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Tile calorimeters

LAr hadronic end-cap and
forward calorimeters
Pixel detector

LAr eleciromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation tracker
Semiconductor fracker



2009 Collision Data

First collisions 23 November
First stable beams 6 December
2009 data complete 16 December

1A EXPERIMEN

2009-12-06, 10:04 CET
Run 141749, Event 406601

Total collision candidate events:
9.2 x10°, ~ 21 pb’ :

In stable beam conditions: A\ |y g By R S e
5.4 x10°, ~ 12 pb | B

With ID+solenoid on, good data quality:
3.8 x10°, ~ 9 pb’
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ATLAS Collision Candidates
MBTS A/C-side Coincidence Trigger

900
800
700
600
500
400
300
200
100

Short periods at 2.36 TeV —

~ 34k collision events
(without stable beam conditions: ID not fully on)

— Total

— During Stable Beams

Cumulative Number of Events

Data-taking efficiency ~90%

A T R AR
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Luminosity

ATLAS Preliminary

[
(3]

—+— MBTS Online

%. —+— Lucid Offline
, —4— Liquid Argon Offline

W
o
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Instantaneous luminosity .2° derived from:
Main 2009 measures:

* MBTS two-side coincidence trigger rate

* LAr offline event selection (coincidence of

in-time endcap E deposits) 15

Relative measurements also from:

» Dedicated LUCID forward detectors

« FCal total energy measurement 5

Overall £ scale uncertainty ~ 30%
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Run 142193: Dec 12 2009
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Specific luminosity ~ constant during
stable fills, as expected

20F" ATLAS Preliminary \'s = 900 GeV
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| LUCID detector, +17m from IP
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Instantaneous luminosity .2* derived from: FogE ﬁ Stablebg % yeid Offline | -

- . > 25 .

Main measures: , @ 00E- ' —4— Liquid Argon Offline |

* MBTS two-side coincidence trigger rate £ ool ]

* LAr offline event selection (coincidence of %80 = -

in-time endcap E deposits) 6165;: B

Relative measurements also from: oF- .

» Dedicated LUCID forward detectors 46 = -

* FCal total energy measurement 25? B

Overall £ scale uncertainty ~ 30% =
Specific luminosity ~ constant during
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Efficiency

Level-1 Trigger

0.8 .
0.6~ ATLAS Preliminary E
B \s=900GeV, n |<3 .
0.4 0 E
B —&— data 2009 7
- —4+— MC i
0.2_— R

Main 2009 collision trigger: hit in Offline: anti-k_(0.4)
- 1 . 1 . 1 IIIIIIIII|IIII|IIII|IIII|IIII
either arm of minimum-bias trigger 0 10 50 30 70 0 50 20

scintillators (MBTS) 2.09<|n|<3.84

Jet EZV %€ [GeV]

N\

Higher E_ triggers also active, eg: o - e E
SHET &, TTISS e e R Fo—— t -
 Lowest threshold jet trigger in O - - i
0.4x0.4 nxd 2 osl * ]
 Lowest threshold EM trigger, on 5 - i
. \>t - 1 -
pairs of 0.1x0.1 nxd EM cells S 06 ¥ ATlAs Preliminary —~
> ~ - —
L1calo algorithms use 1 GeV bit-step § 0.4 —}— Data2009 (5=900GeV) ]
. . o o g L —
and in 2009 a tight noise suppression e : " L Nondifracive minmum bias |
- 02— - —

L1 muon trigger active, statistics very - - [ i

low oL il | T TR R e

8 10 12 14 16

o
(]
.
(@]

Offline Cluster E5* [GeV]



High-Level Trigger

Rapid commissioning on collision data:

Run systematically offline on data from 20
November (splashes) onwards
HLT infrastructure run online from the start to
provide event streaming
Real HLT menu run online from 25 November in
pass-through mode, e.g. online beamspot
determination available from level-2

* Active event rejection started on 6 December
for specific physics analysis requirement

Vertex y [mm]

I|III|III|III'|I

Run 142193

“A TLAS Prelimin ary

Onlme prlmary vertex

:_ distribution L

T Ny pervertex>2

C p, > 500 MeV B NP SRS WS N

_I | 111 | 1 11 | 1 11 | 111 | 111 | 1 11 | 111 | 1 11 | 1
8 6 4 -2 0 2 4 6 8

Vertex x [mm]

Online Primary Vertex Y Position (2 min Samples)

.Run 142166 Run 142174

0.95

<
0

0.85

Average Y position every 2 min. [mm]

o
oo

i | :
Dec. 1101.00 Dec. 11 67.00 Dec.1113;0'0 Dec. 11 19:00

i i i : :
Dec. 120100 Dec. 1207.00 Dec. 121300 Dec. 12 19.00 Dec. 13 01:00

7

Time of day (local Geneva time)




High-Level Trigger Rejection

Run: 142193, 12, Dec. 2009 ATLAS Preliminary
| :
N ' : : : : : ;
T | Stable beams —— Lioutput
103 L1 BPTX activated LerJGCtiCn ....................... .................. —'—HLInutpui
E ‘| HLT activated : : : == Collision Trigger
E : : == L2 Inner Delector activity

=
=
(X

10

10"

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

Active event rejection introduced at the HLT from 6 December
* beam pickup level-1 trigger (prescaled by 20)
* ID activity required at HLT (~10* rejection)

Provides a sample to measure MBTS efficiency

Further HLT commissioning will be required in 2010 for high-E_object trigger signatures
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Detector Readiness - Summary

High operational

fractions of all detector pixes 80 M 97.5%
systems SCT Silicon Strips 6.3 M 99 3%
. . ) TRT Transition Radiation Tracker 350 Kk 98.2%
Minor repairs/maintenance |
. . . LAr EM Calorimeter 170 k 98.6%
during technical stop:
repairs Hadronic endcap LAr calorimeter 5600 99.9%
* Solenoid COOlmg circuit Forward LAr calorimeter 3500 100%
cleaned
° Ma]ntenance Of Cool]ng and MOT Muon Drift Tubes 350 k 99 7%
gas systems CSC Cathode Strip Chambers 31 k 98.5%
Mmor detector Cablmg RPC Barrel Muon Trigger 370 k 899 5%
fixes
e Additional Supports TGC Endcap Muon Trigger 320 k 100%
installed for future install'n LVL1 Calo trigger 7160 99 59
of more small EE muon
chambers

CSC muon chamber readout

continuing its commissioning  ATLAS is ready for 2010 data-taking
* Taking combined cosmic data since 2 Februaryo




Prompt Data Processing and Distribution

MB/s |

per day Nov. | Dec. B End data-taking
—>

10007 | Beam splashes

Data reconstructed & First collisions

exported promptly

Typically ~4h from DAQ
to Tier-2, including
reconstruction time

T
Eitnicni
HRah sy gmeaw G

21 23 25 27 29 01 03 05 07 09 11

MASGC [OCERN WFZK  [CNDGF MRAL O TRIUMF
Excellent performance EBNL  ECNAF  ELYON @EPIC [ SARA
of Tier sites for data Total data throughput through the Grid (TierO, Tier-1s, Tier-2s)

processing and analysis

In steady-state 2010 operation, “calibration loop” will be introduced
» express-stream (~5%) reconstructed promptly at Tier-0

» wait ~36h for semi-automatic calibration updates before starting bulk reconstruction
* e.g. beamspot, channel maps derived from express processing
* reconstructed bulk data available after ~48h, improved quality
10




Jobs/day

Rep rOCESSi n g oo First collision data

70000 0 :
reprocessing campaign

60000

50000

“Fast reprocessing” campaign started

just after data-taking ended in 30000
December — most plots shown today 20000
» consistent reconstruction code 10000
e updated ID alignment constants... 0 = . -
::Iq'(.. ﬂgt.- pqr‘.. ;GEL ﬂé.- pa{..- qu.- 912::.. pe'b Iﬂq::..
Monte Carlo samples also reprocessed L A A A

with same reconstruction version

Reprocessing performed at Tier-1 sites
according to the ATLAS computing
model

A second reprocessing was started on
Friday last week — now largely done
» Uses software version for first 2010

data-taking Nine Tier-1s participating
Flexible re-allocation between 11
Tier-1 sites possible




Calorimet ry Tile barrel Tile extended barrel

LAr hadronic
end-cap (HEC)

A0 vt ga

LAr electromagnetic
end-cap (EMEC)

LAr eleciromagnetic

barrel
LAr forward (FCal)

14



Number of cells [/0.05 GeV]

Number of cells [/0.05 GeV]

e N W e W W — U —
- O 0 O o o o o o
o ¥ w ™ )] %)) ;<] ™ ©

Raw cell energy distributions

LAI" Calorimeter » simulation quality is very good

 full angular range including FCal

2009 Collisions

2009 Collisions HEC
Illl|llll|lll L

T | T T T T I T T T T [y T I L I L I LU I T T T 7

10° 7 > 107=E 7 5
108 ATLAS Preliminary 8 = ATLAS Preliminary .
o 10°F =
7 = E =
10 ——\/s = 900 GeV Collision candidates 2 105 ——\/s = 900 GeV Collision candidates -
10° Random trigger 8 E 77) Random trigger 3
10° [ ] Non-diffractive minimum bias MC S 10%E [ ] Non-diffractive minimum bias MC 5
10* EM scale é 10° L EM scale 2
S = E
10° Zz F i
, 10° =
10 § -
10 L 1
1 L 1 E @ 1 E 1 I I+_Iﬁ 11 I I 1 E

-1 10 -5 0 5 10 15 0 25 30
E.. [GeV]

2009 Collisions

T | % 108 T T L T | T T T T I T T T T I T T T T
ATLAS Preliminary g 107 ATLAS Preliminary
o
: o : = 10°
——\'s = 900 GeV Collision candidates o ——\/s = 900 GeV Collision candidates
Random trigger 8 10° ’ 7777} Random trigger
[__] Non-diffractive minimum bias MC S 10t [ ] Non-diffractive minimum bias MC
E 10° ‘

_L_L
o %

Lo

—_
o




Tile Calorimeter
ATLAS Tile Calorimeter

E 104 I L] I I I L I I 1 I I I I Ll I I I 1 1 I I I L I I 1 1 I I
E’: 103 ——&—— 2.36 TeV Collision Candidates
; ——— 900 GeV Collision Candidates
g 10° - 900 GeV Random Trigger
3 10
@ ATLAS Preliminary 3
1
g Uncorrected EM Scale E
# 107 = 5
102 =
+F "ea:.,,,; =
10 E 5
1 0—5 L1 oy | | | j i H | L1
=1000 0 1000 2000 3000 4000 5000

Tile Cell Energy [MeV]

Raw cell energy distributions

Includes 2.36 TeV data
14
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M
H
v

MBTS trigger (rather open)
Simulation normalised to data

" 2009 BEAI\IA | | w 2009 BEAM
= T T T T T T T T T T T T T T T T T T T L : T T T T | T T T T T T T T T T T T T T T T | T T T T |:
2 = ATLAS Preliminary § & - ]
3 B ] 3 80 —
5 i \s=900GeV ] 3 = =
S S 70 —
ot = Dat — o C -
E 102 g & Data E "d_:.l 60— —r—
Y C =— Non-diffractive minimum bias MC w - -
5 i ) —1 o 50F | + =
2 - Uncalibrated energies i 3 405_ + E
E 10 (EM scale) T = =
z - B 2 30 epa ATLAS Preliminary —3
- ] 203_ — Non-diffractive minimum bias MC \s=900 GeV _f
U=s + = 10 i_ _i
: Il 1 I 1 1 Il Il Il : 0 :l 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |:

5 10 15 20 25 30 -3 -2 -1 0 1 2 3
p, (GeV) o (rad)
2009 BEAM " 2009 BElAM | |
w LI N Y L B LI L L L L O L B n CT T T L l- T ] T T T T T LI T T T L M
2 12 C ATLAS Preliminary S 35 ATLAS Preliminary -
g T2 Vs=900GeV | @ - \/s=900 GeV :
S B 3 S 30 —
& 100 ] 7 B - -eData .
;ad:J' 80 :_ ++ _: g 25 :_ =— Non-diffractive minimum bias MC 7
o : 12 - .
3 N +i _i ] 20 = =
E 60 = B 15 -
< = — C ]
401~ - 100 events with =
) B -»-Data N = 2 jets p;> 7 GeV =
0 C =— Non-diffractive minimum bias MC 7 5 :_ * _:
0 . el I% PRI N T AT T T T T Y A B A M M AN I [ l_ qJ: i | p———— TR AT T RN T R | |:
5 4 -3 -2 -1 0 1 2 3 4 5 0.5 1 1.5 2 25 3

M A ¢| (rad)

12



Calorimeter Response to Isolated Tracks

: ke, [T | | | ]
Sam(|)3 l5e<°f<‘i%lzte€ hladl';OO”SS 8 [Beam2009\s=900Gev I [T 1
PSP IRREL ANTSRE 8 4 ATLAS Preliminary £ |
* No track within AR=0.4 g - 004t .
E(AR<0.1)/p 107 ;
a powerful tool to test - B T R L
simulation of calorimeter oL —— Data :
response to single hadrons = o
- — MC MinBias -
Remarkable quality of 10-3L- _
simulation: very promising S Uncali%ﬁted le”e"g"es E
for detailed understanding n ) 1» +3
of jet energy calibration L i o Sy e Rl S S

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

2009 BEAM 2009 BEAM

£, ok ATLAS Preliminary’ | g [T ATLAS Preliminary” |
o 1075 \s=900 GeV E o 10°F  s=900 GeV 5
w o N w n ]
-« Data ] . ° Dan i
METx i i
10°s — MC MinBias = 10° — MC MinBias METy =
fok EM scale . 1ok EM scale -
1 * = 1 H —
=TT IR RETERTE | P | P BT o | PP T IR E \ \ 1A= I P P P =

25 20 15 10 5 0 5 10 15 20 25 0

20 -15 -

-25 5 0 5 10 15 20 25
METx (GeV) METy (GeV)
%" 5 é T T T T | T T T T I T T T T I T T T T | T Data. flt OlSB\/ﬁr
S 4'5;_ Data\'s=900 GeV ——— MC_minbias: fit 0.37\% E,
_5 4 DataVs=2.36 TeV —e— Data: fit 0.37\= E;
:g 35 i— Non-diffractive MC MinBias\/s=900 GeV '% —;
g s E
> 25F =
18] = =
i 25 Uncalibrated energies :
Resolution of the two components I 1-°F (EM scale) =
E = —
vs. total E. sum i 900 GeV and 2.36 TeV data =
0.55 ATLAS Preliminary 3
- 1 1 1 | 1 1 1 1 I 1 | 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1L

o

0 10 20 30 40 50 60 70
S E; (GeV)



Calorimeter shower

shape variables

Photon candidates with p_>2.5 GeV
- Fraction of energy in first layer, f,

(longitudinal shower development)
» Lateral shower width in middle EM
layer, w,

Good description of the data both in
depth and transverse profiles

Cells in Layer 3
AQxAN = 0.0245x0.05

Tige,
e
T 0.098

A

TLAS Preliminary

~ - =
S B ]
o - -
> 140 - —e— Data 2009 {s = 900 GeV) 5
O L CANon-diffractive minimum bias MC
= 1201 —
c - _
st { :
100~ * ~
80 -
60/~ -
40F =
201 -
B ] ! P | ]

%2 "0 02 04 06 08 1
fs
<~ = | | | | B
o - ATLAS Preliminary .
> - —e— Data 2009 /s= 900 GeV) .
QL 400N ] Non-diffractive minimum bias MC ]
LI:J \ i
3001 .
200 .
100 .

0 0.1

0.2

0.3

04 05 06 0.7 038

W, [cell]



Calorimeter shower

shape variables

Photon candidates with p_>2.5 GeV
- Fraction of energy in first layer, f,

(longitudinal shower development)
» Lateral shower width in middle EM
layer, w,

Normalised strip energy fraction

» Average n profile in front-layer strips
» Shower width computed over three
cells in first layer w_

Good description of the data both in
depth and transverse profiles

Cells in Layer 3
AQxAN = 0.0245x0.05

Entries// 0.02

/

Tige,
e
T 0.098

150

100

50

]
-
b
)

ls

O|||

ATLAS Preliminary

—e— Data 2009 {/s= 900 GeV)
[JNon-diffractive minimum bias MC

_I | T T T T | T T T T | T T T T | T T T T | T T T T 7]

1 _2_— I:lNon-diffractive minimum bias MC Inl<0.8 ]
| —e—Data 2009 (/s=900 GeV) Inl<0.8 ]
1= o 7 -

~ ATLAS Preliminary ]
0.8~ -
0.6 —
0.4 -
02 .
0_ ol b -
-0. 0 0.01 0.02 0.03
Strip shower lateral profile [n]

250 T T | L | 1T 17T | T 17T | 1T 17T | 1T 17T | T T | 1T 17T | T T T4

0 0.1

. [ BRI BN S R AR Ll
02 03 04 05 06 0.7 08 09

W, [cell]



Events /(20 MeV)

Diphoton Mass
Distributions

Two photon candidates
. pT(v)>O.4 GeV, PT(YY)>0-9 GeV

» Calibrated cluster energies

)]
o
o
o

5000

4000

Events/( 10 MeV )

3000

2000

1000

0 100

C | T T T | T T T | T T T | T T
— [J Non diffractive Minimum Bias MC
700 — - Data 2009 (\s=900 GeV)
— — Fit to data
600; - Background component of the fit
500
4001
300
- ATLAS Preliminary
200
1000

PR T T TN NN T SN T AN SR S S R
200 400 600 800

| | | L
1000 1200
™y, MeV]

T T 17T T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T 1 | T T T T
[J Non diffractive Minimum Bias MC, 1° signal
2 Non diffractive Minimum Bias MC, background

- Data 2009 (\'s=900 GeV)
— Fit to data

- Background component of the fit

150 200 250 300 350 400 450 500

m, , [MeV]

Tighter kinematic cuts, including:
e p,(v)>0.6 GeV, p_(yy)>1.5 GeV

Remove clusters with matched tracks

Widths and positions

well described by simulation

20



Entries / 8 mm

Conversions

Reconstruct here using
tracks with hits in silicon
detectors

40 —
- ATLAS Preliminary .
35— 1 . Data conversion candidates —
- MC conversion candidates .
30— I MC truth conversions —
- MC truth Dalitz decays a
25 E_ (Non-diffractive minimum bias MC) _E
20 - Reconstructed conversion radius
15 = * clean conversion sample
- . » Dalitz decays separable
10 = « pay-off for detailed assay of
5L | - ID material
! ki
00 50 100 150 200 250 300 350 400 21

R [mm]



Entries / 8 mm

Conversions

Recc nm° mass peak with one converted photon
trac > 701! LI | L I LI | L I LI | L I LI | L | L I LI I:
dete C — ATLAS Preliminary ]
8 60F +H =
c 50 + -
o — ]
> B -
40 L 40— _
35 n ]
30 + + =
30 - + ]
25 20— —+—'+' | -
- - e Data 2009 \(s=900 GeV) ]
10__ — Non diffractive minimum bias MC -
15 =g ]
0_.|.|I...|I||..I|...I.||.I||.|I....I.|.|I....I...._
10 0 50 100 150 200 250 300 350 400 450 500
5 Uncalibrated m,, ..., [MeV]
00 50 100 150 200 250 300 350 400 22

R [mm]



Entries / 0.025

4007

e Data 2009 §/s=900 GeV)
— Non-diffractive minimum bias MC
[JHadrons
| ] Electrons from conversions

ATLAS Preliminary

Electron Identification

Entries / 1
w
an
(e ]

Electron candidates reconstructed from EM 250

clusters with a matched track p_>0.5 GeV 200
150

Track-based distributions well described by

sum of hadron and conversion-electrons: 47100

« few pixel hits on tracks = 50
« Strong discrimination even at these
low-p_ for transition radiation hits

— L
0 2 4 6 8 10
Number of pixel hits

200_|| ] T L T L T ] T 1 T T 250_"‘ 11l1]1111]TY11|11r]rT\rJL[' LI | B ]
- oz . R ® Data 2009 (\Ns=900 GeV) |
180F- > Nondiftactive minimom bias MC. E : — Non-difractive minimum bias MC -
160F CJHadrons 7 200__ "] Hadrons B
= = Electrons from conversions 7 B B Electrons from conversions -

1408 ATLAS Preliminary — i Bl Electrons from conversions with Si hits
120 — 1501 ATLAS Preliminary )
100F- — B .
80 — 100~ .
60 = : §
40— = 50:_‘_|¢ B

20 — =

0.1 0.2 0.3 0.4 0_5_ 00 05 1 15 2 25 3 35 4 45 5

Fraction of high threshold TRT hits E/p



Entries / 0.025

400,

“ntries / 1

|
e Data 2009 Ns=900 GeV)

Electron Identification £ sz Rt aacive mevneen s
———r m [ Electrons from conversions B
Elect = [T T ' CrTTT ] -
clusts 82 ATLAS preliminary S £
o I ﬁ’a{% . -
Track _g' 0.2r *  Electron candidates é i 1 - .
Sum ¢ © - = Generic tracks i . E
e fi 30151 o Electrons (MC) ; — =
e S < - o Generic tracks (MC) ) 5{ . =
y L oaf i - D
o)) s . . cel hits
T - ; ]
?ggf_ 0'05:_ .fm.q.-%ﬁ—%-%ﬁ-%—‘ii?-% -------- ] - 1
- § IRT end—cap ] )
160 oLl el el I B )
1402 10 102 y-factor 1¢° 104 his
120 B T — .
| 1 10 10
1001 Pion momentum (GeV) Electron momentum (GeV) ]
80
60 Conversions with particle ID on other leg: see 1
401 onset of transition radiation, as expected
201 oo
00] 0.1 0.2 0.3 04 0.5 U U.o 1 1.0 Z 2.0 J 3.9 4 r

Fraction of high threshold TRT hits
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Entries / 0.025

4007

— 400, .
Electron Identification § = ot i e C
:.E: ——— [ 1 | EBElectrons from conversions E
Elect : . E
custe Looking to the future: starting to test forward ]
electron selection ]
Track -
sum ¢ Beyond tracking IO ooy s E
* fi  acceptance: S | Dala2009 Ns=900Gev) . =
. S pz.5 < |n| < 4.9 3 60:— — Non-diffractive minimum bias MC _: | .
lc  (EMEC, HEC, FCal) 8 £ ATLAS Preliminary 110
’ ’ E 50% +H  telhits
s00 Fraction of energy, fen, 40" E
180t deposited in EM layers S E .
160 - . y
1404  Mainly photons at high f_ 205— -+— _+_ |
1207 1oF + 4 T E ]
100F Towards an extended : | | | + | ] ’
gof  acceptance for Z—ee and %0z 04 06 08 1 ]
60E. H—eeee... f, 1
40
20~ )
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Towards Tau ldentification

Entries/0.2GeV

Entries

10°F

10°

10

ATLAS Preliminary |

900GeV collisions

—+— Data

— Minimum bias MC

TN ENEET S BN A B
b2 74 6 8 1

R f A
012 14 16 18 20

Cluster energy (GeV)
LN L I I

ATLAS Preliminary

900GeV collisions

—+— Data

— Minimum bias MC

01 02 03 04 05 08

EM radius

Pure background

ntries

sample useful to test w

modelling of T ID
variables at low p_

E_“* (0.1<AR<0.2) 40f-

E.“® (AR<0.4)

0
=
©

48]

e

EM shower lateral 2
radius

and evolution of its
mean value with
track incident angle

1201~
100F
80

60

20k

A R B .4

ATLAS Preliminary -
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+ ~+-Data

— Minimum bias MC
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Isolation fraction

0.24f

0.22-

0.2
O.18i
o.1ef
0.143—
0.12f
o.f—

ATLAS Preliminary -
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—+— Data
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Muon Spectrometer
(@ATLAS

A 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




Muon candidates

muons / 0.5 [GeV/c]

muons / /5

25 _II TT | TTTT | TTTT I TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TT II_‘
C Atlas Preliminary 2009 ]
20 - —+- + Toroid on 900 GeV Data ]
: non-diffractive minimum bias MC :
151 7
10F -
51- 7
O_l||||||||||||||1[[l|llll|llll|I ]
0 1 2 3 4 5 6 7 8 9 1 0
Pt [GeV/c]
14 LI L L L L L B B BN B B
1 23_ Atlas Preliminary 2009 B
; . Toroid on 900 GeV Data E
10 - non-diffractive minimum bias MC .
8- .
6: o
2- .
0 _l | I | | I I | | | I | | | I I | I | I | | | I I | |_
-3 -2 -1 0 1 2 3

¢

muons / 2 [GeV/c]

muons / 0.5
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Average Number of Pixel Hits

Tracking - data / MC comparisons

Excellent description of the data by the MC
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- Correct MC for beamspot position and size

- Simulating the detector configuration as used in datataking

Number of pixel
hits on track
versusn/ ¢

Number of SCT
hits on track
versusn/ ¢



Unbiased Hit Residuals after Alignment

MC perfect alignment
Collision alignment

These residuals
take into account
alignment and
intrinsic resolution
- dominated by
multiple scattering
in this sample.
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Big improvement in alignment with collision data especially for endcaps where
cosmics are not so useful. Approaching the perfectly aligned MC residuals already!

Final clustering strategy should improve widths further.



Number of Tracks

Impact parameters - data / MC
comparisons
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Good description of the data by the MC for the impact parameter distributions.



Tracking - strange particles

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

ATLAS Preliminary - Kl
Both tracks: p_> 100 MeV, Si hits > 6

0.25 cos(8) > 0.8, flight distance > 0.2 mm
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Detailed studies of tracking efficiency, momentum
scale and momentum resolution ongoing using
strange particle decays (K).

180 g 6000
160 5000
4
1405 4000
c

L
120 3000

—100

80
60
40
20
0

2000

100

~ 1800
(]
= 1600
1400
N
21200
5 1000
800
600
400
200
0

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

_IIII|IIII|IIlI|IIII|IIII|IIII|IIII|IIII_
ATLAS Preliminary Both tracks: p, > 100 MeV, Si hits > 6
Kg Invariant Mass cos(0) > 0.8, flight distance > 0.2 mm
® Data
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

II|IIII|IIII|IIII|IIII|III

lIII'IIIIlIIIl|Illl|Ill||!ll||ll|llll|l
4900 450 500 550 600 650 700 750 800

m; z [MeV]
Minimum Bias Stream, Data 2009 {/s=900 GeV)
T | T T T I T T T I T T T l T T T l T T T I T T T ]
ATLAS Preliminary Both tracks: p_ > 100 MeV, Si hits >6 ]
A Invariant Mass cos(0) > 0.8, flight distance > 0.2 mm

—  Gauss (+poly) fit ® Data
w= 1116.0 + 0.1 (stat) MeV J Simulation

1200

- o= 3.22%0.1(stat) MeV -
:_ PDG (2009) m_=1115.683+ 0.006 MeV —:
E el L

1080 1100 1120 1140 1160 1180
m, - [MeV]

33



Pixel dE/dx

Using the particle ID features of the pixel detector.

dE/dx [MeV g cm?]
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Using the particle ID features of the pixel detector.

dE/dx for proton candidates selected using the A (A) invariant mass.
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Using the particle ID features of the pixel detector.

dE/dx for proton candidates selected using the A (A) invariant mass.
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Event with Two Primary Vertices

Collision Event
with 2 primary
Interactions

1A EXPERIMENT

2009-12-11, 03:38 CET
Run 142165, Event 1115603




Charged particle multiplicity analysis

First public presentation of these results!

* Analysis overview

— Use all 900 GeV data taken with stable beams and with trigger, tracking
detectors, and solenoid operational
~9ub! of data from 13 runs taken between Dec 6 - 15, 2009

— Choose to measure primary charged particles in the phase space
* P:>500 MeV, |n| <2.5

— For analysis presented here we show for |n|<2.2 as we are still working on the final high n
material corrections

— Require events have at least one of these tracks and a reconstructed primary
vertex

— Select: 330k events / 1.9M tracks

* Beam background estimated by looking at events taken in unpaired bunches to be <10 of
selected events

* Within our phase space we measure fully inclusive
inelastic distributions to avoid any model dependence

— Facilitate direct comparisons with MC models
— Correct for our trigger, vertexing & tracking efficiency to the hadron level
— Do not correct for diffraction or extrapolate outside our phase space



Trigger Efficiency e

Analysis overview - Trigger

We use a dedicated Minimum Bias trigger Candidate
— +3.56m from IP (2.09 < |n| < 3.84) Collision Event
— 32 scintillating counters A
— Require >0 hits on either side (very inclusive)

Measure the trigger efficiency from data
— Using an orthogonal trigger

Min Bias Trigger Scintillators

— Beam crossing signals from pickups at L1

— Require Pixel/SCT hits and a loose track in Higher Level Trigger (looser than analysis
requirement)

Trigger Efficiency with respect to the analysis selection is extremely high
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0.995~ —#— 71 No biases w.r.t track n, P, ...
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Analysis Overview - Vertexing & Secondaries

* Require a reconstructed primary vertex g [ o]
= 11— _._—o——o—O——O—o—.—o—_
— Require >2 tracks in vertex (P;>150MeV) & | ]
x L _
— Vertexing efficiency measured from datag oo —— —e— Data,Ns =900 GeV _
> = i
e Systematic uncertainty <0.1% - .
0.8 — _
— ~100% for number of selected tracks >4 - :
0.7F -
* To remove secondaries require: - ATLAS preliminary -
\ \ \ \ \ \ \ \ \ \
* |dy|<1.5mm %3 4 5 6 7 8 9 10
| Z, sin B<1.5mm No. of selected tracks (P;>500MeV)
* Both d,, z, w.r.t primary vertex E ATLAS preliminary
* Remaining secondaries estimated using tails in —— Data
. . . . ~A0 — Primaries
the impact parameter distribution to be ~2% of Secondaries

selected tracks




Tracks for analysis
— P;>500 MeV

We see excellent description of data by MC so
we can take the tracking efficiency from MC

— No corrections to efficiency

— Lots of effort has gone into assessing

systematic uncertainty due to

discrepancies between data/MC

* Hit multiplicities (see earlier plots)
* Individual system tracklet efficiencies

(data/MC)
* K, studies in data/MC

— Overall systematic ~¥3% in central region
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Analysis Overview - Material studies

-A lot of studies on understanding the detector

material from data
-Investment for the future

-Majority of tracking inefficiency from material

interactions

-Largest systematic on tracking efficiency from

uncertainty on material in the simulation

-Benefit from careful weighing of the tracking

detector components before installation

-Expect photon conversions to give us a detailed

map of material
-Currently not enough data to give us
required precision

GQCO

MC studies of the tracking efficiency with
uniform scaling up of the material by 10
and 20% (in rad. length).
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Analysis Overview - Material studies
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- K, studies to constrain the amount of
material in the detector
- Data favours the nominal MC and is
inconsistent with the MC with 10%,
20% additional material
- For systematic we currently take the
largest difference in efficiency between
nominal MC and the 10% additional
material MC
-Gives 3% systematic uncertainty
on tracking efficiency
- Other studies give consistent results



=
S 15
Z%
S 14
Z°>’
= 1.3
1.2
1.1
]
0.9
0.8
1.15
1.1
0 1.05
T 1
T 0.95
0.9
0.85

Analysis overview - Results

- dN/dn distribution

- Shape agrees well with some PYTHIA tunes

- ATLAS data shows higher value then all MCs
-MCs tuned in different region of phase
space

Note suppressed
0 on y-axis
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AnalySIS overview - Results
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- Comparing P; distribution with CMS
data
-Thanks to CMS for making the
data available (arXiv:1002.0621v1)
- ATLAS/CMS treat diffractive events

in different ways




Summary

* During the first run ATLAS has been working very well
from detector operation to data processing,
distribution and analysis

* First collision data have shown that the detector
performance is excellent and remarkably well
described by the simulation (in the most difficult soft
regime)

* Preliminary results on inclusive measurements of
charged particle multiplicities at 900 GeV have been
presented. A paper will be submitted soon.

ATLAS is very grateful to the LHC team for the excellent
machine performance and looks forward to high energy data!




