is very important
e often one of the dominant systematic uncertainties in SM cross sections
e affects knowledge of background levels for searches, hence sensitivity

— 0.25———1————— ATLAI‘S'CON]F'ZO“',“G
] — EN1N>f _ puviskf = : . ATLAS Preliminary ]
272y Ey Ovis 2 02 I L} -
. . P - o  LHCfill: 1783
N\ characterize beam profile 2 - * ' y
~ 0.15— -
For a reference run with ATLAS luminosity monitors — - ! . .
recorded, perform a van der Meer scan, where beams =, .- ]
are separated by steps of known distance = i o :
Measure HUvyis 5 2z, 2y  from Gaussian fits 0.05 s . -
272429 bunch ch duct - o .“q ’

hen . — ;,max y bunch charge produc ee-® . L | | AT YR
the Ovis Hvis N1 N2  measured separately . 2:_ — - =
per luminosity detector and algorithm %§ DEnrsrrerararnen s R =
© 15... ...... O......................................... .......... ® eeaes é
per BCID 0;.'.‘ ..... 5 .........' ..... LYY S S LI S
For a given run, obtain the luminosity from ;;*j:f::::::::::::.:::f:: """"" ST e E
. 3k =
L — /’LVISkf = ._01-2. . ._0..1. R 6 R .011. R .0.2. =

O vis 5 L 3 7 % Horizontal Beam Separation [mm]

Study of uncertainty yields — L
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B In-time pile-up 8 10°E ATLAS Online 2011, \'s=7 TeV f Ldt=5.2 b’
. . 2 L ) -
e due to collisions in one bunch & 9°¢ — B*=1.0m <u>=1167
crossing (BC) € 10%F — B*=15m, <u>= 6.3 =
. . =) — .
B Out-of-time pile-up 5 10 3
g . () —
® superposition of S|Igna_l from g 1F -
preceding (and following) BC 8 101k 3
B Relevant parameters 102 5
® . luminosity-weighted mean 10° i
number of interaction per BC
Lot 0 2 4 6 8 10 12 14 16 18 20 22 24
_ 1ne
M= kf Mean Number of Interactions per Crossing
I\‘ 18__"“!""[""l""l""l""l"_:
» dispersion includes bunch- d 16 - Data 2011 P
to-bunch variations and drop na P
of L with time 12 E ;

10 -

® Nyx: number of reconstructed
primary vertices per BC

» event-by-event proxy for y

ATLAS Preliminary

N A OO @
TTT[TTT[ITTI[]

(=)
O

Cal | tax blas gglay ¢q s g5 1§

PR T
5 10 15 20 25 30
D.Fournier, HCP2011 <u>
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are reconstructed using tracks with pr greater than 0.4 GeV.

The track pr threshold is 0.4 GeV and all tracks are required
to have at least 2 Pixel and 7 SCT hits. The vertices shown
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e* and photon isolation energy

B e* and photon isolation
criteria important to reject
backgroud

B photon isolation criteria

e E7 <5 GeVinside a cone
oer = 0.4 centred on
photon direction

® does not include core
energy of the EM deposit

e underlying event and in-
time pile-up subtracted
using an “ambient energ[y
density” evaluated event-
by-event

2008 COSMIC MUONS  EM BARREL LAYER 2

Isolation energy [GeV]

SR ® Prediction ]
600 \ e Data E

400F ' v (Data-Prediction)Max(Data)

10.04
10.02
-10
1-0.02
~-0.04

200

-200

vl by s b by vy e b s by Ly o
0O 100 200 300 400 500 600 700 800
Time [ns]

6 - l ! ' ' ' l ' ! ' | ! -
55_ ® 2011 Data (Z — e*e'),J Ldt=3 fbé
- A Simulation (shifted by 800 MeV) T

s E_ o _ Largegap 8 BCID gap _E
3 :1 ATLAS Preliminary e
2 =
1 A =
- " -

y =
= 100 300
beginning of Bunch crossing ID

the bunch train
12 bunches

into the train

Excellent understanding of out-of-time
pile-up on LAr calorimeter signal
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DAQ and Data Quality

B Overall data taking efficiency 93.5%

e without warm-start: 94.7% inefficiency
Dead time 10
Warm-start 1.2
DAQ Actions 1.2
Equipment Failure ( incl. Human Resp.) 28

D. Strom, LHCC, 7 Dec 2011

B Extensive Data Quality procedure and checks
e only data that are flagged of good quality are fit for analysis
e excellent performance of all sub-detectors

Luminosity weighted fraction of data after data quality cuts used for analysis

Inner Tracking
Detectors

Calorimeters Muon Detectors Magnets

Pixel SCT TRT tﬁ‘/'l' I:ﬁg ka/;) Tile MDT RPC CSC TGC Solenoid Toroid

99.8 99.6 99.2 975 992 0995 992 994 988 994 0991 99.8 99.3

Luminosity weighted relative detector uptime and good quality data delivery during 2011 stable beams in pp collisions at Vs=7 TeV between
March 13 and October 30% (in %), after the summer 2011 reprocessing campaign

DQ efficiency for physics analysis 2 90%

Michel Lefebvre, UVic TRIUMF Workshop on LHC Results 2011/12/14 | 8
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Trigger and DAQ

B DAQ readout rate significantly beyond design
® |ower thresholds

AR | .

Calo, Muon,
Specialized
Detectors

4

Sophisticated tools in place to predict

L1 Front End resource usage throughout system
Fast Cust_om Pipelines _
Electronics — B Menus and algorithms
5Sus < z :
Requested ’ e ~200 Level 1 items
Data in Rol :
12 | Do e ~500 Level 2 chains
aiposdl <6KHz e ~500 Event Filter chains
(40 ms) ‘ (3kHz) ATLAS Trigger Operations (Oct. 22, 2011)
HLT Event ﬁ | [ | | | [ | I [ ! | | LI | | I [ [
Builder <  Newevi | ovel 1 rate
Access to (&) Lol gnutt
EF full event | Full Event = o«
Yracks | ummmmm | Buffers o - Jauso
<t>~0.6s o) - JIXES0
(4s) ~500MB/s ‘ ~400 Hz +
X+Y=49(72) (300MB/s) (200Hz) g o NE .
Storage& = - i
ATLAS 2011 Tnigger, end of run Ofﬂlne_ _g e
(ATLAS Design) Processing > ! ]
D. Strom, LHCC, 7 Dec 2011 a i
2011:fr0m20MHZt02SOOHzondiSk. 0 L e =" | 0o Loy
Over 10" events through the trigger system! L ity (108 om s
Michel Lefebvre, UVic TRIUMF Workshop on LHC Results 2011/12/14 |9
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Trigger evolution in 2011

Raise single electron

Average event filter rate | ‘nreshold to 22 Gov Add hadronic

core veto for EM
ATLAS Trigger Operation 2011

Single electron

threshold at 20 GeV | 4%°

inimum Bias

Electrons/photons

Jets/taus/missing ET

Muons/B-physics

August September

Single jet threshold

at 180 GeV Raise single jet
threshold to 240 GeV

Muon Calo CTP electron photon muon tau jet b-jet missing E;

100 100 100 100 100 100 | 995 | 973 o9 100

Luminosity weighted relative trigger quality delivery during 2011 stable beams in pp collisions at Vs=7 TeV between March 13 and
June 29th (in %).

Michel Lefebvre, UVic TRIUMF Workshop on LHC Results 2011/12/14 20
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End of run L =3.3 x 1033 cm2s™’

2011 proton trigger menu

Trigger Selection L:k'::;e E':I_'I*zﬂ)'te
Offline Selection > = at 3e33 at 3e33
Single leptons Single muon > 20GeV 11 GeV 18 GeV 8 100
Single electron > 25GeV 16 GeV 22 GeV 9 55
2 muons > 17, 12GeV 11GeV 15,10GeV 8 4
Two leptons
2 electrons, each > 15GeV 2x10GeV 2x12GeV 2 13
2 taus > 45, 30GeV 15,11GeV 29,20GeV 75 15
Two photons 2 photons, each > 25GeV 2x12GeV 20GeV 35 5
Single jet plus JetpT > 130 GeV & 50 GeV & 35 GeV 75GeV & 08 18
MET MET > 140 GeV 55GeV
MET MET > 170 GeV 50 GeV 70GeV 06 5
Multi-jets 5 jets, each pT > 55 GeV 5x10GeV 5x30GeV 0.2 9
TOTAL <75 ~400 (mean)

Michel Lefebvre, UVic
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Trigger eff.

High Level Trigger performance
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HLT performance and pile-up

B Most trigger cross sections have limited dependence on pile-up
e | evel 2 CPU time linear with pile-up for key algorithms
e Multi-jet rates and missing Et are especially sensitive to pile-up

e Many handles to control rates

ATLAS Trigger Operations (Oct. 22 & 25, 2011)
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Standard Model in ATLAS

proton - (anti)proton cross sections

B Re-discovery of the SM 10° grrr——r—rrrrrr ey 10
e Validating SM predictions at 10° O —— — 10
a higher energy revatron _LHG 110
: : >

» precise measurement of S0t QCDZ T 10°
SM parameters Jets — ; ~ .
o ATLAS detector W/Z g s T
commissioning and o 5 T 1

calibration Top 3
. 107% 10
m Needed for searches for I 1

new physics = F SN ]
. © 10°F; E>100Gev) N 310
® understanding backgrounds b ; e -

. E : . 3
® |ook for processes with . - P
cross sections > 10 orders N 1
of magnitude smaller than 107 F o / / 310
total cross section! 10° ko m,~120 Gev)’ / ] 10°
10° 200 Gev / 10°
10° 10°

WJS2010 500 Gev
10—7 1l L1l il 10—7
0.1 1 10
Vs (TeV)
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Standard Model in ATLAS

B ATLAS SM, Top, B working groups
e Soft QCD

» multiplicities, correlations, underlyingt.event, iInelastic
cross section, rapidity gap cross sections, ...

e Jet Physics

» Cross sections, shape, mass, ...
e \\V/Z Physics

» cross sections, pr distributions, V+jet(s), decays, ...
® Direct Photons

» Isolated prompt photon and di-photon cross section
e Electroweak

» WW, WZ, Z2Z, Wy, Zy cross sections
® Top

» Cross sections, mass, single top, properties
o B

» Onia, b, B — J/y, rare b-decays, hadronic B decays

Michel Lefebvre, UVic TRIUMF Workshop on LHC Results 2011/12/14 25



Soft QCD: charged particle multiplicities

B Results at 0.9, 2.36 and 7 TeV
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Hadronic jets

B Hadronic jet production is the dominant
high pt process at the LHC

Fractional JES systematic uncertainty

Michel Lefebvre, UVic

® jet energ]y
source O

measurements
® enormous progress made in 2011
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physics
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e overall good agreement with NLO pQCD (+ soft

QCD corrections)
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Jet phySICS multijets
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Inclusive Jet Multiplicity

LO MC normalized to the measured
inclusive dijet cross section. The systematic
error on the measurement does not include
the luminosity uncertainty
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Jet physics: multijets

B three-to-two jet ratio

B test of NLO pQCD
o NLOJet++ 4.1.2

® parton-to-particle ,
correction factor obtained
using PYTHIA and
HERWIG++

e MSTW 2008 NLO

B also aim at extracting as
® note in preparation (EB)

® figure here includes
theoretical error from
varying as by £0.002

accepted in EPJC
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; == :
- —e— Data (Vs=7 TeV)+syst.
- == —e— NLO+non.pert.+syst -
o pT"> 80 GeV :
| I I | | L1 1 1 ] | I I | l | I | l L1 1 1 | | I | | 1 1 1
o e T ----~::::::::::%::::::::::
—o=

bI | I | I I | I I I | | 1 1 1 | | I I | | I I | | I

& 0.6
QL
Q.
o 0.5
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EQ._ :
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o, 0.1}
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S
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|_
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Jet mass and substructure

ATLAS-CONF-2011-073

B Jet mass encodes information about
both parton shower and a possible origin
In a heavy particle decay

B Fat jets are split and soft radiation is
filtered out

e filtering reduces differences in generator
prediciions and removes impact of pileup!

'; R L L LN RN LN L
O 260 —=a— Before Splitting/Filtering

% 240 ——— After Splitting/Filtering

% —a—— Jets which will pass Splitting

= 220 ATLAS Preliminary  Cambridge-Aachen R=1.2 jets
5 200
-
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ATLAS Preliminary ~ _

—1 1T

S i 1
b 80.012 — —=— ATLAS 2010 Data, L = 35pb" ™|
© ‘E' u Pythia _
o __ HerwigJimmy _‘
1—|o 001_ = ====- Herwig++ —
B Cambridge-Aachen R=1.2 jets
0.008 - ' Ny =1,p,>300 GeV, lyl <2 |
- i ] — ]
0.006f | | =
0.004 1:4 —— -
0.002ff T -
i S ]
OJ:- 1 1 1 1 1 1 1 1 l 1 1 l 1 1 1 :-----------.---r
© 1 .8 - T T T =
© 1.6F =
0 145 i
121 s o e } =
g '8 = 2
0.8 - z
0.6k —=
0.4¢ =
0.2 250 300
Jet Mass [GeV]
< S L R B B EELRNLNLIL N &
o} 8 0.01 __ATLAS Pre"m'nary —&— ATLAS 2010 Data, L = 35pb __
o~ - ——— Pythia _
.g — HerwigJimmy -
1—|° 0008 __ === Herwig++ —_
B ;—%_._ Cambridge-Aachen R=1.2 jets ]
0.006— | T Split/Filtered with R, >0.3 ]
TR | T Npy=1,p,>300GeV, lyl <2
i | i i
0.004~ | e 7
_ i ! ]
| | -
0.002 ‘ ey —
| |
0‘.
o 1.8¢
© 1.6F
Q 1.4E
(EJ 1 .% =
0.8
0.6
0.4¢ =
0.2 50 100 150 200 250 300
Jet Mass [GeV]
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Low mass Drell-Yan cross section

B DY process can help improve ., = (M/14 TeV) explzy)
our understanding of the 0'E Q=M M= 10Tev
proton structure :
e PDF uncertainty one of the 0"
dominant uncertainties for SM :
measurements 10° |
» DY sensitive to sea-quark PDF :
e LHC probes low x and high Q2: < ''F
: -4
at 7 TeV probing as low as 10* & ¢
N X T 10tk M = 100 GeV
o
10° E
y=
do o m—3 v ?M=|0(‘iev
dmll ll o - fixed :
in preparation largel
10° L .
o’ 10° 10 1wt 1wt 10 o' 10°
X
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Prompt photons

Phys. Lett. B706 (2011), 150-167

IIIIIIII]III]IIIIIIIlIlIIlIIIIIIIIl

__ o Data 2010 f Ldt=35pb ™ 1

eV
o

N

|

B Good agreement with
pQCD over 4 orders of
magnitude in cross
section

-------- luminosity uncertainty

f o JETPHOX CTEQ 6.6
e sensitive to the gluon E%°(AR<0.4) < 4 GeV

content of the proton
ATLAS

B Also important test of U3 —o— E
photon detection : :

® converted and non- - _
converted photons 107 (a) -

e transverse isolation and C Ii<0.6 .
effect of -

» underlying event
» pile-up

® calorimeter shower
shape

do / dE, [pb G
o
|
¢

—_
o
N

DO NN

—

data/theory

oo

'llllllIllllllllllllllllllllllllllll

50 100 150 200 250 300 350 400
E. [GeV
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W/Z physics

B \W/Z reconstruction essential for most analyses
® ecither as signature for signal or background
® |arge samples available
» evaluate and calibrate detector performance (energy scale, ETMiss, ...)
» towards precision EW measurements

=]
w

> X1 T T l T T T I T T T I T T T | T T T -1— > - I I I I I I I 1 I I I I 1 1 I I I I I 1 I I I =
o 240 o Gata20i(Eo7TeV) - 8 C e data2011 (s=7TeV)]
— ata S= e =] — — —
S 2201 Coweevipgen 4 =009 ATLAS Preliminary L2 —~ee (Abgen)

o = - ] QCD (template)
a 200 % QCD (template) — ; - COW o1ty -
~ — W—1tv - - - —]
o 180 B Z-ee -4 2 25000( Statistical errors only 5 :A{ eV :
2 = E=3 t T + single to i € u : + single top N
= 160F o T9 P 4 5 -~ MC normalised to data Z—>1t N
LICJ 140 E_ : Dibosons _f 20000 __ : Dibosons —_
1205— ATLAS Prelimina _E u Ldt=1.02fb" u
- ry - l _
100 — 15000 - f Electron smearing .
80 Statistical errors only = n derived from data .
60 E MC normalised to data 3 10000 .
40 ;_ fL dt=1.02fb" _; 5000 :_ _:
20F- = - -
0 ~ I . : ; . . . . . ) . | . . -

40 60 80 100 120 140 0™20 80 30 700 10
mr [GeV] Mee [GEV]
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W/Z physics

Gy, x B(W— 1v) [nb]

. " ] ] ( _1 ) .
Inclusive production cross section (35 pb Submitted to PRD
C /0 ATLAS/CMSW—h «eceen. W (pP) o) | @ ATLAS Z/y*—> Il seeeee- Z/y* (pP)
| W/ ATLAS/CMSW*-I'v — W (pp) c O s
| A/A ATLAS/CMSW—Tv W*T:p) = S Z/H/Z*’Y)ee'/'uu Ziv* (pp)
®/O COFW—(l)v . . wen e — 15 DO ZH*—ee
10" /0 Do w-> (e/p)y R ? T e UAT Zy'ee
E O UATw=Ily e e e - L O uAt e P
- Y UR2W-ev . B ee e
| ®/O Phenix W' (e'e)v___.m® - E i TouR s ) ATLAS
L e ATLAS | = [ Data 2010 (\'s = 7 TeV)
E e e Data2010 \'s=7TeV) | x 10" LT
C e N L *’T’ .
\\\\ r (o] [
- c23'1.051— woowow © - = 1.05}
107 % 1E - ..%. 1
= , MSTW2008 NNLO g $ # $ % MSTW2008 NNLO 8 _ $
- + 68%CL PDF uncertainty ~ 0-9°F 102 — 68%CL PDF uncertainty 0.95
t | | o 1 L L1
1 _ 10 _ 1 10
outer error bar includes \s [TeV] experimental mass range  \/s[TeV]
luminosity uncertainty taken into account in inset

® measurements cover a wide range of kinematic phase space
» stringent test of SM predictions

® precision reaches a few percent!
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e |luminosity uncertainty is the dominant error

W/Z physics

B Production cross section: W vs W- and W*vs Z

e universality of the PDFs and pQCD at high orders still work at LHC!
» validity of QCD evolution equations for the PDFs
» constraint on the partonic content of the proton

)
<
>
£ 65
g
S
o
T 6
8=
o]
5.5
5

otet - BR(W — [v) [nb]
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L I L B L B L L BB
ATLAS Preliminary e data2011 (5=7TeV)

. —
WIZ + jet(s ok ShE
1 f W +=1jets [ QCD (template)

= Elz—-ece
Statistical errors only @0 t { + single top

MC normalisedtodata W -—==tv

B Very important measurement
at the start of LHC

e exclusive final states W/Z + n-jets _ .|
® b-jet production rate

[ Dibosons
CzZ-rr

Entries / 10 GeV

10*

fL dt=1.021b"

I TTTI
llllll | llllllll 1 llllllll | llllllll |

B Ratio of W+1jet / Z+1jet 102

e cancellations of many uncertainties ., ]

e model-independent sensitivity to 50 100 150 200 250 300 350 400
new physics couplings to Py [GeV]
leptons and jets E’ S ATLAS P e

e Submitted to PLB o 10°F Z+=1]ets CZ-e0Mpoen)

. ~ - Statistical errors onl ibosons -

o gOOd agreement W|th SM SO fal" -8 103' MtCtn:)rmaIised to d:ta Eggzsingletop _:

B Important background to many & T

searches 10° Ldt=1.021b" E

e understanding SM W/Z + n-jets :
essential 10 =

B Can also consider event shape

variables instead of (or in addition I

to) jet multiplicity 50 100 150 200 250 300 350 400

pr [GeV]
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Top physics

B Top quark W — hadrons T M e

e |ate 2011, production at ~1 Hz !

e mostly produced in top-antitop pairs
¢ BR(t—>Wb)~100%

B Decays before hadronizing

e study an unbound quark!

B Most massive fundamental particle
(so far)

All Hadronic

hadrons
1 +uojdan
sjor + uoyden

® Yukawa coupling close to 1 = Lepton+ T
® |arge mass affects EW observables ©

thr%ugh loop corrections é =1 Lepton + Jets
® top plays a special role in many BSM

theories

B Signature: multiple leptons, jets, and B Event selection

mlgsin_g EI .. iy ” e high pr leptons
e dominant background for non-all- -
hadronic channgels * atleast 3 jets

» W/Z + jets e cut on missing Et and
. transverse mass
» QCD jets
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Top-antiTop pair production cross section

B One of the benchmark measurements of ATLAS

I t 9 BooOT ¢ q: : t
- 9 Booos —— & _ a
g t http://www-d0.fnal.gov/Run2Physics/top/top_public web_pages/top_feynman_diagrams.html
B 3 analyses to produce combined result
® |epton+jets without b-tagging ATLAS-CONF-2011-121
» simultaneous fit in 6 channels

* (3,4, >=5jets) X (e, p) ATLAS-CONF-2011-100
e dilepton without b-tagging and with a least 1 b-tagged jet

» ee, ed, UM
o u +tau(h) + jets ATLAS-CONF-2011-119
» using boosted decision tree to identify taus
B All hadronic ATLAS-CONF-2011-140
e 1.02 fb': 167 + 18 (stat) + 78 (syst) + 6 (lumi) pb
B ttbar + photon ATLAS-CONF-2011-153

e 1.04 fb-': cBR =2.0 £ 0.5 (stat) £ 0.7 (syst) £ 0.08 (lumi) pb
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Top-antiTop pair production cross section

B Statistical Combination: reaching theoretical precision!
® single lepton and dilepton measurements
® good agreement with SM predictions
» 176 £ 5 (stat) £ 13/10 (syst) £ 7 (lumi) pb

., [pb]

ATLAS-CONF-2011-108 10°
LI B B B B
------- Theory (approx. NNLO)
JLdt = 35 pb™ (L+jets, 2010) m, = 172.5 GeV
JLdt =0.70 fo™ (dilepton, 2011)
L+jets w/ b-tagging it 186210 2! +6
Dilepton w/o b-tagging .—H-.—. 1716 0 =8 10
Combination .._.*._. 1765 0 =7
L+jets w/o b-tagging +—.—-.-—.—4 171217 2 +6
Dilepton w/ b-tagging G 17726 1] 17
. (stat)=(syst)=(lumi)
5000 Ts0 200 250 300 |
o lpb]
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® Combined 176 + |, pb
V¥ |+jets 186 = 23 pb
(35 pb™, Prelim.)
A Dilepton 171 = 5 pb ooz
(0.70 1o, Prelim.) _.--Z225%"

-

- .
. =

-~ NLO QCD (pp)

- Approx. NNLO (pp)
B CDF
¢ DO

-
. .
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. e
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Single top production

B Top quark can be produced singly through the EW interaction

o Froduction rate related to Vi, and sensitive to new physics involving
op quarks: main diagrams:

q » . b W ; .
b W+
w
9 t _ .
’ t Wt associated ! b
t-channel production s-channel

B t-channel ATLAS-CONF-2011-101
e cut-based and neural network analysis, expect 64.6 pb
» result: 90 £ 9 (stat) £ 31/20 (syst) pb — within ~1.1 sigma of SM
B \\t-channel ATLAS-CONF-2011-104

® cut-based analysis in dilepton channel, expect 15.7 pb

» result: < 39.1 pb (expected limit 40.6 pb) — limit ~2.5%0sm
B s-channel ATLAS-CONF-2011-118

e cut-based analysis, expect 4.6 pb
» result: < 26.5 pb — limit ~5xoswm
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Single top: t-channel

B Selection cuts include  ATLAS-CONF-2011-101
e |n(l-det)| > 2.0 Hr > 210 GeV (scalar sum of pr of I, nu, j1, j2)
® An(bjets-ujet1) > 1.0 150 < Minub < 190 GeV

B Result: 90 £ 9 (stat) £ 31/20 (syst) pb

————Tr—r—r—rrrrrrrr—rr—rrrr— 777 T 7T

- ATLAS Preliminary 0.70 fo'@7TeV -| 100~ ATLAS Preliminary 0.70 fo'@7TeV —

- 2Jets 1tag i +  ATLAS data | © g
B single-top t-channel
B single-top Wt

B single-top s-channel

B top pairs

B W-+heavy flavour

W W-light jets 501

Diboson
P Z+jets
B Multijets

100

Candidate Events

&)
&)
1 I || | 1

® 100 200 300 400 500 ® 100 200 300 400 500
Myop(VD) [GeV/c?] M., (vb) [GeV/c?]

The t-channel contribution is normalized to the measured combined cut-based cross section
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Top properties

B Potential for high precision top properties measurements
e at L = 3.5 x 103° cms!, events with top(s) are produced at ~1 Hz
® Exciting program, including

» tOp MAss: 175.9 +/- 0.9 (stat) +/- 2.7 (syst) ATLAS-CONF-2011-120
» top charge ATLAS-CONF-2011-141
» charge asymmetry in top-antitop pair ATLAS-CONF-2011-106
production
» W helicity in top decays ATLAS-CONF-2011-122
» top-antitop spin correlation ATLAS-CONF-2011-117
» rare top decays and FCNC
» top-antitop plus photon(s) ATLAS-CONF-2011-153
» reconstruction of boosted tops
B Many exciting searches ATLAS-CONF-2011-123
e top-antitop resonances ATLAS.CONF-2011.070
® top-antitop + missing ransverse energy Submitted to PRL
® 4 tops, etc.
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Top physics: W polarisation

B W helicities
® one charged lepton, ETmiss, at least 4 jets (at least one is b-tagged)
® helicity fractions Fo, FL, Fr, Where Fo is related to the top mass!

1 dr 3 *\2 3 *\2 3 2 n*
Py 8(1+cosé’) FR+8(1 cos§") FL+4(1 CcoS O)Fo
SM NNLO:
o o iTLAS-CONF-2011-122 — Fo= 0687 +0.005
S - ATLAS Preliminary S _ FL=0.311 £ 0.005
> 70E best fit Fr =0.0017 + 0.0001
— SM exp.
60 — Bkg distr.
50 f— I_: | ‘i‘ uncert. best fit Results:
= { = Fy = 0.57+0.07 (stat.) + 0.09 (syst.)
40 :*__ — FL = 0.35+0.04(stat.) + 0.04 (syst.)
30 { + Fr = 0.09 +0.04 (stat.) + 0.08 (syst.)
20 T + Agrees with SM V-A coupling!
10 . Limits are set on anomalous Wtb
= | ~ | vertex coupling
0708 06 04 02 0 02 04 06 08 1

cos 0~
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Summary of a few SM production cross section measurements
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ATLAS SM Higgs Result

ATLAS-CONF-2011-163
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SM Higgs combined channel constraints

ATLAS-CONF-2011-163
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ATLAS SUSY Searches* - 95% CL Lower Limits (Status: Dec. 2011)

............................................................... PR o P PR L oot
MSUGRA/CMSSM : 0-lep +j's + E e
ATLAS
MSUGRA/CMSSM : 1-lep +j's + E e =@ mass Preliminary
MSUGRA/CMSSM : multijets + E gmass (for m(@) = 2m(g))

"~

q=gmass

f Ldt = (0.03-2.0) b

Simpl. mod. : 0-lep +j's + E e q=gmass (light i? )

Simpl. mod. : 0-lep +j's + E e Gmass (m() < 2 TeV, light%)) is=7TeV
Simpl. mod. : 0-lep + 'S + E 7 e Gmass (m(@ < 2 TeV, light,)
Simpl. mod. : 0-lep +'s + E e Gmass (m(@) < 2 TeV,m(%;) < 200 GeV)
Simpl. mod. : 0-lep + j's + E 7 s gmass (m(@) <2 TeV,m(x,) <200 GeV)
Simpl. mod. @~ qGx") : 1-1ep +'s + Ey e g mass (m(¥;) <200 GeV.Am(%", %) / Am(@,% ) > 1/2)
Simpl. mod. : O-lep + b-jets +j's + E; ., g mass (m(g) < 600 GeV, Iigh&?)
. Simpl. mod. @—»tfi‘:’ ) :1-lep + b-jets +j's + E; e d mass (m(i?) < 80 GeV)
§ Simpl. mod. (5;» bi‘?) :2bjets + E; b mass (m(i?) < 60 GeV)

Simpl. mod. (%, — 31%,) : 2-1ep SS + Er
GMSB : 2-lep OSSF + Ey s

x; mass (light ., m{l) =2(m(¥;) + m(x,)))
g mass (corresp. to A < 35 TeV, tarp < 35)

GGM + Simpl. model :yy + E S— @ mass (m(bino) > 50 GeV)
GMSB : stable T T mass
AMSB : long-lived %, mass (0.5 <t(x;) <2ns)
Stable massive particles : R-hadrons g mass

Stable massive particles : R-hadrons b mass

Stable massive particles : R-hadrons Tmass
Hypercolour scalar gluons : 4 jets, m, ~ m,, sgluon mass (excl: mg; < 100 GeV, myy~ 140+ 3 GeV)
RPV : high-mass eu v, mass (4,,,=0.10, A,,,=0.05)

Bilinear RPV : 1-lep + j's + E ., q =g mass (Ct ¢p < 15 mm)

10 1 10
Mass scale [TeV]

*Only a selection of the available results leading to mass limits shown
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Extra dimensions

Other
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ATLAS Exotics Searches* - 95% CL Lower Limits (Status: Dec. 2011)

.......................................................... s T Vi ' UL L L L
Large ED (ADD) : monojet M; (8=2)
Large ED (ADD) : diphoton Mg (GRW cut-off) ATLAS
Preliminary

UED :yy + E
RS with k/M_, = 0.1 :yy, ee, uu combined, m .

RS with k/Mp, = 0.1 : ZZ resonance, m,,,,
RS with gchKIgs=-0.20 tHe + E s

Compact. scale 1/R (SPS8)
Graviton mass

f Ldt = (0.03-2.1) o™
Is=7TeV

Graviton mass
KK gluon mass

Quantum black hole (QBH) : my.,, F(x) M, (6=6)
QBH : High-mass o, M,
ADD BH (M,,, /M =3) : multijet, }:pT N M, (8=6)
ADD BH (M, /M=3) : SS dimuon, Ny, pan M, (8=6)
...... (ADD BH (M, /M5=3) : leptons + jets, Zp M, (8=6)
qqqq contact interaction : F_(m ( dm) A
..l contac neraction : e, i combined, | A (constructve in)
SSM :m,,,.. |t=t1:128" @on) farxiv:t108.1582) 1.83Tev Z’' mass
SSM:m, . |ts1.0m" @on) farxiv:1108.1316) 215Tev. W' mass

Scalar LQ pairs (B=1) : kin. vars. in eejj, evj] |t=1.0%" 2011) [Preliminary] ss0Gev 1° gen. LQ mass
Scalar LQ pairs (8=1) : kin. vars. in upjj, uvjj |e=ases’ @010 faexiv:iossssy  a226ev 2™ gen. LQ mass
Q, mass
d, mass
T mass (m(A ) < 140 GeV)
p_/w; mass (m(pT/(uT) - m(x;) = 100 GeV)
N mass (m(WR) =1TeV)
W mass (230 < m(N) < 700 GeV)

4" generatuon coll. mass in Q Q,—~ WqWaq
4" generation : d, 3 — WiWt (2-Iep SS)

Techm-hadrons dilepton, mee,w'
Major. neutr. (LRSM, no mixing) : 2-lep + jets

Major. neutr. (LRSM, no mixing) : 2-lep + jets
H* (DY prod., BR(H*—uw)=1):m .
Excited quarks y-jet resonance m »

H.™ mass

qQ* mass

Excited quarks : dijet resonance, m, qQ* mass
Axigluons : Mo Axigluon mass
Color octet scalar : m;, Scalar resonance mass

Vector-like quark : CC,m,
Vector-like quark : NC,my,

Q mass (coupling x,q =v/m,)

Q mass (coupling Kqq =V/Mp)
1 | I N | 1 | I | 1 L L 1L 111

10" 1 10

10°

Mass scale [TeV]

*Only a selection of the available results leading to mass limits shown
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Fix some calorimeter readout problems

Install staged EE muon chambers on one side (C),

remaining ones in the next shutdown
Yearly maintenance of the infrastructure

< December 2011 >

Mon Tue Wud

Start opening

Side C opened: access to calorimeters

™u Fr Sat 5
1|2 [ 2T s
—
5 | 6 7
12 13 14 15 16 17 A8
20 21|22 (23)
%6 27 28 29 30 31

t I 25

=

Xmas : 1 week of break
A very few activities foreseen

Side Aopened: access to calorimeters

some overtime when = '

Start closing side A

Start closipg side (0

Shaft C closed

Pumping of Beam pipe : start quite late

necessary
Mon Tue Wed Thu Fri Sat  Sun
" L6 7'8'9'!10!'“.'-;
13 14 15 16 17 18 19
Closing | :: 21 22 23 24 25 26
2 shifts period
Mon
Shaft A closed - I- L=
+ Magnets ON W

End of Technical Stop
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LHC in 2012

First discussion at LHC Machine Committee (LMC) on 26 Nov

... to be followed by an LHC meeting in Evian 12-14 December
... and finalized in Chamonix in February 2012

Machine parameters

e which energy? 3.5 TeV, 4 TeV per beam?
e which bunch spacing? 50 ns, 25 ns?

e which * at ATLAS and CMS? 0.7 m, 1 m?
Considerations for the experiments

® pile-up Assumptions
® background limitations? E=4TeV: beta* = 0.7m: 148 days of physics: no
® physics priorities? intensity limit for 25ns
: . . . Bunch Peak Integrated  Pile Up N max
» required integrated luminosity St | ey | e
» impact of energy choice i)
) IumInOSIty Ca“bratlon 50ns 5.80E+33 ~16 ~27 1.55E+11
25ns 3.80E+33 ~10 ~9 1.15E+11
> ... S. Meyers, LHCC, 7 Dec 2011

Also, Bertolucci, HCP2011
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Higgs expected level of significance
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H

gs exclusion, evidence, discovery
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LHC schedule assumptions

2009
2010
201

2012

2013
2014
2015
2010
27z

2018
2019

2020
2021
2022

2023

20307

ILC, HE-LHC, ... ?

4 4 kK

LHC start-up s = 900GeV

\s = TTeV rising to 8TeV, .£= 6x1033cm2s-1, bunch spacing 50ns

~25fb-1
Go to design energy and nominal luminosity
Vs = 13-14TeV, .£= 1x10%*cm2s™1, bunch spacing 25ns
>50fb-1
Injector and LHC Phase-l upgrade to full design luminosity
Vs = 14TeV, .£= 2-3x1034cm2s-1, bunch spacing 25ns
>300fb1

HL-LHC Phase-ll upgrade, crab cavities, new IR, ...

~3000 b~

D. Strom, LHCC, 7 Dec 2011
Also, Bertolucci, HCP2011

Vs = 14TeV, .£= 5x1034cm-2s-! (luminosity levelling) 25ns
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Phase-0 (installation 2013-14)  ATLAS

Major Improvements to Physics Capabilities

*New insertable pixel b-layer (IBL) (drives shutdown schedule)

*Finish the installation of the EE muon chambers staged in 2003 +additional
chambers in the feet (new electronics) and elevators region

 New small Be pipe

Consolidation and maintenance to preserve present performance

- New Aluminum beam pipes to prevent activation problem and reduce BG

- New pixel services (nSQP) (= pending decision by mid 2012)

- New evaporative cooling plant for Pixel and SCT + IBL CO, cooling plant

- Replace all calorimeter Low Voltage Power Supplies

- Exchange all broken TGCs where possible

- Consolidate part of the LUCID system

- Upgrade the magnets cryogenics with a new spare main compressor and decouple
toroid and solenoid cryogenics

- Add specific neutron shielding ( behind end-cap toroid, USA15)

- Reuvisit the entire electricity supply network (UPS,...)

- Repairs and maintenance work in general !l

- Preparations for Phase | upgrade (moveable b-pipe, AFP prototypes,...

- MBTS removal and possible replacement

\ D. Strom, LHCC, 7 Dec 2011/
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~

Phase-l (installation in or before 2018) ATLAS)

Major Projects

New muon small wheels with more trigger granularity and trigger track
vector information

Fast track processor (FTK) using SCT and pixel hits (input to LVL2)
expected installation before 2018

Higher-granularity calorimeter LVL1 trigger and associated front-end
electronic

New forward physics detection station at 220 m for new diffractive
physics (full 3D edgeless and timing detectors, target 2017)

Topological trigger processors combining LVL1 information from different
regions of interest (improvements starting well before 2018)

Supporting Projects

Adapt central LVL1 trigger electronics to new needs
New Tiles crack-gap scintillators and some new trigger electronics

Adapt if proven necessary HLT (in particular network) to the new needs/

\

-—

conditions D. Strom, LHCC, 7 Dec 2011 | /
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/" Phase-ll (installation 2022-23) ATLAS

1. New Inner Detector (strips and pixels)

Very substantial progress in many R&D areas
2. New LAr front-end and back-end electronics
3. NewTiles front-end and back-end electronics
4. TDAQupgrade
5. TAS and shielding upgrade
6. Various infrastructure upgrades
7. Common activities (installation, safety, ...)

Under study:

1. LArnew FCAL
2. LAr HEC cold electronics consolidation
3.  Muon Barrel and Large Wheel system upgrade
4. L1 track trigger
5. LUCID upgrade
N D. Strom, LHCC, 7 Dec 2011 i
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Conclusion

B The LHC has performed superbly. Thank you LHC!!
B ATLAS has recorded high quality data

e hard work by ATLAS members to ensure high data quality and high data taking
efficiency

B Trigger, data reconstruction, computing and data analysis are meeting the
challenge of increase pile-up

B Physics results from the 2011 data set are very promising
e solid understanding of SM signatures essential to searches for new physics
» in some cases, SM measurements reach theoretical prediction precision
» still many analyses to update with full data set
® the Higgs does not have many places to hide anymore...
® |arge array of searches for new physics
» BSM: if it is within the LHC’s reach, ATLAS will see it!
B ATLAS is preparing for 2012 and beyond

Entering a very excitin Period...
with excellent prospects!

B Acknowledgements (Canada): NSERC, CFIl, NRC
Michel Lefebvre, UVic TRIUMF Workshop on LHC Results 2011/12/14 6|
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W/Z physics

B Production cross section vs W/Z rapidity and pr

e constraints on PDF and input to QCD calculations
» NLO parton emissions, resummation models, NNLO cross section

Comparison with NNLO for various PDF sets

66 < My < 116 GeV and pr(l) > 20 GeV

Michel Lefebvre, UVic
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Top-antiTop pair production cross section

B Leptons + jets without b-tagging
® results of combined fit with data: 179 £ 10 (stat+syst) £ 7 (lumi) pb

) 2400 = | | ATLAS CONF 2011 121
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Top-antiTop pair production cross section

B Dileptons without b-tagging

e 177 +06 (stat) £ 17/14 (syst) £ 8 (lumi) pb
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B Dileptons with >= 1 b-tagged jet
e 183 %6 (stat) £ 18/14 (syst) £ 8/7 (lumi) pb
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Top-antiTop pair production cross section

m u+tau(h) + jets
® using boosted decision tree to identify taus
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ATLAS SM Higgs searches

LPCC combination Oct 2011
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ATLAS SM Higgs searches

21 August 2011 for LP11
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ATLAS SM Higgs searches
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Standard Model Higgs
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Standard Model Higgs
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HE-LHC — LHC modifications
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High Energy-LHC (HE-LHC)

CERN working group since April 2010
EuCARD AccNet workshop HE-LHC’10,
14-16 October 2010, Proc. CERN-2011-003

key topics

beam energy 16.5 TeV; 20-T magnets

cryogenics: synchrotron-radiation heat \
radiation damping & emittance control 0 -

vacuum system: synchrotron radiation

new injector: energy > 1 TeV

_parameters

beam energy [TeV]

dipole field [T] ’
dipole coil aperture [mm] 56 40
#bunches 2808 1404

IP beta function [m] 0.55 1 (x), 0.43 (y)
number of IPs 3 2
beam current [A] 0.584 0.328

SR power per ring [kW] 3.6 65.7

arc SR heat load dW/ds [W/m/ap] 0.21 2.8
peak lumingsite 139> cm2s?] 1.0 [ V26
events per crossing 19 76 G’]

Michel Lefebvre, UVic
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Turns %

Nb-Ti 40 28%
NbSn 58 41%
HTS 45 31%
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HE-LHC — main issues and R&D

* high-field 20-T dipole magnets based on Nb;Sn,
Nb-Al, and HTS

* high-gradient quadrupole magnets for arc and IR

» fast cycling SC magnets for 1-TeV injector

AAAAAAA

and IBS

» cryogenic handling of SR heat load (first analysis;
looks manageable)
* dynamic vacuum

July 23, 207171 5. Myars ECFA-EPS, Granobla 19
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