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* The Large Hadron Collider
* The ATLAS Detector
* Detector performance plots of 2009 data taking

* Charged-particle multiplicities in p-p interactions at
a center of mass energy of 900 GeV

* Qutlook/Conclusion
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The Large Hadron Collider

Overall view of the LHC experiments.

* Proton-proton collider
* 27 km circumference

* At 4 interaction points,
detectors measure the
outcome of the collisions:

— ATLAS, CMS
— Alice, LHCD

—

=alp™

Design Start Up

Energy (c.m.) 14 TeV 900 GeV (2.36 TeV)
Luminosity 1034 cm2s? ~7 x 1026 cm2 51
Bunches/Beam 2808 4 (2 colliding in ATLAS)
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The ATLAS Detector

* A Toroidal LHC ApparaturS: multi-purpose particle detector to
cover large range of physics measurements

* mass ~ 7000 tons
* 25m high
* 46m long

e ~100 million

electronic
channels
(most 1n the
pixel and ID)

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

n=-ln(tan(®/2))

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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IF IC Inner Detector

l\\TITl T n[ HSI(.\

............... PSP PPREmR B The ID contains 3 sub-detectors: (resolution)
/g NN Pixel detector: 10/115 pm in R/z

Silicon strip detector (SCT): 17/580 um
AN\ ML= ,, Transition radiation tracker (TRT):

2m WD YT | 130pm in R

=
-----
il

rR=1082mm

} End-cap semiconductor tracker —_— <
TRT
The ID provides around 3 pixel, 8 SCT and 30 (R=stamm
TRT measurements per charged track at n = 0. setq
Coverage: [n| < 2.5 (2.0 for TRT) LR =290 mm
Allows for accurate track and vertex reconstruction. i
Resolution goal: 6,1 /pr = 0.05% pr 1% - {Eégzgsm";nm
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Calorimeters

* Measures energy deposit

— very important to measure missing transverse energy
 Electromagnetic (LAr): oz/E =10%/VE ®0.7%

— Precision measurements of photons and electrons

— nf coverage up to 4.9 Tile barrel Tile extended barrel
* Hadronic (Tile): e /

— Measure energy
. LAr hadroni
deposit of hadrons  endcap 0

— |n| coverage
up to 1.7

or/E =50%/\E ®3%

LAr eleciromagnetic

e
------

LAr eleciromagnetic

barrel
LAr forward (FCal)
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Muon Spectrometer

* Precision tracking chambers and trigger chambers
— Monitored drift tubes
— Cathode drift chambers
— Thin-gap chambers

Thin-gap chambers (T&C)
- y | Cathode strip chambers (CSC)

— Resistive plate chambers

* |n| coverage up to 2.7

* Magnetic field produced
by 3x8 air-core toroids

* magnetic field 0.5 T

Barrel toroid

6y /Pr=10% at pr = 1 TeV

i Resistive-plate
chambers (RPC)

End-cap toroid
Monitored drift tubes (MDT)
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Trigger

* Primary physics trigger in 2009:
— Beam pickup timing devices (BPTX)
* Electrostatic beam pickup located at + 175 m from interaction point
— Minimum Bias Trigger Scintillators (MBTS)

* located at + 3.56m in z from the interaction point

32 scintillating counters covering 2.09 <|n| < 3.84

* Average event rate of collision trigger (MBTS + BPTX): ~ 10 Hz

Run: 142193, 12, Dec. 2009 ATLAS Preliminary

lﬁl : : . X
: : : : = Lloutput : :
E‘ 103 S S R S SO S— BPTX ........................... e e HLT OUROR
3 5 : : i Collision Trigger
& L2 Inner Detector activity
107 - : :
o Bl _ BPTX+MBTS. T
1 oo I e e
1071

14h00 14h30 15h00 15h30 16h00 16h30 17h00 17h30 18h00
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Data Taking in 2009

* 20 NOV 2009 Slngle beam SplaSh % 900;10ATLAS Collision Candidates [
* 23 Nov 2009: First collisions 900 GeV | & goo- MBTSA/C-side Coincidence Trigger
* 6 Dec 2009: First collisions with stable | 2 Zgg: R —
beam. Full detector switched on! g 5oo§— — During Stable Beams
» 8 Dec 2009: First collisions at 2.36 TeV | 5 .-
* 16 Dec 2009: end of 2009 data taking | ° 20°°
100F-
] ] 03,.1..‘ I B B
M;lx ple(;lzlz lumzlnolsny seen by ATLAS : 2 D;yzin o 1o
~7x cm? s
Recorded data samples # of events Integrated Luminosity
Total 917.000 20 ub!  (syst. uncertainty

900 GeV with Full Detector On 538.000 12 ub! up to 30%)
2.36 TeV (world record) 34.000
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7E (GeV)
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Candidate
Collision Event

’ I_IH n !_l mn

CATLAS
& EXPERIMENT

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

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html
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Detector Hardware Status in 2009

Pixels 80 M 97.9%
SCT Silicon Strips 6.3 M 99.3%
TRT Transition Radiation Tracker 350 k 98.2%
LAr EM Calorimeter 170 k 98.8%
Tile calorimeter 9800 99.2%
Hadronic endcap LAr calorimeter 5600 99.9%
Forward LAr calorimeter 3500 100%
MDT Muon Drift Tubes 350 k 99.7%
ICSC Cathode Strip Chambers 31 k 98.4%
RPC Barrel Muon Trigger 370 k 98.5%
TGC Endcap Muon Trigger 320k 99.4%
[LVLI1 Calo trigger 7160 99.8%

® High operational fractions of all detector systems!
® ATLAS is ready for 2010 data taking at higher energies!

® Pixels and Silicon strips (SCT) at nominal voltage only with stable beams
® Muon RPC and TGC operation fraction increased to 99.5% and 100% in 2010 (respectively)
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Run Numbe 2383, Event Number: 387359

Date: 2009-12-15 01:13:34 CET

Y (R
|

2 0 Z(m) 2
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Pixel Detector: Energy Deposit

— B
* Analogue readout of pixel 5
detector allows measurement 3
of energy deposit dE/dx g
* Band for p, K, pions can be seen
* Cross-check with A =pa~, A =pn*
to 1dentify particles confirms
bands!
> 1800_Milnin;umlBialasSItrelam,l I'Delzte.: |200[9(\If§=?00|Ge|V)] ————————] -
[0) - ATLAS Preliminary Both tracks: p_ > 100 MeV, Si hits >6 | &
E 1600:— A Invariant Mass cos(6) > 0.8, flight distance > 0.2 mm | ITO
< 14005 E o
812000 - T 0s 0 o vev 3 Sinuation 3 E
c C o= 3.2+0.1 (stat)MeV - —_—
L 1000:_ PDG (2009) m_=1115.683+ 0.006 MeV = a2
200 ER
600 A 5
400 —
E e T —
200:— > _:
0—#80 1100 1120 1140 1160 1180 1200
My, - [MeV]
Andreas Wildauer La Thuile 2010

o

= N W p O O N 0O ©

ATLAS Preliminary -
900 GeV Collisions

Mlnlmum Bias Stream Data 2009 (\f_ -900 GeV)

T
-1.5

T
-2

-1

I IR AT
-05 0

[ T | T I TT I I Trr I TTr T | LI | Trrr 5
C ATLAS Preliminary p(') cand. tracks from A (A) 45
Pixel dE/dx Im, - 1115.68] <3 MeV '
:_ cos(d) > 0.8 4
[ Tracks from VO candidates flight distance > 0.2 mm
= p, > 100 MeV, In| < 1.8 35
E Plxel hits > 2, SCT hits > 3 .
= 3
= 25
= 2
= 15
= 1
= 205
:I 11 I 111 I I 1 11 1 I 1 I 1 1 l 1111 I 11 11 0
5

05 1 15 2 25

Signed track momentum [GeV]
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TRT and electron 1dentification

The intensity of the transition (=photon) radiation in the TRT is proportional
to the Lorentz Factor y = E/m,c? of the traversing particle.
Use number of h1gh threshold h1ts to separate electrons and pions!

0.25

o
N

0.15

o
—

High threshold probablllty

0.05
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ATLAS pre//m/nary

Electron candidates
Generic tracks
Electrons (MC)
Generic tracks (MC)
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TRT endcap
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1.02

y—factor 103 10*

1

10

Pion momentum (GeV)

1
Electron momentum (GeV)

~ conversion

10

200
180
160
140
120
100

N\

Entries / 0.025

T T T T T LI L T T T 7 T T 7 T T

e Data 2009 (s = 900 GeV)
— Non-diffractive minimum bias MC
(—JHadrons
Electrons from conversions

ATLAS Preliminary

0.2 03 04 0%

III|IllllIIIllllIllllllllllllllllllllll

Fraction of high-threshold TRT hits

Cross-check: the “tail” towards
high-threshold hits is due to
electrons from conversion candidates!

La Thuile 2010
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Particle Decays

* Use well known particle decays
to understand and validate
detector performance

e (Can be used to measure the track
momentum resolution/scale and
tracking efficiency

Entries

Minimum Bias Stream, Data 2009 {/s=900 GeV)

— 0.
0 Armenteros Plot
% Both tracks: p_ > 100 MeV, Si hits > 6
0] 0.2 cos(8) > 0.8, flight distance > 0.2 mm
+_ -
Q
—120
0.15 —100
80

1 -08 06 04 -02 0 02 04 06 08
(P, - PP, + P

: ey e 60
40
0.05 —
20
0_ = 1 0
)

Minimum Bias Stream, Data 2009 §/s=900 GeV)

IIII|IIII|IIII|IIII|IIII|

ATLAS Preliminary Both tracks: p_> 100 MeV, Si hits > 6 ]
Kg Invariant Mass cos(8) > 0.8, flight distance > 0.2 mm

® Data

IIII|IIIlIIIIIIIIIIlIIIIIIIIIIIIII_

1 Simulation

— Gauss (+poly) fit

p= 497.5+ 0.1 (stat) MeV
o= 8.2+ 0.1 (stat) MeV

PDG (2009) me = 497.614 + 0.024 MeV

IIIIIIIIIIIIIIIIIIIIIII[I

1600
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1
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800
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Mz z [MeV]
Minimum Bias Stream, Data 2009 §/s=900 GeV)
T ] T T T ] T T T I T T T I T T T ] T T T I T T T _]
ATLAS Preliminary Both tracks: p_> 100 MeV, Si hits >6 ]

TTT [T T T[T TT[TTT[TTT[TTT[TTT[TTT
R R R R RN R

A Invariant Mass

p= 1115.9 + 0.1 (stat) MeV
o= 28%0.1 (stat) MeV

PDG (2009) m, =1115.683 £ 0.006 MeV

cos(8) > 0.8, flight distance > 0.2 mm —

—  Gauss (+poly) fit ® Data
] Simulation

1080 1100 1120 1140

1160

1180 1200

m; .- [MeV]
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Calorimeter Response to Isolated Tracks @

Sample of 1solated hadrons
— 0.5<p<10 GeV, [n|<0.8 8

" Beam 2009 \5=900GeV

— No other track within Tg i ATLAS Preliminary : |

o 0.04

AR=0.4 2 ;

1 0.02F
* Plot: E(AR<0.1)/p 10 L
* apowerful tool to test (02 —~Data ]

simulation of calorimeter MG MinBias

response to single hadrons

I IIIIIII| I IIIIIII| I IIIIIII| I lIIIIIIl

* Remarkable quality of

. . ° —4 1 11 1 I 1 1 11 I 1 | I | I 11 11 11 11 1 1
simulation: 10 R Y-S R S
E(dR<0.1)/p

|
o
o

— very promising for detailed
understanding of jet energy calibration

* A pay-off from the many years of test-beam studies and detailed
comparisons to G4 simulation (models, material, etc)

Andreas Wildauer La Thuile 2010 16



Muon Spectrometer

GATLAS

1A EXPERIMENT

2009-12-06, 08:25 CET
Run 141749, Event 133538

Collision Event with 2 Muon Candidates

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html
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IF IC Muon Spectrometer
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N
(2]

m : T T 17 | L | T T T1 | T 171 I T TT T 11 : §|25 __II TT TTTT TTTT | TTTT | TTTT | TTTT I TTTT | TTTT I TTTT | TT II__
S 14 Atlas Preliminary 2009 . %, - Atlas Preliminary 2009 ]
o [ ] o L ]
S 12 - e Toroid on 900 GeV Data b ; 20 ~ -+- Toroid on 900 GeV Data o
g B non-diffractive minimum bias MC o B n non-diffractive minimum bias MC |
- . S 15 3
L . S - .
6 e - 101 -
4 = [ i
i i S B
2F - [ i
0: el | ! |||||‘+||||||1| |: 0—|||||||||||||||||||||||||||||_|_|1-+—4—L1_1.-H—1—o—+—o—4—1_|_1.||—

-3 -1 0 1 2 3 0O 12 3 4 65 6 7 8 9 10
n Pt [GeV/c]

* Muon candidates reconstructed using ID and Muon Spectrometer
*pr>2.5GeV and |n| < 2.5, only for runs with muon toroid magnet on
* Muon candidates are very forward and low momentum at 900 GeV
* Nice agreement between MC and data within the limited statistics
(50 muon candidates, MC normalized to data)
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* The measurement of charged particles 1n inclusive proton-proton
reactions constrains phenomenological models of soft QCD and
therefore 1s an important ingredient for future studies of high
transverse momentum phenomena at the LHC.

Single Diffractive
Double Diffractive
Non Diffractive

* Use minimum bias trigger to study inelastic collisions
* Look at distributions of primary charged particles

1 dNCh, 11 chh, 1 dNev’ (p,)vs.N.,
Nev dn Nev pT de Nev chh

* 1n the phase space p, > 500 MeV and |n| <2.5
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* Min. Bias Trigger Scintillators
— Require at least 1 hit on either side
* “single arm” trigger
* Measure trigger efficiency from data

— with orthogonal trigger which requires
* colliding proton bunches in ATLAS

* require > 6 hits in Pixel/SCT and a “loose”

track with p; > 200 MeV

* Trigger Efficiency wrt. the analysis
selection 1s extremely high
— d, cut wrt. beam spot (not PV), no z, cut

* No biases from track n, p; observed

* Very low systematic uncertainty <0.03%

Andreas Wildauer La Thuile 2010

Trigger Efficiency

0.99

0.985

0.98

Candidate
Collision Event

MBTS

f

0.995|

| e Data,\s = 900 GeV

ATLAS Preliminary

1 2 3 4 5 6 7 8 9 10 1112

NSeINthx
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Analysis Overview

Use all data taken at 900 GeV with stable beams and where
trigger, tracking detectors, and solenoid were operational

Measure fully inclusive inelastic distributions to avoid any
model dependence

— Makes it easy for theorists to compare ATLAS results with their model
Study events with

— areconstructed primary vertex and > 1 reconstructed track with
* pr>500MeV, n|<2.5
e >1 hit in pixel, > 6 hits in SCT

« |d,PV| < 1.5 mm, |z,"V|sin(0) < 1.5 mm
Correct for trigger, vertex & track (in)efficiency to hadron level
— But do not extrapolate outside our phase space
This leaves ~326k events for analysis

— Beam background estimated from unpaired bunches is < 104

Andreas Wildauer La Thuile 2010
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Primary Vertex Reco & Secondaries

* The reconstructed primary vertex must

— contain > 3 tracks with
* pr> 150 MeV, |d,B% <4 mm
— Vertex reconstruction efficiency is
derived entirely from data
* ~100% for events with 4 or more tracks

* Systematic uncertainty < 0.1%

* Cuton d, and z, removes secondaries

— Estimate remaining secondaries from
the impact parameter distribution

e 2.20% £ 0.05 (stat) £ 0.11 (syst)
of selected tracks

Andreas Wildauer La Thuile 2010

Vertex Efficiency

Tracks

0.7}

—
LI T

0.9}

0.8}

—e— Data,\'s =900 GeV _|

ATLAS Preliminary
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IF IC Tracking Efficiency
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* The absolute tracking efficiency is derived from Monte Carlo

— Careful checks needed that the data is well described by MC!

— Any discrepancies between data and MC have to be accounted for
(in terms of systematic uncertainties)

* Compare track hit multiplicities between data and Monte Carlo:
— Average number of hits on tracks agree very well!

S

—
o
(&)

4.4 : ]

ATLAS 10 SCT ATLAS =

4.2 Pixel Preliminary - Preliminary -

4 \'s =900 GeV 9.5F \'s =900 GeV -
3.8 —+— Data

[ ] ND MC MinBias

©
©

ND MC MinBias

Average Number of Pixel Hits
Average Number of SCT Hit
©O

3 7.5
2.8 7
2.6 B
=25 2 15 -1 -05 0 05 1 15 2 5 6'—5.5 2 15 -1 -05 0 05 1 15 2 5

=N
=N
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Material in the Inner Detector

* Tracking inefficiency comes mostly from material interactions
— largest contribution to systematic uncertainty!
e Material in ID 1s quite well understood (for this early stage)

— Discrepancies are observed when e.g. looking at the efficiency to
extend a pixel only track into the SCT

— With more statistics conversions will be used to map the material

1||||||||||| 35

> r LA L L B B ] (7] N — N ™
O o . .
c C | Data ] = : = = = Data conversion candidate
-f—j 0.95F A.TL_AS — o 30— ST MC conversion candidate
= - Preliminary ND MinBias MC ] - - = = MC truth conversion
W g gF \s=900 GeV neias 3 " e ¢ 9 MC truth Dalitz decay
_5 C 3 251 o o o (Non diffractive minimum bias MC)
2 0.85F - -
()] - - 20,_ Q . . ol
< u ] - 2 ATLAS preliminary
[ C ] C E L
(©) = . 15~ 5 + - =
N —— -
& 0.75 - F & Yy —e e o
10—
0.7 — u ‘
b L N i | | C
0.65F - 5:%‘ 1 1 |
06:| 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 l: o l'I"T|>| | |Tl’| |||| [ | 1 |..|.| II+I+7:I T
' -2 -1 0 1 2 0 50 100 150 350 400
" R/mm
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IFIC Tracking Efficiency
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* Final tracking efficiencies vs. n| and p; are:

é’ 1 I I T T T T T T § L S s B B
g L 3 | ATLAS Preliminary 1
= 09fF PLL— = 09 -
p /w 1 c - L :
O ! i [e) i G %o ]
= - . ] 2 - o % -
@ " ATLAS Preliminary ’ B o] e, .
¥ ||
g 07¢ . G 0.7[e *** *ee*®s
Q 1 8 - .
v - ’ v B
x — — *
3 0.61 . % 06
= C o ] — |
05 —* NDMC MinBias\/s = 900 GeV ] 05 —*— ND MC MinBias\/s = 900 GeV -
:A v b b by b b by e by e by by E :
0472774 76 8 10 12 14 16 18 20 0.4 - e e
p, [GeV] n

* An overall systematic uncertainty of 3.9% for n=0 was assigned
— Green bands include both statistical and systematic uncertainties

— Largest contribution comes from description of the material in the 1D
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% j LI I TTTT | LU | TTrTT | TTTT | TTTT ‘ TTTT | TTTT TTT I:

~ 15— p,>500MeV, 1| <2.5,N_=>1 —

=" F ATLAS Preliminary E

T 14 —

25 C o oo'oo.’..oo.o.. .o..°.o°.'o. N

S 13- et y o .

1.2 __‘. ........................ <—

5./’ LS T T \\‘\:—

1 1:— == Data \'s =900 GeV E _:

s — PYTHIA ATLAS MC09 ]

1= -+= PYTHIA ATLAS MC09c¢ =

E e PYTHIA DW :

ooF PYTHIA Perugia0 -

B PHOJET .

0.8 =

L FEURN U FFE FOUSU Y FESTUET ST

1.156 == Data Uncertainties E

TAE e MC / Data E

o 1.05¢ E

T 1B 2

T 0.955 fi Lot e

e et N LN O L L

085;_ ! 1 1 —;
25 -2-15-1-050 05 115 2 25

n

p.> 500 MeV, In | <2.5, Nch =

ATLAS Preliminary

=e= Data Vs =900 GeV
— PYTHIA ATLAS MC09
== PYTHIA ATLAS MCO09¢c

PYTHIA DW
PYTHIA PerugiaO

1/Ney 1/(2np,) d®Ny/dndp_[ GeV2]

] [ == Data Uncertainties

Ratio

N,,: number of primary
charged particles corr.
to hadron level

Normalized to # of
selected events N,

pr > 500 MeV
ml<2.5
Nch Z 1

* (left) ATLAS data shows higher values than all MC tunes

— But: MCs are tuned in different region of phase space

* (right) data/MC agrees well only for p, < 0.7 GeV

Andreas Wildauer
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5 T g — 13
P 1 = B ]
p.>500 MeV, 1171 <2.5,N_= 1 1 o - p.>500MeV, Il <25 N =1 ] . .
S T ! e 18 F 7 ! . 3 Ng,: number of primary
=’ = ATLAS Preliminary E 7'\'_ “r ATLAS Preliminary . .
v F 18 F 1 charged particles corr.
5 10%g 3 1.4 -
SR E - . to hadron level
10'35— E 1= ~
Al i - - .
10 ‘ ERER e wesmeer 1 Normalized to # of
C == Data \s=900GeV ! ] m A - ~ ]
10°  — PYTHIA ATLAS MCO9 ™\ = 0.8 Eﬁﬂ:ﬁ ﬂtﬁg mgggc - selected events Nev
= - PYTHIAATLASMCO%c ™\ —1—: s PYTHIA DW .
0% PYTHIADW k) o 0.7 PYTHIA Perugia0 3
E PYTHIA Perugia0 E B N
C L. PHOJET - - : """ PHOJET :
F i 0.6 E
107:? | | | ! | | | ' '?:f ;| | | | ! | | | E
o | pp> 500 MeV
s | I n| <2.5
© C arien ]
o r '_ . 0c . . 1 ]
0.5F o Moto | Tt e e — ]
- == Data Uncertainties SEHEEE b 0.9 == Data Uncertainties E Nch >1
S MC/Data e : osk MC / Data E
07020 30 40 50 60 100 20 30 40 50 60
NCh Nch

(left) MC excess of events at N, = 1 but always lower for N, = 10

(right) increase of <p> with higher N,
— Change 1n slope around N, = 10 as seen by CDF
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q-j—u 10 ?l T T T T T T T T -
> E \s =900 GeV -
:.,_ 10 e ATLAS Preliminary  _
o = 3
g 10°F E
& 10'3:? =
© = > 3
§ 10'5§ E

3 10°E LS =
<  F =UA PP Inl<2.5 A E
107 . CMS NSD pp Inl<2.4 ~I—
10° «ATLAS  ppIl<2.5 =
10°E =
. — =
1.4E , E

o T %
5 0.8 W E
T 06 / / E
0.4 UA1 / ATLAS 7 % E
0.2 CMS / ATLAS 7 / =

O N N | N N N N A A |
1
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Compared to CMS:

N_, consistently lower than measured by ATLAS.
This 1s because of the correction CMS applies for
the selection efficiency of the double diffractive
component.

Compared to UA1:

UALI data has been normalized by their associated
cross-section measurement
N,;, =20% higher than ATLAS

UA1 used a “double arm™ trigger which rejects
events with low charged particle multiplicities

ATLAS Preliminary <N, >

In] <2.5 1.333 + 0.003(stat.) + 0.040(syst.)
NSD [n] <2.4  1.241 +0.040

10 : . .
p. [GeV] =>» NSD obtained using the Pythia DW tune (Tevatron)

CMS NSD (p, > 0.5 GeV) | 1.202 + 0.043
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Conclusion

* Data taking in 2009 was very successful

— Understanding of the detector based on cosmic data taking in
2008/2009 has been improved further

— The detector performance is very satisfactory at this early stage
— Computing infrastructure to process data worked very well

* Many, many interesting studies have been produced within the
ATLAS collaboration on a very short time scale

The first physics analysis has been approved by the collaboration
— The paper will follow very soon!

ATLAS 1s ready for data taking at higher energies!

Thanks to the LHC team for the excellent performance in 2009
— Expectations are high for 2010 ;-)
— And proton beams have been circulated again (28.2.2010)!

Andreas Wildauer La Thuile 2010
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