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e [Introduction

ATLAS Collaboration
» Detector Status 37 Countries
- Inner Detector 169 Institutions
— Calorimeters 2500 Scientific Authors total
— Muon Systems (1800 with a PhD)

- Trigger System 45 m
® Com m ISSIOn I ng Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

- (Cosmics data
- First Beam data

 Detector Performance
— Cosmics Analysis

- Single Beam Analysis
 (Conclusions

24 m

Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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= SECTOR 34

LHC Design Performance
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| SECTOR 23

Injection  Collisions
Proton energy (GeV) 450 7000

#«f
/ Luminosity (cm®s™) - 10%
L / Particles per bunch 1.15.10"
a ) Number of bunches 2808
Circulating current (A) 0.58
Stored Energy (MJ) 23.3 362
RMS bunch length (cm)  11.24 1.55

RMS beam size um) 3752 167
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» The underground cavern was finished in
June 2003

» Detector was closed in April 2008

L HC beam pipe completely sealed in
June 2008

i

a

Calorimeter insertion into the barrel toroid magnets
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Atlas cavern below Point1




: End-cap semiconductor tracker

Pixels
(0.8 108 channels)

Si Strips Tracker (SCT)
(6 10° channels)
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Mk .3 370000 TRT drift
«m™ straws, 40 ns

max drift time
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4088 SCT
modules, 80 um
micro-strips

1744 Pixel
modules, pixels
50x400 pm?

Transition Radiation Tracker (TRT)
(4 10° channels) with e/Ttseparation
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ATLAS ID Tracking Design Performance
2 Tesla solenoid o/p; ~ 0.05% p(GeV) 00 1%

R =1082 mm

TRT

SCT

R =122.5 mm
Pixels { R =88.5 mm

R =50.5mm

TRT

R=0mm
Overall: Pixels

SCT

TRT
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95% of the modules run stable (and
improving every day)

99.8% barrel and 97.6% end-cap modules
in operation

98% read out (2% dead channels from
assembly and installation)
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ATLAS 20000627 151050 CLET eventJiveXML 90262 £77T9 runBi262 eviafTT geometry: cdefaus Adlartis

IRL—————111]
Reconstructed cosmic muon

crossing the ID with Solenoid
Field on.

All ID sub-detectors
integrated in the ATLAS DAQ
before first beam and took
significant amount of data.



Tile barrel Tile extended barrel

Coverage |n|<5 \ /

-

LAr hadronic
end-cap (HEC)

LAr electromagnetic

LAr electromagnetic
barrel

Electromagnetic Calorimeter
barrel, end-cap: Pb-LAr

o/E ~10%/~E energy resolution e/y
180°000 channels: longitudinal segmentation

e
TileCal fibers guiding the light
from the scintillators to the PMTs

Hadron Calorimeter

barrel Iron-Tile, EC/Fwd Cu/W-LAr (~20000 channels)
o/E ~ 50%/VE O 0.03 pion (barrel)

o/E ~ 100%/VE pion (end cap)

Trigger for e, jets, missing E; , etc.
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Calorimeters

LAr Status
Since May 2008, full calorimeter up, integrated in DAQ and
slow control in steady running mode.
all channels read-out
~0.02 % dead (isolated) channels, plus 0.8% dead readout,
including
1 of 8 HEC low voltage power supply off (need access for

repair)
Commissioning on-going (cosmics and beam backgrounds)

TileCal Status
Full calorimeter up and running, integrated in DAQ
~10000 PMTs = 5000 cells
~0.2% dead (isolated) cells, and
2 of 256 modules off
1.4% of cells not usable for Physics will be repaired during
shutdown with access
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LAr Detector Status by first beam
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~1200 MDT precision chambers for
track reconstruction (+ CSC)

Toroid magnets peak field: 4 T
Stand-alone momentum
resolution:

o(pT)/pT <10% up to 1 TeV
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Barrel toroid

Resistive-plate
chambers (RPC)

End-cap toroid

~600 RPC and

~3600 TGC trigger
chambers
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Muons Hardware Statis IFAE

MDT

Problematic chambers: < 1%
(HV, read-out, gas)

Alignment
99.7% of the barrel, 99% of the end-
cap alignment lines are working

RPC

16 sectors fully commissioned

- 3 sectors under final timing adjustments
- 2 sectors affected by missing CAEN HV
- 1 not ready (noise on clock propagation)

TGC

All wheels on both sides ready for operation
(need some HV for TGC on Small Wheel due
to HV failure and shortage of spares)

t‘.

Insertion of the End Cap toroid magnet between the
small wheel and the big wheel

CSC

Chambers work, but read-out limitation
being worked on
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Trigger System

CERN SDX1  dual-CPU nodes
computer ~30 ~1600 ~100 ~ 500
centre Eventrate | Local ETe Event Second-
Data [ 100+ |S028°| | Firer | | ey [| V12 lovel s T
Qutputs Inputs rigger =
storage (SFOs) \ (EF) (SFis) — 2
T 7] :
pROS = =, a
DataFlow gﬁ%ﬁ;ﬁ T stores @a
Manager | L YYYY VYV LvL2
/! ) | Network switches output
LvL2 [
Super- A
visor f(%s % " -
i S Sg g
5| 8 & g
o|m§ i
°© © = wn
Event data glte § Lusais) ¢
- (0] L = g T
pulled: ¢ S &8 © 5
partial events | E - \
@)
< Data of events accepted
@ = 100 kHz, _é USA15~ 150 1600 by first-level trigger
full events > Read- <
as PCS yyyyyvvvy QUt VME Dedicated links
@ ~ 3 kHz Links o= 1
SRgad'tO“t out ATLAS
u ngsszms Drivers detector
/,‘ Rol (059 (RODs)*{ First
Builder level
‘ trigger UX15
Timing Trigger Control (TTC)
Event data pushed @ < 100 kHz,
1600 fragments of ~ 1 kByte each
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» Basic detector functionality
- Cabling/mapping
- Dead/inefficient channels
- Noise/occupancy
 Readout/trigger chain

— full Level-1/TDAQ/online/offline
chain

- Interfaces between e.g. DAQ,
detector control system, databases

« Signal
- Signal reconstruction
- Timing
- Alignment
e Calibration
- Test/Exercise the procedure
- Initial Calibration Constants

T T T T T T T T T T
Z m) Z (cm)

Reconstructed cosmic muon crossing the whole detector
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Cosmics Statistics IFRE

« Combined commissioning with
cosmics started in December 2006

180 Cosmic events recorded and processed by ATLAS since Sep 13, 2008
. . = L L ) N LB L ) BB B s 5
AtIaS Went through 8 Comblned data taklng é 160 - ——— Sum of RPC, TGC, MBTS L1 Triggers 165 million events ----_ =
i - = = | ——— RPC Triggers (L1) ]
SGSSlOnS Of 1 2 WeekS eaCh’ Ca”ed E 140 :_ — Bottomf:’c Triggers (L1) 'Downward Muons' _:
— - e TGC Triggers (L1) —
MIIeStone Weeks ] ) "E 120 :_ e M1, Biagsg&:int. Triggers (L1) _:
They were fundamental in order to integrate § | | ——— SelrimeterTriggers ) =
. w 100 — | — Inner Detector Track Trigger (L2) —]
the detectors and test the online data 6 EM Calorimeter Triggers (L1) .
ey @ 80 — several hundred million cosmic events taken in various —]
aC u IS Itlo n i L [ detector configurations before the first LHC beams. B
9 5 60 — —
a0 —
The cosmic data collected at present is very wF -
. . ] . ] - :f
important for the detector commissioning: = e "
. . 0 5 10 15 20 25 30

¢ ngh statistics. Days passed since Sep 13, 0:00
» Stable running conditions. Cosmic events recorded since 13" of September

* All detector and detector parts in.
uu = == = = =y
LS. TR O WO WO . . SO SO SO SO L. OO DO X WO...
Disteciar and physics fi Corslruction

ATLAZ prepossl Tochnical Design Report
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LHC beam was circulated in ATLAS the 10t
September 2008, stopped at each collimator,

realigned and continue.

Only 1 bunch of 2:10° protons at the same time

of 450 GeV of energy.

RF capture of beam on day?2!
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Beam profile of the RF captured beam
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The very first beam-splash events from the
LHC in ATLAS, 10™ September 2008!
Successfully triggered by the L1Calo and
MBTS triggers.

X| VNC: LCRY0705N13483

ilities  Help

O I Atlantia Covas <> ) » TR
ATLAS 2008-09-10 10:19:10 CI nt:ive jeomet
L1Calo Stream

[Timebase  -474 psff

BPTX and MBTS signals of circulating beams

First splash event on the screen the 10" Sep
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Good correlation between LHC injection and
beam events recorded by Atlas.

First M&C bottle delivered! The others 2 will
have to wait for 2009.

ATLAS 2008-09-10 21:41:40 CEST event:pc-tdg-mon-13:48965 run:87863 ev:676 geometry: <default:

Sl ol 2009 |

'Currélating ATLAS Beam Data with the LHC Lugir‘lg DB
T r T I T T 1 I r T 1 I T T T T T 1 T T T T T T T T T | 1 T T | T T T I T T T

FLILEIEEIIEFE
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BTTEd
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Beam scraping event’
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pT Spectrum of Cosmic muons in different trigger streams
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Statistics collected in 15 hours
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Cosmic shower in the TRT with

solenoid ON

2008-10-04 03:58:54 CEST event:JiveXML_90731_62340 run:90731 ev:62340 Atlantis

ATLAS

sl 1 ' '

Ak

Ay 4| ! Jrmnd

Barrel + End Cap SCT+ Pixel track
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measurements per possible hit vs. layer in the barrel |

3TT

Hit Efficlency
T
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P‘k(o Pl{‘(, Pl{‘u sb?'{_o":z

Run 90733, 1/physics_IDCosmic

3\':1-{’38;

Ecrqz 3\':1-{338;

linnerDetector/IDAlignment/Tracks_NoTriggerSel

tion/HitEfficiencies/|

Ratio hits to total measurements vrs phi sector for TRT Barrel layer 0

Run 90733, 1/physics_IDCosmic

>
[*]
g [ ¥R+
)
E L
L
T
:i-.-ﬂ-o—-.-ﬂ-.-'- e ina T e |
L - -+ +_._-|—_._-o-|-|— -
0.5
R SR B
L 10 20 30
Phl Sector

ements_ jinnerDetector/IDAlignment/Tracks_NoTriggerSelection/HitEfficiencies/hits_eff_vs_phi¢

Efficiency for hits on tracks

Pixel efficiency looks good at first glance

SCT efficiency under investigation
TRT efficiency will improve with updated calibration ::j
ID (SCT+TRT) tracks angle correlation with Muon

System (MDT ) tracks is in agreement with Monte Carlo o
o

distribution

Luca Fiorini
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0.07

0.06

MC
n=01=0.2 mrad

g =10.3+0.2 mrad

DATA
pn=10.4+0.2 mrad

¢ =9.7+ 0.2 mrad

A L iy i
-0.08 -0.06 -0.04 -0.02 0

B iy L e,
0.02 004 0.6 008

0,5-6ys (rad)

T
0.1

ID and MS track angle correlation
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REAL SITUATION

Deduce alignment corrections
from track fit quality
by minimizing residuals

Nominal

|Ur|B'|uuad ¥ Residual Pixel Barrel Layer 0 |' 34

RECONSTRUCTION
WITHOUT ALIGNMEMNT

Presen

UnBiased X Residual Pixel Barrel Layer 0

60 _ # Alignment 1

a Nominal

40

a Alignment 2

# Alignment 3

~250 ym

=2
X" = hits on tracks r

in (mm)

Preliminary

h_prajVo

Vir

Covariance matrix V

At the moment used for cosmics:

1zo0 | |
-0.0219
0.2144

20

Mean
residual
x of
pixel

in (mm)

Goal (MC simulation,

hresit dx,Ex
210

mmmmmm

need collisions) =

31.83/16

4585+ 5.26
~150
-0.02081+ 0.01041 m

- ~15 pm

residual vector

» Global x* algorithm
 Pixel-stand-alone algorithm

Luca Fiorini

IFIC Seminar Oct 2008

- e e et St S et

1-08-06-04-02-0 022040608 1
hresidx N (mm)

s
111111

mmmmmm
Mean 0.001657 £ 0.001204
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Inner Detector in Beam events [REs

e Splash events:
- Tracking technically runs

- In the beginning SCT kept with low voltage

settings and Pixels off for detector safety
reasons

 Beam Halo/Gas events:
- SCT and TRT running correctly

- Non pointing (cosmic) track finder algorithm
more efficient

Run 87863 R A
event 2627 W ;

ID hits and track segment in a splash event

Luca Fiorini
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Calorimeter Commissioning

Calorimeter commissioning: 3 years

Time Correction (ns)

LAr: Some channels require special corrections e.g. high
voltage

Tile: Cs source used to set HV and equalize PMT gains
to <1% (at present 6% due to nominal Cs source
intercalibration)

Tile timing corrections: can intercalibrate to 0.5ns (goal is
ons for first collisions)

Effort is now more focused on performance

Luca Fiorini

- Long term stability
- Prediction of the signal

— Finalize Calibration constants LAr wave 15 GeV cosmics

| Time corrections for LBA partition in M4 runs |

NI
Tile ttmmg |
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Long barrel module number
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600 Difference
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2003—_;;
oF
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4000 i
0 100 200 300 400 500 600 700 800
Time (ns)
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1-0.02
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Pedestal variation in MeV

h b &S AN A & 4N w B oo

Survey of 128 channels in EM Front Layer

period 1| period 2| period 3| period 4 |period 5
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S

i
Pedestal stability; LAr E
5 m‘F)nth period)

06-2008 07-2008 08-2008 09-2008 09-2008

| TileCal Digital Noise as a function of time |
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'§1ME}++ L AT
B1.42F
= C
5 140
;%"1_33:
1sscNoise stability in a tile barrel
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132
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L g
* Energy reconStrUCtlon __Cluster Energy (0.3 <l < 0.4) | — 3x3 -
- LAr EM: Reconstruct E with 3x3 calorimeter £ sl | LT 388197
cells, comparison to Landau P _ E‘l‘i}“ 452;%}*39%5
» energy N dependence agreement, though N = 20782238
there is a 5% systematic uncertainty on the “F
MC prediction woo|-
- TileCal: energy loss by muons normalised LAr EM
by distance traveled in TileCal ;
| Trigger bit0_TILE: TileCal MuonFit Energy Density | tileMuonEnergyDensity | o N e Em:zm;m
sool- Entries 3831
N Mean 1.74 2 %k .
. = Data
A RMS  0.95 S m0- * MC
: MPV 135 = 20 1 T
B = T 1 1
300— 270 — [ e .
C 260; [ T Toel + + _%JIL'_%
200:— 250% — 5MéV=2f{g+ T I T
C 240 . . T o
100 — Bl b b b b b b L
- 230 .08 -06 -04 -0.2 -0 0.2 0.4 0.6 0.
1
A L Energy loss of Muons in LAr

Muon Energy Loss per mm (MeV/mm)

Energy loss of Muons in TileCal
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The events of Beam Splash on the
collimator are the first kind of beam events
recorded in Atlas.

» The total energy recorded in the
Calorimeters for these events is above
1000 TeV.

» The width of the pulse shapes is
consistent with the hypothesis of particles
coming within 1-2 bunch crossing.
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12
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Average Cell Energy versus Phi in LAr

[ Occupancy versus Phi |
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2 - . " L L
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- : L d F
05 -llil:;f;‘.gﬁe 7
Average Cell Energy versus Phi in TileCal Phi

Splash events show an eight-fold structure and an up-down
asymmetry, due to the EC toroid magnet and beam-line

support material in front of it, also observed by other sub-

detectors.
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‘Beam Scraping ‘Events

The events of Beam Scraping originate from the proton collisions due to the
defocusing of the beam, before RF capture was activated.

 For these events the total energy recorded in TileCal is below 100 GeV, which
corresponds to less than 10 muons per event crossing the detector horizontally.

- " ROOT's GL viewer, — & X

Eile Camera Help

= T
LT r.ﬂzs.-a.'.‘.!!.ﬂ.ﬂf-.-.m
EE%% Y ilh"!ﬂlll [RRE
Beam 2 | ° .mminmm o
: . oooat Ei’ﬂ.lllaliiiiﬁluﬁlﬁ Juuuun
Beam scraping events in TileCal DD sssoooo (EIE
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| Time[ns] vs Z[mm] | Raw Time | Time[ns] vs Z[mm] |
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Distribution of <tcell-tevt> (one entry per cell EMB-C Layer2)
ns

ht

| <tcell-tevt> (ns) EMBC layer 2 |

C Entries 14207

- EMBC layer 2 Mean  -0.1432
600 y RMS  1.916
500—

- RMS ~2ns
400—
300—
200—
100—

: L | Ll | l Ll 1 | | L1 1 | | Ll 1 |

% -5 10 5 0 5 10 15 20

<tcell-tevt> (ns)

—> Statistical accuracy of relative timing from splash events can be < 1 ns

- Time dispersion of ~3ns

Luca Fiorini IFIC Seminar Oct 2008 26




e Beam Scraping events were analyzed to check the Cesium calibration and
testbeam analysis.

e Good agreement of detector T -
response to beam muons between the E & T — Mean.=2/0.MeV/mm| ® SampleA |
calorimeter's samples. S - mean = -g mewmm ¢ Sample BC
- Barrels responses compatible within E P S e | & SampleD |
6% i C
*Z .

3:_ ............................... \ ......................................................................................
dE/dz for muons is: - § + +
1.9 + 0.2 MeV/ Py r e +' WHE A 3‘* ..... é h #ﬁ{' ........................................

.._ . emm . :'\‘ LE " . : u. :* ‘3"".

This value is in agreement with the LoEBc | uBc. | 1BA | EBA
muon energy loss per mm measured ~1.9 MeV/mm | 2.0 MeV/mm | 1.9 MeV/mm | 1.7 MeV/mm
with cosmic muons: L .

B | | 1 I | | | | | | 1 | | | |
-E?Dﬂl] -4000 -2000 0 2000 4000 6000
dE/dz =1.7 £ 0.3 MeV/mm Muon energy loss for beam events muons (MeV/mm) Z[mm]

» And also Good agreement of the detector
response between cosmic data and beam data
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MDT tube vs. RPC strip |

MDT detect cosmic muons tracks very well |

« ~6 hits per layer per track E ol ) I_m
= 4000? - H = —350
Combined MS+ID (TRT+SCT) in March 2008 B g
S c
~ difference in track (8,) using ID (SCT+TRT) and ~ § wo- F‘p" i
muon (MDT) hits o a 100
August 2008 cosmics run with magnetic field “on”: jawg*® .
: : e siaee % e Etastriprmm  Side A
- Correlation between momentum in ID (TRT only)
and muon spectrometer S SOpTTETTEITTT T E
| % o - - - -
o0 E - =" I
H=(0.6 £0.2) mrad 2 20f o 3
250 o =(10.3 + 0.3) mrad o E E
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150 E —1{]_;-— l;
100 i '2{];_ _i
—SCIE_ . _E
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a0, T
$1 008 006 004 002 0O 002 004 006 008 0.1 _505: TR T TP S0 B D B I U P
-20 -40 -30 =20 -10 0 10 20 S magment;rﬁ {GeVE)D
Pp = dus (rad) Track momentum correlation TRT and MS
Angle correlation between ID and MS 'Wrong' sign for downward muons in upper side of

1
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*Goal: 10% accuracy for a 1TeV muon track requires a resolution on the
reconstructed sagitta of 50pm. Intrinsic resolution of the muon chambers: ~35um

= For needed sagitta accuracy: track-based alignment algorithms used i
combination with optical system (~12000 optical sensors)

o (Geometer survey: positioning
accuracy of the 1200 MDT
chambers: ~5mm

R A AR AN AR A weypeyen B R L Vi enan RAAAS As S

. o 70 Sagjtta — SmallSecto 51201 Saqitt R
 Barrel alignment fit in sector 5 .t _ E : gifa ;
performed with cosmic events ~_F ~ correction 3 op  correction -
- : B0 » -
40F s : ]
* To achieve the desired 30um  3of A 60 / :
accuracy for large and small N e soF . ]
sectors the track alignment ok . g b ]
algorithm needs about 100k of Dg....T.'.'.'.TI'.'.'.T:..|._.'.'.T.'._.T....5 o

projective tracks with moment Tz o 4s b LS A R R ¢
of 20 GeV. MC sample of 100k projective Cosmic sample of 400K tracks

tracks
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* In 2008, after an initial period of experimentation, Atlas allowed the export of
Point1 infrastructure to the outside network via NX server.

This allows the possibility of performing shifts from abroad for the systems

interested in that.

» TileCal allowed the possibility of
taking remote Data Quality
shifts and the experience in
2008 was very positive.

It is particularly interesting for:

 People who cannot travel to
CERN for commitments in their
home institutes (e.g.
Professors)

 People in a different time
region, who can take CERN
night shifts.
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@ Atlas Remote Monitoring IFA

Ihl-\

Valencia TileCal group just finished to install in the lab a workstation for
remote monitoring that can be used to take remote shifts

NX - solans@pe-tdq-mon-gpn-02.cern.ch:1047 - TileCal Remote Monitoring V... ===

* DAQPanel

Insert Here Some Inf
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ATLAS has proved to be ready and in good shape for first beam data.

Already 3 years of in-situ commissioning, but data has never been so useful for
commissioning as first beam and recent cosmic data.

- Most subsystems have joined the ATLAS combined cosmics runs. Latest system
was pixels joining less than 2 months ago.

- Essentially the entire detector has been fully tested with calibration and cosmic
runs.

ATLAS benefited only of 2 days of beam data in 2008 before LHC incidents
stopped the beam commissioning program.

- Even so, beam data was very useful for the commissioning of the detector
- We look forward for first collisions in spring 2009.

Current Priority is to establish initial calibration constants for early running

- Already available preliminary alignments, energy scale calibrations and timing from
both cosmics and first beam.
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