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'-'— ATLAS Detector

Muon Detectors Tile Calorimeter Liguid Argon Calorimeter

— | Length : ~46 m
Radius : ~ 12 m
‘| Weight : ~ 7000 tons
| ~108 electronic channels

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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TRESS SINITS
: A — A EXPERIMENT

2009-11-23, 14:22 CET
Run 148541, Event 171897

| Dijet candidate event at highest collision
First candidate collision event! (v/s=900 GeV) | l energy ever! (v/s=2.36 TeV)
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2009 Run Summary

Recorded data samples Number of Integrated luminosity
events (< 30% uncertainty)

Total 9.2x10° ~ 20 bl

Stable beam (Full ID on), good quality 3.8x10° ~ 9 ubt

At vs=2.36 TeV (ID not fully on) 3.4x10* ~ 1 bt
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; ATLAS Collision Candidates
- MBTS A/C-side Coincidence Trigg:l_lf

— =— Total

—— During Stable Beams I

|
14
Day in December

m Max peak luminosity seen by
ATLAS: ~7 x 10%cm2s-1

m Average ATLAS data-taking
efficiency: ~90%

m Efficient offline computing

99.98% prompt reconstruction
efficiency

Data at analysis farm (Tier-2)
~4 hours after collection
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ATLAS was fully operational

Status of December 2009

ixels
SCT Silicon Strips
TRT Transition Radiation Tracker
ILAr EM Calorimeter

Tile calorimeter

IHadronic endcap LAr calorimeter
IEarward LAr calorimeter

MDT Muon Drift Tubes

bSC Cathode Strip Chambers
IRPC Barrel Muon Trigger

TGC Endcap Muon Trieger
ILVL1 Calo trigger
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Trigger Performance

Rate [Hz]

0.8
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Run: 142193, 12, Dec. 2009

ATLAS Preliminary

—'— L1 output

Colllslﬂn Trlgger 5
LZ Inner Detectur activity

LeveI 1: M|n|mum blas scmtillator trlgger (MBTS)

....................... ............................. ............................ ........... LeveIZSihconspacepoint ............. ..............

10°
10?

10

1
101 ! ! ! ! !
14h00 14h30 15h00 15h30 16h00

- ‘ I ‘ I I I ' —
- :
- L1 jet trigger | 1
n ATLAS Preliminary ol
5 \$=900GeV, n_|<3 ]
- data 2009 =126 +-0.7 GeV ]
- — MC, fit param.: o=23.6 +/- 0.4 GeV -
o €=096+/-002

A

16h30 17h00 17h30 18h00

2009 Run Trigger Configuration

Level 1: MBTS (scintillators) + beam pickup

(Sampling=5%)
Level 2, selection mode: silicon space points to

check MBTS
+ >200 high-level triggers in “pass-thru” mode

~50 60 70

Jet EEM*%° [GeV]

Measurement of trigger turn-on curves
Example: L1 jet trigger

10



Muon Spectrometer

Muon trigger and momentum
resolution < 10% up-to E~TeV
Coverage: |n|<2.7

n =—In(tan(@/2))

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

Barrel toroid

Resistive-plate
chambers (RPC)

End-cap toroid
Monitored drift tubes (MDT)

Collision di-muon candidate event

ATLAS E;peri‘ment = F, '-'_"_.- ¥~ =1 /,» —) ;

||Run 141749, Event 133538 = == g

=
—
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Muon Spectrometer Performance

Toroid on 900 GeV Data

non-diffractive minimum bias MC

Atlas Preliminary 2009

-—
~

muons / /5
R

-
o

T ‘ LI
Atlas Preliminary 2009

Toroid on 900 GeV Data

non-diffractive minimum bias MC

-+

—>'§| 25 __\ IIIIIIIIIII | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TT II__ Lq 1 6 : T | T

8 E Atlas Preliminary 2009 E EJU; 1 4}
;. 20 «  Toroid on 900 GeV Data 41 5 12 g .

o L non-diffractive minimum bias MC _| 3 L
— L 1 g Ft
(%3] L o L
S 15[ J 1o
= I . C
S i i 8
101 ] 61
i ] 4+
S ] i
i ] 2
7\ L1l | Ll 1l | \\\\\\\\\\\\\\\ Il | ) L I I bl | |7 :
O T2 3 456 7 8 910 %

Pt [GeV/c]

Collision muon candidates distributions:

Good agreement within limited statistics
(50 candidates)

o(Pt)/Pt

2008-09 Cosmic Ray Commissioning:
~half-billion muon-triggered events!
Example: resolution better than 10% up-to a

few hundred GeV
(Above that: resolution limited by asynchronous
cosmic ray arrival time and mis-alignment)

0.2
0.18
0.16
0.14
0.12

0.1
0.08
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0.04
0.02

o
-
o
Cw 1,

| [ | | | Ll |
2 3 93
n

Y 27 ndf 5574078
.. | Prob 0.6048
ATLAS Preliminary plrJ0 0.2807 - 00337
R, S 0.0425 - 00019
p2 0.0410 = 0.0038
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Calorimeters
EM Calo: LAr/Pb Hadronic barrel: Scin/Fe
In|<3.2 In|<L.7
o(E)/E (e/y)~10%/VE®0.7% o(E)/E (jet)~50%/VE®3%
Tile barrel Tile extended barrel

LAr hadronic
end-cap (HEC)

LAr electromagnetic
end-cap (EMECQC)

.......
- ———

LAr electromagnetic
barrel

Hadronic endcap: LAr/Cu Hadronic Forward: LAr/Cu,W
1.5<]|n|<3.2 3.1<|n|<4.9
o(E)/E (jet)~50%/VE®3% o(E)/E (jet)~100%/VED10% 13




Calorimeter Performance

Number of Febs per 0.4 ns

Number of cells [/0.05 GeV]

EM ENDCAP ATLAS Preliminary
T | T T T

9 T | T T T | T T
10 0.14 - Occupancy per event in first EM barrel layer
108 ATLAS Preliminary B
107 0.12 [ - Data
108 —— \'s = 900 GeV Caollision candidates - — Non diffractive minimum bias MC
10° Random trigger 0.1 —
[ ] Non-diffractive minimum bias MC -
104 0.08 —
EM scale C
3 -
10 0.06 [
102 .
10 E 0.04 -
1 0.02 [
-1 1 1 —
10 0 2 4 8 10 0 a 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1
E.., [GeV] -1 0.5 o 0.5 1
n

Good agreement data/MC of raw cell energy and detector occupancy

E 2009 Splash events RMS= 0.8 ns E
10? £ EMB =
i " | Relative timing adjusted to < 1ns
10 E (important for E resolution)
A ATLAS Preliminary i
e E
20 A5 40 5 0 5 10 15 20

Feb time offset (ns)

%
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Electron/Photon Reconstruction

eV

L e e e e e e e e e A
Mon diffractive Minimum Bias MC, ;r:!’h] signals—

Diphoton mass distribution (=®andn) _ |3 =00
Widths and positions well described by MC

Mon diffractive Minimum Bias MC, background:
Data 2009 (%s=200 GeV)
Fit to data

L1400

Entries / 0.04

150 Background component of the fit

Events / 30

100

Validation of e/y ID variables:
e Ex.: 1: cluster width at shower max 50
e Ex.: 2: Transition Radiation Tracker

ATLAS Preliminary

+

1000 1200

|

/

m,, [MeV]
500 = | | | | | — é“ I T LB L | T T T T T 117 T T T T T T7T '||
— P i T 0.25 ..
- ATLAS Preliminary ] ® g ATLAS preliminary b oa. T
n —e—Data 2009 §/s= 900 GeV) - 2 _ &_T- T'ﬂ % ]
— Non-diffracti ini bias MC ] 5 D e POE & ]
400 - I:II1 on-difirac ‘;’l‘?dm'”'m“m 1as ] ! Electron candidates ,g’?e { l
C Photon candidates ] E 5 Generic tracks ﬁ' .
300 - - @ 0.15[ Electrons (MC) . .
C ] = r Generic tracks (MC) 1 -
[ | *—I' ‘Ij:f -l
- - < 0.1
200— — £ : ? ]
C ] = - / .
- . 0.05[~ .Lua.q..r.q.t;&aful-’Z'—i-%—-u—-——-"' =]
100 7 r TRT end—cap ]
: : DI'II | L el i doou il L Lol
0= . 10 10® y-factor 10° 10
0 014 02 03 04 05 06 07 0.8 " 1'0 1 1'0
w, [cell] Pion momentum (GeV) Electron momentum (GeV)

- More on this topic in talks of H. Abreu (Tue PM) and F. Dudziak (Wed PM)
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Jet Reconstruction
8 A "3 T _I - | 1 L
N | Beam 2009 \'s=900GeV £ I 1] : : 2
1 ATLAS Preliminary : 14 | EZ/p(pions): excellent simulation of calo response
2 11 | » Promising for jet energy calibration
1077 1 | ® Years of test beams and tuning of simulation
10—2;_ —— Data b m;
F — MC MinBias ] - .
ol 1 | Hadronic jet reconstruction: Good agreement
1 | ® pr spectrum of calo- and track-jets (different syst.)
so-sddh . L. A1t 4] | o Ag distribution (sensitive to soft QCD radiation)
-0.5 0.5 1 1.5 2 2.5
E(dR<0.1)/p
% L I [T [ 1 = i l\\l\l\\l\l\ll\\_ﬂ T |""|"‘I"|""""‘_'
[N L > —e— Data 2009V/s = 900 GeV 6 - ATLAS Preliminary N
% E ATLASPrehmmaW E 8 10_2;_ [ ] MC non-diffractive minimum bias 3 % 50 Anti-ky jets D=0.6
c u Anti-k; jats D=0.6 E = B anti-k, track jets R=0.6 i B
L _8_'_ i ATLAS Preliminary 1 5 ¥
] 0k - Data 2000 \5=200 GaV . s 10k —, g 40: oDt 2008 \mB00 GeV
? : [INonifractive minimumbias MG~ 3 % B ] 3 - [ INon-diffractive minimum bias MC .
0 1= B ] 30 7]
o = L
E T Calo-jets |1 Z° 10_4:_ Track-jets | | : ;
zZ f0E El 0 Calo-jets B
1T ol j;:F 1 1 0F EJ>7GeV -
e E § ] -
I i L L L B = E
b 0 B 20 % ST T S TR Y05 1 15 2 25 3

p.ll%MScaIe (GEV)

Track Jet P, [GeV]

A9 (rad)




Missing E- Pertformance

Missing E; gaussian
resolution:
Excellent agreement up-
to available total
deposited E;~60 GeV
2009 BEAM
%103:_'"";"'"""""""" "'MTLES'ﬁEémh?h'alry"'_:
g F \sTo00GeV EM scale =
i e Data i
10— MC MinBias 5
10g E
25720 50T 50 10 15 20 2
METx (GeV)

5

METx, METy Resolution (GeV)

IIII|IIlllllII|I!II|IIII]IIII|IIII|1II\IIEII

EEEEEEEEEE “'[ll—a—Data:ﬁtoas\'E"é}
Data\'s=200 GeV ——— MC_minbias: fit 0.37\X E;
Data\s=2.36 TeV —e— Data:fit0.37\* E;
Non-diffractive MC MinBias\'s=900 GeV %

EM scale

: ATLAS Preliminary
- 1 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 I
o 1020 30 40 50 80 70
SE, (GeV)

Missing E; component:

A

Good description, no large tails
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2.1m

Inner Detector

R = 1082 mm

Purpose: charged-particle
tracking, particle ID
Coverage: |n|<2.5

Embedded in 2T solenoidal field

TRT <

\_FR =554 mm
(R =514 mm

R =443 mm

i End-cap semiconductor fracker

R =371 mm

L R =299 mm

R=122.5 mm
Pixels { R = 88.5 mm

o(pr)/pr ~ 3.4x10x(p;/GeV) @ 0.015
o(d,) ~ 10 © 140/(p;/GeV) pm

18
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Number of Hits on Tracks

T L L B BN B L B BLNLELEL ILELRL L L - ] mp———— L AL A R B -
= 44 — = 4.4 =
T ivel ATLAS 5 = "El Pixel ATLAS ]
242 Pixe Preliminary g e 4.2F Preliminary E
a \'s =900 GeV = a - \'s =900 GeV =
- 3: : s 4 —+— Data g
5 3. = 5 3.8F | | ND MC MinBi E
3 g : inBias ]
E 36 —+— Data = € 3.6f =
= N 3 = ]
o 34 [ ] ND MC MinBias - Z =
@ 3.2 — oA a
2 ] o ]
< 3 E E =

2.8 - =
e O T T P T O PO DOTT T T = 2.6F =
25 2 15 -1 05 0 05 1 15 2 25 5 5 = o : 5 3

n
¢
2105y o [ T . | T -

T F ATLAS E T 94r ATLAS E

5 10: SCT Preliminary 7 5 9oF SCT Preliminary _:

) e — ] 2 B = /s = 900 GeV -

w 9.5 N5 =900 GeV ] 5 - N .
[=] - ] - -

E of —+— Data . E 9; —+— Data E
S o cf ] ND MC MinBias E 88 [ ] NDMC MinBias =

=z ©. = = _
® o 8.6 —

5 s ) ga.s: ]
4} B = —

Z 758 = < 84F s i

7F = 8.2 E

6 E ... ! ! Lewiali, ] | ! L3 8- - = Nl 3 5 '3|_

25 5 15 1 05 0 05 1 15 2 25 f
n

Sensitive to MC description of geometry, material,
beamspot, dead modules - excellent agreement
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Inner Detector Performance: K" and A

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

> i
1 @ 6000 ATLAS Preliminary Both tracks: p, > 100 MeV, Si hits >6
AT LAS \- f K3 Invariant Mass cos(8) > 0.8, flight distance > 0.2 mm
4 EXPERIMENT \ N 5000
2009-12-06, 10:24 CET g 0 :|. gatal
Run 141749, Event 468665 imulation
n 14174 ant 4606 _‘54000 KS
Lﬁ — Gauss (+poly) fit

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

PDG (2009) m., = 497.614 + 0.024 MeV

G i e | S B | | i G G | | i G i | | fok pk | G S Gt | G B e | G G e
4? 0O 450 500 650 600 650 700 750 800

My [MeV]
> 1 800 Milnin’;uml BIEI,S SItrelarﬂ,l D":Iita I200|9 &I{g=lgool Gel\llr) T T T | T T T | T T T ]
g 1600 ATLAS Preliminary Both tracks: p_ > 100 MeV, Si hits > 6 ]
. H cos(8) = 0.8, flight distance > 0.2 mm —_]
Cand |date - A Invariant Mass
— 1400
- @ — Gauss (+poly) fit ® Data
< @ L1 Simulation
£ 1200 1y = 1116.0 + 0.1 (stat) Mev
c 6= 321x0.1 (stat) MeV
LLI 1 000 PDG (2009) m‘\ =1115.683 + 0.006 MeV/
800

600
400

e
— 200

part
aamt
‘‘‘‘‘

0

P T
1100 1120 1140 1160 1180 1200
m, - [MeV]

http:/iatias wab cam ch/Atlas/public/EVTDISPLAY levents. hirml

Test of vertexing, momentum scale and resolution - excellent agreement
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Conversion Reconstruction

pr(e*) = 1.75 GeV, 11 TRT high-threshold hits
pr(e) = 0.79 GeV, 3 TRT high-threshold hits




Conversion Reconstruction

€
OEO 40 ATLAS Preliminary hold hits
~ 35 4 . Data conversion candidates hold hits
% MC conversion candidates
;E 30 I McC truth conversions
L MC truth Dalitz decays

25

(Non-diffractive minimum bias MC)

20
15

Beam pipe 15t SCT layer

3 pixel layers

Validation of MC material description = crucial for tracking efficiency

22
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Inner Detector Alignment: Track Residual

Reconstructed hit Ex

pected hit

[ ©

(-

Residual

7 C ]
% 25000 — @MC perfect alignment =X ATLAS Preliminary ]
_g [ w_=O0um.o_ =36um,f_ =75% SCT Barrel i
s - “Collision data ali N
mzoooo_ ol |=s|onmita a=|gnnr1:nt o T
£20000F " maeumt 7o | SCT Barrel
kS C — ]
5 150001 c 2?um -
o B o= m .
5 - Perfect MC H x
19999 2009 Data E
50001 —
s L o-ore-al. m:

0 0.1 0.2

X residual [mm]

w = =
j‘% 20000 :_ W@MC perfect alignment i ATLAS Prellmlnary _:
= 1 8000 :_ n_ =Oum, o =23um,f =65% Pixel Barrel —:
S 1 6000 f— O Collision data alignment —f
12} ~ =0um,c__ = m, =66% H .
= 14000 Mo O T 700 Pixel Barrel =
= 12000F c=23um =
) E Perfect MC E
£ 10000F- c=28um =
€ sooof-2009 Data =
6000F- 3
4000F- 3
2000F ) =
ok ! el Cl R in docissios

-0.2 -0.1 0 0.1 0.2
x residual [mm)]
e, F ]
[&] 4000 [ @®MC perfect alignment ATLAS Prellmlnary -
© - I
= - u_ =0um,c  =20um,f  =83% Pixel EC .
= 3500 —
o - O Collision data alignment =
£ 3000[ oMo, 2hm 7% Pixel Endcap -
S 2500f 6=20um =
S = c=22um ]
g 2000 Perfect MC H 3
S C -
S 4s00E 2009 Data 3
1000f- =
500F =
Olseotesls e, Ll e 5-5lo o0 0ied

-0.2 -0.1 0] 0.1 0.2

X residuai [m]

Detector resolutions already close to ideal simulation
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Secondary Vertex: Toward B-Jets Tagging

(e

Secon
vertex

prompt tracks

displaced
tracks

Secondary vertex tagger performance

dary

Few heavy-flavor jets expected in 2009 dataset
—>Relax cuts to exercise algo. (no veto on K.°,
A%, material interactions) Excellent agreement
of e.g. tagging efficiency and vertex mass

Note: MC normalized to number of untagged jets!

% = v loose SVO selection
O N 1 Non-diffractive
N minimum bias MC
2 10g e Data 2009 s = 900 GeV)
= - ATLAS Preliminar
g 1:— 'l“ y -
5 F
5 L
_Q [
S 10k
=z g
10-2 I I ' I L1 [ | [ 1 |_| |_| |_|
0 0.5 1 1.5 2 2.5 3

Vertex mass [GeV]

High-mass candidate!

5 tracks vertex, mass=2.5 GeV,

Lifetime=3.1 ps

CATLAS
.-iEXPERIMEN“T

Run 142195, Event 284154

Decay length = 3.7 mm
Decay length signficance = 22
Lifetime = 3.1 ps

Vertex mass = 2.5 GeV
Number of tracks = 5
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First Physics Result: Charged—Particle Multiplicity

Motivation: constrains soft QCD models (underlying event “tunes”)
- important for high-p; physics measurements!

What we measure: inclusive inelastic distributions of charged-particles with p;>0.5 GeV, |n|<2.5
Note: we do not attempt to extrapolate outside our phase space (avoid model dependence)

Event selection:
e One-arm MBTS trigger
e Reconstructed primary vertex

e > 1 track with p;>0.5 GeV, |n|<2.5
e |d,|<1.5mm, |z,|sin6<1.5mm

- Sample of 326k events
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From Track to Particles: Tracking Efficiency

Efficiency taken from MC - need validation
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Many studies to validate material in MC:

e Example: K° mass vs radius

e Conclusion: Data inconsistent with extra-
material MC
- 4.0% uncertainty on tracking efficiency

v

K2 mean mass [MeV]

Dominant effect: material interactions
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Charged-Particle Multiplicity: Results

dN/dn for various MC models:
Good shape agreement, ATLAS

data tend to be higher (Note: models
tuned in different region of phase space)
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ATLAS preliminary <Nch=> (p;=>0.5 GeV) :

il 1.333 £ 0.040
In|<2.4, NSD: 1.241 + 0.040

CMS (NSD, [n|<2.4, p.>0.5 GeV): 1.202 + 0.043
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Prospects for Physics at Vs=7 TeV (1 b1

Expected Number of Standard Model

Events (After Selections) Samples comparable or larger than
Process Number Tevatron!
Events » « Commissioning of the detector
WES [£y aM e Tests of the Standard Model
29>+ 400k

ttbar |+jets 6000
ttbar dilepton 2500

Significant discovery potential

e Ex. 1: Supersymmetry = 50 discovery above current Tevatron limit
with a few hundred of pb-!

e Ex. 2: Can discover up-to ~1.5 TeV Z'—pp

e Ex. 3: 30 evidence for SM Higgs in mass range ~145-180 GeV

- More on SUSY potential in early data in talks of J. Dietrich (Wed PM)
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Additional Material
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Impact Parameter Distributions

Impact parameter distributions:

Good description of the data by
the simulation

Number of Tracks

Number of Tracks

3

Cror o L LI LI LI | LI ‘ T 17T | L
220F 4
- @10° \'s = 900 GeV ]
200 - §1 05 B —_
i —+— Data .
180~ B10%f =
1601- S10% ND MC MinBlas
14085 7. T =
cZ2 420 2 4 ]
120 d, [mm] =
100 srrAS preliminary =
80— —
60 E
40 E
20 —
0 = — k y | | N | ‘ | I | | | - [——— F
- -15 -1 -05 0 05 1 15 2
d, [mm]

x10°

= T T T ‘ | T | T | T ‘l,
L »105¢ _ ]
1405%;,:35; s = 900 GeV =
il =i —+— Data ]
120 — 510%F —
- 210°% ND MC MinBias |
100 — §1 02 ke ‘ . . —
- =10 5 0 5 10 ]
80— z, sin(0) [mm] —
60 :_ ATLAS preliminary _:
40— —
20— —
0 : - ! L1 1 L1 L1 L1 1 1 L1 1 ) Dk " -li
- -1.5 -1 -05 0 0.5 1 1.5 2
Z, sin(0) [mm]

9

31



More Charged-Particle Mult. Results

Ratio
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More Charged-Particle Mult. Results
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Charged-Multiplicity: Systematics

ATLAS Preliminary
Systematic uncertainty on the number of events, N_,
Trigger efficiency < 0.1%
Vertex-reconstruction efliciency < 0.1%
Track-reconstruction efliciency 1.1%
Different MC tunes 0.4%
Total uncertainty on N,, 1.2%

Systematic uncertainty on (1/N.,)-(dNg,/dn) at n = 0

Track-reconstruction efliciency 4.0%
Trigger and vertex efliciency < 0.1%
Secondary fraction 0.1%
Total uncertainty on N, —1.2%
Total uncertainty on (1/Ne,)-(dNg, /dn) at n = 0 2.8%
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Charged-Multiplicity: Soft QCD Models




