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ATLAS Collaboration
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2500 Scientific Authors total
(1800 with a PhD, for M&O share)
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ATLAS Detector
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Tile Calorimeter Liquid Argon Calorimeter

ATLAS superimposed to
the 5 floors of building 40
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Inner Detector

Tracking |n|<2.5 B=2T

B LU
EER EEEERL]

Silicon pixels (Pixel): 0.8 108 channels

Silicon strips (SCT) : 6 10° channels

Transition Radiation Tracker (TRT) :
straw tubes (Xe), 4 10° channels
elrt separation

olp; ~ 5x104 p; @ 0.01
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Calorimetry

Tile barrel Tile extended barrel

Calorimetry
In|<5

LAr hadronic

LAr electromagnetic
end-cap (EMEC)

LAr electromagnetic
barrel

Electromagnetic Calorimeter
barrel,endcap: Pb-LAr
~10%/VE energy resolution ely

180000 channels: longitudinal segmentation

Hadron Calorimeter

barrel lron-Tile EC/Fwd Cu/W-LAr (~20000 channels)
olE ~ 50%/VE @ 0.03 pion (10 1)

Trigger for ely , jets, Missing E;
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Muon System

Thin-gap chambers (T&C)

T Stand-alone momentum resolution
Apt/pt < 10% up to 1 TeV

© 2-6TmMi<l3 4-8 Tm 1.6<ni<2.7

~1200 MDT precision chambers for
track reconstruction (+ CSC
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trigger chambers
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Forward Detectors
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Absolute Luminosity
for ATLAS
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Integrating Detector

Monday, February Sth, 2009 Cristobal Padilla



Short History of the Construction & Installation

JUNE 2003
Cavern
92m underground

55m long
32m wide
35m high
Shafts
Height 57 m
Radius 14 m
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500 piece photo of the detector, made by Ravensburger.
The puzzle can be purchased at the ATLAS Secretariat.

Click here for the full image.

Prices:

3 boxes @ 13 CHF a box

4 boxes @ 12 CHF a box

5 or more boxes : 10 CHF a box
(CHF = Swiss Franc)
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Closure of the LHC beam pipe ring
on 16t June 2008 (the last piece was
the one shown here in ATLAS)
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Hardware Readiness: Liquid Argon Calorimeters

Installation in the cavern
Barrel in October 2004,
End-caps by 2006

Electronics equipment
completed
Back-End May 2007
Front-End April 2008

(some refurbishment was
needed)

Since May 2008
full calorimeter up, integrated in DAQ, slow control
in steady running mode
~190.000 channels read-out

~0.02% dead (isolated) channels
+ ~1.5% (2 barrel module - power supply control lost)
being repaired during the currently ongoing shutdown
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Hardware Readiness: Tile Calorimeter

. . Tilecal Detector Control System
Installation in the cavern [werastoucrune[cooume o W] [Comes [Lgovlod [ moe [heoelod |

Ext. Barrel C December 2004
Barrel October 2005

Ext. Barrel A May 2006

, Electronics
¥ equipment
completed

fLVPS MB+DIG

HV Temp

200V LV Temp

HV Drawer (B

full calorimeter up and running, integrated in DAQ
~10000 PMTs — 5000 cells

~0.2% dead (isolated) cells and 2 of 256 sectors off —
power supply problem
Being repaired during the shutdown
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Hardware Readiness: Inner Detector

Only limited running
before the LHC startup
because of the several
cooling problems in the
silicon detectors that
needed some R&D to be
solved

ID volume sealed

complex End-Plate with 1000
feed-throughs
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Hardware Readiness: Inner Detector

= Solenoid field: mapping done with precision ~10-

Pixel ~0.6% dead/problematic channels
except EndCap wheel A: ~4.2% (+ 8.3% if cooling loop inoperable)

= SCT barrel ~0.35%, end-caps ~0.26% dead/problematic channels
except EndCap wheel C: ~1.6% (1.3% due to cooling loop failure)

= TRT : dead channels 1.2-2.0%,

» The critical path issue was the evaporative cooling system repair and cleaning of the
plant, after a failure on 1st May 2008, which ended late July

= Priority then given to Pixel operation
» First to safely bake-out the beam pipe (early August)
» Then to operate the full detector (for the first time in September/Octorer)

= All ID sub-detectors integrated in the ATLAS DAQ and took significant data
» The TX plug-ins (opto-transmitter) remain an issue; they are dying at a significant rate

» Off-detector: they affect both SCT and Pixel
* A new production is now planned.
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Hardware Readiness: Muon System

All chambers installed
(few chambers staged to 09)

All wheels to final position
before 2008 LHC run

Most alignment rays are
operational
Good results: ~200 um

Chamber Installed

February 2005 @ Magnetic field measurement
< 5% of probes lost
AB/B=1.5%

Very few bad channels
Few chambers with problem

(gas leak, overpressure accident,...)
Some loss of redundancy but

no acceptance hole

~

Last Muon Chamber
Installed July 1rst 08
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Toroids and Solenoid Magnet Systems

= Central Solenoid up to full field 7 73 KA \ / |
at 7.73 kA nominal in Aug 06 1 | 1
- / Solend?ié g
=N i
= Barrel Toroid up to full field o g ! ES
at 20.5 kA nominal in Nov 06 1 | |
= EndCap-C Toroid up to full field 205kA / ~
at 20.5 kA nominal in June 08 Rane
arrel Toroid

EndCap-A Toroid

Leak in electrical pipe isolators - 239 May
Toroid warmed-up/repaired/cooled - 20t July
EndCap-A tested up to 21kA — 23 July
Combined test of 3 magnets at 15kA - 31rst July
Operated during the cosmic run in September
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Trigger/DAQ Architecture

Trigger

40 MHz

75(100) kHz

40 MHz

Calo m

MuTrCh Other detectors

D FE Pipelines
E

Lvll ac

c = 75 kHz T

/O Read-Out Drivers
160 GB/s

Rol data = 1-2% 160 | 68/s Read-Out Links
~ 10 ms oy Read-Out Buff
RoI Builder re’—q—y“es*s ROB ead-tur burrers
L2 Supervisor T ROS D Read-oOut Sub-systems
L2 N/work Y A
L2 Proc Unit 2N T ~3+5 GB/s
~3 kHz jvi2 ac A Dataflow Manager
Event Building N/work
~sec L
Sub-Farm Input
Event Filter N w Event Builder
Processors Event Filter N/work
EFacc
Sub-Farm Output
~ 200 Hz ~ 300 MB/s
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Trigger/DAQ Architecture

-

’

The read-out electronics, trigger, DAQ and detector
control systems have been brought into operation

gradually over the past years, along with the detector
commissioning with cosmics

W
&N

J 1wl = /
Example of LAr calorimeter read-out electronics
ARG T E VWS VE -7 — 7 e}
In total about 300 racks with electronics
Example of Level-1 Trigger electronics in the underground counting rooms
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HLT Farms

Final size for max L1 rate

~ 500 PCs for L2 + ~ 1800 PCs for EF

(multi-core technology)

850 PCs installed
total of 27 XPU racks = 35% of final system

Final system : total of 17 L2 + 62 EF racks

(1 rack = 31 PCs)
(XPU = can be connected to L2 or EF)

X 8 cores
CPU: 2 x Intel Harpertown quad-core 2.5 GHz
RAM: 2 GB/core, i.e. 16 GB

of which 28 (of 79) racks as XPU
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. ATLAS output disk (point-1
Final Dress Rehearsal o O e

5 !

= Played data through the computing

system just as for real data from the
LHC

= Starting at point 1
= Processed data at CERN Tier-0

= Shipped up to Tier-1 and Tier-2s
for physics analysis

= Complementary to other
commissioning activities with cosmics

» Two FDR runs (February and June-
July 2008)

ooooo
rrrrrr

uuuuuu

omania

Tier-1 and Tier-2 sites
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Final Dress Rehearsal

wLCG Grid: Tier-0 and the 10 ATLAS Tier-1s

Data transfer TierO--> Tiers-1

Averaged Throughput from 11 Hrs on 21/05/08 to 11 Hrs on 24/05/08
Data Transfer For “Atlas” From All Sites To All Sites

@ ASGC

O BNL
OFK

0 INZP3-CC
INFN-TL
@ NOGF-T1
0O NIKHEF
@ OTHERS
@ pIc

0 RAL

0 SARA

O TRIUMF

Throughput {(HB/s)

011 13 151719 21.23 01.03 05 07 09111315 1719212301 0305070911 131547 1921 23 01 030507 0911
Tine (GHT) GRIDVIEY

Nominal peak level (~1 GB/s) sustained
over 3 days

Number of world-wide ATLAS
production jobs per day
: from 1 May to 5 September
S {1 TIELR 11 2008

0817

FR © NDGF = TW
CERN ®ES #IT mNL m UK
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Commissioning with Cosmics

‘/' \\ 1IfH”\W XIAYNY NG A /
\ / Simulated cosmics flux

Y% |n the ATLAS cavern

e ‘X.'

AR
\ .
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Real Cosmic Event

Muon impact points extrapolated
to surface as measured by
Muon Trigger chambers (RPC)

(Calorimeter trigger also available)

o o 3 Rate ~100 m below ground:
ATLAS shafts ~ O(15 Hz) crossing Inner Detector
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A Nice Cosmic Muon Through the whole Detector

ATLAS

2008-09-28 10:19:08 CEST event:JiveXML_90272_2065845 run:90272 ev:2
YX Projection

o
—_

¥ (m)

-10
1

Monday, February Sth, 2009 Cristobal Padilla

28



Example of Cosmic events with Magnet on

ATLAS 2008-08-23 12:13:41 CEST event:JiveXML_83633_780513 run:83633 ev:780513 Atlantis

4

|
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Calorimeter Calibration

Liquid Argon (LAr) and Tile
calorimeters had a long
commissioning period

(started cosmic data taking
since 2000)

Calibration ready

= Pulses (LAr and Tile)

» Radiation sources (Tile)
= Laser (Tile)

= MC and test beam data

The LVL1 Calorimeter

trigger is also commissioned

TileCal Digital Noise as a function of time ]

$1- Stability of individual
8- channels ~2%

£1.44}
g F ,t¢ T I B LA A
o142
z >

R}
[- I
01.38;

%5 Noise stability: tile

'*= (3 month period)
1.32;
135900200 210 220 230 240 250 260
Day of Year 2008
. Survey of 128 channels in EM Front Layer
> 5 . .
= , period1 period2 period3| period4 |period 5
£
i)
: 2 1Me
1
»
&
A |
2
3= Pedestal stability: LAr EM
4= (5 month period)
5

5706-2008 07-2008 08-2008 09-2008 09-2008
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Commissioning with Cosmics

e — —
- v \ ; : Ui ‘ . ri= E
- 1200}
1000k \ e Measured
— Predicted
| 800 o
B Difference
600
¢y 400 .
S 0.04
I \\g 200 ; 0.02
| e - WA \, 4 . . ‘;. 4 . ’
' ' v ' (cml' 1 ! \Y ~
° 200 \ﬁ___./ o
. 1-0.04
LAr Calorimeter OO i by i s {ihen 0o} meami] s o aee aliccnd
0 100 200 300 400 500 600 700 800
Time (ns)

The precise knowlege of the pulse shape is
important for good uniformity of calorimeter
response

First measurements with Cosmics
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Commissioning with Cosmics: Muon and ID Systems

00:20:18 CEST eventJiveXML_77585_397 204 run: 77385 ev:397204

‘ difference in the azimutal angle
between the muon and the ID

0
0.07

DATA BDATA
0.06fu=-1.3£05mrad | -« MC

c=13.7+07mrad ] *
0.05H MC

u=-09+0.28mrad
o =10.0 + 0.7 mrad

o X(m 0.04

0.03

lllllllll

0.02

ATLAS preliminary
0.01 [

Ill

LI
.

%.1 -0.08-0.06-0.04-0.02 0 0.02 0.04 0.06 0.08 3.1
o.(. luon-1D) |rad]

First constraints on alignment from cosmics
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Commissioning with Cosmics

Number of events (in million)

Cosmic events recorded and processed by ATLAS since Sep 13, 2008

=T T T T | T T T T I T T T T ] T T T T I T T T T I T R
160 [ | === Sum of RPC, TGC, MBTS L1 Triggers 161 million events ------- -
[ | ——— RPC Triggers (L1) n
140 — Bottom RPC Triggers (L1) ‘Downward Muons' -
C e 1GC Triggers (L1) _
120 — | — Min. Bias Scint. Triggers (L1) —]
— = Calorimeter Triggers (L1) —
100 — | ——— Inner Detector Track Trigger (L2) —
- e EM Calorimeter Triggers (L1) i
80 — -
60 — —]
40 — —
20 [— =
- | - e A S e — S M A | =l

0

o

5 10 15 20 25
Days passed since Sep 13, 0:00

Active use of the High Level Trigger
system to select tracks that cross the Pixel
detector and classify the events in a
special stream.

Good test of the infrastructure for trigger
and analysis

Approximate Number of Tracks with Pixel Hits

250

200

150

100

50

A huge amount of cosmic
ray triggers are recorded,
in total (left) as well as
giving tracks also in the
smallest-volume detector,
the Pixels (below)

w

— All Tracks
------ B-field on
---- B-field off

IIIIX
-
o

- ’
Sabessssssranananat "
K ~( -
+

T e baka® 1 | 1111 ‘f'.. v by e a1
5 10 15 20 25 30 35
Days since 14th of September 2008

°—|l||[l||l|llll||I|I|III
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|ID Efficiency and Alignment

. . ) ——— 3
= |D Alignment to be performed in § 09955 =
) g E A —— ————
subsequent steps varying the number 5 0%E e 3
of DoF T 0885 3
098E- 3
» L1: Compensate the sub-detector 0975E- 3
global misalignments 097E
= L2(2.5): Align sub-detector 0985 E
components e E
. T . 0.955E- =
= L3: aligns individual mechanical ogstf;“ff‘,s _____ owen/ STV TN 3
. . 15 2 25 3 35 4
units (needs collisions) - SCT barrellayer+0.5'side
anwruwmum-nw:g[ o inxwmnmﬂ;ﬁo] R o ‘"V--Lu
25 e ¥ ] +.'.".'..... g — = anms . -
1 g = : vl N P B0 S
20 {:}_" eali il co #-_:' o —n A s 10 . ? o
- 4 Sy 1206 . A28
: . . ] ] —g—
] - i ' 30 Sy
15 : { 50 :
10 20 - {0 f
+ ] 30
5 + 10 20 .
1, #+ ] 10 .:‘
01 Y ']".vl.r;v' o—: .l 0 h.x L 1 L
A L. . - » 108060402 0 02040608 |
in (mm) in (mm) in (Mm) hresitd (MM
Nominal L2 L2.5 L3 — 35 k DoF
~1 mm 10K trk - 250 ym 50 Ktrk — 150 uym 1 Mtrk -15 um
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Excitement in the ATLAS Detector Control Room:
The first LHC event on 10t September 2008



Reconstruction follow-up and analysis of the first LHC events



First Event in ATLAS

The very first beam-splash
event from the LHC in ATLAS
on 10:19, 10th September 2008

\ >

Online display

Offline display [z

first beam event seen in ATLAS '
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Other events in ATLAS
ATLAS 2008-09-10 22:31:22 CEDSZ'I;r:/:::n:JiVeXML_57863_03435 run:87863 ev:3;_35 geometry: <:Xe::j::w . Atla;;i; SCT Enmps beam splaSh -
= — ~.  Abusy beam- £ wo
' . halo event < |
. . with tracks :
‘l ——— bent in the 0
— ' —— 1
o 3 qm'% Toroids from ¢
i = the start-up 200
day o
o
SCT EndCaps beam splash event ATLAS Predsmnary

i: |Hl)| mr B

Beam event A |

in the Silicon , ‘
Tracker . 's

e

40

T R

i ' (I -
Another o "

vearhao = {1l it}

3000 2000 4080 @ 90e0 2000 o

http://atlas.ch

30
I e
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Triggering Splash Events

= |LHC changed the
operations plan one
day before the
iInauguration

= Beam was going to
stop at the collimators

= We changed the
strategy very fast and
used the same trigger
timing setting as for
cosmics to ensure that
events were recorded

~Number of Events

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

oaof ¢
m;. C-side
@ TGC_HALO
600r
-l
: . 4BC
12007 TGC _MUO ( = Time-of-Flight)
1000} —
m{- ) A-side
w * TGC_MUG :
sor
- a
[ ~58an 8
ECT s Q) : B(:I?Ch Crossing

TGC trigger timing in a splash event coming
from C side. The 100 ns (4 Bunch Crossings)
time of flight is clearly visible
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Detector Timing with Splash Events

One interesting feature of splash events
Is that many tracks hit the detector at the
same time. All TRT tubes were fired in
several splash events, so that, thanks to
the intrinsic resolution, it was possible to
align the time response of the entire
detector using a single event.

31.00% N
29.91%
28.82%
27.73%
26.64% [
25.55%
24.45%
23.36%
22.27%
21.18%
. 20.09% N
i 19.00%

Other splashes were used to verify the
correctness of the time alignment.

= Time distribution of a single splash
- 3 using the time constants measured
. 3 with cosmics. The up-down Time of
- “t flight effect is visible.

[oventt])
o "t Time distributions of different splash events (in
+ ot different colors) with time constants computed
ot - 7 using a single splash event. The average width
P . ' S I B _M is 0.3 ns.

115 : A : . 05 T 15
t1-12 [ns] 15- 12 [ns]
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Energy deposits in the Calorimeter

material on the end-cap toroid

\‘\‘““‘r""”"’ T 1A TileCal =
{ s T T E8A
ML/ ] - R ; ; " 8a
g'“‘;*. Y © botomof |3 e
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_E g m:l..$ .‘.’..;: -_.. :.‘. . :..' - S ﬂ o v,v.-:.
S “:‘l- Py ue -:' 'I-:’:.'l'e , e
T s e L i | =, W"
200[¥ . Tl T an s . rs¥‘ "
. oy s B
EM Barrel, -0.8<n<0
%‘ 0 52‘_Ps""q = Energy deposit from beam splash
E [-s3 -s1 | ‘ | (collimator) event
w Il -
8- ) -
= l A u : I i
| . .
Gl ‘ | " L i' : ' v = Eight-fold structure in ® due to the
gy ol DR Y
AR @ :
5

N
)

1]
*
et el

|

Extra material in the bottom of the
e detector from the support structure
-3 -2 1
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-
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First Circulating Beams in ATLAS

ATLAS trigger during the circulating beams used the “Minimum
Bias Trigger Scintillator” (MBTS) and the Beam Pick-up (BPTX)

Flle Vertical Timebase Tngger Desplay Cursors Measwre Math Analysis Utdles Help

MBTS minimum-bias
trigger scintillator on
IP-side face of endcap
calorimeter

m—

pronmn. N T

300 m\ : 300 Vi ;
oftsel | G00mVoftsst  900mVotssel | 00mV offsel

Beam becoming unstable: MBTS, initially quiet, becomes more active after several runs.
At the end the beam pick-up does not see the beam anymore while the MBTS still fires
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Timing Studies in the Tile Calorimeter

Beam splash and beam halo event both yield almost horizontal muons that can
be exploited for check timing checks

EBC EBA
BOANRLURRRRRRIREIFRI R4S -\.-"¢_'_l‘..'X"‘l'l‘l:.l}_l?_'_i'l
i )
B = — | H=r = =
. - I . - -
= - - <

Time[ns] vs Zmm)

Time(ns] va Zimm] |
T o
¢ | * Sample A I Sample A
E 2l * Sample BC 2w Sample BC
! ) « Sample D Sample D
ol Raw time A (s mems
! - SRR —
: P L I Ly -
mi w _ » Pewnie
5 Corrected for TOF
%0/ o, .
F ¢
Poso  wow  aee 8 mea mo;('la),oo B 0w a0 0 2000 mnuro

Time dispersion is ~2 ns in each partition
Offsets between partitions well whitin 1 BC
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Timing-in the Trigger with Single Beams

= Experiment timing based on beam-

pickup (“BPTX") reference

» First task of LVL1 central trigger team
on 10" September was to commission

the beam pickups

= Times of arrival of other triggers were

adjusted to match

= Plots show evolution from September

10 to September 12t

= Each LVL1 sub-system also needs to

be timed internally

= L1-Calo, L1-RPC, L1-TGC, MBTS, etc.

Relative Trigger Timing in Run 87863

10°FT

* BPTX < 10 September
wi ® MBTS - .
+ TGC n
"t v Taus .

* Jo

T Ems | "t
A

-15 -10 -5 0

5 10
Bunch Crossing Number (L1A=0)

Relative Trigger Timing in Run 88128

* BPTX ——

" MBTS

4+ TGC

v Taub

“ J5 i
EM3

© RPC

| L]
(1]

2 4
Bunch Crossing Number (L1A=0)

12 September

102 -

-6 -4 -2 0

Note change of scale!
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Collisions: a Physics Roadmap

Higgs discovery sensitivity (M;=130~500 GeV)
Explore SUSY to m ~ TeV
Ti-1 Precision SM measurements
Sensitivity to 1-1.5 TeV resonances — lepton pairs 14 TeV
100 pb-1 — Understand SUSY and Higgs background from SM 20XX
More accurate alignment & EM/Jet/ETmiss calibration
10pb-1 | Search for very striking new physics signature 10 TeV
Use SM processes as “standard candles” 20xx
Test beam, cosmic Initial detector & trigger synchronisation,
runs, pre-alignment & commissioning, calibration & alignment, material
calibration, e
extensive ) ] "
simulations ... time
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Example of first signals

1 pb-'=3 days at 103'at 30% efficiency

—
o

do/dM [nb/(100 MeV)]

—h
S

10

2 3 4 5 6 7 8 9 10 11 12
Mass (GeV)

After all cuts:
~160Z — ee/day at L =10%3"cm?2 s

energy/momentum scale of full detector
Muon Spectrometer alignment,

lepton trigger and reconstruction efficiency, ...

L TR R ARRTS After all cuts:

- [Cbb—p6udX 3 ~ 5000 (800) JAp (Y) =un/day @ L = 103" cm2 s

[ Direct onia (for 30% machine x detector data taking efficiency)
B Drell-Yan

3 Bkg w/o R E —Allow to do tests of tracker momentum scale, trigger

E vertex cuts  f§ o ] performance, detector efficiency, sanity checks, ...

%500 II|III|III|IIIIIIIIIIIIIIIIIIlIIIlII

- Initial robust analysis
%000 >0 pb 1 e10 trigger '
u?2500

ATLAS preliminary loose identification

IllllIIII|IIII|IIII|IIII§.IIII|IIII

2000 background
extrapolated from
1500 side bands
1000
500
| | A S i
00 20 40 60 80 100 120 140 160 180 200

Invariant Mass Mee (GeV)

~25 k events (at 10 TeV reduced by 30%)
quickly dominated by systematic
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W/Z Production

Z—pu W—pnv
« Trigger and offline eff. from tag-and-probe = Trigger and offline efficiencies from tag-
«  Tracks in Muon Spectrometer and-probe (Z—uu)
= Muon isolation in calo
g T Z =  Missing E; > 25GeV
; E_ ATLAS preliminary DW—>M\I
S - ~{[Jbb—up 3 F'U'\S'"l""""""""”W'“""'_
=2 AT imi —
g - tt—=u o e preamnety & W, E
f D Z—tt § - S Zup :
E . w - 1 .
i: 10° %, E
E_ 10 E
:.L.L . PN i rns oty e o LJMLrO._
40 50 60 70 80 90 100 110 120
m,, [GeV] 14 Tev My [GeV]
JLdt=50pb-': 25.7k Z, 0.1k bckgd evt JLdt=50pb-": 300k W, 20k bckgd events
0=2016+16(stat)+64(syst)+202(lumi) pb 0=20530+40(stat)+630(syst)+2050 (lumi) pb

( + isolation in Inner Detector)

Luminosity uncertainty vanishes in oy,/o; —stringent test of QCD
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Minimum bias

Large uncertainty in extrapolation to LHC 1 minute L=103'cm2s! 14 TeV
Ex: central charged particle density for non-single diffractive events
g :||||||||||IIII|III| ||l|||||||||||lllllllll]llll
F 68
? 10 """I T Ll 1'-7"] L Ll YY""I T LA U el % :
= [~ PYTHIAB.214 - ATLAS 661
g .......... PYTHIAS.214 - CDF tune A % 64 f_
= | ----- PHOUET1.12 <
5 8 5..C 1.1
Z N 6.2 —— MC charged primaries i
=) - 8 : A Correctad newTracking T
L %D 6 :_ Ratio: Corracted/MC 4] 05
! ) =
6 I+ pp interactions Q58 ‘ | o .
- | g A S S N S |eez=ismmnhanas}~
® UAS and CDF data 56 :— ‘ o e \i I
™ 7 54 _TI 11 I 1111 I 1111 I 1111 I 1111 I 1111 I 1111 I 111l I 1111 ] 11 IT095
4 b i 25 2 15 1 05 - " T T T T
! pseudorapidity
O-P— FTrTT | TTT TTT TTT | TTT I TTT | TTT | TTT | TTT | 17713
g I ]
3 %r ATLAS ]
2 - -ou>> C MC charged primaries ]
€ 50~ -
C 4 Corrected newTracking ]
' | 40 E
0 p ol 1 1 a1l 1 p ool 1 Ll 1 1i1l E eXtend tracking
2 3 4 5 C
10 10 10" 10 *F
Vs (GeV) ok down to 150 MeV
* Minimum-bias (— pile-up) - .
10 ]
» Underlying event in hard interaction - :
. . . 00 1 IO!ZI 1 ID|4I 1 IOFel 1 IO.|8I 11 ‘% 111 | 11 I1 |4I 11 7I 1 — 1
need to be well understood for precision physics pp GeV)
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Inclusive jets and W/Z+j

inclusive jet cross section

10 ———

107 | QCDLO, p=B22

10° |- ——— CTEQ4M

> -~ CTEQ<H]

10 | > .« &5 MRST
o'k LHC (Vs = 14 TeV)
5wk :
2 ol 10 events with
St = -1

y wp | fLdt=20 pbrt

g 107 b | ‘ |
~ =1 1'I l i\". I

e 107 . ) o
s B | : Quickly in new |
2 f’, | terrltory‘ :

= | ~

CE 1 TeVjets | 7

“ [Tevatron T

¥l D e g iy PRy SRS, Y N |

0 1 2 3 <4 bl
E, (TeV)

Jet energy scale
largest source of systematic error
initial uncertainty ~ 5-10%

Need to reduce error for QCD test

measure W/Z + jet(s) cross-section
important background to new physics
y/Z+jets calibration signal

ets

50

100

> - - TTT I TTTT I TTTT ‘I T l TTT II TT I:
3 ATLAS preliminary o Zo>up+bkg
© = Z->mumu +1jet incl. _._"' [ Jets
‘:_9 1045_ O Top E
= E Oz E
g 103 Bw-uv _:
(V) 3
> -
o -]
10 =
10
1 60 70 80 90 100 110 120 130 140 150
fLdt=1fb- M(p,u1) (GeV)
> LI T BN LA LN AN BLELELEL BLELELELE
0 -
810".E**_> ATLAS * Z-~ee+bkg -
: E *-r GJB!S g
o } T Bl Top ]
;103=l T Bz E
€ W ey ]
2 :
@
107
10

150 200 250 300

P; leading jet (GeV)
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The first top quarks in Europe ...

Oy = 250 pb for tt — bW bW — blv bjj E 250;_ ATLAS preliminary |1
Note: o,(LHC)/oy(Tevatron)~100 g 2000 E
% 150~ 100 pb'1 -
[} [ il
3 jets with largest Y p; B ok -
o 7 m
3 jets p> 40 GeV 5 .
g S0 =
1 jets p> 20 GeV \ / zZ ]
0GB 200 20 300 350"
w / M; [GeV]
> e L R
Isolated lepton g 18 =
g 16 D Background (nominal) __osSRES
pT> 20 GeV % 14;— - Background («2) i
)14 ® 12
=L / NO b-tag !! R A E
Kl b S s =
2 R ~1000 evts for 100 pb-! G e g =
. 4_ _:
E ™ > 20 GeV AY 2 =

v v b e b v b b b b b b ag
OO 20 40 60 80 100 120 140 160 180 200
. . Integrated luminosity [pb'1]
Top signal observable in early days

no b-tagging and simple analysis

~1000 evts for 100 pb- Aclo = 7% (stat) + 15% (syst) £ 3% (pdf) + 5% (lumi)

In addition, excellent sample to:
e commission b-tagging, set jet E-scale using W — jj peak, ...
* understand / constrain theory and MC ... move-on to precision top physics
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Early discovery: a narrow resonance decaying into e*e™?

Various models predict heavy resonances decaying to leptons

ATLAS preliminary Z’ Discovery potential
3 [ ATLAS ]
V) N 1 fb—l N 10 =
2
E 1 =
o = = p—
o L . Y
= Q
° t ft 1 | =
F 1 H, 1 1o
AL TN m ﬁ 213
107 E ; EN B
- N ] c
- \\ — - —
~_ W :
i \\\ N | =10
102 E SN | = |- B iR
E——1TeV Z' - parameterization ||~ =
C L . N U [ B0 (07 0 SN e, ESR SIS o,
”—— Drell-Yan - parameterization = ]
Py
- T 1TeVZ g ATLAS simulation 7 | | | |
v ben b b b by b B Bl b il 10’2 1 et I ——
500 600 700 800 900 1000 1100 1200 1300 1400 1500 1000 1500 M 2002; v 2500 H000
M (GeV) ass [GeV]

* signal is (narrow) mass peak on top of small Drell-Yan background
 with 100 pb-' large enough signal for discovery up to m ~ 1.5 TeV
o(10 TeV) ~ 72 o(14 TeV)

« ultimate calorimeter performance not needed

Monday, February Sth, 2009 Cristobal Padilla 51



SUperSYmmetry: inclusive search

- large (strong) cross-section for 49 24, €€ production
* spectacular signatures (many jets, leptons, missing E;)

>
":_9 1()4'__[] II_#_I_*_EIIIIIIIIllllllllllllllll IIIIIII—— g
- Ly- * SUT1 - N
> B A SU2 i &
[ O SU3
9 10°FE ¥ SU4 E
8 = ® SU6 a
. B M SUs.1 ]
g 1025 b % — SMBG E
g e i ity sy = ATLAS preliminary S
D W7 i d s —Y—* g
105_ IIEI. IiIIZEZIEIIZEIIIEEZ.Z + —E
1_I lblllilllilllill ITI %‘*‘I 1 L I 1 1 1 I—

0 500 1000 1500 2000 2500 3000 3500 4000
Ipjets+E, mis(GeV)

Sensitivity to SUSY beyond the Tevatron with ~100 pb-

BUT need confidence in detector performance, trigger,

reconstruction, object identification
+

understanding of the backgrounds — needs | luminosity

600}
400F= e N

200

~0
L2

;!-Ekf:v’lIlllllllllllllllIIII&IIII_

1% ATLAS » 4 jets O lepton ]

: =sueen 4 jets 1 lepton
i ATLAS pre"minary —— 4 jets 2 Ieptons 0S-
% T mimn 1ijet 3 leptons

2 1aV) ~ \ ~ .
grow— \ q (2.5 TeV)

Sl S )
na |

W) . = T -
ev) S %1012 GaV N
g/"‘.‘;ﬁiinh,“‘:..-u-n’--‘o .

01 T BRI SR l‘;:::L::‘:L::;"‘:::'I':bi'j:?:‘)n 11{

0 500 1000 1500 2000 2500 3000
m, [GeV]

SM background from QCD, W/Z, top:

Data driven method, MC tuned to physics &
detector performance, replace some
reconstructed objects with Monte Carlo
generated objects ...

Methods should agree
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SUperSYmmetry: exclusive search

Exclusive signatures?
Try to select a suitable decay chain:

gL — Xq(— FE6Fq) - X0 g

Measure invariant mass of leptons, leptons+jet, lepton+jet(low), lepton+jet(high)

- Edges are function of SUSY masses

_| x*/ndf 40.11/ 45

50

40

30

20

Entries/4 GeV/ 1 b’

10

IIII|IIII|[III|IIIIIIII]lII

L

IIIII]

-10

TN prob 0.679
: Endpoint 99.66 + 1.399

H Norm. -0.3882 + 0.02563
Smearing 2.273 + 1.339

SU3, 1 b1 3

ATLAS preliminary

o

1 160|

ca v b s b by v by v g by 0 19
80 100 120 140 160 180 200
I TR A

m(ll) GeV

Background estimated with the

flavour subtraction method:

« Signal contains two opposite-sign
same-flavour leptons

« Background (both SM and SUSY
combinatorial) come from different
decay chains and can be of same
or different flavour
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SM Higgs: a more difficult case

Required luminosity for 95% C.L. exclusion Median discovery significance
.-—110 I||||||l|l||l||||l|l|l||||ll|||l||||IlIIIIIIIIlI
A ' 1 o 16
2 o 1} | AETLAS g ATLAS — Combined
Z ol b preliminary ‘g 14 preliminary 7 4
c 1 --——- i
£ .0 v Hal h @10l 10 fb-1 T
2 Yk T 2 WWOj
5 ; ———— ] 80l -~ WW2j
- v — WW 0 &
5r e = WW 2] ] el
4 combined -
af i 6
2 i sl
i .|
IIlllllllIIIllllllIIIIllllllIlllllllllllllllllll
120 140 160 180 200 220 240 260 280 300 ol e
m,, [GeV] 100 120 140 160 180 200 220
@ m,, (GeV)
— - ;351"'I‘"'I‘"'I""I""I""I""[""I""I"'E
Most difficult region: low mass of ~120 GeV 8 °°F mvozz o4 ATLAS preliminary -
Need to combine many channels o 30F fHzz H— Z2Z* — 4l =
with small S/B or low statistics z f -ibb 30 fb! E
(e.g. H— vy, Hott, H — ZZ* — 4], > WW —lvulv ) R .
20F The “golden” channel
- Discovery channel for mass> 200 GeV with 10fb-" 5E E
* 4| is the most promising in the range 130-160 GeV <;1 10 E
* 160-180 GeV H — WW —lvlv more powerful sE E
but experimentally more difficult C __ -
T A o o o b v by b v by vy by vy by
20 130 140 150 160 170 180 190 200 210 220

Monday, February 9th, 2009 Cristobal Padilla M,, [GeV]



SM Higgs: a more difficult case

significance

10

ol &

Preliminary

—_
o

Luminosity [fo™"]

o - n w B o @ ~l @ [7=]

L L L
- n w £ o @ ~ @ ©

120 140 160 180 200 220 240 260 280 300
my, [GeV]

Combined Exclusion CL

0.99

Luminosity [fo™']

10.95

10.85

110 115 120 125 130 135 140
m,, [GeV]

For 50 discovery, one needs

~20 fb! to probe down to m,=115 GeV
10 fb! for m, range 127 — 440 GeV

3.3 fb! for m, range 136 — 190 GeV

Just under 2 fb' for my = 2m,,

For 95% CL exclusion, one needs

2.8 b1 for my, = 115 GeV/c?
2 fb"! for m range 121- 460 GeV

Less than 2 fb-" to exclude m, = 2m,,
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Summary

ATLAS is in good shape, and was ready for collisions in
September

= All the sub-detectors were ready to take data, as well as trigger,
DAQ, Detector Control and Data Quality systems

= Several improvements currently being worked out

Commissioning with cosmics and first beams were and will be
useful

» |t was a good exercise to evaluate the level of readiness of the
different components and to tune the data taking procedures

However, collisions are absolutely needed to complete the
detector commissioning program

= The same is true for trigger and off-line algorithms

= An intense work will be needed next summer, when LHC will
restart

= ATLAS hopes to start soon to study SM processes
and be ready to search for new physics
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