ATLAS

1 EXPERIMENT]




~3000 scientists 174 Institutions and 38 Countries,
~1000 PhD students
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End-cap semiconductor fracker

APrecise tracking and vertexing,

Aelp separation
AMomentum resolution:

s/p; ~ 3.8x10* p; (GeV) A 0.015

Incecad=tector

End-cap fransition radiation fracker
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TRT<

((R=1082mm

SCT{

\_R =554 mm
[ R=514 mm

R =443 mm

R =371 mm

R Emml— —

HmB{R=8&5mm

R =50.5 mmi/f
R=0mm

LR =299 mm

Pixel detector
— 3 barrel layers, 2x3 disks
— o(r®) =10 pm, g(z) = 115 pm

Silicon strip detector (SCT)
— 4 barrel layers, 2x9 disks
— Pairs of single-sided sensors
— o(ré®) =17 hm, g(z) = 580 um
Transition Radiation
Tracker (TRT)
— o(re) =130 pm
Covers |n| < 2.5 (2.0 for TRT)

2 T solenoidal field

TRT




Muors ssvecltromieter

Muon Spectrometer (|Jh|<2.7) : air-core toroids with gas-based muon chambers

Muon trigger and measurement

with momentum resolution < 10% up to P-(m ~ 1 TeV

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

~

/4

Barrel tord

Resistive-plate
chambers (RPC)

\
7\

4

Monitored drift tubes (MDT)

W->1 Tcandidate at 7 TeV ke

End-cap toroid

Trigger chambers:
Precision chambers:
Magnetic field:
Bending power:
Coverage

RPC/TGC
MDT/CSC
~05T
~2-5Tm
M <2.7

CATLAS

A EXPERIMENT

Run Number: 152221, Event Number: 383185
Date: 2010-04-01 00:31:22 CEST

p(ut+) =29 GeV
np+)=  0.66
Ems=24 GeV
M, =53 GeV

W-pv candidate in

7 TeV collisions



HAD calorimetry (Jh|<5)
Trigger and measurement of jets and missing E; E-resolution: A& ~ 50%/CE A 0.03

Calorimeter System

* Cu-LAr structure

K > x =
* 15<n|<3.2 v v g;l-sczntﬂtl:tlng
* o(E)/E Tile barrel Tile extended barrel | _ i :sl"';‘c re
jet)~50%/VE®3% i
4=t — * o(E)/E (jet) ~

50%/VE®3%

v

LAr hadronic
end-cap (HEC)

LAr eleciromagnetic B
end-cap (EMEC) ——

0 €3 \ - e W/Cu-LAr structure |’
*32<n <49
. |* o(E)E (jet) ~
. ‘ ; N 100%/E®10% /)
* Pb-LAr accordion LAr electro: e k\ . ey : \ll
* nl<2.5 - magnetic barrel N =" LArforward (FCal)
] 2’;;';;’3;"_['43 EMCAL: e/gtrigger, identification
L 10%/VE®0.7% and measurement J
E-resolution: s/E ~ 10%/CE
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Overall Detector Status

ISCT Silicon Strips

TRT Transition Radiation Tracker

[LAr EM Calorimeter

Tile calorimeter

[Hadronic endcap LAr calorimeter

IForward LAr calorimeter

ILVLl Calo trigger

ILVL] Muon RPC trigeer

ILVL1 Muon TGC trigger

IMDT Muon Drift Tubes

CSC Cathode Strip Chambers

[RPC Barrel Muon Chambers

TGC Endcap Muon Chambers
More than 97% of channels in operation

ATLASS&Yatus
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Data collected Integrated Time period
luminosity

Cosmic rays 2008,2009
pp collisions at 900 GeV ~91b! Nov. - Dec.2009
pp collisions at 2.36 TeV ~ 0. 7t~ Dec.2009

pp collisions at 7 TeV ~3.4 pb-l From 30 March

2010 - up to now

Particle multiplicities and momentum spectra in pp
minimum -bias events at 900 GeV (PhysLettB688:21,2010)

FIRST published results at 15 March

the latest presented at ICHEP2010 |55 reports

TLAASSsEtatus
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— LHC milestones

T T | T T T
ATLAS Online Luminosit
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\s=7TeV

Total Delivered: 3.69 pb’
3@I Recorded: 3.4@ 2.55 TeV

mass di-jet

[l

\

28/03 29/04 31/05 02/07

| .
03/08  05/09

Day in 2010

continue to be
passed with
satisfying
regularity.

An inverse
picobarnis a
small step on
the way to an
inverse
femtobarn

1-stinverse

nicobarn

TLAASopgernation

Overall data taking efficiency

93.9%
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Total fraction of good quality data
(green ntraffioc kig

Inner Tracking

Calorimeters Muon Detectors
Detectors

. LAr LAr LAr _
Pixel SCT TRT 'M HAD FWD Tile MDT RPC TGC CSC

97.7 964 100 944 ©98.7 993 99.2 985 0983 98.6 98.3

Luminosity weighted relative detector uptime and good quality data delivery
during 2010 stable beams at Vs=7 TeV between March 30" and August 14™ (in %)

Peak luminosity in ATLAS
L ~ 1.03x10% cm=2st

\A‘I'II.AESopﬂeﬁamon

\
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Decided Scenario 2010-2011 (e

O

Following the technical discussions in Chamonix
(Jan 2010) the CERN management and the LHC
experiments decided

Run at 3.5 TeV/beam up to a integrated
luminosity of around 1fb-1.

Then consolidate the whole machine for
/TeV/beam (during a shutdown in 2012)

From 2013 onwards LHC will be capable
of maximum energies and luminosities

during 2011
= must reach ~1 x10°2 cm=2s’! during 2010

® requires a peak luminosity of > 1x10%? cm™s"

JLAASopgeratiom from (l#C plan

Lidia Smirnova QFTHEP 2010
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- LVL1, LVL2,
gger (HLT): LVL2 and EF

Rk AN LEALY LRELD EALE) RRLL EALE) LELEN LALE Typical L1 OUtpUt
- ATLAS Preliminary sy .
conditions:

\s=7 TeV, Data 2010

—
N

U

. EM2

L1 rate [kHZz]

O
o

MBTS_1 (x0.05)

I .k-"'/' |
0.6 — . E
: 7 :
04 1 / 300 Hz IECIS
: J/ / ” - 5 ]
021+, R TAU5
e e Ewe
Mz ’# orommmmmmR T MUO ]

. T 0 Figure gives examples for L
instantaneous luminosity [10”"cm™s™] up to 7x10 29 om -2 51

ATILAASopgeration
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Trigger performance
_ LVL1 forward muon trigger efficiency

LVL1 jet trigger efficiency for the lowest threshold (MUO)
¥4 for the lowest threshold (J5)
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ATLAS Preliminary Crucial for di-muon resonances

0.6

y relative to offline Muons
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Level 1 Trigger Jet E$'V55 GeV

\s=7TeV

anti-K_ jets R= 0.4, 1 y* 1 <2.8
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ATLAS Preliminary
\'s = 7TeV, Data 2010
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Trigger performance

Tracking efficiency at HLT for electron

candidates with E;°" (calo) > 5 GeV
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o B 4
~ 80— * — 0.6 ~ o Data2010 \s=7TeV) |
B . i ¢ 4 Minimum Bias MC ]
= ATLAS Preliminary : 0.4 |
i \s=7TeV | i ATLAS Preliminary
60— gAy - Data 2010, Level 2 tracking B 0.2 - N b
I ¥ Data 2010, Event Filter tracking | ’ r J. L=4 nb'1 1
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Uncalibrated E; of offline tau candidate [GeV]
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Event selection

Primary vertex :
1) N track O 3 t é 1:50 MeV/C)
2) closest transverse distance to nominal interaction

point

3) single hit in one or two MSTB wheels as trigger

4) selection on timing difference from EC or Fcal
(50r 10 nc, respectively), or two MSTB wheels

2 105 E_I T I 1T I LI | TTT | T 1T I TTT I LI | LI II TT |I IJé g 105 ;—I T I LI | LI | TTT I T 1T I 1T I LI | TTT I T 1T I T I-I;
E F ATLAS — Collisions . E - ATLAS — Collisions ]
E 104 . — - - = 10% — =
s = \s=0.9 TeV El SingleBeam = kS E \Ns= 0.9 TeV =
- (a) i C (b) :

103 E = 10°F E
10%E E
10 3

15 11 I ﬂ’\l 1 | "’\" | 1 I 1 I 111 ’\ﬂ 1 I 1 H"‘I.‘I 1 IE

80 -0 -40 -20 0 20 40 60 80 ‘30 60 -40 200 50 40 50 80
A tygrs [NS] \ ‘ A tygrs [NS]
Time difference without any selection and with well reconstructed

vertex



aconstruction a

T T T T T
ATLAS Preliminary

Primary vertices inthe x -y plane, it shows
beam spot: RMS =0.024 and 0.04 mm
in X iny

Primary Vertex y [mm]

X =
) | RMSy=- 0.040mm .
-1 -0.8 -0.6 -04 -0.2 O 0.2 0.4

Primary Vertex x [mm]

'LAS Preliminar
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=l ]e\
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z Vertex Resolution [mm]
Primary Vertex x [mm]

lIlI;l_LlIllIllll

RMS x = 0.024 mm
RMSz= 27.9 mm
40 50 60 70 -150 -100 - 100 150 200

Number of fitted tracks Primary Vertex z [mm]

Reconstructed primary
vertices inthe x -z plane as
beam spot

sepdeteciorpesrfoermance
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Estimated vertex resolution in 7 TeV data
as a function of the number of tracks N .




Event with four reconstructed primary vertices
the same beam -crossing
~ 10 -45tracks withp + >150 MeV per vertex

EXPERIMENT

Run Number: 153565, Event Number: 4487360
Date: 2010-04-24 04:18:53 CEST

= Event with 4 Pileup Vertices
in 7 TeV Collisions
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ID Alignment pre

-collisions and post

collisions
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Numbers of
hits in SCT .
and Pixelvs E

Number of SCT hits per track

-1.5

. MC NDvs=7 TeV

—e— Datays=7 TeV

100 <p_ <500 MeV
ATLAS Preliminary

-1 -05 0 05 1 15 2 25

track n

Track Impact
parameters

. MC ND \s=7 TeV

—e— Datays=7 TeV

100 <p, < 500 MeV
ATLAS Preliminary -

Number of Pixel hits per track

. MC ND \s=7 TeV

—e— Datays=7 TeV
100 <p, <500 MeV
ATLAS Preliminary

15 -1 05 0 05 1 15 2 25
track m

. MC ND\s=7 TeV

—e— Dataxs=7 TeV

100 <p, < 500 MeV

5
N
v
g
5
3
<

5 43210123 4
7,500 [mim]

Z,sinU, mm
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Pt measurements for charged particles with

pt >

100

MeW c2 U5

NchC')Z

— A e
1P —y I at O 9 and 7 TeV E : p, > 100 MeV, |1 | <2.5, nchzg ]
20 - — 0.9 —
< 10 p;>100 MeV, |n|<25,n,>2 > ATLAS Preliminary 1
-% e 0.8~ == Data\s =7 TeV -
ATLAS Preliminary 2 | « 5 o T == Data\'s = 0.9 TeV ]
=1z 10 p,>100 MeV, |n|<2.5,n,, > 2 0.7F- 3
i 4] © 10F \s=7TeV g —
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10 ] 10 = 'V F ==~ PYTHIA ATLAS MC09 = Ns=TTeV _—=
10°E" —. PYTHIA DW s ATLAS Preliminary = 3 *
107%F - - PYTHIA 8 3 T E -
101 = PHOJET 1€ S EE N T - -3
= — | — & 2
Pt at 09 25_ == Data Uncertainties T, _5 é
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£ o ] E == PYTHIA ATLASMC09 |
Pt at 7 TeV VS 0.5 0.3 —- PYTHIA DW =
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Data 7 TeV vs

Ratio

- MC / Daia

10 20 30 40 50 60 70 80 90 100
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ATLAS Preliminary

—— Data

--o- Pythia6 MC09
—eo— Pythia8

—e— Phojet

T IIHI|T| T \\IIIHl T IIIHHl TTT

L1l

\s=7TeV
> 1 track with p,>0.5 GeV, n|<2.5

T IIIIIHl
1 IlIIIHl

|IIII|IIII|IIIIIIIIIIIIII|IIII|Ir’II|I
II|

N?t corrected for detector effects
PR P N T B P

IJ‘|IIII|IIII|IIII|IIIIIIIII|IIII|IIII|IIII|

Not corrected for detector effects
1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 L

0.1 0.2 0.3 0.4 0.5

(obp*0sp)/(Opp+Osp*+Onp) N

ASpperfornmance
amd easults

10 12 14 16 18 20
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Secondary vertices and cascade decays

~ Mlnlmum B|asStream DataECI(JB (\.l'_-900|GeV) e 2000
mﬁOOO} ATLAS Prellmlnary Both tracks: p_ > 100 MeV, Sihils>6€ > C o r L a o o ]
fl E 0 ant Mass cos(8) > 0.8, flight distance > 0.2 mm E g 18001 \]§=7 TeV data ATLAS Prellmlnary_
;5000_*“ ® Data = N 1600; 3(1320)_)/\7[ « Correct charge comb.|
- . . _ w — —
;%4000—_ 1 Simulation 3 q:) E ~250 p'b-1 [__] wrong charge comb. E
uC.I C = Gauss (+poly) fit ] € 1400 fr Jaussianspolvnomial fit =
3000 7 i Cl 2 A s - tat.) Mev | PDG: 1321.32
E DG{ZUDQm =97.a14ev E 1200__ o= 38%0.08(stat) Moy = I
2000 - - 1000~
1000k = 800}
E i | i i S | | i i | | } i G S | s G S | S B S 5 | S B | S B I_ 600;_
4?00 450 500 550 600 650 700 750 800 400F
My, z [MeV] -
S 000 - 200 =
2 900 - ATLAS Preliminary \s=7TeV L =14 nb" E B:
o E @ Data2010 E
T a0 M DG 18696 1250 1300 1350 1400 1450
o0 E M, [MeV]
S 600 |
ol E
3 XOs, 9,7, n, G, D, D* mesons are
S ok reconstructed in Inner Detector
AGood agreement with MC
3 AResolution as expected (dominated by multiple
.6

scattering)
AFitted invariant masses agree with PDG values




Mapping the Inner Detector material

wi t A e*s conversions

Goal is to know material to better than 5%
(over-constraining with several methods)
Present understanding: at the level of ~ 10%

E [ T T 1T | T T | T T TT1 | I'TTT | I'TTT1 | T 11 | T T TT1 | I'TTT _I_
E 250 ATLAS Preliminary  -0.626 <1< -0.100 —
™~ B i
" B *  Daa ads = 7| Te
:uE'} 2[]{) [ : MC conversion candidates ]
= , -
w B MC true conversions i
150H % Pixel support .
| = structures ]
L | © -
100 A —
“0Dalitz | | i
Decays n u
allowto « [ i
constrain L g eall & g0 r
material 300 350 400
in beam
pipe R [mm]

Reconstructed
conversion point in
the radial direction
of A &e from
minimum bias events
(sensitive to X;)

Data show that Pixel
supports are
displaced

in the simulation

A to be fixed




Reconstructed secondary vertices due to hadronic interactions in minimum-bias

events in the first layer of the Pixel detector

(sensitive to interaction length A complementary to 2 conversion studies)
C-fiber
shell

Cable e T

Simulation

0.25

01—

0.1F

{ Cooling
M pipe

Bin size-
250 T m

“50 55 60 85 70
Pixel module Radius [mm] Radius [mm]

50 65 70

Mapping ID material with secondary hadronic

Interactions



g performance
easurements
on track in B

entation of EM

-layer( select e from conversions

¥ Sy
i
v ~ -
5, RAELT
e -
D1 Stig wowers in Swnpliag ©
U

e |
)

2 5000 T

0] ATLAS Preliminary
FRCCEN 13.8nb -1
£

w

T T

L B e o I e

Q-e
® Data2010 \s=7 TeV
&= Monte Carlo

(normalised to
medium candidates)

High-threshold probability

0.25F -
L ATLAS Preliminary +
02-  TRT barrel ¥ 3
0153_ ® Data 2010 N5 = 7 TeV) E
£ O Monte Carlo
0.1 " 7
r $
0.05— Sqesessammanaae®s™  © =
E + y factor -
G’ NIRRT I R TIT] B R SR R T B ST WS TT] B AT E
10 10° 100 10t 10°
1 1 10
Pion . GeV] Electron momentum [GeV]

10°

Entries / 0.05

10*
10°

10°

IIIlIIIIIIlIIIlJJILlTIlll

A
ATLAS Preliminary

f L=138nb"

| BLALELELEY BLELELELE B LN BN
-+ Data 2010 s =7 TeV)
— Monte Carlo

[ Hadrons

[ Conversions
[ Prompt electrons

T R R R TR R R
) ] TRfrac
Signal ot 9920 N160(stat) N990( syst ) electrons .
predominantly from b.c->e is measuredforE >7GeV
and wi tEhkd2n 0 ——
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T T T T T
[ Non diffractive Minimum Bias MC, TEJ’/T] signals—
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~

N 11 events
Background . 28 N 2 events
Mass peak :3.09 N 0.01 GeV
Mass resolution : 0.07 N 0.01 GeV

ATLAS Preliminary ® Data: 2010

] MC: Prompt Jiy
—— Fit projection

) Ldt=78nb" Fit projection of bkg.

ATLAS Preliminary ~
« Data 2010, (Vs=7 TeV ) \s=7TeV

— CBfit

Entries / 0.1 GeV

N,,, = 5350 + 90
My, = 3.095+ 0.001 GeV
o, =71+ 1 MeV

Jhy Candidates / (

2

lJlI lJIlll]lllllllllllllllllllllllllJIlIJIIIlJ

+
I+
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.
s

T T T [T T T T[T T [ TTT T[T I T TITT[TrITr]

5 2 2.5 3 3.5
Mee [GEV] My [GeV]

A PR PP BRI B L L S I B
2 22 24 26 28 32 34 36 38 4

4

To extract signal from background:
¢ 2 EM clusters matched to tracks
¢ pr (e N tracks) > 4, 2 GeV
¢ track quality, calo shower shapes
¢ key handle: large transition radiation
in TRT
¢ Invariant mass from track parameters
after
Brem recovery (GSF)




Inclusive jet measurements with ID:

numbers of track distributions and -
: : [ TeV
fragmentation functions
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Number of tracks per jet with R = 0.6 for
jet pr from 15 GeV to 24 GeV.  (Data are Z track

Corrected fragmentation function
In anti -k, jets with R = 0.6 for
charged jet p; from 15 - 24 GeV

not corrected. Differences between data
and Pythia MC09 are accounted for the
fragmentation/underlying event

systematic




