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Beam energy

Design Luminosity

| Bunch spacing

| Particles/Bunch
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74 E,V

1034 cm-2s!

25 ns

1011 x 2808 bunches
1232 15 m_ 8.33T




The ATLAS Detector

Length : ~ 46 m
Radius : ~ 12 m
Weight : ~ 7000 tons

Tivg Calorimeter Liguid Argon Calorimeter

Muon Detectors

~108 electronic channels

3-level trigger

reducing the rate
from 40 MHz to
~200 Hz

prmm— T .. r I %& ~ O Inner Detector (|n|<2.5, B=2T):
' \ ' & Si Pixels and strips (SCT) +
=,y T Transition Radiation straws
¥ g e TERAL N S Precise tracking and vertexing,
’/P‘ \ ) 2 e/n separation (TRT).
AR R B ' Momentum resolution:
| o/pt ~ 3.4x104 p; (GeV) @ 0.015

I/
; i ."\ .
Toroid Magnets Solenoid Magnet SCT Tragker Pixel Detector TRT Tracker

EM calorimeter: Pb-LAr Accordion \ |

e/y trigger, identification and measurement HAD calorimetry (|n|<5): segmentation, hermeticity
E-resolution: ~ 1% at 100 GeV, 0.5% at 1 TeV | Tilecal Fe/scintillator (central), Cu/W-LAr (fwd)

Trigger and measurement of jets and missing E+
E-resolution: /E ~ 50%/VE & 0.03
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First beams - September 10, 2008

P

After Sept 10

September 2008

Successful continuation
of commissioning with beam

(low intensity, 109 protons)
Sept 11:

Switched on RF for beam 2
circulating beam for 10 min

Many tests (orbit, dump,..)
Sept 12:

Measure horizontal beam
profile with wire scanner

Evening: transformer failure pt8
replacement + recovery

Continue with machine checkout
(without beam)
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Beam bunches (2x10°
collimators upstream o
“splash” events in the

rotons at 450 GeV) stopped by (closed)
periments -

ectors (debris are mainly muons)

tertiary |
limators Beam1 %C‘r;l)ips (BPTX)
— 140 m 175

First ATLAS

beam splash

2z event, recorded
10 September
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LHC damages

Problem in Sector 34

Friday Sept 19

* Commissioning without beam of final sector for 5 TeV operation

« Faulty electrical connection between two magnets

» Leading to large helium leak into the tunnel

* Sector has to be warmed up (started, takes several weeks) before
diagnesis and repair can start, then cool dewn again (several weeks)
—3 runs into winter shutdown

* Restart of accelerators spring 2009 - LHC beams to follow
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Ssiduals (mm)

¢ residuals vs charge balan
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S.Myers
Phase 1 +2 CERN November 2009

The LHC repairs in detan

54 electrical interconnections
14 quadrupole magnets 39 dipole magnets fully repaired. 150 maore Ower 4 km of vacuum
replaced replaced needing only partial repairs beam whe cleaned

A new longitudinal Nearly 900 new helium pressure 6500 new detectors are being

restraining system is being fited release pors are being installed added to the magnet protection

to 50 quadrupole magnets around the machine system, requiring 250 km of cables
to be laid

+ cryogenics!



ATLAS

Beams and first collisions

Andreas Hoecker (CERN) on behalf of the ATLAS Collaboration
CERN seminar “LHC, week 1", Nov 26, 2009

CERN — Nov 26, 2009 ATLAS — Beams and first collisions 1




1st Beam Splash W Wﬂ“
from Beam-2 \

Beam-splash events

Avalanche of scattered particles
from beam-on-collimator hits

Detectors fully lit, typically
= 300,000 SCT hits

= 350,000 TRT hits
(~all passing high-threshold)

= 3000 TeV calo energy sum
= 490,000 MDT hits

= 320,000 RPC hits

+ 65,000 TGC hits

ﬁ' {.‘zﬂl .a'—.;\)
2 PERIMENT

2009-11-20, 23:32 CET
Run 1490378, Event 2666
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Single beam, two beams,
two synchronised beams,
colliding beams, collisions ?

Candidate
Collision Event

CERN — Nov 26, 2009




Status for first collision

After a vast multi-year programme of cosmic ray data taking and
system commissioning ...

* Pixel - off (no stable beam)

« SCT - standby

» Standby V is 20 V = ~509%,
hit efficiency (increases with
incidence angle)

ATLAS DETECTOR CONTROL

= Barrel and endcap
increased to 50V for short
stable beam periods during
collisions

= Barrel voltage sometimes
lower than 20V for beam set
up (eg. splash events)

= All other systems (Muon
system, Calorimeters, TRIT,
Forward detectors) on

» Trigger and DAQ ready

HEC FOAL &
HECFOALC

EBL
BARRFL A

7T AT

AlLFa o -
FWD e o * Solenoid off, toroids on
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2009-11-23, 14:22 CET
Run 148541, Event 171897

Candidate
Collision Event




‘Luminosity recorded
with 900 GeV and 2.36 TeV

s 3(103
L% 800 ;_ ATLAS MBTS A/C-side Coincidence Trigger
“E ?00:__ = Totlal Recorged I I
@ E
E 600;_ e Recorded durnng Stable Beams
Z 500
4007
3002_ ATLAS preliminary
200—
100- ——
D:"I J '_ETI-!|I|1{I[|!|1|;J
2 4 6 8 10 12 14 16

Day in December

* Total number of collisions recorded: ~880k
« ~540k with stable beams = Tracker fully on
- ~34k at Vs=2.36 TeV
» Recorded integrated luminosity with stable beams: ~ 11 pb-1
» Max peak luminosity seen by ATLAS : ~ 7 x 10?6 cm*? s°!
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Kinematics
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Particle identification in Inner Detector
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Transition radiation intensity

IS proportional to particle

relativistic factor y=E/mc2.
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High threshold probability
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p; (track) > 100 MeV
MC signal and background normalized independently
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ldentifying Kaons
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Figure 11: The measured and simulated mass spectra of KTK~ pairs. The Momentum [MeV]
¢ peak is fitted with a Breit-Wigner with a fixed width convoluted with a
1, 2] ¢ . Ty 2 ) i 1 . 1 /| ST . 1l . -
Gaussian. Both kaons must be identified through the dE/dr measurement. Figure 10: The dE/dr measured in data as a function of momentum.

Charge particles with 200 < p. < 800 MeV
with dE/dx tag.
Mass in agreement with PDG value.
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y— ete conversions

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

Elzbieta Richter-Was Lectures on LHC physics



Y— e+e- conversions

Elzbieta Richter-Was

p;(e*) = 1.75 GeV, 11 TRT high-threshold hits

ATLAS preliminary

Data conversion candidate
MC conversion candidate
MC truth conversion

MC truth Dalitz decay

Pixel layer 1
Pixel layer 3

——Pixel layer 2

)

o
o
E
©
L]

o

i
i_l
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Calorimetry Barrel EM

Tie barrel Tile extended barrel
og /E = 50% //E & 3%

Cedls in Layer 3
Spdn = 0.0245=0.05

Tri
— m“'-rwtr

LUES

Lar hadmoric
end-cop (HEC)

LAr glectromognatic
end-cap [EMEC)

Lar elechomognele el
barre! o

| o /E = 10%/E 20.7%

LAr electromagnetic calorimeter
a9 Barrel: |n| < 1.475
9 EndCap: 1.375 < |n| < 3.2

Hadronic calorimeter

Tile calorimeter: |n| < 1.7

LAr endcap calorimeter: 1.5 |n| < 3.2

Elzbieta Richter-Was Lectures on LHC physics 24



Energy flow in calorimeters

Uncalibrated clusters
(topological clusters with noise suppression)

T T T F _IIF' ffff 1 ****** l"f"| T'I" """""" 'I """" L L _!
iL Atlas praliminary é g :33:_ _.:
Beam 2009 Vs = 900 GaV - B 180f E
# Data (Run 141707 f g 1'50:_ _.E
——— MC M E- | 8 140 =
= g = _._:
- al L i - 3
§ 100 i
= 2 ﬂni m 2009 s = 500 GeV 3
'% g ED: - Deaty (Fun 14170 EMW :;
& % 40 T WG MinBes outer/inner
E g 20 wheels
PR | n i 1 =l
0 2000 4000 6000 8000 10000 | o M Tty T v
transverse clustar anargy [MeV] "
= Excellent agreement data-MC at such low energies indicates very good
description of matenal in simulation and G4 shower modeling
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[ 2 photon candidates with E; (y) > 300 MeV
B E: (vy) > 900 MeV

[ Shower shapes compatible with photons
| I No corrections for upstream material
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Note: soft photons are
challenging because of
material in front of

EM calorimeter
(cryostat, coil):

~ 2.5 X, atn=0

Data and MC normalised
to the same area
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3 ET (GeV)

Jetl: E; (EM scale)~ 16 GeV

Vs=2.36 TeV Vs=2.36 TeV

180 Jetl: E; (EM scale)~ 15 GeV

Jet2: E.(EM scale) ~ 12.5 GeV

20 ET (GeV) ‘
Jet2: E.(EM scale) ~ 6 GeV Vs=900 GeV |

Elzbieta Rl

Jetl: E; (EM scale)~ 37 GeV

Jet2: E.(EM scale) ~ 37 GeV 27
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Missing transverse energy

[ Sensitive to calorimeter performance (noise, coherent noise,
[l dead cells, mis-calibrations,
cracks, etc.) and backgrounds from cosmics, beams, ...
I Measurement over full calorimeter coverage (360° in ¢, [n| <5, ~ 200000 cells)

METx / METy indicate x/y
components of missing E; vector
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Missing transverse energy

[ Sensitive to calorimeter performance (noise, coherent noise,

—5— Data: fit 0.38\% E;
Data\'s=900 GeV ——— MC_minbias: fit 0.37\S E,
Data\'s=2.36 TeV —e— Data: fit 0.37\x E;

Non-diffractive MC MinBias\/s=900 GeV I{
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w Thin-gap chambers (T&GC)

Cathode sitip chambers (C5C)

CATLAS
P EXPERIMENT

2009-12-06, 08:38 CET
Run 141749, Event 171059

Barrel toroid

Resistive-plate
chambers (RPC)

End-cap toroid

Menitored drift tubes (MDT)

__._,_,__..------“"f“ColIision Event with Muon Track

| ¥

http://atlas web.cern.ch/Atlas/public/EVTDISPLAY/events. himl
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Summary

Based on the 2009 datasets ATLAS has
published
2 XX conference notes (winter conferences)

4 Performance paper:
arXiv:1005.5254 ; CERN-PH-EP-2010-015
49 Physics paper: “Charged-particle multiplicities
In pp interactions ats = 900 GeV measured with
the ATLAS detector at the LHC”
arXiv:1003.3124; CERN-PH-EP-2010-004
Phys. Lett. B 688 (2010) 21-42
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BACKUP SLIDES
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The T ition-Radiati letector (TRT

2?2 Transition radiation is emitted whenever a relativistic
Photon  charged particle traverses the border between
two media with different dielectric constants.
TR intensity is proportional to the particle y -factor
- for a given particle momentum p, electrons emit
charged more TR than pions - TR detectors used for

particle particle identification
S

® Energy of TR photons
(proportional to € ;-€ ,):
~ 10-30 keV (X-rays)

® Many crossings of
polypropylene foils
(radiator) to increase
TR photons

m Xenon as active gas
for high X-ray absorption

.Anode wire

Radiator: Polypropylen foils (15
i ) interleaved with straws

ectures on LHC physics 34




Forward detectors

m_,“._'tlﬁ

ArLAS

45K 14K

MBEN DFEXY| Mdxs  MOXB MO, Tas Az

]
-
]
1
]
]

IR

82703 .23 SHI7 AN ek 1 XYY

Luminosity Cerenkov

Zero Degree Calorimeter
(Data taking in 2009)

Integrating Detector
(Phase 1 operational since 2008)

ALFA: Absolute

Luminosity for ATLAS
(Installation in 2010)

Lol for Forward Proton detectors at 220 and 420 m (AFP):
ongoing ATLAS review 5
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