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The Large Hadron Collider
Status & Roadmap for 2010—2011

ATLAS detector overview
20 years of technological, human and financial efforts of a world-wide
scientific community |

ATLAS status, data taking & trigger
Detector performance with 7 TeV collision data

Rediscovery of the Standard Model with ATLAS
W and Z; (top takes a bit more)

Looking forward
top, Higgs, SUSY, Z', W’ ...

Conclusions







After 20 years of planning, R&D, installation &
comimissioning
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The LHC is operational providing collisions at Vs = 7 TeV
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o oF ATLAS Online Luminosity Vs =7 Tev E
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v'23 Nov-23 Dec: 12 ubt at 900 GeV S 04c . B

v 8 Dec: collisions at 2.36 TeV 0.2 ot E

v 30 March: colliding beams at 7 TeV 2903 24/04 24/05 24/06 24/07

Day in 2010

v'23 April: 10x increase in luminosity: = x2 protons per bunch; B* = 5m>_ 2m

v' 22 May: 3 colliding bunches, £=6.3x10%8 cms, 2.3x101° protons/bunch

v' 26 May: design intensity per bunch (10!! protons/bunch) at 3.5 TeV

v' 27 May: 8 bunches, 2x101° protons/bunch

v'12 July: peak luminosity £=1.44%x103° cm2s'1, with 8 colliding bunches

peak luminosity rising exponentially (in these early days)!
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LHC planning till end of 2010

lon Beam
to SPS
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MO | ] : S-l I?: 'III B M ap 1Ep 2 0 & 1z |
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lon Beam End non-LHC
Setup Start lon Physics
Physics
Oct Nov[ | [ Dec
Wk 19 40 h 4 42 43 aa [ a5/ 4 | [a7 48 49 50 51
Mo ] 1 1 | | J 1" l #ff ¥ 2 [ I 1 G | Technical Stop
. ] o ] - —
we § : : : : 1 Recommisssoning with beam
€ " | |
Th | | H | i | T ﬂ SPS et al - physics
Fr T : H ! :l | | | | { p— } Xmas Day | |Ion run
s+ | | C I H .
Su d - - [ 4l = 1L

v'p-p physics till 1 Nov: plan to reach £=10% cms1,

432+432 bunches, 10! protons/bunch, 10 pb-t/day
v'One week for ion beam setup in November
v Four weeks of ion physics till technical stop end of 2010
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LHC roadmap for the not too far future
Reach 1 fb! at Vs = 7 TeV by end of 2011
Followed by ~1 year shutdown to

repair the splices between LHC magnets (quench protection)
get ready for providing collision at Vs = 14 TeV by 2012.

Collect 10 fb* at 14 TeV till end of 2014
as this is required, to settle the case for a light Higgs m =115 GeV

significance
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Tevatron @ 1.96 TeV vs. LHC @ 7 TeV

Ratios of parton luminosities allow to estimate

WJS 2010

physics yield of LHC @ 7 TeV 1000 —————++ry

ratios of parton luminosities
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at 7 TeV LHC and Tevatron

100

luminosity ratio
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e

ttbar: (85% qq, 15% gg at Tevatron; mainly gg at LHC) -
= factor ~70 in ttbar production [ MSTW2008NLO

Higgs: (115 to 200 GeV; mainly gg) e e
= factor ~15 M, (GeV)

W.J. Stirling, private communication
biggest gain from parton luminosities for large M, :

Z': ~1TeV (qq) 1fb1at 7 TeV:
= factor: ~ 50 to 100 >10 fb! at 2 TeV for Higgs searches

>50 fb-1 at 2 TeV for ttbhar, Z’
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Cross sections and expectations for 1 fb!
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By end of 2011, LHC is expected
to have delivered 1 fb1 per experiment.

To be compared with —10 fb-1 collected
at Tevatron by end of 2011.

Although, finding a low-mass Higgs

will take more time, by end of 2011
ATLAS and CMS are expected to have
collected substantially larger samples
of t-tbar events, than CDF and DZero.

This will allow to study top mass,
single top, rare top decays,...

Expect also new bounds for searches for
new physics: W’, Z', SUSY, black hole
events — and with some luck:
discoveries are not excluded

Prague, July 18-25 9



ATLAS Detector Overview

20 years of technological, human and financial
efforts of a wgr!d-widg sciept!ﬁc community . 7ie calorimeters
1 Y r o - = & N 4 hadronic end-cab and

R
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ATLAS history (briefly ...)
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ATLAS history (briefly ...)

' 417 i | 10wl k-
12 Bidiid damibeatonss § Pudiced dibebcsions
Ri= 4.5 m
Reat = 3.0m

deP: 0.4 Tm beluew 2 F&J«l Pul.u

8 d
REAMUJ oLQnE;w(m

cm).

guis . —— SN
. »1989: detector R&D starts
> 1992, 1994: Letter of Intent, Technical Proposal
: > 1996: ATLAS approved by CERN DG and Research Board

-+ » 1997: construction starts

> 2003: installation in the underground cavern starts
. » 2008: installation completed; cosmics runs with full detector operational
> September 2008: LHC single-beam events recorded
. » 2009: 250 million cosmic muon events recorded

L > December 2009: collisions @ 900 GeV and 2.36 TeV recorded

> Since March 2010: collisions @ 7 TeV — collecting data

And ... 15 years of test-beam activities, over 20 years of simulations of detector
performance and physics potential, 8 years of world-wide computing data challenges,

17 Technical Design Reports , education and outreach ...

HP Beck - LHEP Bern SPIN—Praha 2010
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and... ~3000 physicists from 173 Institutions and 37 Countries
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and... ~30(_)0 physicists from ..173 Institutions and 37 Countries

e, SO AR

All 2690 (<35y 47.2%)
Male 81.8% (<35y 44.0%)
Female 18.2% (<35y 61.3%)
(Status 1.1.2010)

More than 1000 PhD students




The ATLAS Detector

ATLAS looks like a small component ATLAS is as huge as the five
in the overall LHC complex story building 40 at Cern
4
Length: ~44 m
Height: ~25m
Weight: ~ 7000 tons (compare with Eiffel tower, Paris: 10”000 tons)

~ 108 electronic channels
~— 3000 km of cables

HP Beck - LHEP Bern

SPIN—Praha 2010
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The ATLAS Detector_'_

air-core toroids with gas-based muon chambers
momentum resolution o/p < 10% up top, ~ 1 TeV

Muon Detectors : Liquid Argon Calorimeter

iz to —200 Hz

»< Inner Detector (|n| <2.5, B=2T):
= Si Pixels, Si strips, Transition Radiation

detector (straws)

Precise tracking and vertexing, e/rseparation

. Momentum resolution:

o/p; ~ 3.8x104 p; (GeV) @ 0.015

Pixel Detector TRT Tracker

etry (In] <5):

, hermeticity, Fe/scintillator Tiles (central),
Trigger and measurement of jets and

EM calorimeter (| n| <3.2):

Pb-LAr Accordion

e/y trigger, identification and measurement
E-resolution: o/E ~ 10%/VE

~ 50%/VE @ 0.03

HP Beck - LHEP Bern SPIN-Praha 2010 HP Beck 16




ATLAS Installation (2003 — 2008)
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LHC STATUS RUN STATUS
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Detector Status as of July 2010

Sub-detector

Pixels

Silicon strip detector (SCT)
Transition Radiation Tracker (TRT)
LAr electromagnetic calorimeter
Fe/scintillator (Tilecal) calorimeter
Hadronic end-cap LAr calorimeter
Forward LAr calorimeter

LVL1 Calo Trigger

LVL1 Muon RPC Trigger

LVL1 Muon TGC Trigger

Muon Drift Tube chambers (MDT)

Muon Cathode Strip chambers (CSC)
Barrel muon trigger chambers (RPC)

End-cap muon trigger chambers (TGC)

Achieved: Detector and trigger working very well

# channels

80x106°
6.3x106
3.5x10°
1.7x10°
9800
5600
3500
7160
3.7x105
3.2x10°
3.5x10°
31000
3.7x105

3.2x10°

Data taking efficiency ~96% (~ 93% including warm-start)
Concerns: long-term reliability of some components: low-voltage power supplies LAr and Tile calorimeters,

Pixle, SCT, LAr readout optical links, inner detector cooling.
Back-up solutions being prepared for installation in at end of year technical stop and in future shut-down.

HP BecK="LHEP"BEFrn

SPIN=Praha 2010

Fraction working (%)
97.4
99.2
98.0
98.5
97.3
99.9

100
99.9
99.5

100
99.7
98.5
97.0

98.6
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Data sample at vs = 7 TeV

1t W and Z events seen
1st top in Europe expected ~now

T o350 N B B . As of 15 July 2010:

2 - ATLAS Online Luminosity Vs=7 Tev .

2 300 [_]LHC Delivered All - 200 nb! recorded

§ =[] LHC Delivered Stable .

E 250 [ ATLAS Ready Recorded & Results for up to 17 nbt available
= 200C for detector performance and
5 n first physics results.

o

2

=

s

2

15/07

0 I L L L 1 L L
25/03 22/04 20/05 17/06
Day in 2010

~10% accuracy for luminosity measurement achieved using van der Meer beam
separation scans

L£=1.44%103%° cm-?s-trecord peak luminosity on 12 July 2010




Trigger system overview

rate) down to ~200 Hz output rate for storage and offllne analy5|s

ON-line < > OFF-line

wz LHC Vs=14TeV  L=10%cm’s’ v Rate (Hz LVL1 Trigger 40 MHz
Hardware (ASIC, FPGA)

e G inelastic Event rat€é QCD jve parallel Architecture
es
mb . 1081 LVL2 Trigger 100 kHz
MHz s/w PC farm
106 - cal Reconstruction
Level-1 »
1041 4—A4sec—p
Level-2% WZ 6. p.~p. .
i 440 »
" An Mass Storage » 1oPI%* "B p Reconstrt!ctl_onnEg (ﬁ:\/&;l/\é?:
SUSY §§+a3+59 Hz( 10%- F#?j@*\ gis T © Centres
tanp=2, y=mz=m;/2 Higgs ?F\P?\P?\ 7# 7} = e
pb qq—qqHgy, 102 d
oo - Event Filter3 kHz
3 |{z (o4 s/w PC farm

Full Reconstruction

fb

Hgy—22°—4p

® Zg 3y scalar LQ\ Z,—2l
@ W W W E W 25ns 3us ms sec hour year
jet E; or particle mass (GeV)
100 106 102 100 103 '106sec
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Commissioning at £<10%?? cm%s-1

Collision rate ~100 Hz - take all events
triggered by minimum bias trigger
scintillators (MBTS) on LAr EC £ 3.5m from
IP.

LVL1 calo & LVL1 muon also active.

LVL2 & Event Filter operational in pass-
through mode.

Collision Event at

"KiBTS

SOATLAS
D EXPERIMENT

2010-83-30, 12:58 CEST
Run 152166, Event 316199

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html
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Trigger efficiencies

Trlgger rates at peak luminosity L=2.1x10%°cm2s""

For £>10% cm2s1the MBTS trigger is prescaled & ATLAS Trigger Operation _}
%.10 3 Stable-beam j:
For £210% cm2stthe HLT e/y selection is active & | i
10° e - a
Trigger menu for £=1032 cm2s is prepared i i
(needs to be ready for late summer)
10 E' """ E_EF Electron out
1 02:00 04:00 06:00 08:00 nn?eo[i\?g. 24:#%6291

L1 EM trigger efficiencies

L1 calo trigger efficiency L2 muon trigger efficiency

R, o B 5 for TE, = 100 GeV for p, = 4 GeV
@ L B i B B -
- r“"rrﬁ‘q‘r"l‘m‘r‘rm‘rﬁﬁm—'—l—l_lm
2 0
g 1 > 7 T ¢ "~ ) .
= L C : 7 St +
0 L 5 1gf - Des2NR=TTRY) ATLAS Prefiminary. 'f’: E S }
g [ 3 F == Minimum bias MC : o E L |
£ 08 - = E 1 w o8 * T
E L ATLAS Preliminary uoor i :
o] E bl L ]
- k Data 2010 Ns =7 TeV) C ' L o _:
s 06 4 EM2Tum On 08 ] 0 ]
> 0 —4— EM3Tum On o E [ 1
> 0.4; —— EM5 Tum On i NE 5 0.4 . . -
E L Non-diffractive minimum bias MC| 040 L I ATLAS Preliminary JI
L t —— EM2 Tum On E ] 1
E = =7 TeV, Data 2010 -
5 0 — EM3Tum On 025 ] Mr \§=7 TeV, Data ]
—— EM5 Tum On E : { - [ - 1
0- A I B 1 0§ 1 | T I P POV T PP TR P
0 7 4 6 8 10 12 14 100 120 140 160 180 200 0 2 4 6 8 10 12 14 16 18 20
. MET Topo Sum E_[GeV]
Offline Cluster EX*" [GeV] T p.[GeV]

HP Beck - LHEP Bern SPIN-Praha 2010

Prague, July 18-25 24



Inner Detector

(Immersed in 2T solenoid field
coverage |n|<2.5 (2.0 for TRT)

(o)
2 ~34x107p, [GeV]®0015

apJ_

140
o, =10 um®
\ 12l [GeV

Um
J J

\

p
Transition Radiation Tracker (TRT)
4x10° straw tubes:
150 cm (barrel); 40 cm (endcaps)
O = 130 pm

("R =1082 mm

TRT <

-
I Silicon strips (SCT)

4 barrel layers, 2x9 disks ;
6.2x10° Si strips: 70-90umx12cm
L O,, = 16 pm; 0, = 580 pm ’

TRT

\_R = 554 mm
(R =514 mm

R =443 mm

d i
Pixel detector

3 barrel layers, 2x3 disks
~ 80 million Si pixels: 50umx400um
Phls Opp = 10 ym; o, = 115 pym

scT<
R =371 mm

L R =299 mm

R=122.5mm _—
1 - __,_———__———__F 1 o~
Pixels { R = 88.5 mm /
R =50.5 mm ‘
R=0mm
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Tracking performance @ vs = 7 TeV
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Data 2010 \s=7 TeV
[] Non-diffractive MC MinBias
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Inner Detector alignment close to ideal MC expectation.

r T T T TTTIT T T T TTTIT T T T TTTTT T T II\\III T \II\I\II_
- ATLAS Preliminary +o$ﬁ .
~  TRT barrel : g
- »* ]
- ® Data2010 s =7 TeV) ‘3 ]
- © Monte Carlo 60 .
- . ]
C " ]
L % » B
mpseemmmen s L BN =
—9Q ]
- + v factor
C 1 1 IIIIII| 1 1 I\I\H‘ 1 I\II\Hl 1 1 IIHIII 1 1 II\I\II N

10 10 10° 10° 10°

1 10 1 10

Pion momentum [GeV] Electron momentum [GeV]

TRT e/r separation using transition radiation is working.

n Track finding & reconstruction well understood.

Tracking down to p, =100 MeV.

SPIN-Praha 2010
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Vertex finding and pile-up events

—_— 5 LI B B LI B B | LI B | L B LI I I | L -
E o I 2% Beam spot measurement in xy-plane.
E | ATLAS Preliminary _;° i
= af my oae 14100¢ LUMInous size of about 45um in x and 70um in y with
x C LHC Fill 1005 _
2 L ety : errors that are completely dominated by systematics.
> 3[ =10 tracks/vertex - 41800
e I T
E 2f — =600
& ]
1 < —‘400
of j
_131 L \-|2| L |-|1| L |0| Lii | L | L1 |3

Primary Vertex x (mm)

¥ GATLAS

JA EXPERIMENT

Run Number: 153565, Event Number: 4487360

Date: 2010-04-24 04:18:53 CEST

Event with 4 Pileup Vertices
in 7 TeV Collisions

Event with four reconstructed
primary vertices at
z=-32.1, -22.9, 4.6, 18.8 mm.
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Material mapping using photon conversion

Secondary vertex finding:
Mapping the inner detector using photon conversion

y—ete

E LT | LI | LI | LI | Frri | L | | L | LU _|_

E 250 ATLAS Preliminary  -0.626 <1 <-0.100

o™ - .

= - + - Data —

= 400 o - |

E ; s 200 — : MC conversion candidates =i

= 300¢ UCJ B MC true conversions il

200f " £ 58 150 hii

100, » " N

ofs 133 1001 -

-10055%, &8 . -

-200; 50— -

-3001- 2 " n

- Data . A

. 402 Co b bt il G 0

-400-300-200-100 0 100 200 300 400 0 50 100 150 200 250 300 350 400

X [mm] R [mm]

xy- and radial-distribution of reconstructed conversion vertices in the barrel tracker
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Entries/2 MeV

3
1T 3 L ‘
2 - \s=7 TeV data K(— nr), ~250 ub’
o 300} ATLAS Preliminary,
o L . ]
£ 250 1
0o K = T
C o*
150}
L . .
100}
) L]
50__ ..- o. 3
.
fossssssssesssssessesseet” o E
C 1 1 1 J 1 1 1 J 1 1 1 1 l 1
400 450 500 550 600
M..[MeV]
0 RN
18001 \s=7 TeV data ATLAS Preliminary
E(1320)—An * Correct charge comb,
1 600 ~é50 u&1 l:l Wrong charge comb.
1 400 4 Gaussian+polynomial fit
p=1322.2+ 0.07(stat.) MeV
1200 G=  3.8+0.08(stat) MeV
1000
800
600
400
200
1%50 1300 1350 1400 1450
M, [MeV]

Rediscovery of mesons and hadrons

HP Beck - LHEP Bern

> 50000 B BILA I
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@ : : ]
-g 350001 o® E
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20000} - |
15000 L 3
10000 Fol _
5000/ e ——_
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0 1090 1100 11101120 1130 1140 1150
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318000_ L N I I I B!
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D Pythia MCO09 background
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A® Proper Decay Time [ps]
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candidates for data and MC

SKFIIN=Frdld £U1U

"~ 800

pdg value indicated
by vertical line

|

and also reconstruction
of Q, K*, D*,DO, ...
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b-tagging performance

Several b-taggers exist using:

impact parameter, secondary vertex (number of tracks, 3D and 2D decay length, mass),
probability of tracks to be compatible with prompt jets, muon tagging

2] - . §2) E .
2 500 § SVO0 selection o 220 + SV0 selection
° C ; ; © 200F : ;
= Simulation = E Simulation
2 = b jets £ 180p = bjets
3 I cjets 3 160F B cjets
W light jets 140F W light jets
C + Data 2010 1532 + Data 2010
200F Ns=7TeV,L=0.4nb" 80E- fNs=7TeV,L=0.4nb"
ATLAS Preliminary 287 ATLAS Preliminary
20}
0
2 3 4 5 6 7 8 9 0
Number of tracks used for secondary vertex m,,, [GeV]
4 -
‘ COATI AC
T EPERIMENT
Good agreement data / MC setxis — EXPERIMENT
. http://atlas.ch

b-jets clearly seen for 0
high multiplicity of tracks from
secondary vertices

as well as for high mass
secondary vertices.

Secondary Vertex .

Decay Length

Track / l‘

s e
Impact ‘Primary Vertex

Parameter

HP Beck - LHEP Bern SPIN-Praha 2010

ATLAS Preliminary —&— Data 2010
105 3 Vs=7TeV I ND min. bias MC : b jets
- - ND min. bias MC : ¢ jets
E J
B ND min. bias MC : light jets
4 — ight j
10°F
) o
10
10?
10

1
05 0 05 1 15 2 25 3 35
Number of tagged muons per jet

Run 152409 b-tagged jet in 7 TeV collisions

Event 4349994 g 0.y

6 b-tagging quality tracks in the jet,
including one muon
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Charged particle multiplicities

Physics Letters B 688 (2010) 21-42

Contents lists available at ScienceDirect

First ATLAS physics paper
(tracking only)

Physics Letters B

www.elsevier.com/locate/physletb

Phys Lett B688(2010) 21
Charged-particle multiplicities in pp interactions aeasured
with the ATLAS detector at the LHC ™™™

ATLAS Collaboration

In the mean time, analysis re-done at Vs = 7 TeV

4 BT

i i pT>500Me\I/:'\n|<2.5‘nch26 ] =~ 5.5 T —
z [ \s=7TeV i ° p, > 500 MeV,7=0,n,,>6
oA ] 5 5 ATLAS Preliminar
g oy grn, gt minll - MC tunes to Tevatron T 45— PYTHIA ATLA
asfl e TR | data with PDFs for Vs = 7 z 0 PYTHIA Paragia0
o % TeV predict 5-20% lower . «Data
A Amasereiminary 1 charged track multiplicities 35
- —PREILS e | than observed. 3
250 —.pYTHIADW 7 55
L -~ PYTHIA Perugia0 1 ' '
-1 == ATLAS tune to Pythia6: of
111515: [— 'Data' Unclertai;ﬁtie; ' ‘ :: AMBT1 tO deSCrlbe 1 5t . L il
o 105F g T ME 102 i observed data. “107 10° 10*
@ ogg—quw e H SR \s [GeV]
0.0F UL T Ay
085 T
-25-2-15-1-05 0 05 1 15 2 25

n
HP Beck - LHEP Bern SPIN-Praha 2010 Prague, July 18-25 31




Calorimg{er_

Cu-LAr
1.5<|n|<3.2 tie Narrel
o/E=50%/VE®3% e

LAr hadronic

end-cap (HEC)
LAr electromagnetic S
end-cap (EMEC) ————
A

—3 |Ar electromagnetic
barrel

LAr forward (FCal)

Pb-LAr accordion

W/Cu-LAr
3.2<n|<4.9
o/E=100%/

n|<2.5 (preshower: n|<1.8)
6/E=10%/VE®0.7%
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EM Calorimeter: n°—yy
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m”[MeV]
Di-photon mass 7 mass uniformity vs. m

data/MC ratioshown
Mass 135.04 = 0.04 MeV

Width 20.11 = 0.05 MeV

systematic errordominated by
material descriptionin MC

PDG Mass: 134.9767 MeV
Expected resolution: 19.09+0.04 (MC)
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EM Calorimeter: Electrons
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E/p
E/p electron energy Impact parameter resolution I J/'¥Y—ee inv. mass 'e(Gev)
over momentum ratio for prompt electrons measured

from EM shower shapes.

For f£ dt=13.8+1.5 nb-1

~70k electron candidates
with E,>7 GeV and |n|<2

~10k prompt electrons
electrons from heavy flavour
decay, W—ev, Z—ee

d, from hadrons faking electrons 100 pm
larger d, for prompt electrons due to bremsstrahlung
broad distribution for electrons from photon conversions
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SOATLAS  2-Jet Collision Event at 7 TeV —
AEXPERIMENT e Di-jet event

2010-03-30, 13:16 CEST e
Run 152166, Event 399473

—

CATLAS

http://atlas.web.cern.ch/Atlas/public/EVTDISPLA j:

A EXPERIMENT

vent Number: 8186656

-
—

Jet-E, between 30 and 70 GeV
(after calibration)
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Jets with p , >30 GeV @ Vs= 7 TeV
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[Jet transverse momentum distribution I

et
Inclusive jet multiplicity distributioh

JES from EM scale & global factor for hadronic correction
only statistical uncertainties shown

Jet reconstruction:

Anti-k L jets with R=0.6
— recursive recombination
of proto-jets

Ljet
Pujet > 30 GeV
|r|jet| <28
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MC describes data fairly well
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Di-Jets with p , >30 GeV @ Vs= 7 TeV
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only statistical uncertainties shown

Jet reconstruction:
Di-jets peak in a back-to-back configuration

Anti-k L jets with R=0.6 Up to 900 GeV of di-jet mass observed

DLt > 30 GeV

INiee] < 2.8 MC describes data fairly well
je :
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Missing transverse energy E , ™'ss
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Muon Spectrometgr__

Thin-gap chambers (T&C)

Cathode strip chambers (CS

0-
Bendingp

Barrel toroi

Resistive-plate
chambers (RPC)

End-cap toroid
Monitored drift tubes (MDT) 2l

< 10% for p,
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Event with isolated and contamed muon

un Number: 155112, Event Number: 98844660

R
Date: 2010-05-16 05:47:06 CEST f?/\ /\ T \
i. A
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i
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Muons/0.25 GeV

Muons/0.2

HP Beck -

Efficiency relative to tagged muons

Muon spectrometer acceptance

e . .
1.2~ ATLAS Preliminary 1

o.; el S H“'ﬂl

0.6
0.4 )
« Combined wrt tagged (Data)
0.2 4 MCtuth
» Combined wrt tagged (MC)
0 e | | - . | ]
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ATLAS F’rellmlnary
4 \s=7TeV,L =06nb"
10 o normalised af tp > 4 GeV
] " ® Data 2010
1 03 |h. ©  Non-diffractive minimum bias
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~ Ty 3 «/K early decays
102 i 3 Others
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L o Daiaz0t0 ATLAS Preliminary
1000_— O N}l}orgﬁ'l)lzraclwe minimum bias \s = 7 TeV. L - 06nb’
| =3 ~/K early decays B, 54 GeV
3 Others

800

LHEP Bern

Muon acceptance and reconstruction efficiency

At about p,=5 GeV and above, the u reconstruction
efficiency reaches its plataeu value.

Muon p, and n distributions
for events triggered by minimum bias trigger scintillators

The minimum bias MC includes

« prompt muons (b and c¢ decays)

early n/K decays (track match in inner tracker)

late /K decays (no track match in inner tracker)

fakes (muons from hadronic showers)

mismatches (match with wrong track in inner detector)
sail-through (non-muon traversing through the calorimeter)

MC normalized to data for p1>4 GeV
MC describes data fairly well
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Muon spectrometer : Rediscovery of J/YV
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Di-muon invariant mass distribution 3 5 ATLAS Fl’relimilnary | .
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* p,, > 3 GeV each % 20|~ - dt =320 ub- -

* use inner detector track parameters 5 ] J£dt=320p .

after fit to a common vertex. w15 E

- For fC dt =320 pb-! 10F + L L +L

: 50 14 #

Number of signal events: 49+12 AN S o I i
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Mass: 3.06+0.02 GeV Invariant Mass p'u [GeV]

Resolution: 0.08+0.02 GeV
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Rec is“cerx of the Standard Mod?v
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First W*—utv candidate

p,(u+) =29 GeV
nu+)=  0.66
E, ™= 24 GeV

B EXPERIMENT

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

W-pv candidate in
7 TeV collisions
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W preselection at Vs = 7 TeV

W—-uv
Primary vertex with > 3 tracks Primary vertex with > 3 tracks
At least one ‘loose’ Electron At least one muon with ID track match
EM cluster-E;, > 20 GeV, |n| < 2.47 p, >15GeV, In]| < 2.4
Excluding region 1.37 < |n| < 1.52
3
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EM cluster-E, of selected electron p, of selected muons
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W candidates with [ dt = 6.9nb1

missing transverse energy
cut from escaping neutrino
Elmiss > 25 GeV

transverse mass m, > 40 GeV

= \/2pipi | 1-cos(o" - ¢")]

W—ev
Observed 17
Expected 23.1%1.2(stat)£1.7(syst)x4.6(lumi)
Signal 20.7 £ 1.7(syst) £ 4.1(lumi)
Background 2.4 £ 1.2(stat) £ 0.4(syst) £ 0.5(lumi)

;_ ATLAS Preliminary —e— Data2010(\s=7TeV) _J®

0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 I50 60 70 80 90 100

EM'sS [GeV]

W—uv
40
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—e— Data2010 \s=7TeV) —

wom
DQCD

DW%W
— P E
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ATLAS Prellmlnary

IL 6.4nb"

I__I

ETS [GeV]

28.7+0.5(stat)+£3.9(syst)£5.7(lumi)
25.943.6(syst)£5.2(lumi)
2.8+0.5(stat)+0.8(syst)£0.6(lumi)
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V4 candidate__

"\: ATI AC Z->uu candidate in 7 TeV collisions

4 A el § Run Number:154822, Event Number: 14321500
3 rvorpiMruT = . - Z: Minv=87 GeV, Pt=26 GeV
ket i Ptiu+) =45 Gev, n=2.2

http://atlas.ch Pw) =27 GeV,n=0.7
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Z production at Vs = 7 TeV

Z—ee [Ldt=6.7nb1+20% Z—pp fL dt = 7.9nb1+20%

2 tracks with opposite charge 2 isolated combined track (ID-MS)
pointing to EM clusters with opposite charge

E, >20GeV, In| < 2.47 P,; > 20GeV, p,>15GeV, |In| < 2.4
80 GeV < m_, < 100 GeV 80 GeV < mp p < 100 GeV
Observed 1, expected 1.6 + 0.3 Observed 2, expected 3.2 + 0.9
Reconstructed mass: 91.4 GeV Reconstructed mass: 87.6, 80.2 GeV

15E

(GeV)
<N F gun Number: 154817, EventCII‘EJSuTmber: 968871 T E, ()= 45GeV E, (¢) = 40GeV
,‘—;J T LA ate: 2010-05-09 09:41:40 nle)=021 n (€' =-038
Mee= 89 GeV 10

2 EXPERIMENT

Z»ee candidate in 7 TeV collisions
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Looking forward

top, Higgs, SUSY, Z2', W', ...




With increasing !_qmir_pqsity. .

Supersymmetry

-inclusive searches: multi-jets + ETmiss (with leptons)
-with few 100 pb*

W, Z’
-if at TeV scale, 1 fb! enough to extract clean signal

Further looking for
- Leptoquarks, heavy fermions, large extra dimensions, black holes

...for later with 14 TeV and ever increasing luminosities
- Higgsless models, technicolor, vector boson scattering, ...




After 20 years of preparation COI’IC/USIOI’IS

the LHC accelerator is colliding protons

the ATLAS experiment [detector, trigger and data acquisition, data

quality, calibration and alignment, data processing and world-wide
distribution] is in excellent shape.

All subdetectors are operational at better than 98%o level; some even at
1009%6.

Data taking efficiency > 90%b

Remarkably good understanding of detector response
(Monte Carlo simulation effort and cosmic ray studies paying fruit)

First physics results

Charged track multiplicities and first MC tunes
Rediscovery of mesons and baryons

Rediscovery of weak vector bosons

The outlook for new physics is bright
Interesting times ahead — stay tuned

HP Beck - LHEP Bern
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Back-up



Expected data samples (examples) with 100 pb

Channels (examples) Expected events in ATLAS after cuts
Js =10 TeV, 100 pb’
J/¥Y — uu ~10°
Y = uu ~5%x10°
W — uv ~3x10°
Z — uu ~ 3x10*
tt > WbWh — uv+X ~ 350
QCD jets p, >1TeV ~ 500
4,8 my, ~1TeV S
Goals in 2010
1) Commission and calibrate the detector in situ using well-known physics samples
e.g. —Z — ee, uu tracker, ECAL, Muon chamber calibration and alignment, etc.
— tt — blv bjj jet scale from W— jj, b-tag performance, etc.

2) “Rediscover” and measure Standard Model at Vs = 7 TeV: W, Z, tt, QCD jets ...
(also because omnipresent backgrounds to New Physics)

3) Early discoveries ? Potentially accessible: Z', SUSY, .... surprises ?
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Expectations for top quark in 2010 (1)

Expected 10 pb-! sensitivity

The golden channel

Sighature is 2 leptons, 2 Channel | N(Signal) | N(background)

jets + missing E+.
t-bW —-bl*n

t>b W —bln e-u 14 2.5
e—e 4.3 1.1

With ~10 pb!, we expect a
convincing signal H—Q 6.6 1.9
- Each experiment will have ~30 Total o5 55

events with an expected
background of 5 or 6.

Even with 5 pb!, many will
find the signal plausible:

- Each experiment will have ~15
events over a background of
around 3.

54
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Expectations for top quark in 2011

By the end of 2011, the top
samples will be substantially
larger than at TeVatron
Open possibility to study

Top mass

Single Top

Rare decays

CMS Preliminary

T SF
> | ~1fblat7 TeY
E 5 R o -
@ ' =
c - e
3 4 s ® ®
a [ °
s 3F e °
q 10 TeV
2 2(l)0 360 400 560 600 700

int. luminosity [1/pb]

Single top
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t-tbar yields

6000

5000 - LHC

4000 A Lgpton + Jets

Dileptons

3000
Tevatron (10 fb-1)

2000

1000 LH

0 = T T T T T T L/l 1
0 50 100 150 200 250 300 350 400

LHC pb-1

SPIN—-Praha 2010

55




Heavy Z’s or W's

Predicted in many SM extensions
(Extra Dimensions, Technicolor, Little Higgs)
Low, well understood background

4
*Tevatron limit ~1 TeV
*95% CL exclusion O(50pb!) at 1 TeV
Discovery up to 1.3 TeV at 100 pb!
Discovery up to 1.5 TeV at 1 fb!

«Tevatron limit ~1 TeV

*95% CL exclusion O(10pb!) at 1 TeV
Discovery up to 1.3 TeV at 100 pb!
Discovery up to 1.9 TeV at 1 fb!

HP Beck - LHEP Bern SPIN—-Praha 2010
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Luminosity [pb]
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SUSY discovery Ilmlt
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ATLAS Preliminary (Simulation) _|
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Importance of energy for Higgs search
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