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Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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\ \ Barrel semiconductor tracker
Pixel detectors

¥ w Barrel transition radiation tracker
End-cap transition radiation fracker

End-cap semiconductor fracker

e B=2T
e Expect 6(1/p;) =0.34 TeV1 X (144 GeV/p;)
6(dy)= 10 um X (1014 GeV/p,)
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Calorimetery _

Tile barrel Tile extended barrel

LAr electromagnetic
end-cap (EMEC)

LAr eleciromagnetic
barrel

« EM Calo: LAr/Pb G(E)/E 10%/VE @ 0. 7% € ‘” A

e Hadronic Calo: Scin/Fe and LAr/Cu
o(E)/E ~ 50%/NE @ 3%

 Forward Caloupto |n|<4.9
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« | CZCathode strip chambers (CSC)_>
(: / athode sfrip chambers (CSC)

Barrel foroid

\ i\5 S -
o {R; Resistive-plate
(= chambers (RPC ,“\%

End-cap toroid

7 @nifored drift fubes (MID

« B=05-4T

e Expect 6(p;)/pr=4%
at high p-

4 Feb 2010 ATLAS: First Data 6



Very Forward Detectors
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Trigger

Interaction rate
~1 GHz [ CALO MUON TRACKING
Bunch crossing |
rate 40 MHz :
Pipeline
LEVEL 1 mgl:mrias
TRIGGER
« 75 kH=z
Derandomizers
Regions of Interest FH‘Eng:I;t drivers
LEVEL 2 — . Readout buffers
TRIGGER : | {(ROBs)
QT kH= *

Event builder

EVENT FILTER . ’ ‘ FUII-eventdbuffers
an
~ 200 Hz processor sub-farms

4 Feb 2010

Data recerding
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e 16 counters (2 rings)
on each end

e 21<|n|<3.8



Preparing for Collisions

1992 ATLAS Lol

1997 Construction starts

2003 Installation at Point 1 starts

2008 Installation completed; Cosmic data-taking starts

11 Sep 2008 First Beams circulated in LHC
20 Sep 2008 LHC magnet failures

20 Nov 2009 Single Beam Splash in ATLAS
23 Nov 2009 First collisions at Vs = 900 GeV
8 Dec 2009  First collisions at Vs = 2.36 TeV



Cosmics

ATLAS 2008-09-28 10:19:08 CEST event:JiveXML_90272_2065845 run:20272 ev:2065845 geometry: <default> Atlantis

% Frojection X Projection | . . 0
— 4 1« Efficiencies

e Hit Resolutions
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* Alignment
e (Calibrations
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. Zq2000 H7OMM.o=1oMm =
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g1 §10000 — p=-21um, c=128um —
i S B ]
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o r ATLAS Preliminary
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: 40001 =
W 2000 d\ =

04 -03 -02 01 -0 0.1 02 03 04

X residual [mm]
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Praying for Events
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Beam Splash

T r——

=
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£ AN
> %E%M/Tﬂﬁ Large numbers of

qun 143070, Event 2156 channels fired

| simultaneously —
4\ great for timing-in
| detectors

| A |
\\// -\\ = ®350,000 TRT

g
// 490,000 MDT
/)/ y

— ©320,000 RPC
First Beam Splash Event 2009

I
)
£l 2 \.!l

®65,000 TGC
®3,000 TeV in Calo
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Beam-Halo & Beam-Gas

ATLAS: First Data
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Collision Data

23 Nov 2009 First collisions at Vs = 900 GeV
ATLAS records ~200 events; first at 14.22.

6 Dec 2009  Machine protection system commissioned
Stable beams; Inner Detector at nominal voltage

First collisions at Vs =

& ATLAS
‘* L EXPERIMENT

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

Candidate S ATLAS vetEventat2.36 Tev
Collision Event A EXPERIMENT  Collision Energy

2809 12-14, 94:30 CET, Run 142308, Event 482137

d web.cem.cl blic/EVTDISPLAY/events. himl
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Minimum Bias Events

Non-Diffractive Single-Diffractive Double-Diffractive
(~34 mb) (~12 mb) (~6 mb)

- — =

Thanks to Emily Nurse

% 140:_ T I T T T | T I_:
w L ATLAS Preliminary -
* 120F .
- — two beams .

100 — single beam 1 [J

C — single beam 2 [

80— a

60— -

401 -

20 —

o ]

-40 -20 0 20 40
Difference between MBTS times (A - C) [ns]
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Triggering

Rates in run: 141811; 6, dec. 2009 - shown items with average rate > 0.1 Hz out of 256  ATLAS Preliminary

10

Rate [Hz]

1
Beam injection | | | |
|

* Record collisions 1@0 T AW 00 0 B 5 T s
e IDHV Off L1 triggers
 HLT not engaged

Run: 142193, 12, Dec. 2009 ATLAS Preliminary
E . : . — L1output :
2 103 i e N e NS e —gtﬁ.zﬁnmﬁ.gger ......... | ..........
Beams stable £ 35 [ N A S B SR B Ff.‘.ﬁ?ﬁf'?E?‘fi‘.‘_’fi“"f_'_'f___f
° . ..'.:.b.i.a.s...Tr.l Scmtlllators 104 re ectlon .
ID HV on 10 : Pt Wi

SR
: ;-— .-.-.

. H LT engaged 1 .............. ' i due to- pre Sca|e

14h00 14h30 15h00 15h30 16h00 16h30 17h00 17h30 18h00
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Luminosity

x10°
*% g00- ATLAS Coliision Candidates e
3 B N o :
quf 800= MBTS A/C-side Coincidence Trigger
O -
5 700 —
Qo =
g 600> — Total
Z 500~ , -
o - — During Stable Beams Max Peak Lumi a
g 400§— ATLAS
£ 300F 7x1026 cm—2s~1
© 200-

100— —
O: | | M L v b v by ey |
2 4 6 8 10 12 14 16

Day in December

Data Samples Integrated Lumi
(<30% uncertainty)
Total 920k

With Stable Beams 540k 12 ub~?
s =2.36 TeV 34k 1 bt
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Sub-detector

# Channels

Op Fraction (%)

Trigger

4 Feb 2010

RPC — Barrel Muon Trig
TGC — End-cap Muon Trig

Level-1 Calo Trig
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ATLAS Preliminary

Run 142193

Saturday Dec. _12, 2009 ..
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ATLAS Preliminary 2081 | 7

= Run 141811 13
- Sunday Dec. 6, 2009 aig/s | 1
[— First online primary vertex 318.1+ 104 | 1
E  distribution 0.1607 £ 0.0059 |
[— Full Silicon tracker on 0.237 +0.006 ||
E Nyaq pervertex > 2 -
:_ P> 500 MeV _Z
[ Observed width m
[~ (incl. resolution): 240 um =
- M B L 0
-2 -1 3

Vertex x [mm]
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Lt A6 oo i | | Entries 9837 [W70
ATLAS Prehmfnary ¥2/ ndf 68.34 /62
Run 141811 Y 0.9041+ 0.0089

—160

X 0.1636 & 0.0084

50

Sunday Dec. 6, 2009
Online track reconstruction

Full Silicon tracker on
P> 500 MeV -

-3 -2 -1 0 1 2 3

Track ¢

2009 BEAM Halo EM BARREL

- ATLASPreliminary : )

60 o T

40

20

0 20 40 60 80 100 120 140

EXY [GeV]
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Inner Detector

http:Vatlas.web.cern.chiAtlas/public/EVTDISPLAY /events.htmi
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Y vertex position, mm

10 : : : :
sF_. ATLAS Preliminat ecoqstrut.tad vertices...
E with more than 2 tracks
61 o
af = B}
2F
_ ]
oF -
2F
4L = Mean (X) = -0.215 mm
. RMS (X).= 0.335.m
8F Mean (¥).=..1,066 mm
= RMS (Y) = 0428 mm
Y "% 6 a4 =2 4 6 8
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X vertex position, mm
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ATLAS Preliminary

LQ

o
—

0.05

-0.05

<]
o
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-0.25
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RUN 142165 Gaussian Fit
Mean =-0.217 +/- 0.002 mm
Sigma = 0.234 +/- 0.002 mm

Lo v L v Ly

-3 2 -1 0 1 2 3 4
X vertex position, mm
A LR LN LN LN L g
E Run 141749 [ Fitto full run =
f— 8212 events —&— Fit per 2 luminosity —f
E_ Unbinned ML fit blocks (2 * 116s) _E
C > 4 tracks/vertex 7
-t E
+++++ T ok W
- ATLAS Prellmlnary ;
L_rl | | I | 1111 ‘ 1111 | L 111 | | - ‘ 111 | 1111 | 1111 |t
1 20 30 40 50 60 70 80 100

Luminosity Block Number
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E :I LI | LI | TT 1T | T T 1T | TT 1T | LI | LI | TT I. T |. LI | 1T |: :'g _I LI | LI | TT 1T | LI | TT 1T | LI | LI ‘ T \. T ‘. LI | 1T |_
5 0.1 4__0 MC perfect alignment ™ A_TLAS Preliminary ] 5 0.1 | © MC perfect alignment ATLAS Preliminary ]
= U u=0um,0=22pm @ Pixel Barrel ] = T p=0um,o=37 um SCT Barrel ]
o) - ® Run 141749 Double Gaussian Fit B © | ® Run 141749 / & Double Gaussian Fit -
ﬁ 0'12: p=-1um, 5=38 um Width of Core Gaussian E 0.08[~ p=0pm,c=45pum Width of Core Gaussian
< - - < L i
0.1 ] L -
- ] 0.06— _
0.08— -] B ]
0.06[ = 0.04— 7
0.04— — i ]
- ] 0.02— —
0.02— — i ]

9 03 04 05 LOr ) 03 04 05
X residual [mm] x residual [mm]

e Alignment deduced from Cosmics is not bad
e Cosmics illuminated “vertical” modules
e Also “global” distortions ?

Improvements are needed
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clusterwidth (strips)

e LR AR R =
24r ATLAS Preliminary -
E - ]
2.szun 141811 Preliminary =
L. SCT Layer 0 o
2 SCT Layer 1 4+

F SCT Layer 2 Rinallysi

1.8 :* SCT Layer 3 - ,_-o-' :‘:&:&-—o—?
165 At =
5 3»'—-:;;_,' N A:bi—,o—v i
s P ]
140 b, IS~ =
E - T ]
1.2 +-¢¢¢f$‘-+“ — -
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— ATLAS Preliminary -

900 GeV Collisions

hY

2| 180k tracks
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= Combined tracks
s+ SCT only tracks
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ATLAS Preliminary: SCT B
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MinBias 2009, 1.0fC, run 142165

v YU 7/ 7 <, < 3 3
> OUte,” "Nngy.” Oute,” "Mngy Oltg,™ Mg, Outs, ™ "ng,

ATLAS: First Data

Py
= 0.25
©
S
= b2
o
o)
% 0.15
()]
IS
5 0.1
.
0.05
0

_I 28 ; T T LI B I I T T T T 1T 11T [ T T L B B B | | T ]
- ATLAS preliminary } E
g gt
- ¢ Electron candidates ,g' .
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.ch/Atlas/public/EVTDISPLAY/events.html

http://fatlas.web.cern
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Event with

, 10:24 CET
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Run 141749, Event 460665

.‘*
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Minimum Bias Stream, Data 2009 #/5=900 GeV)

~ 1800
Q
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ATLAS Preliminary Both iracks: p_> 100 MeV, Si hits > 6
A lnvariant Mass cos(8) = 0.8, flight distance > 0.2 mm

— Gauss (+poly) fit ® Data

L= 1116.0 £ 0.1 (stat) MeV —J Simulation
6= 3.2%0.1(stat) MeV

PDG (2009) m =1115.683 + 0.006 MeV .

ot
‘‘‘‘‘
....

m, - [MeV]

Entries / 2 MeV

6(}OD—_\III|IIII|I\II|IIII|II\I|IIII|III\|IIII_—
- ATLAS Preliminary Both iracks: p_> 100 MeV, Si hits > 6
- Kg Invariant Mass cos(fl} > 0.8, flight distance > 0.2 mm
5000—
C ® Data
C ] Simulation
4000
: — Gauss (+poly) fit
L L= 497.5%0.1 (stat) MeV
3000— KS o= 8201 (stat) MeV

1 | 1 1 1
1120 1140 1160 1180 1200

Minimum Bias Stream, Data 2009 #/5=900 GeV)

PDG {2009) m, = 497.614 + 0.024 MeV

_ ;A i A | ;i R | { i et S | | | ;i | ? S5 i Soian | i S A | | S S
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Minimum Bias Stream, Data 2009 §/5=900 GeV)
T

| T T T | T T T | T T T ‘ T T T | T T T | T T T ]
ATLAS Preliminary Both tracks: p_> 100 MeV, Si hits >6 |
K Invariant Mass cos(8) > 0.8, flight distance > 0.2 mm —
— Gauss (+poly) fit S. Data ]
L= 1115.9 £ 0.1 (stat) MeV Simulation B
6= 2.8+0.1 (stat) MeV ]
PDG (2009) m‘\ =1115.683 = 0.006 MeV —

[GeV/c]

F
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P

1 | 1 1 | 1 1
1080 1100 1120 1140 1160 1180 1200

Minimum Bias Stream, Data 2009 /5=900 GeV)

ATLAS Preliminary [t
Both tracks: P> 100 MeV, Si hits > 6

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

0

02 04 06 08

-1 08 -06 -04 02 0 1
my - [MeV] (P - PP, +P))
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Conversions

p;(e*) =1.75 GeV, 11 TRT high-threshold hits ATLAS preliminary

p;(e”) =0.79 GeV, 3 TRT high-threshold hits Data conversion candidate
: MC conversion candidate
MC truth conversion

MC truth Dalitz decay

Pixel layer 1
Pixel layer 3

«=5—Pixel layer 2

o
e
a
E
©
o
(11}

SCT layer 1

-
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2009 Collisions EM ENDCAP
T T T T T | T T T
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ATLAS Preliminary
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—— /s = 900 GeV Collision candidates

Random trigger
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# of Cells / 60 MeV / Event
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10‘""""""|""|""|""
103 ——&—— 2.36 TeV Collision Candidates

—=—— 900 GeV Collision Candidates
102 - 900 GeV Random Trigger
10
ATLAS Preliminary
! Uncorrected EM Scale
107
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10°
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5
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Tile Cell Energy [MeV]
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Muon Spectrometer

A EXPERIMENT

2009-12-060, @8:38 CET
Run 141749, Event 171059

Collision Event with Muon Track

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



W |
-2 B[~ ATLAS preliminary .
= | Muon Spectrometer .
= [ Standalone Tracks 7
5 Run 141749 & 141811 _|
4 .
3 1
2 :_ : % N T T T T | T T T T T T T T T T T T
i ] - — ]
i Z ] &= 20: ATLAS preliminary
L | = c
C - = 18
] — Muon Spectrometer

[ Standalone Tracks

T 1

ERun 141749 & 141811

]

R

1
smFsm,
— —
N

032 4 0 1 2 - E
125 / E
10 :
According to MC (low p; threshold): 8;_ _;
®78% 1/K decays 6 E
®22% c/b decays ab 7 =
25 =
- N

oo -500 0 500 1000

Impact parameter(mm)
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Grid Computin

1000

Beam splashes

First collisions

Throughput (MB/s)

Rersri

EHASGC [OCERN BFZK
Il BNL BCNAF ELYON

Nov: Dec:
< > End of data
taking
= 0] . 03 st - = - = v 13 15
Day
CONDGF HRAL O TRIUMF
O PIC [1SARA

* 0.2 Pbytes of data stored since 20 Nov 2009
8 hours between collisions in ATLAS and data arriving at Tier-2
e Reprocessing (align, calib) done at Tier-1s over Xmas

4 Feb 2010
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Combined Performance

o B L i B B | | | -
N [Beam 2009 \Vs=900GeV £ [T ' 1
= i - ]
€ 1= ATLAS Preliminary : [| ® *=, iE
S = - 0.04f g - 43
. : [ - | 1
10 o,cz:— iy _ |
E 0".“* Py ’-6 02 04 06 08 T*Tz:
- 0-. E(dR<0.1)/p _|
L
- 10_2 E_ " ..:.QO- e Data -
- -, MC MinBias °
- +* ’_+ " .
-3 L ——
075 Mg = | [ni<os
: + ++ 1 | | 0.5<p,<10GeV
10-4 -—‘—1- L1 il [ | PR AT T TR T TN N T O |+|l| + lﬁ 1 T |+|_ CIUSter energy at EM
-0.5 0 0.5 1 1.5 2 25 scale
E(dR<0.1)/p

Good agreement in the (challenging) low-E region indicates good
description of material and shower physics in G4 simulation
(thanks also to years of test-beam)
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Photon Candidates
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Electron Candidates

0 .8 -_ T T | T T T | T T T | T T T T T T
- ATLAS Preliminary

0_7 — Non diffractive minimum bias MC

- . hadrons

o - electrons from conversions

E + Data

0.6
0.5
0.4
0.3
0.2

0.1

EM clusters E; > 2.5 GeV
loosely matched to a track

I\Ill\II\‘IIIIIII\Jl\\IIIII

10 12
E; (GeV)

According to MC:
®70% hadron fakes
®30% electrons from conversions
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0.35
0.3 ATLAS preliminary
0.251 ,
; Non diffractive minimum bias MC
0.2—
C . hadrons
0.15F
C . electrons from conversions
A
o1 - oara
0.05F

% 05 1 15 2 25 3 35 4 45 5
E/p

,TIITIITTlITIII[TIII]IETI[ITIIWY[IT}IITI,
- ATLAS Preliminary .

| Non diffractive minimum bias MC

C - hadrons

B . electrons from conversions

E —4- Data

In 330k MB events:

®783 candidates

®364 loose criteria (Layer2 shape)
® 87 med criteria (+ Strips shape)

00 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

ATLAS: First Data

® 19 tight criteria (+ track match, E/p, TR)

Fraction of high threshold hits
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Muons

A EXPERIMENT Opposite sign pair
2009-12-06, 08:25 CET Mass = 1.16 GeV

Run 141749, Event 133538

Collision Event with 2 Muon Candidates

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html
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e
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JLEXPERIMENT run 141994, Event 566308




2009 BEAM

0 = T L L B =
20 ET (GeV) £ - ATLAS Preliminary 3
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c
©
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B 30— -
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2 25 ]
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Missing Energy

Cells, [EP20

. data
Single Gaussian noise model
Topoclusters 4/2/0

* data
Single Gaussian noise model

ATLAS Preliminary

“Topological” Clusters are formed by
clustering Calo cells with E>0 in 3D so as to
1'++ reduce effects of noise

Normalized events [/0.25 GeV]

HMH GETTTTT T

15_....|+.|....*.|..|.. _E - E
0 2 4 6 8 10 12 14 16_18 20 = Atlas preliminary E

Er ™ [GeV] 1 04_5 Beam 2009 \'s = 900 GeV _;I

E ¢ Data (Run 141707) E

Topological Calo Clusters provide 10E " WoNgis E
an estimate of E;(miss) which is 10° E
more robust against noise 108 4
compared to using all Calo i T ;

Clusters L]
0 2000 4000 6000 8000 10000
transverse cluster energy [MeV]
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Outlook

Need to

* Improve Alignment of Inner Detector — goal O(10) um
Use Hardware (FSI),Tracks, Resonances
Likewise for Muon Spectrometer

* Confirm X, — goal O(1)%
Use Conversions, Brem, K° decays, J/y

« Commission vertexing for B-decays, b-tagging, T's

* Check Energy-scales in Calorimeters
Use J/v & Z —ee, E/p, jy events

e C(Calibrate b-tagging and commission more sophisticated algo’s

* Etc etc etc etc



Problems

We need a bigger control room !

The Inner Detector Project Leader
needs a chair |
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No disasters, no big problems
Recall operating fractions between 98 and 100%

Replace Inner Detector Evaporative Cooling Plant with more
robust system

Some Heater Pads in ID have died
A few inoperative Cooling Circuits in SCT & Pixels

LAr Calo Optical Transmitters (1%) have died; back-up being
developed

Follow evolution of: ID Optical Transmitters, Calo LV Power
Supplies, Muon Spectrometer Power Supplies, RPC Gas Inlets

Rate limitations in CSC Muon Trigger Chambers



Early Physics

This year, hoping for 200-500 pb™ at s = 7-10 TeV

Channel Primary Trigger Events per pb!
(electrons) (L1Calo) (7 TeV)

b/c — eX el0 100,000
J/y — ee 2e5 1,500
W — ev e20 2,000
. — ee e20 200

* Minimum Bias: d°N/dndp;.... not easy !

e B-Physics: Onia x-sections

* QCD:do/dp;

« W/Z: x-sections

 Start searches for Higgs, SUSY, X — ee, UL, YY
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Conclusions

ATLAS was very excited with the rapid start-up of the LHC in
Nov & Dec 2009 — more successful than we dared to hope for

ATLAS was ready on Day-1 and again has performed better
than we dared hope

Our Software is working well, as is the whole Computing
Infrastructure (Grid)

Initial results look very good: excellent agreement with
expectations — the result of much effort in Test-beams and
tuning MC’s

There is lots to do

ATLAS is eagerly awaiting lots of data, at the highest energies




Thanks to ...

 CERN Accelerator Team for making it possible

 Our Engineers & Technicians for constructing & operating a
beautiful detector
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Expected ID Resolutions
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Expected ID Resolutions
0.25 < |n| <0.50 1.50< || < 1.75

D T (T

Q/p; 0.34 TeV! 0.41 Tev?

1) 70 urad 39 92 urad 49
cot O 0.7 x 1073 5 1.2x 1073 10
d, 10 um 14 12 um 20
ZoX sin O 91 um 2 71 um 4
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Efficiency
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Trigger Rates

Run: 142193, 12, Dec, 2509 ATLAS Preliminary
g : '
E Dommated by BPTX pre -scaled by 20 == Lioutput :
el 103 .............................................................................................................................. L e o m...HLI.nuLpui
] : i Collision Trlgger
Tﬂl . Dommated by Momtormg - 12 Inner[]efectnractiwly
T '
A G 5 5 5 104 reJeCtEOI’\
. Min-bias Trig Scintillators:— not présecaled: |
10 = : : : : :
1 > 1/20duetopre—sca|e ------
10

14h00  14h30 15000  15h30  16h00  16h30  17h00  17h30  18h00

MBTS and L2 Track Trigger have similar rates — both selecting “central” events



Armenteros Plot

pL =y(+p*cos@*+LE*")
pr =Y(=p*cos@*+p[E*")

\ pr =p*sin@*

P
—_—

T
‘ —

pL—pL _ BE* —E*")+2p*cos@* (E* —E*") N 2p*
Pi+pL BE** +E*T) M A
= f(M,m+,m_)+%g(M,m+,m_)cosH*

R= cos@*

Pr =Mg(M,m" ,m™)sin@*

2
R_f(M9m+,m_) + pT
F8M,m",m”) Mg(M ,m*,m")

2
J = An ellipse, provided B=1
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Early Data IP & Secondary Vertices ~100 50%
Later High-perf Algos ~300 60%
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