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The ATLAS Detector

> Detector status & Performance

> Cosmics Results
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Current Detector Status

Subdetector Number of Channels | Approximate Operational Fraction

Pixels 80 M 98.0%
SCT Silicon Strips 6.3 M 99.3%
TRT Transition Radiation Tracker 350 k 98.2%
LAr EM Calorimeter (ECal) 170 k 99.1%
Tile calorimeter (HCal) 9800 99.5%
Hadronic endcap LAr calorimeter 5600 99.9%
Forward LAr calorimeter 3500 100%
MDT Muon Dirift Tubes 350 k 99.3%
CSC Cathode Strip Chambers 31k 98.4%
RPC Barrel Muon Trigger 370 k >97%
TGC Endcap Muon Trigger 320 k 99.8%
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Work during Shutdown

Inner Detector

¢

Evaporative cooling for the ATLAS silicon detectors: system
upgraded, all 6 old compressors modified+ 7" compressor for back up
(still to be commissioned). New design validated. Refurbished
distribution racks, more flexible control system, new reserve tank
which can take all fluid.

Replaced Optical Transmitters of the Pixel and Semi Conductor
Tracker. These transmitters feed & encode clock and trigger
commands to front end electronics.

Upgrade of HV boards for the Semi Conductor Tracker

Increased reliability of the Beam Condition Monitor. ATLAS Beam
Loss Monitors installed.

CO2 straw cooling for TRT: tests done, additional CO2 extraction lines
being tested.
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Work during Shutdown

Calorimeters
< All Liquid Argon power supplies were repaired and re-installed (all working
today). A backup scheme is in development, available for 2010 shutdown.

< Front end boards optical transmitters, 12 out of 1600 dead
< Repairs carried out on 81/256 Tile HCal electronic drawers
<  Completion of front end electronics, robotics and EM module for Zero Degree

Calorimeter

Muon Spectrometer
< Additional precision muon chambers (EE) installed,

< Repairs of 7 Thin Gap Chambers that had been damaged by overpressure
incident last year,

<  RPC operational fraction increased from 70% to 97 %
< Improved temperature control for the RPC

< Still concern for the Cathode Strip Chambers rate performance

Shutdown was put to good use! Detector fully operational!

ltems under watch: calorimeter power supplies, inner detector cooling, inner detector heater pads,
LAr calorimeter readout link (backup solutions under preparation for next shutdown) and

CSC chambers (readout rate issues).
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Electromagnetic Calorimeter
barrel, end-cap: Pb-LAr
~10%/VE energy resolution ely

170’000 channels: longitudinal segmentation

Hadron Calorimeter
barrel Iron-Tile, EC/Fwd Cu/W-LAr (~20000 channels)

o/E ~ 50%/VE @ 0.03 pion (10 A)
Trigger for ely , jets, missing E; , y/m° separation, ...
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Calorimetry Performance
with Cosmics and Single Beam
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Calorimeter Based Measurements

EM Showers in Cosmics
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Reconstruction algorithms exercised on real data
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Good understanding of per-event calorimeter variables
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ATLAS Tracking Detectors
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Inner Detector Performance
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Inner Detector Performance in Cosmics
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Muon System

Thin-gap chambers (TEC)

Cathode strip chambers (CSC)

Resistive-plate
chambers (RPC)

End-cap toroid
Monitored drift tubes (MDT)

Stand-alone momentum resolution
ApTlpT <10% up to 1 TeV
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The Muon Endcap
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Muon Detector
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Muon EE Chambers

Smaii Big Outer
Wheel Wheel Wheel

Used the shutdown to install precision chambers in the fwd region
EEL : 10 out of 30 chambers installed
Brought total number of MDT chambers to 1098!
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Combined performance

MDT tube vs RPC strip
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First Electrons in ATLAS

... or combining EM calorimeter and tracking ...
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Trigger and Data Acquisition
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Trigger and Data Acquisition
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Tng ger and Data Acquisition
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ngh Level Trigger Farm

1114y 077

f 8 8 0
LN

|
.

1.

1. 1:1:1

PPy

4

i\ \ \ \\

SDX1 | 2" floc

/

e




High Level Trigger Farm
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High-Level-Trigger (HLT

farm:
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m 850 PC (CPUs: 2 x quad-core) installed =
35% of final system

mFinal size: ~ 500 PC for L2 + 1800 PC for EF
(multi-core technology). processor purchase
deferred until Cost to Completion funds
become available

m Realistic physics load on readout and HLT is
emulated by preloading fake high pT physics
signals in the readout system.
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Level 1 Trigger
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i_ Bckg/BC  0.25+0.10 _
%
. . . . . 2k =
rerun Example of High Level Trigger menu excercised in cosmic runs £ E
e e T s SOSotis S-S S | | 1| O ) N I
e 0 5 10 15 20 25 30
s! 3 —_— ceeBDeeece  eeees mweesse = eessemssees see  msemmss mseemsss==es = eee==s Deeeeceeen .= - - -
e e L < e Tifee  Timing in ATLAS smallest detector
Poree b vnmen o R C .. iiee oo R .. Beam Condition Monitor 12 x 1 cm?
input ;.... .............. . = .. a - ---0000 s -@- =xerzz ez o1 0 09| 0

L2_mbMbts_2_No
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High Level Trigger

u system track: n offline vs event filter Shower shape at L2 trigger vs event filter
8 ~ Of ] ~|Bs00
§ | ATLAS Preliminary o Event Filter g [Cosmicrayrun 2008 B
5 | 2008 cosmics data Muon Spectrometer 3 i E.JE . ' S
éwz:— ;; 1 XTI =TXT 400
= - - P '
= N L.
i 5 B 300
10} 0.5_— S - LR 200
: - T ATLAS
- ' preliminary 100
I~ i L L I L | I L I L | I I L I
L N H‘ {H ” % 0.5 1 15 °
- R, (Event Filter
1 ”] 1 I L lHHA LUl I Lkl bl I LAl L l bd I IHI IH[H‘ l”H HI . . . ( . )
-04 03 -02 01 O 01 02 03 04 Tracking efficiency at L2 trigger
1 difference EF - offline 5, T e e A S
L2 MuonID with calorimeter & F ATLAS preliminary 1
‘O 1 Br Q- R R RN Ry Ry R Wil BN e oM. —
-§ 450:_' L L L e L e '_: - — : ¢+ _‘* :
S Loob Level 2 Trigger &q:) . g:— ¢+ Lab At . +++$$i E
“:3: 3505_ Tile Calorimeter _i g ~r (%)+ On“ne -
£ soop - D b # e
= 250 E f °F + :
200l ATLAS Prewminery S orf Ay 21D ack :
150F E Q>J N O SiTrack u
1oo E N 06 ® |DScan -
ot 3 E - - & TRT .
(S 8 10 12 14 16 18 20 | i | | | 1]

_l 1 1 1 l 1 1 11 |||ll||| 11 11 1 1 11 1 1 11 1 1
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offline track dO [mm]
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DAQ, Trigger and Operation

DAQ exercised with all systems on a regular

basi th { load 0 10 inal ATLAS Magnets Current
asis, with event payloads up to 10x nominal. =

Y > Summer 09 Cosmic Run
Frequent runs with L1 trigger rates > 50kHz 2
~100M cosmic muons recorded in June 2009 % ) —Solenoid
with full ATLAS (+ > 300 M in 2008) g Toroid
Emulate fake LHC fills, up to 80% data taking 5

efficiency for 6/14hour LHC fill pattern. 0

18-Jun 20-Jun 22-Jun 24-Jun 26-Jun 28-Jun 30-Jun 2-Jul  4-Jul  6-Jul

Follow predefined data-taking program

I th
Global cosmics restart on October 12t and run for commissioning, alignment, timing...

continuously through first beam.

Cosmic events recorded and processed by ATLAS between Jun 22 and Jul 5, 2009
Physics stream event distribution for Cosmic data from August 1 to October 31, 2008 Tqep =" T T T T v m e e
é I~ = Total number of triggered events 93 million events ----------7
. BPTX T - | —— RPCs (L1)
CosmicDownwardMuons p= |~ | == Inner Detector Track (L2) 7]
CosmicMuons = 80 — | Calorimeters (L1) ]
DetectorActivity 8 I~ | —— Random triggers 7]
DISCARD g : = Tile muons (CosmicMuon stream) :
egamma g 60— | — Bottom '‘Downward' RPCs (L1) ]
HLT_Cosmic ..6 I - Min. Bias Scint.s (L1) _
IDCosmic - EM Calorimeters (L1) _
 IDCosm s — I ]
jetTauEtmiss o c areas gnet status:
L1Calo E 40 [ — ORANGE: only solenoid on —
1 GREEN: only toroid on |
L1CaloEM 2 BLUE: both magnets on |
uTT B |
LateEvents 20 —
_f
MBTS_BCM_LUCID - -
minbias - L -
DM o 2 ———— e ————— |
RPCwBeam 0
TG0WB 120800 121000 121200 121400 121600 121800 122000
wbeam
1 10 100 1000 10000 100000 1000000 10000000 100000000 1000000000 Run number

Number of Events

atus or A



Computing Infrastructure and Operation

ATLAS world-wide computing: ~ 70 sites
including CERN Tier0, 10 Tier-1s, ~ 40 Tier-2 federations)
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Computing Infrastructure and Operation

ATLAS world-wide computing: ~ 70 sites
(including CERN Tier0, 10 Tier-1s, ~ 40 Tier-2 federations)

The operational challenges:
e.g. ~ 50 PB of data to be moved across the world every year,
10° raw events per year to be processed and reprocessed)

The complex computing model have been stress-tested and refined over the last
years through functional tests and data challenges of increasing functionality, size

and realism.
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# Of JObS World Wide - running - year ATLAS

v

b July 2008 - July 2009

30 k I'l
| ?

28 k

26 k
24 k

Production of MC samples
for simulation studies.

>30 kjobs/day achieved

22 k
20 k

jobs

18 k

16 k

14 k
12 k
10 k
8 k
6 k

4 k| g

2 k

]
Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun
WCA EMUS EDDE MWES EWFR BUK EWTW ENL EOND EIT @ CERN
Range from Mon Jul 14 00:00:00 2008 UTC to Tue Jul 14 00:00:00 2009 UTC
Generated by TRIUMF-LCG2 (times in UTC)

MB/s

wme <1 4 GB/s

Mixture of
cosmics and
simulated data

30000

Data transfer TierO> Tier-1s and Tier-1s = Tier-1s
Higher peak rate than nominal (1-2 GB/s at LHC) sustained over 2 weeks

10000

14

#ASGC ~ CERN mFZK NDGF mRAL TRIUMF
mBNL wmCNAF mLYON = PIC SARA



Looking torwards first physics

Chﬂnnels (examples ) EXPCCTCd events in ATLAS Gf"'er' cuts 1 ) Callbratlon Wlth We”_known processes
/s= 10 TeV, 100 pb-!

§ ev. P e.g.-Z —ee, uun tracker, ECAL, system, etc.
J/P —pp ~ 106 -tt — blv bjj  jet scale from W — jj, b-tag,...
Y suup ~510%
W-—=nuv ~310° .
T R 2) Rediscover & measure Standard Model
tt >WbWb—pv+X ~ 350 W, Z, tt, QCD jets ...
QCD jets pr>1 TeV ~ 500
g7q m~ 1 TeV ~ 5

3) Early discoveries ?
Potentially accessible: SUSY, Z', .... surprises ?

Expected number of events after cuts 100 pb-’

< : : : . : 4+ - < 10
e | | - | y J/W=>up E ATLAS [bb—ubudx 3
g H : : ; : W-=>uv S simulation EDirect onia
§10° 7> = preliminary WlDrell-Yan
w E | HH =
g L - 3
S0t ; 1 = Background w/o
§ 2 I 5 vertex cuts
iouvex 5 Rl e
E [
g L tt> puv+X
30k inside peak
8 [ -
] e 450GeVa,e  10?
¥ g 10 11 12
1Ej Mass (GeV)

Centre-of-mass energy (TeV)
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Jets + E miss

D SERR
31 oL et Olepton ATLAS
@~k Preliminary
Y o 10 TeV
‘@ 3 =
s F[°
= 2
10—
- T
10
- [ —O—
1 2

100200 400 6

miss
Js = 10 TeV P 1 Jets + E{™SS + lepton—
0 SM + SUSY SU4 | -1 o [ 4jet 1lepton ATLAS 3
—SMBG E 200 pb e & 4’ & Preliminary © SM + SUSY SU4.
® top : N103 - 10 TeV — SM BG al
® single top | 2 F ® top 3
H S e
® QCD light jets = 3 vz g
© QCD bjets E m(q,g) ~ 410 GeV g e = QCD light jets -
* DiBoson _; 10F > f gglgstggts 5
: E —o— 9
- e | i ¢
3 E+_ 7 ;
|||||| Y -1 L ‘lTx L.l I L l L ! | I P EC RS BT SRR S N TN S A S
00 800 100012001400160018002000 1079 500 1000 1500 2000 2500 3000 3500 4000
Missing ET [GeV] o Zp“’“ +Zp'ip’+Em‘ - Effective Mass [GeV]

i=1 i=1

—~~ 1 \I 1 ] I 1 T I T 4 Tbv’ Ll ]
—— 4 jets 0 lepton
(%3 450 -—ATLAS Prellmlnary ------ gjets ; :epton OS_
40 TaY . . mmis ets tons OS]
~ 10 TeV Sodiscovery —— 2 }ets 2 Iggtons SS A
Y 40 MSUGRAtanﬁ =10 ~_..9,1.00 TeV)]
& % 200 pb \ :
— systematics |
350 % : included E
- g~ 0.75TeV .
300 :_ S M 5075 TeV_:
:_ " "4 \ 3 (1.0 TeV) _:
250:' . ~q~075TeV .
200F & - ' =
B i __ G050 TcV) |
- i in|
150 =~ i i
100 :_ = \\‘ FGO5TeV) \ \ Mo EWSE-I-
E PR I T TS SR L L l &
0 200 400 600 800 1 000 1 200 1 400

m, (GeV)

Jets + E;{™ss channel: highest reach
1-lepton channel: more robust against bkg uncertainties

Discovery up

at Vs =10 TeV

= With 200 pb-1, ATLAS discovery reach
beyond Tevatron expected exclusion
(~400 GeV) for Vs 2 7 TeV

" However: understanding the (tricky)
backgrounds, in particular fake missing
transverse energy coming from instrumental
effects (noise, cracks, ..), will take time

= Ultimate LHC reach:
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Z’— I, Mass ~ 1 TeV

14TeV, 2,/ > ee s this a manifestation of new forces

or new dimensions ?

From angular distribution of leptons can
disentangle Z' (spin=1) from G (spin=2).
Requires more data ...

ATLAS

1 T T 11T
|

do/dm (fb GeV™)

-
o
-
T l”l

1| lIIIIII

. . Sequential SM |+

10?2 E_ —— 1TeVZy -parameTerizati\on ‘_: '8_ 104 i ---e--- 1.5TeV Z—up, 10 events |
E — — Drell-Yan - parameterization E : —e— 1.5TeV Z’>pup, 95% CL
| —— 1TeV Zy - ATLAS simulation | -5') 5 o= 1.0TeV Zspy, 10 events
10805600 700 800 600 1000 1100 1200 1300 1400 1500 S —e— 1.0TeV Z-p, 95% CL
M (GeV) é
S A3k i
3 10° ;
« Signal is (narrow) mass peak above Mal ONL T,
small and smooth SM background
e Does not require ultimate EM T P ]
calorimeter performance D U
 Discovery beyond Tevatron exclusion [ ek P ”
reach (m ~ 1 TeV) possible with 200 pb-' RS SISO .
N 1 ATLAS preym/na/y eggmate
and Vs =27 TeV (100 pb-' at 10 TeV) . n 4 - — —

- perhaps sometime in 2010 ?

LHC center-of-mass energy [TeV]
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Conclusions

< ATLAS experiment in very good shape, fraction of problematic
channels at the few permil level in most cases.

< All components of the experiment, detector, trigger, data
acquisition, timing, calibration, alignment, data quality, software,
have been heavily exercised with cosmics data and/or simulations,
and are ready to go.

< Substanstial operational experience gained with the ATLAS
detector, trigger and DAQ), using cosmics.

< Large cosmic datasets allowed to extensively test ATLAS software,
computing model, and data distribution scheme to the grid.

< Analysis of cosmic data has been extremely useful to bring ATLAS
performance to a level where it is already good enough for first
physics.
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Backup Slides
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Time[ns]

ATLAS takes 40 million 'pictures per second'

Upon a positive trigger decision, need to select

& send out the right 'picture’

L1Calo timing /
beam on collimators

30
E e « Sample A
b ATLAS Preliminary AT
F 2008 single beam data e Sample D
10F
o ememamss
C .
o;". S aete sseRrEE]
.20 : ‘Qﬁ.‘..
C o v v 0y by
oo -4000 -2000 [] 2000 4000 6000
Z[mm]
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'§ 1200~ ATLAS Prellmmary— % 06:_ — IDCosmic
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>—°<_ r Hlslasn = 335519 ] E 03~ 7
-46 800~ i g E
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F ] ATLAS prel/mmary ]
4 Lo b v v b by
%72 3 4 5 6 7 8 9 10 e R
26ns SCT Time Bins
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o ¢ “Igl 7 Timing in TGC, TGC trigger
w9 I E =
o s TRT stream E W 10°F ATLAS g
g F | Entries 30 ] ;
) 7E ] Ev.in peak 22+9 =
= Elm . ATLAS BCM 3 | . 9
g 6| Mean, 19.4£0.1 orelmnary ot 99.14 % |
M |0 0.70.1 E i
45 Bckg./BC  0.25+0.10 3
3F- = 10°F .
imin in smalles ctor! 3 F
T2 ATLAS llest detgctor!
Beam Condition Monitor E
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BC [25ns]
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—10
2 r Atlas Prellmlnary -
R -+-Data
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Forward Detectors
AlLAS

45K149K
MOXA TAS TAS

L

bl P e

3067

34
83703 24.23 S807

2> B3

ZDC at 140 m

-
450 K6
N

i
=

Luminosity Cerenkov
Integrating Detector

Operated reliably in ATLAS both in
readout and as source of L1 triggers

Absolute Luminosity
Status of ATLAS

for ATLAS
99th LHCC —23 September 2009




First Electrons in ATLAS

V) o
E ! ! v 8 12 T T T T T T T ,8 6:— ' I o . ' ) '—_
3 12 =@ Boctron canddates after al cuts g - g r ATLAS Preliminary ]
° 2 ATLAS Preliminary ; 2 5L 2008 cosmic-ray data
3 e o g 10 2008 cosmic-ray data g ]
5 5 8 : E 4 - AR -
& - 1 o H 4
g 8 ATLAS Preliminary H 1 £ | ]
3> 6 2008 cosmic-ray data 3 6 _': > 3 ;1" 1 J .
4 A 4 o . 2| E
Y b it Tegy il |
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i ios & : 0 0002 0004 0006 0008 001 0012 004

Ratio of energies in 3x3 to 3x7 cells in nx¢ Shower width in first layer (n direcsion) Electron I

o AL A rrrroryrrrryrerTrrrrrrrTrrr T T T

e e T ATLAS Prtininary _
= ATLAS Preliminary 5 aE- ATLAS Prelimi = L y ]
5 s 1 & i 8 E
g i ¢ fF E i .
E 4 1 2 <f 4 eF .
z ] 3 - 3 u 1
= 3 - : - ]

3 3 b4 4:— 3 al l l ]

? E b ‘ : = -l 1

4 - . - [~ 1

- - : ' . 2_| | —

1 ] 2 1 ot 4 -l l H + l 1

0 L L Laili®laans - 1= o o - o‘|.".‘.m.|..|‘..‘|....|...J....x.‘.|‘|..|,...
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@ Huge (QCD) backgrounds (consequence of high energy ...) o
9 : Pr
| . - KoM

o
10° prr — — T

10 G

1ol

Tevafro n LHC

° 1 High-p; QCD jets 9::::]—’— q
| g q

10

10

-l

10

1

vents/sec for L 10 cm™ s

10°

10 Sw

¢ (nb)

10

W, Z q>W,z
q

Higgs m,=150 GegﬁmF>__|:|_

(o pIETT

J.g pairs, m~1 TeV J ‘q :
g q

* No hope to observe light objects (W, Z, H ?) in fully-hadronic final states —relyon|, y

e Vlass resolutions of ~ 1% (10%) needed for |, y (jets) to extract tiny signals from
backgrounds, and excellent particle identification (e.g. eljet separation)

e Signal (Ew) /Background (QcD) for “light” objects larger at Tevatron than at LHC

10°

10” :
10” 5, :

10* o (E" > Vs/4)
5 csnggs(MH =150 GeV)

10

107 Eos, (M, =500 GeV)

0.1
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luminosity [fb]
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...................... ATLAS preliminary

R tasicaniniatansadnissnacensnsansshadsncnsaresne mazmgz 400 Gev__:

[
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Lepton + jets ==

channel Y . . O .
10 1 e e

100% systematios | = N Tl
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SM “candles™ JAhp, Y, W, Z, top

— Z> ee, 50 pb! | —

do/dM [nb/(100 MeV)]

Background w/o
vertex cuts
quv-v;—.,_...

107

>3500F T
TT[ ¥y [T I T [Forr[TT oy (GD.) -
[Jbb—ubpdX 23000F MRS
B Direct onia °
Bl Drell-Yan 2500

10000 JAp=> uu
500Y =2 uu
600 Z 2 ee, uu

erpb!
:

2 3 4 5 6 17

8

- Muon Spectrometer and ID alignment, ECAL calibration, energy/momentum scale
of full detector, lepton trigger and reconstruction efficiency, ...

50 pb™

I Extrapolated Background
Signal

QCD MC stat (x 50)

IIII|IIII|IIII|IIII|IIII|IIII|IIIIr

| U g

120 140 160 180 200
Invariant Mass Mee (GeV)

9 10 11 12

Mass (GeV)

tt — bW bW — blv bj

3 jets p> 40 GeV
1 jets pr> 20 GeV

Vs =10 TeV, after cuts: —

14 TeV, 100 pb-"

~ 15 |=e,u events

per pb-

200

150

bvents / 10.0 G

Illllllllll

-

———1 u-channel,
no b-tagging

1 lepton p> 20 Ge

most physics objects: leptons, jets, E{miss

llllllllllllllllllllllll—

E,™ss > 20 GeV

m contain , b-jets
m background to ~ all searches
— when top measured, experiment is ready for discovery phase | 4., ... .
A R
M, [GeV]



Sensitivity Projection (Region favored by M,,,, My, ... megs.s)

,w}ll|

15 2do

1 po
0.9 <§,\}2~gfa(ﬁ/u 2 ry .................................................................................................
< 2 AKNX ."\/-:{*.,/

2
cAC

Probability of 3¢ Evidence
o
o

o E& IO L. U IR NN VR DL ... ===
100 110 120 130 140 150 160 170 180 190 200

Higgs Mass (GeV/C?)

Search for th4> Higgs Particle
Status as of March 2009

95 %% confideence level

Excluded by Excluded by Excluded by

LEP Experiments Tevatron Indirect Meagurements
95% confidence level Experimments 959% confiderpce level
100 114 120 140 160 170 180 185 200 GeVv/c?2

Higgs mass values

2010: 7 fb-'/expt: exclude all masses
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Needed [Ldt (fbo') Summary of Higgs discovery potential at the LHC
of well-understood data
per experiment < 1 fb! for 95% C.L. exclusion
56 disconery < 5 fb-! for 50 discovery
10 | \i  -- s=creasin | over full allowed mass range
1 y A
,/‘
104 & ATLAS + CMS
- (March 2006)
100 200 300 400 \ 500 600 700 8009001000
my (GeV)
Most difficult region:

Easier region:

need to combine several
H — 4]

channels (e.g. H — vy,
ggH—qqgrt) with small
S/BorS
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