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 Overview of the ATLAS detector

« Status of the experiment

 Performance and physics results from 2010
 Prospects for 2011/12

Run Number: 152166, Event Number: 810258

Di-jet Event at 7 TeV

> 30-3-2010:
1st fill at Vs = 7 TeV

M (jj) ~ 800 GeV

Uncalibrated E
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The ATLAS Detector

Muon Spectrometer (|n|<2.7) : air-core toroids with gas-based muon chambers
Muon trigger and measurement with momentum resolution < 10% up toE, ~ 1 TeV

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter )
| Length : ~46m

_ Radius : ~12m
reducing the rate i 4@ | Weight : ~ 7000 tons
from 40 MHz to e = e = b=y ~108 electronic channels
~200 Hz I * = SIRFSEE 3000 km of cables

3-level trigger

Inner Detector (|n|<2.5, B=2T):
~| Si Pixels, Si strips, Transition
| Radiation detector (straws)
Precise tracking and vertexing,
e/r separation

Momentum resolution (n=0):
o/pr ~ 3.8x10* p; (GeV) @ 0.015

Toroid Magnets Solenoid Magnet SCT Trqcker Pixel Detector TRT Tracker

EM calorimeter: Pb-LAr Accordion \
ely trigger, identification and measurement
E-resolution: o/E ~ 10%/\E HAD calorimetry (|n|<5)

Fe/scintillator Tiles (central), Cu/W-LAr (fwd)
Trigger and measurement of jets and missing E;
Dan Tovey E-resolution: o/E ~ 50%/E @ 0.03
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ATLAS Pixel Barrel
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... Countdown ...

e 20 Nov - 23 Dec 20009:
— First pp physics run at Vs = 900 GeV (few hours Vs = 2.36 TeV)

« 30 March —4 Nov 2010:
— LHC pp running at Vs = 7 TeV

e 4 Nov 2010 — 6 Dec 2020:
— LHC Pb+Pb running at Vs = 2.76 TeV/nucleon

- Now: Technical stop — restart pp physics mid-March Vs = 7 TeV
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Total Integrated Luminosity [pb™]
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... Lift-off

ATLAS Onllne Luminosity Vs=7Tev

LHC Delivered

Total Delivered: 48.1 pb”
Total Recorded: 45.0 pb™' [z

ATLAS Recorded

CATLASIES

1sttop candidate

19/05

e
14/Q7

« Maximum instantaneous luminosity: 2x103%2 cm~2 s-1
* Longest time of stable beams in one fill: 30.3 hours

« Maximum integrated luminsity in one fill: 6304.62 nb-!
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08/09 03/11
Day in 2010

Absolute luminosity uncertainty ~ 11%
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Detector Status

Inner Tracking

Calorimeters Muon Detectors
Detectors

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

99.1 999 100 90.7 96.6 97.8 100 999 998 96.2 9938

Luminosity weighted relative detector uptime and good quality data delivery during 2010 stable beams in pp
collisions at Vs=7 TeV between March 30™ and October 315 (in %). The inefficiencies in the LAr calorimeter will
partially be recovered in the future.

2% average DAQ inefficiency due to ‘warm start’ not included
LAr inefficiency mostly due to isolated HV trips and noise bursts

CSC iOr|1efficiency due to 6/16 problematic chambers in one 3 day
perio
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L1 rate [kHz]

Trigger
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—V's= 7 TeV, Data 2010 .
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instantaneous luminosity [10 *’cm2s™]

rates of lowest unprescaled items

WSD

Trigger Performance

L~10%7 cms-1 run without prescales
L>10%" cm2s-1 prescale (only) minbias

L>10%° cm-s-t activate HLT (L2 and EF)

300 Hz bandwidth split between physics
Challenging in 2010, even more so in 2011...

Trigger rates at each level

ATLAS Trigger Operation, 25 Oct, 2010 |

45

ATLAS Trigger Operation, 25 Oct, 2010 |
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Grid Data Processing

[

i . @ASGC COCERN WFZK [NDGF ERAL OTRIUMF
GRID throughput | EBNL ECNAF ELYON EPIC  [ISARA
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Start of pp running development running

« Datadistributed and processed via the Grid.
 Large peaks exceeding design limit
 Progress (performance, reliability) has been rapid
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1 Minimum Bias Stream, Data 2009 {/s=900 GeV)
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In 40 minutes ...

More results and more details at:
https://twiki.cern.ch/twiki/bin/view/Atlas/AtlasResults

Many new / updated results in final stages of approval |em

. minary
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==
F = E' - e
[ -~ PYTHIA ATLAS MCO o L T, e 0t - ! ! ! 0 Y T 3 4 5 6
r - PYTHIA DW 1.6 1.7 1.8 1.9 2
F PYTHIA Perugia0 - 107 : : : : m, [GeV]
Eoe PHOJET 8 ATLAS Selectio . T T T E ikl 5 v e
bbb bbbisd = g8 Preliminary 3o 3 —+— Data 2010(\E =7 TeV) F Go 0.2 0.6 0.8 1 3 ° R Bas e light jets:
E = Data Uncertair —~ —J+ © [ o 1 250 4 Track Isolation / p = ND min. bias MC : ¢ jets
E MC / Data 8 408 Data 2010 2 ] cawersions e T == Data : I ND min. bias MG : b jeis
= L,=03nb" -+ 210 [ Hadrons E F © Data (nl <0.9) — PYTHIA ATLAS MGO09 E
i 10* \s=7TeV = [ Iw—e i 200 + —Fit  PYTHIA ATLAS MC09¢ 4
m<as e Mo Cwew h E Mean 1019 2 03 M T ENTHIA Pegian 5 ATLAS
10°E 1 150 Oun 222 05N - PHOJET 5 Preliminary
E ] [ | . | E]
10°E 3 :, == Data Uncertaintias, E
E 1 100: - MC / Dala =
10 1 r . 3 ¢ 3
E fi 50— A o =
1 1 r
Pl L Il L L L L |
TR R O 100 120 880 1000 1020 1040 1060 1080 1100 1 10
Mome m, [GeV] Invariant Mass (MeV) p_ [GeV] S,


https://twiki.cern.ch/twiki/bin/view/Atlas/AtlasResults
https://twiki.cern.ch/twiki/bin/view/Atlas/AtlasResults

7 WhyLHC?
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Minimum Bias with Tracks

Inclusive, model-independent measurement from inelastic events:

Most recent results benefit from work to reduce track p; threshold
— Greatly improves acceptance

Vital for understanding soft backgrounds to New Physics
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Unaer‘ylng Event

« Measurement of charged particle activity with

respect to leading hard track in event

« Transverse region provides measure of underlying

event activity

e Current models under-estimate

2""\"“I""I""""

Transverse Region

P> 0.1 GeVand n| < 2.5
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arXiv:1012.0791 [hep-ex], submitted to PRD
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JIY — P

 J/y — p*u key milestone for
commissioning and physics

« Mass consistent with PDG, width well
modelled by simulation

« Usereconstructed decays as input to
more complex states e.g. B*2>J/p K*
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Eight Jets with p>60 GeV

Run Number: 166198, Event Number: 100726931
Date: 2010-10-05 03:27:52 CEST

— 35ET (GeV)




algorithm, calibrated with simple n/p--
dependent corrections from test-beam,
track E/p, MC = ~6-10% JES uncertainty

« Good agreement w/ NLO predictions
 Further improvements in JES to come
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Missing Transverse Energy

ATLAS-CONF-2010-039
__ ATLAS-CONF-2010-057

« Sensitive to calorimeter = 10 e =
performance (coherent noise, = 10° Preliminary £ po- cotsins
dead/hot cells, miscalibration, g o e 4+ No bad cumtty

- . Ll 1 04 \s=7 TeV jets in EM-Calo
cracks etc.) and non-collision s e Vi bias MG

3

backgrounds =» strong test 122 Normalized to data |\ 4 5
. . . 1 Stat errors only )

« Evolution of calibration schemes ‘o

 Clean and stable 1 .
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Muon: 3 Pixel hits, 8 SCT hits, 17
TRT hits, 14 MDT hits, Z~0.1 mm

from vertex,
ID-MS matching within 1 GeV, E{™'ss

(calorimeter only) ~ 3 GeV

Run: 152845, Event: 3338173
Date: 2010-04-12 16:56:44 CEST

AAAe

p,(4-) =40 GeV
nw)= 20
E™*=41GeV

M. =83 GeV

X 4
W-puv candidate “ *

in 7 TeV collisions



W-ev candidate in
7 TeV collisions

\

\.,(\
= ~

-
— NS STy,

p (e+) =23 GeV
nie+)= -0.64
ETmiss = 31 GeV
M, =55 GeV

-1
Run Number: 152777, Event Number: 3276028 ; \_ L
Date: 2010-04-10 12:07:39 CEST Fo




Leptonic W Cross-Section

JHEP12 (2010) 060

. . '_‘120 N O PR LR IR o e LB AR A D P E UL R
« W decays isolated from QCD jet (fake) B L. Lo gesrien. ']
backgrounds with cuts on lepton isolation, £ R i
E.Mss and transverse mass of lepton-E,™ss 80|

system

- Fitted cross-section in good agreement with
NNLO prediction
. _ 20}
« W charge asymmetries constrain PDFs (322 ATLAS Proliminary
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Run 154822, Event: 14321500
Date: 2010-05-10 02:07:22 CEST

p. (W) =27 GeV n(u)= 0.7
p, (1) =45 GeV n(u*) = 2.2

M =87 GeV
MU

@ Z>pu candidate
in 7 TeV collisions




. . 15 E. (GeV)
Run Number: 154817, Event Number: 968871 T E, (€)= 45GeV E, (e) = 40GeV

D i Mee= 89 GeV L 10

L EXPERIMENT Z>ee candidate in 7 TeV collisions

1
360




Gy, X BHZ/y*~ Il) [nb]

Leptonic Z Cross-Section

Good agreement with NNLO
prediction

W/Z cross-section ratio also
agrees well

Analysis of full 2010 dataset
in progress — cross-section
results to be updated for
winter confs
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W/Z+Jets

10°

° Jetproductionin £ i | |'1 '-.-Daltazmé s=7|TeV)f 2 §||1|||E
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50 150, 360

Date: 2010-07-12 07:04:37 CEST

Top Quark Candidate in the Semi-Leptonic Channel



Run Number:155678, Event Number 13304729
Date: 2010-05-24 16:41:53 CEST

_ 55 ET (GeV)

L 45

1t EXPERIMENT
Top Quark Candidate in the Fully Leptonic Channel




Top Pair Cross-Section

Two complementary strategies

Semi-leptonic decay mode:
One lepton with p>20 GeV

At least 4 jets with p>20 GeV
Iin |[n|<2.5, at least one b-
tagged

E,Miss > 20 GeV
Fully leptonic decay mode:

Two leptons with p;>20 GeV

At least 2 jets with p>20 GeV
in |n|<2.5, no b-tag
requirement

E,Miss > 30(40) GeV and |m-
m,|<10(5) GeV in pu(ee)
channel

H,>150 GeV (eun channel)
37(9) candidates in |} (I)
channels in 2.9 pb-!
Data-driven background

estimation techniques used for

QCD and W+jet backgrounds
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Q]
o

Events/ 4

FT III
25[-
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10

\\I\‘III\III\\‘III\‘IIIII\\I-
ATLAS tagged e/|+>4-jets|
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o
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7/ uncertainty |

arXiv:1012.1792 [hep-ex]
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LATLAS

A EXPERIMENT

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




SUSY Searches

* First ATLAS SUSY search results

« Data consistent with background expectation in jets + E;™ss + 1-lepton channel
« Sets world’s best limits on mSUGRA models

* O-lepton, 2-lepton (OS/SS) and b-jet channel results available soon

 HIP search results also just released
ATLAS-CONF-2010-065, ATLAS-CONF-2010-066,

— arXiv:1102.0459 [hep-ex] ATLAS-CONF-2010-071, ATLAS-CONF-2010-079
mSUGRA: tanf = 3, A = 0. u>0 L™ =35pb ", \s=7 TeV
E F T mlnélé‘c}r‘or; 'Chanrlwl I:B,atatz%'ol“s 9Tev ; 400 _| T | L] | LI | L] | T 1 11 | T 111 | r 111 | T 1 1 1 | T 11 |_
8 VF [La-7om'  Qaco. o - ATLAS Preliminary — Observed limit -
@ r W Z+jets o . ————
'% L T ] N 350 - 1 lepton, 3+ jets Median expected |II‘nIt__
A g ATLAS Preliminary 7 E L Expected limit £1o i
"y ET* > 30 GeV & m; > 100 GeV | = — -1 -1
10" 3 B —— —— CMSa,, 35pb _
j; 300 S, B ero ]
i e el [T LEP2Y ]
10° ] 5 | I 1 7 T A I:I Do et -uU A
0 100 200 300 400 500 600 700 800 900 1000 1 L ]
M [G N 4 _
1 [GeV] 250 g0 o) | Ipogaq u.:c- 21f" —
> E T T Muon Channel s Data 2010 s = 7 Tev)] - CDF g.q. tanp=5. 210 =
2 e J.L dt~70nb’ Qo = | A -
T =i 200 ]
2 (=1 o ]
= 1 +=+ SU4 (x10) E T e
= E ~ ATLAS Preliminary 3 -
wall ET'* > 30 GeV & m; > 100 GeV | -
0°F E 150 S - T e — e —
102k S
: o \q (700 GeV) -
o[ [ - S ePekd 100 R R T [ T T T N O
1076756200 300 400 500 600 700 800 9001000 100 200 300 400 500 600 700 800 900
M, [GeV]

m, [GeV]
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Excited Quark Search

° i i i PRL105 161801,
Search for new particles decaying to dijets riv:1008 2461 [hep-ex

* First published LHC search paper

 Limits set on excited quarks (compositeness) decaying to dijet resonance:

— 0.40 TeV <m(g*) < 1.26 TeV excluded at 95% CL for SM-like couplings
— Extends excluded region beyond previous experiments

J7 N e L e B M . a I T T T
& 1040} = . i
z = . D_ata ATLAS = < L ——- g*MCO09 ATLAS
C Fit ] % andl g* Perugia0 B
L —— q'(500) \5=7Tev o 1070 . g*MCOg  \5=7TeV -
i —— q'(800) [ Ldi=315n0" ] N, Expected limit [ 7 4 = 315 nb™" 1
B —— q"(1200) 1 B \\ ------ Observed limit 7
107 E - ) 7
- : RN
- ] 10°F . . N\ E
10 5 - "yt TTre SN 7
= ] e AN |
B 7 - PN i
1? pq — B “. ,,,, \\‘\\\ ]
- e o 10°F RETPUNN E
o T - N, ]
< 2 E - "‘m}\
T Oh,LF_-F_-__ i -\.\_\______.
9_2:_ _: I \ I I \ I L \
500 1000 1500 ” 500 1000 1500
Reconstructed m’ [GeV] Resonance Mass [GeV]

« Also search for contact interactions in dijet angular distributions
PLB694 (2011) 327-345

Dan Tovey 35 Higgs-Maxwell Workshop, Feb 2011



Library o m::,mm ,S'.:zm Until 2015 Articles published week ending 1 7 DECEMBER 20 1 0

Published by the %@)
American Physical Society ,  Volume 105, Number 25
physics




Heavy lon Results

« Some of the most
exciting results of
2010 came in flurry
of activity during /
after the Hl run

» First observation of
a centrality
dependent dijet
energy asymmetry
and J/g suppression

 Evidence for strong
jet energy loss in a
‘hot dense medium’
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Prospects for 2011/12

 Best guess post-Chamonix

— 2011: 2-3fb1 (x50) at 7 TeV

— 2012: ~10 fb-1? (x200) at =7 TeV
« 2011: Should be able to:

— exclude SM Higgs to 95% ATLAS+CMS
— Make 50 SUSY discovery to ~0.8 TeV

I
—— L-1 fb™
——L=2fb"
[ = L=5fb"
——L=10b"

3%

mMg,sy discovery reach [TeV]

i

\i

| |
ATLAS Preliminary

0.5 —
« 2012: Should be able to:
. ] ] ] ]
— Observe SM HIggS ~50 ATLAS+CMS 05_5 7 7.5 8 8.5 9 a5
— Make 56 SUSY discovery to ~1.2 TeV Ns [TeV]
s 10 = 10 e B it o e e e o
ol =+, 5fp wP i —e— 3gobs., 1fb’ —
= > b, B i —=— 3cobs., 21 -
5 v 2, e s " Bo0bs, 507 -
= @ TeVatron Y- s = e : (I TeVatron 95% CLexc. 2
5 A CILEP % e | | LEP 95% CL exc.
|! ’ ,..-r’?“ : ; e ¢
T ATLAS Prellmmary (S mulagion)
: : : . / Medlan sensnmtv
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Summary

* First year of high energy LHC data surpassed expectations

« Remarkably smooth start-up of experiment and machine —
testament to years of hard work

— Profound thanks to the machine for such rapid progress

« Agreement between data and MC predictions astounding

— Result of hard work by theoretical community and developers of
simulation tools

* First SMresults published and showing good agreement with
latest theoretical N(N)LO predictions

« First searches show no signs of new physics (yet) — limits
already outstripping earlier expts

 Next 2 years promise to revolutionise physics ...
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Flavour Tagglng

« Track counting: simple, robust
« Jet probability tagger:

— Construct combined probability of

tracks to be associated with PV
« Secondary vertex tagger:

— Reconstruct SVX and cut on decay

length significance

« Data/MC agreement very encouraging

\f- 7 TeV

o1 3

% - L~1nb" 3

B 106 ;_ * H%t?n?r?1tcl)|as MC : light jets

& I I NDmin bss MG b Cut at Pj¢=0.055

E 10 Normalized to data| Yields:

P4 104; _ Stat errors only e 6213 (6230) jets

— in data (norm MC)

10°¢ - 60% (24%) eff.
102 for b(c)-jets in MC

at such an early stage: bodes well for b-

3 4 5 6 7 8 9
-Log. (Jet Probability)
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[2] F —
Q. @ 180F SVO selection Simulation 60;
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ATLAS-CONF-2010-041
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Hadron Spectroscopy

Early K% - m*m observed in Dec 2009, a few ~ 2000—————————————————— _
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n'2>yy Reconstruction

« Key benchmark for EM
reconstruction

 Tool for measuring calorimeter
scale and uniformity

 Energy scale measured to ~2%

60
40

E; (yy) > 900 MeV

204
%0 100 150 200 250 300 350 400 450 500
m, , [MeV]

Mass peak: 135.05 £ 0.04 MeV (PDG: 134.98)
Width: ~ 20 MeV
Systematics: m: 1%; o~ 10%

x10°

% E||||||||||||||||||||||||||||||||||||||||||||E
= 220 [ MNon diffractive minimum bias MC, x° signal =
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D(*) Meson Reconstruction
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Run 152166

Event 817271 b-tagged jet in 7 TeV collisions

Si strips

j
pT=19 GeV (measured at electromagnetic scale)

4 b-tagging quality tracks in the jet




Primary Vertex Reconstruction

oy
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 ~10-45 tracks with p; >150 MeV per vertex

SWATLAS
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

* Vertex z-positions : =3.2, -2.3, 0.5, 1.9 cm (vertex z-resolution better than ~200 pm)

Expect handful of 4-vertex events in this run
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W—ev Cross-Section

« Event Selection

LA I B I

Preselected sample

ATLAS Preliminary

—e— Data 2010 (\s=7TeV)

— Level 1 EM trigger (~ 5 GeV E; threshold)

>
3
— One PV with 3 tracks, consistent with beam spot 3104 JL=16.9 ' o
— One loose electron with: ID track matching EM calo £ .o %:Zfzm
L

B o

cluster, selection on the shower shape in the 2nd calo =

layer, energy in 1st had layer, cluster E;>20 GeV 102
— Any jets must pass quality cuts
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1
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W—-uv Cross-Section

« Event Selection

p+(MS)>10 GeV

« Tight selection

Level 1 muon trigger (no explicit p; threshold)
One PV with 3 tracks, consistent with BS
1 combined MS+ID muon, py(combined)> 15 GeV,

|pr(combined)-p(MS)|< 15 GeV
|Zy-Zpy|<1cm, |n|<2.4
Any jets must pass quality cuts

— p+>20 GeV and relative track isolation<0.2 in AR=0.4

— E{Miss > 25 GeV, m; > 40 GeV

>
8 10° £ —e— Daia2010(s=7Tev) ATLAS Preliminary 5
To) C I:,W—>uv 1 7
% [ oo J.L=16.6 nb'
2 1021 B Zowm _
c E
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Data driven fake background
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ZB—>H Cross-Section

ATLAS-CONF-2010-076

 Similar event selection
to W analysis

e Mass window cut: 66
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ID Material Mapping
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