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Introduction

» LHC and ATLAS operation in 2009

o LHC beam operation
o ATLAS detector and trigger
o Commissioning with single beam/beam splash

» Performance studies

o Performance of each sub-detector
o Combined reconstruction

» Charged particle multiplicities at Vs=900 GeV
» Conclusion
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LHC (Large Hadron Collider)

LHC PROJECT UNDERGROUND WORKS

* Proton-proton collider

« 27 km circumference

* 4 interaction points

* ATLAS, CMS

* ALICE, LHCDb

* CM energy : 14 TeV (design)
 High luminosity : 10%* cm-s1

Exisling Structures

e LHC Progect Structures
LHC Excavated Siruclures ST-CEljr

e LHC Completad Structures (CE) .‘\. [ [ _.,'\ \’ 1RO 2002
LHC Complated Struclures (CV, EL, HM, MA!
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ATLAS operation since Nov. 2009

LHC . 20/11 : First beam circulating in the LHC

« 23/11 : First collision at ¥s=900 GeV

* 6/12 : Stable beams = Inner Detector fully on
« 8/12 : Collision at Vs=2.36 TeV

» 16/12 : End of 2009 runs

Vs=900 GeV
| =7 X102 cm2st

ATLAS
* Total collision candidates at 900 GeV
* 920 k events, ~21 b .  x10° . |
+n stable beam congition o oo o [
* 540 k events, ~12 ub? 5 OF
» With ID and solenoid ON, good data quality g ggg R
« 380 k events, ~9 b1 Z oot _
(cross section estimated from the observed rates at % 232 — Durng Silogeams | [ ]
MBTS/LAr endcap, uncertainty ~ 30 %) 2 300-
« Sample at 2.36 TeV © 200
« 34 k events 100
» Without stable beam condition 07— 924 16

Day in December

* ID not fully on
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ATLAS deteCtor Calorimeter

Inner Detector o . LAr.: EM galc_)rimete_r
« Pixel (pixel detector) . * Tile: Fe/Sc!ntlllator tile

» SCT (silicon strip detector)
* TRT (transition radiation tracker)

25m ;
N .‘:‘l Tile calorimeters
: \ LAr hadronic end-cap and
forward calorimeters
__________________ ‘ Pixel defector
''''''' Joroid magnets LAr electromagnetic calorimeters
Muon chambers Solenoid magnet | Transition radiation tracker
Semiconductor tracker
Muon spectrometer Magnet system
« MDT, CSC : precise momentum measurement « 2 T solenoid
* RPC, TGC : trigger chambers * 0.5 T toroid
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Trigger

e Beam pick-up system (BPTX)

* ATLAS trigge_r « 4 sensors on each side, ~175 m upstream of
* 3 level trigger system the interaction point
* General strategy was to use L1 only « Used to trigger on colliding bunches
selection

« L1 trigger (hardware)
 Main triggers
* BPTX (colliding bunch)
 MBTS (detector activity)
* High Level Trigger (HLT, software trigger)
 Event streaming
 Online beam spot calculation
» Space point (hit) counting algorithm at : —
Level-2 and loose tracking at Event Filter |EEAuaS=E_. Collison Event
* Runs on L1 BPTX trigger (prescaled) ~N
» Used for the MBTS trigger
efficiency study
* All others in pass-through mode

* Minimum Bias Trigger Scintillator (MBTYS)
16 scintillators on each side
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Trigger rates and online beam-spot monitoring

Trigger rate vs time
for a typical LHC fill

Beam injection,

record collisi
events.

on

HLT algorithms off.

v

|

HLT active after Rejection factor of ~10*
LHC declares looking for space points
stable beam in the Inner Detector at

_____________ Level 2 trigger

Run: 142193, 12, Dec. 2009 ATLAS Preliminary
Lo | n

R I e e RS Tt £ : ——— L1 output | :

- . el 3 e adee CommmmmL LT output s R,
8; ATLAS Preliminary o 10 i ; — c:-uisizr. Trigger i

6? g;:r;:f;:i T2.2008 - , 350 E L2 Innar De!emc-.' activity  :

4: - P . : 300 -102 l _ .............................................................................................................

g A 1 : : :

2f o o A -1 —250 e i : :

g S i ; +20 '
-2: : . 1 150 1 .............. fernarens g , .....................................................................................................................
'4: "Oniine primary vertex . 100 2 ; : ;
.. distribution B . - - : - . - )

6 E Nilaluk per ‘I’e"e" 22 50 14h00 14h30 A5h00 15h30 16h00 16h30 17h00 17h30 18h00
-8 P, > 500 Mev ¢

T S T BPTX prescaled by x20
Vertex x [mm] as input to L2

Online Primary Vertex Y Position (2 min Samples) L ] M BTS(X 'I ) 9 H LT pas s—t h rou g h
B Run 142166 Fun 142174 o L1 BPTX (prescale=20) > HLT selection
E 'w' k .‘. Run 142195
SN hen ¥ 2 . .
- Run 142165 Ny, & w
— . .v
- Online beam spot monitoring
- ATLAS Prefiminary —> feedback to LHC operation

Bec T 0700 Des 71 6700 Do 71 7305 oo 717900 Do 740707 Dec 750700 Dec 727300 Dec 727980 Bec 150700

Time of day (local Geneva time)
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Detector timing wrt. collision

: L _ Particles from collision
» Most detectors were well timed-in within 25 ns during the

combined cosmic running b
. . . .- . -~
» Overall adjustment to the collision timing was done with

single beam data (splash events)

. R S
First BC with Fired Trigger
pof g . —
i | C-side } Particles from single beam
: | * TGC_HALO _
‘EIMID- .
zlmn-
4BC
e B TGC_MUO ( = Time-of-Flight)
1000 <H ]
WO A-side || L
A A . .
w  WOCMLE : A-side C-side
40 b . . . .
o 1 TGC timing with single beam run
I | | ,E\ﬂ._,; B » Two peaks correspond to two sides
oo = % glwoes © Timing in each side within 1-2 bunch crossings (BC)
target timing (= BPTX2) | TGC: Thin Gap Chamber (Endcap muon trigger chambers)
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Candidate collision event

Candidate
Collision Event

_7E (GeV)

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

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html
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# Evts

Normalised events

Selecting co

140F -
B ATLAS Preliminary -
120:_ — two beams H
100~ — single beam 1 [
: — single beam 2 ]
80— a
60— —
40 —
20 —
S 20 0 20 40
Difference between MBTS times (A - C) [ns]
0.8~ Out of time events
0.6 H — In time events
0.4 ATLAS Preliminary
0.2
0 L L | e e L oy |
0 5 10 15 20 25 30

MBTS Multiplicity

llision events with timing

*MBTS timing difference on two sides
* Peak at ~=%25 ns for single beam events
* Peak at 0 ns seen with both beams

Timing difference on two sides with LAr

Events

A AL I IR I RN I IR IS

- 2009 Data Mean 1.1ns J
50:_ Sigma 1.5 ns B
40; ATLAS Preliminary _f
30— —
20[— —
100 =

: | w"FLI-Jl-I..'rI_I'LI"|| RN |J|| 1 .\ P AR .\nJ-LﬂJ-m-qu :
g50 -40 -30 20 10 O 10 20 30 40 50

Time endcap A - Time endcap C (ns)

* These results came out just a few hours after the

first collision

* DAQ - Reconstruction at TierO - Distribution
to Tier2 sites takes typically ~4 hours
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Performance studies



Inner Detector

* Pixel
« SCT (Semi-Conductor Tracker, silicon strip)
* TRT (Transition Radiation Tracker) 6.2m

* /7t sepration S -

* Precise tracking and vertexing

* o/p; = 3.4*104 (GeV) © 0.015
« 2 T solenoid field
* [n|<2.5

-
-
i

2.1m

End-cap semiconductor tracker
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1
CATLAS |
S EXPERIMENT |

2009-12-06, 10:24 CET
Run 141749, Event 460665

Event with
Kg— mtm—
Candidate

hitp://atias.web.cern.ch/Atlas/public/EVTDISPLAY/events.html

Invariant mass of two oppositely charged tracks with
* More than 6 Pixel+SCT hits

* pr > 100 MeV

* Refit the vertex of the two tracks and require the
direction of the two track momentum sum to be
consistent with the primary to secondary vertex
 K¢¥ sample is used extensively for tracking studies

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

% 6000 ATLAS Preliminary Both tracks: p_> 100 MeV, Si hits >6
= Kg Invariant Mass cos(8) > 0.8, flight distance > 0.2 mm
5000

0 ® Data

2 4000 L1 Simulation

E — Gauss (+poly) fit

p= 497.5+0.1 (stat) MeV
o= 82%0.1 (stat) MeV

PDG (2009) M. = 497.614 £ 0.024 MeV

1 i 1 | : B | : e N | : i e i | 1 i | i B 1 | i e | ;i : i |
00 450 500 550 600 650 700 750 800
My z [MeV]

LHC forum (DESY, Hamburg and Zeuthen) 2010/3/9-10 13



Pixel dE/dX and A=2>p~

— 10—' LI L L L L B L L L B T LT L T L
3 = =
£ E .. ) =
9 ATLAS Preliminary - - — I -
2 E mnany e E dE/dX from the Pixel detector
;” 8F- 900 GeV Collisions . = 3 =102
T sE . i El  Bands from &, K, proton
< 6:_ . ,.;"i— . e
° e E
% 5;_ ; _; -_ 10
s E|
3 oL = . .
: e  dE/dX of proton candidates selected using
. E Sl = 1 rw -
1 S e A/Amass constraint
B IER SR AN AT I U e T TN NN T T SV AN N MR AN A AN O o - =
S5 5T 05 0 05 1 15 2.5 * Proton band is dominant
Qp [GeV] ) .
* Pion band from the BG is also seen
> 1800_Milnimuml Bialas Sllrelam,I De?ta ,|'200|9 (\.:E:?Oﬁlsel\f}l ] & 10:P|v‘linlln‘1u‘nl1 ?ila;s lsltnlaalnl’t,llj‘e.a‘te? .?C:OIQI(\TEI:FIOL? 9?Y}| —
()] = ATLAS Preliminary Both tracks: p_ > 100 MeV, Si hits > 6 ] e 9 ATLAS Preliminary p (P} cand. tracks from A (A) 4.5
= 1600 A Invariant Mass c0s(0) > 0.8, fight distance > 0.2 mm — =2 £ Pixel dE/dx ' oroe e -
: 1400~ — o 8:_Tracks from VO candidates : ﬂightdislalnce>0‘2 mm
o £ — Gauss (+poly) fit ® Data ] % 7P >100Mev.ni<18
-2 1200F = 1116.0 + 0.1 (stat) MeV 1 Simulation 3 s £ Pixel hts > 2, SCT hits > 3
c o= 3.2+0.1 (stat) MeV ] —_ 6F
L 1000:_ PDG (2009) m_=1115.683+ 0.006 MeV _: _Q__w 52_
800F = 3 e
s00E- 1 *£3 MeV T
B A around the peak ~ 3F
400F- - 2
2000 T - 1
0: el b b \: glll\‘ll||i|||||ww|-||'|'||||||\w.|||||||[..|....|....
1100 1120 1140 1160 1180 1200 25 -2 15 4 05 0 05 1 15 2 25
m, - [MeV] Signed track momentum [GeV]
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Calorimetry

* EM calorimeter
 LAr, accordion structure
» e/y identification
* 6/E ~ 1% at 100 GeV

* Hadronic calorimeter
 Fe/scintillator tiles o
e 6/E ~ 50 %/NE<0.03 s \““ | T —

Tile barrel Tile extended barrel

Ty R

LAr hadronic
end-cap (HEC)

LAr electromagnetic
end-cap (EMEC)

LAr eler:lromagne
barrel

LAr forward (FCal)
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Raw cell energies

8
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# of Cells / 60 MeV / Event
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2009 Collisions

EM BARREL
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A e

N\

N

ATLAS Preliminary

—— /s = 900 GeV Collision candidates

] Random trigger
[ ] Non-diffractive minimum bias MC

EM scale

ATLAS Tile Calorimeter

10 g

LA L B B R B B B | AL |

——e—— 2.36 TeV Collision Candidates

—=—— 800 GeV Collision Candidates

[ 500 GeV Random Trigger

ATLAS Preliminary
Uncorrected EM Scale

.-ﬂ&*iw.o?ﬁ - Lk
1000 2000 tﬁtlfjw ﬁﬂ' ﬂlﬁ”ﬁ 5000

Tile Cell Energy [MeV]

Raw cell energy distributions

« Random trigger - noise

» Collision candidates

» Reasonable agreement between data and
minimum bias MC

« Data points taken at Vs=2.38 TeV is also
shown for the Tile calorimeter measurement
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Response to hadrons

Calorimeter response to single hadron
-> Will be used for hadronic calibration

o /LA R R B B B R R R B L R R L B R R rrrrrprrrr[rrrr
S [Beam2009 \s=900GeV ¥ F '

€ 15 ATLAS Preliminary : |
E 004
107 T

- C VT YR T R

ElgR<0.11p |

10-2'5_ —— Data 4

- — MC MinBias

1073 g =

107

05 0 05 4 15 2. 25
E(dR<0.1)/p

Elp
* |solated track: no track in a cone of 0.4

* 0.5<pt<10 GeV

* [n|<0.8
 Energy sum of cells in a cone of R=0.1 around
the isolated track
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2009 BEAM
2 10° = [ [ | ' ' UATLAS Preliminaky _
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% 3.5 Non-diffractive MC MinBias\'s=900 GeV J =
§ 3f_ I _,--~["'F "#’—E
- i _',...Ti--""f B
2 25 - P 3
= 2 o 3
X £ = 2
= 1;—/?/ =
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S/ S RIS | S S WNRE: A 1
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Number of jets / 1 GeV

Number of jets / (n/16 rad)

crrfr ' rrrrrrrrrrrrrr ]
10°E ATLAS Preliminary =
- anti-k, jets R=0.6 .
102 -®- Data 2009 \s=800 GeV -
§ [IMC non-diffractive minimum bias §
10 E
1 =
5 10 15 20 25 30
pEI'u'IScaIe (GBV)

= L A B L B R B L R B AL R LR O
120 [—-®- Data 2009 \'s=900 GeV ATLAS Preliminary
C [ IMC non-diffractive minimum bias anti-k, jets R=0.6 ]
100_— -
80F N
+ :
40 N
20— -
U_I....I....I....I..,.I....I‘...l_
-3 -2 -1 0 1 2 3

¢ (rad)
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Number of jets / 0.4

Number of events / (n/25 rad)
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Anti-kt algorithm
with D=0.4
ET>7 GeV

AR between the
two jets
(back-to-back)
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EM shower shapes

o F LI B I N L R
Distributions of longitudinal and lateral EM shower s ,,.f ATLAS Preliminary
-~ - -+- Data s= e 7

- 0N - O o 3 s . ]
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Entries / 0.025

High-threshold probability

Electron ID with TRT, Di-photon mass

* Fraction of high threshold TRT hits
compared to minimum bias MC
 Conversion candidates provide a sample
enriched with real electrons

* Invariant mass of 2 photon candidates
« EM topological clusters (seed>40)
* E; (cluster) > 800 MeV
* E; (v y) > 2200 MeV
* Track veto

200: T T T T | T T [ T T T T | T T T T '| T T T T '| £
180F e Data 2009 {\ s = 900 GeV) _
C — Non-diffractive minimum bias MC 3
160F CJHadrons ) i
= [ Electrons from conversions .
140F ATLAS Preliminary =
120 -
100 =
80 =
60 =
40 =
20 -
0O 0.1 0.2 0.3 0.4 0.5
Fraction of high-threshold TRT hits
L i T T T T T
0.25— .. 7
- ATLAS preliminary { %
g F347E
0.2 - Electron candidates g g g
- =  Generic tracks 5
0.15 Electrons (MC) h —
- o Generic tracks (MC) ?
0.1 =
0.05 gausas R.Li.w!-ﬁ ------ ] E
- TRT end-cap
0 L Il ‘ L1111 ‘ Il Il Il L1111 ‘ Il Il Il L1111 ‘
10 102 y-factor 10° 10*

1

10
Pion momentum (GeV)

1 10
Electron momentum (GeV)

> [T I T I T T T | T T T I T T T T T T —]
g 200+ [ Non diffractive Minimum Bias MC, n!’m signals—
Py i [ Nen diffractive Minimum Bias MC, background 7
™ B -~ Data 2009 (\s=900 GeV) i
@ - — Fitto data T
T 150 B -- Background component of the fit ]
3 i ]
L - .
100 -

71_0 N n—yy ]
7/7_/ ATLAS Preliminary

50— +—

200 400 600 800 1000 1200
Myy [MeV]
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Photon conversion

 Use multi tracking algorithms
* Inside-out, Outside-in
* TRT only
« Small Ap and Acot6
*D-R;-R, ~0
« Common vertex

35 o™

Data conversion candidate
—— MC conversion candidate

MC truth conversion
MC truth Dalitz decay

(Non diffractive minimum bias MC)

Entries

|
S
B
3
X

W

o

T
Pixel layer 1
Pixel layer

Conversion at the 15t layer of SCT 20F
pt (trackl) = 0.79 GeV (e-)

pt (track2) = 1.75 (GeV) (e+)

Both track extends to TRT with high
threshold hits (3 and 11, respectively) 5

sl  ATLAS preliminary

10f

—+— SCT layer 1

R/ mm

Conversion radius distribution
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Muon distributions

* Muons reconstructed using Muon spectrometer and 1D
* pr>2.5 GeV and n|<2.5 in runs with toroid magnet on
« Muon candidates have very low transverse momentum at 900 GeV
 ~50 candidates mostly in the endcap
 Good agreement between data/MC ithin the statistical uncertainty

1 6 [ T 17 | T 1771 | | | T 17T ‘ T T 7T T 177 ]

To R i
29 4 Atlas Preliminary 2009 -
w [ a
S . Af *  Toroid on 900 GeV Data 1
S 12? . . - . ]
E i non-diffractive minimum bias MC i
10F -+ ] =
8- T
6 =
4+ -

0 L | | L1 1 1 | | | L1 1 | I | ‘ L1 ]

-3 -1 0 1 2 3

n

N
%)

muons / 0.5 [GeV/c]
a8

-
o

Atlas Preliminary 2009

-+ e Toroid on 900 GeV Data

non-diffractive minimum bias MC

0"
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SUATLAS
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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Detector status

Pixels 80 M 97.5%
SCT Silicon 3trips 63 M 99 3%
TRT Transition Radiation Tracker 350 k 98.2%
LAr EM Calorimeter 170 K 98.6%
Tile calorimeter 9800 98.0%
Hadronic endcap LAr calorimeter 5600 99.9%
Forward LAr calorimeter 3500 100%
LVL1 Calo trigger 7160 99.5%
MDT Muon Drift Tubes 350 K 99.7%
C3C Cathode Strip Chambers 31k 98.5%
RPC Barrel Muon Trigger 370 k 99.5%
TGC Endcap Muon Trigger 320 k 100%

Detectors status is excellent with >99 channels operational
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Analysis
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Charged particle multiplicities at Vs=900 GeV

» The measurement of charged particles in inclusive proton-proton collision
constrains phenomenological models of soft QCD
* Important ingredient for future studies of high p; physics at the LHC

GT()I =0

el

+ Oy, +O0p,,

-

Single Diffractive

-

Double Diffractive
Non Diffractive

Distributions of primary charged particles in inelastic events

1 dN,

1 1 dN,

1 an,

5 <pT> VS'NCh

eV

N dn , Nev pT de ,

N

ey

dN

Phase space

P > 0.5 GeV
|71<2.5
N, >1

* Final results should reflect what was measured

directly with little model dependence as possible
Do not extrapolate to unmeasured phase space
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Analysis method

Trigger
o L1 MBTS 1, require at least 1 out of the 32 MBTS scintillators fires

- Single-arm trigger overlapping with the acceptance of the tracker
- Efficiency ~ 100 % (estimated from data)

Tracking (Inside-out pattern recognition)

> pr>0.5 GeV, n|<2.5
> Number of hits on the track (>1 Pixel, >6 SCT hits)

o |dg™V[<1.5 mm, |z,PVsin6|<1.5 mm
- Remove secondary charged particles

Require primary vertex
> \ertexing requires >3 tracks with p;>150 MeV, |d,B%|<4 mm

Apply correction for trigger, tracking and vertexing efficiencies
o Tracking efficiency from MC with many cross checks with data
o Trigger and vertexing efficiency from data

~330 k events after selection
> Contribution of beam background estimated from unpaired bunches is < 10

A 4

v

v

v

A 4
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Tracking distributions

10* I Secondaries

@ 4 " x10" :
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o ATLAS 8 00k Bi0° N . 4 8 140F G N . 5
24 Preliminary i E ':1(]‘ |:| Minimum Bias MC E i . ':1(]‘ |:| Minimum Bias MC :
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ot 3 g 160F & - 4 & oy ]
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2
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—+— Data
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Average Number of SCT Hits
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h m tn w o

'_ 10°
7 E
A ¥ e e,y S By S B S 1
n

-10 10
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* \ery good agreement between data/MC
» Secondary particles in |d,?V|<1.5 mm, |z,"Vsin6|<1.5 mm are subtracted by normalizing MC
using the side-band
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Track Reconstruction Efficiency

Track Reconstruction Efficiency

Efficiencies
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Tracking efficiencies as functions of p; and n
Estimated from MC

Vertex reconstruction efficiency
parameterized as a function of the number of
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 Distributions are normalized to the number of events
o All MC tunes underestimate ATLAS data
» data/MC agree well only for p;<0.7
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N, distribution and <p,> vs. N,
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 All MC underestimate data at N,>10
* Increase of <p;> as a function of N,. Change of slope at N_,~10 (also seen at CDF)
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Comparison with other experiments

Comparison to UA1
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* N, higher than ATLAS data by ~ 20 %
« Consistent with the double-arm trigger
requirement used by UAL which rejects
events with low charged particle
multiplicities

Comparison to CMS
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* N, consistently lower than ATLAS data
 Different treatment of diffractive
components
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Conclusion

v

ATLAS data-taking with 900 GeV collision was very successful
> 380 k collision events with ID fully on and good data quality
> Detector operational status is excellent

Performance studies with collision events

> Tracking (alignment, resonances, vertexing)

Response to hadrons (single hadron, jets, missing E-)

Electron & photon isolation (shower shapes, di-photon mass, y conversion)
Muon reconstruction (limited statistics but reasonable distributions)

In general data show good agreement with minimum bias MC

Charged particle multiplicity measurement

o Measurement done in p;>0.5 GeV, n|<2.5 (N >1)

> All MC tunes underestimate ATLAS data

Expecting higher CM energy and luminosity from LHC and more
physics to come in 2010

o

o

o

o
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Physics at the LHC

1 mb

Tub

1 nb

Fermilab SSC

O (profon-proton) ~ =RY | P | *Main physics goals
' T I « Discovery of Higgs particle
« Search for physics beyond the
Standard Model
« Large cross section for QCD dijet
|
%
=
5
U{A1_f? :é
PP
ﬁgg:'g_= S00 GeV) 1 L%
m .= 1?5 GeV 1 D_
Oy
my, = 100 GeV
m =('1;L:I'e‘-.-’ 10_3
'D-Higg
miy = 500 GaV
!].Cllm 0.01 041 1.0 '1DI 100

Vs TeV
LHC forum (DESY, Hamburg and Zeuthen) 2010/3/9-10 35



Luminosity

Luminosity [10%° cm2s1]
N T )
[4)] o (%) ] o (6] ]

-t
o

——
——

A .

Lol I

Run 142193: Dec 12 2009

5]
%ﬁ%l I I l [ l

o

—}— MBTS Online

% —+— Lucid Offline
' —4— Liquid Argon Offline

ATLAS Preliminary

1 1 1 I 1 1 1 | 1
14:00 15:00 16:00

LHC forum (DESY, Hamburg and Zeuthen)

1 | 1 1 1 | [ | 1 i
17:00 18:00 19:00

UTC Time

2010/3/9-10

36



Timing with TRT

Average drift tlmlng edge from TRT
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