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ATLAS
Physics and Detector



What and What Not?

e Stress Tests of the Standard Model

*Search for new Physics

* Precision Measurements (W mass...)
* Some B-physics
 Some Heavy lon Physics



Events/(2.5 GeV)

Search for New Physics

Extra Dimensions (Micro Black Holes,...)

* Higgs

* Supersymmetry

[

* Compositness, ...
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Signal significance
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Physics Objects

i R s B Objects needed for
- i s L event selection
| S B o e -> also needed for Trigger:
Total significance

- Electrons

- Photons

- Muons

- Jets

- b-Jets

(vertex or lepton tagged)
e ae e g e s edll) - forward jets
100 120 140 160 18O 200
M.(GeV) - Taus
- Missing Transverse Energy

Various physics objects needed, high P; (> 20 GeV), 4=t



The ATLAS Experiment
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LHC vs. Tevatron
(why we need high lumi and high energy)
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The Inner Detector

R =1082 mm
Transition Radiation Tracker A
* 4mm Straw Tubes
» 350 000 Channels - <
TRT
Silicon Strip Detector rLR=554 1]
R =514 mm
* 80 um x 62 mm ey
* 6.2 million channels SCT{ ® e
R =371 mm
LR =299 mm
ScCT
Silicon Pixel detector
*50 x 400 pm R =122.5mm
* 80 million channels Pixels {R=88-5 mm
R =50.5 mm
H R=0mm
Resolution . Reconstruction, Idenification,
* Momentum:  o/py=5-10%p; @ 0.001 Momentum measurement of

e Impact Param.: o(d0) =15 um @ 20 GeV charged particles 9



The Calorimeters

Tile barrel Tile extended barrel
Electromagnetic Calorimeter —_— | /
* Liquid Argon Technologie ) g
* 120 000 Channels LAr hadronic

end-cap (HEC)

LAr eleciromagnetic

Hadronic Calorimeters
* Liquid Argon Technologie

- 70 000 Channels LAr electromagnetic L& ! .
* Tile Calorimeter e SN ' A forward (Fcal
- 10 000 Channels S /15l
Energy measurement Resolution
electrons, photons « EM: o(E)JE = 10%NE @ 0.7 %
und hadrons * Had. (jets): o(E)/E = 50%/NE ® 3 %
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The Muonsystem

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

Precision chambers
e Drift Tubes
* 360 000 Channels

Trigger chambers
 Resistive Plate chambers
* Thin Gap chambers

Barrel tforoid * 680 000 Ka né|e

" Resistive-plate
chambers (RPC)

End-cap toroid
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Monitored drift tubes (MDT)

3

Resolution
Identification and momentum measurement - Ap;/p; < 10% at 1 TeV

of Muons "



ATLAS ,,Rohbau“ 2005
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The nggersys’rem
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LHC und ATLAS
Collisions Rate 40 MHz
23 inel. Interact. Per BX

1. Trigger Level
Dedicated Elektronics
Calorimeter und Muonsyst.

2. and 3. Level
PC Farms
Highspeed network
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Level 1 Calorimeter Trigger

riggErTower

A11:0.1\~|

LAr Calorimeter

Reduced Granularity 2

- Trigger Tower
- sum up to 60 cells

- still finer granularity®

than e.g. CDF

trigger towers map

1_

T T T T e

4

sliding window
(search for local energy deposits) 16




analog_ _ dietal,  PreProcessor
v : (TR (KIP Heidelberg)

i160 Elektronic boards
- 4000 Daughter Modules
- Mixed Design

L ¢_ Readou

(analog/digital)
= e ~ ASIC (KIP/HD)
16, SF . ¥ ISR rrocessors

Funktionality

- Digitisation

- Noise filter (digital)

- Energy determination
- Determination of BX

)




The Level 1 Calorimeter Trigger
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"  Data reduction:

: 60TB/s -> 150GB/s

' W} ° 450 Elektronic Boards
'] (160 from Heidelberg)
10 different Board

j' Types

1l We w e Collaboration of 50
‘ ' Physicists
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Commissioning
(selected topics)



.Commissioning is a nonlinear

and messy process”
(K. Einsweiler, ATLAS)



Challange of Commissioning

Calorimeter Signals

LAr Frontend
Electronics
Receiver PreProcessor >
124 modules 124 modules

* Parallel Commissioning\
o Detectors
o Elektronics
o Software

* Electronics not

x0.1

0.1

(o] .
S synchronised
I Tile Frontend S * cabling incomplete
Electronics

 Software not ready /

= Simple but still
sensitive tests

21



Cabling (2007)
T

R
T e P
256 c m P
. . P v a M
Tile-Calorimeter| P | 128 p
— G ? T
n C
Patch-Panels p
P
8 P
Rx ;R P
m R P
360 |y g 112 ; M
Liquid-Ar-Calorimeter G IiJ p .
A n c
a 264 D
Pre-Prozessor

Receiver Patch-Panels

Serial Test impossible
- no combined data taking

- no synchronisation

- Pulser System not automised




Method (F. Fshlisch, PhD 08)

Pulsed channels

Not pulsed channels

Idea:

- Pulse patterns

- unambigious
error detection

- simplified pulsing and
data taking

- simple analysis

il

-> Simple method which is 100% sensitive




Hadronic Raw Maximum hadCrateOverview Hadronic Raw Maximum

Entries 1024
Mean x
Mean y
RMS x

Firmware Errors

Pulser System Error

Entries
Mean x

ner B " _ Broken Transformer

.8 0.9

Entries Entries
Mean x 9 — Mean x
Mean y 5 Mean y
RMS x

N E——

- Exchange of all 15000
Trafo’s

24
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Synchronisation

Signals asynchron Signals synchron

Kalorimetersignale 2 —
E Cluster
i Fontend =
. . 56 modules pS.modules
- o
: | |
-
Receiver PreProcessor o
124 modules 124 modules I
~N
?(; Anzahl
efundener
Tile Frontend g 8 .
b Jet/Energy Merging ] Objekte
32 modules | 4 modules

Signal path length
40m —70m 2




Synchronisation

Precision Synchronisation
(N x 1ns)

ADC Value

Digitisation Phase

Coarse Synchronisierung

(N x 25ns)

L

Shift Register

26



Synchronisation with Pulsers

‘ Initial Synchronisation J E =]
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‘ 2008-09-10 00:37 H

L1Calo Stream

2008-09-10 10:19:10 CEST event:Jive jeometry: <default> Atlantis

’ A . -
X om > 'VDRIrDIAITM

-,

....,.-.. =3 . th Tatlas. ch

ﬁrst beam event seen in ATLAS
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Splash Timing
+*
Physics timing




Simple Detector
Geometry




o Splash 150m
asb upstream beam line




Determination of Timing

L1CaloPPM_emADCPeak

Coarse Timing



Determination of Timing

L1CaloPPM_emADCPeak

[ 0x04110700 | - - Pulses fitted with
Gauss-Landau

12']:_ (modified)
100l - Fine timing per
- tower
80—
60—
4“:_ _PZ Kl—
201~ Fine Timing
ol Lo vt b b by e e 1
0 50 100 150 200 250 300 350



Determination of Timing

h_emDelaySumNs_new

S0F Result 10 min. after
*t" Run 140370 ' data copy to Castor
30 Event 2166 )
= F. Miller
20—
= WM M. Henke
= V. Scharf
0 ;— i 511'1 ——— V. Lang
10
20
30F EM basically flat
40 (good within 1BC)
-50:|| 1 1 | 1 1 1 | 1 1 1 1 | | I | | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 | 1 1] 1

-4 -3 -2 -1 0 1 2 3 4

LAr did a very
Good job!

Only small corrections to predetermined
timing neccessary



Timing with beam

# Pulses above 7 GeV (em)

. 2
3 N
5 - —1.6
: —1.4
i —1.2
N 1
£ —10.8
21— 0.6
12_ 0.4
N 0.2
[I: I I I I I I I I I 0

A
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%]
—
of
-
%]
L
.

Only very little data available with significant energy in Calorimeter



Timing with beam

# Fit Peak Time (mean, em)

20
al_ - . . I
] 2
g o , - 15
'”3.5?— "
i . —10
2%— [ n
1.5%— h . - —15
5 IR
o ——5 R T 'T_r‘ngl?ns'] ’ n .
2_— u — .5
HE ; ) 10
n_ | o | | T | m | | | -15
-4 -3 2 1 0 1 2 3 4

Timing not so bad: all channels within +- 0.5 BC



The Calorimeter Trigger: Rates

. . _ kA N3 i J
Leading jet ETME E., L=2*10"cm?s"

Rate R [Hz]

________________________________________________________________________________________________________________________________________________

______________________________________________________________________________________________________________________________________________

..............................................................................................................................................

IIIIIII| IIIIIIIIi Illlllﬂl IR

10
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-
=

i S i AR bRl b l i R S 1 13
200 400

1000
E. [GeV]

600 800

Energy calibration influences strongly the rates
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Energy Response in Cosmics

100

| I | | l | | | I | | | : | | | : | | | l 30
- Calorimeter Energy .
80 ._ .................................... ..................................................................................................................... __. 25

1 =20

(=2
o
|

E; Sum over Calo Cells [GeV]

10

Trigger Energy —

1 1 1 1 1 1 1 1 1 1 1 l 0
60 80 100

Not bad but not good either
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Energy calibration

;‘ -
ﬁmi_ - Pulser system injects
s e R charge into electronics
c L slope 1.049 = 0.009595 AA e
C 200 — .
E L )
5150 = i T
8 : H T — 13 ™=
- ®
100_— Il 5*
E Lo = Eam 1-1
S0 i
0: AR R R .
0 50 100 150 i : H
=
Calibration Constants as expected: : ; i
Short Cables Sidiisiisae
Long Cables ———n'rﬁi




Energy calibration

Redo calibration after application of constants

o

- Flat Trigger response

- Ony 0.5% of channels with -

problems (mostly recoverable) :

e




Calo [GeV]

Energy calibration (with beam)

Again: correlation of calorimeter and Trigger energies

EMB EMEC
50— S 50—

- e

B 10 2, : 70

B o B
40— S 40 —60

—80

L L — 50
30— 30

- —|60 - — 40
20/~ - B

- - o 200 30

- - N - 20
10— 20 10

L B .-.J 10

0 C oo by by b by g | 0 0 B [ R A S A NN Y SN NN SO AN NS ST M N S SO S N 0
0 10 20 30 40 50 0 10 20 30 40 50
ADC [GeV] ADC [GeV]

Very good agreement on small statistics sample
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.Grau iss alle Theorie
Watt zahlt is auffm Platz"

Adi PreiRler (1921-2003)
Deutscher Meister 1956,1957
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Performance and
First Physics with ATLAS

(presented yesterday at the LHCC,
comparison with CMS results)
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Luminosity Measurement

ATLAS Preliminary

—+— MBTS Online
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Entries / 2 MeV

Tracking Performance
(Resonances)

- Select good tracks
- Reconstruct Resonances (invariant mass)

Mlnnmllm Blas Sﬂeam Dala 2‘3?‘3 N'_—E'IJCII GEVJ : | : 1800 I..-'Imlmum Blas sll'ﬁﬂl"ﬂ Data 213109 N'_ QEICI Gﬂ'l.-":l
e b L e A mmane ~ —— | B e L
B ATLAE Prehmmar‘y Both tracks: p, > 100 MV, Sihits > 6 @ - ATLAS Prellmlnary Both tracks: p_> 100 Me\. Si hits > 6 ]
- K |I'I\I'3I‘IEIF'IT. MESE cos(f) = 08, Might distance = 0.2 mm E 15[]{}_— A In\.ranant MESE cos(i} = 0.8, ﬂlghl distance = 0.2 mm —
- . — 1400~ —
- :Il.I gi?:l?.llatiﬂﬂ . % - — Gauss (+poly) fit :I. g'ata i =
- ] £ 1200 4 = 1116.0 + 0.1 (stat) MeV imulation =
B = Gauss (+poly) fit ] c - o= 3.2+0.1(stat) MeV -
- = 4975+ 0.1 (stat) MeV - W 1000 enc 200 m, =r135.083: 0 006 E
- 7= 8.2 £ 0.1 (stat) MeV : a00— T
- PDG (2009) m*_ = 407 E14 + D.024 ks - — .
:— — 600
C N 400

n 200

0 450 500 550 600 650 700 750 800 0 o0 1120 1140 1160 1180 1200
My x [MeV] m, . [MeV]

Tracker already well understood
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Tracking Performance (Material)

Reconstruct Photon Conversions y X -> ee

Entries

Material distribution of the detector
already well understood (~10%)
Only small addition was neccessary
(found by checking tracking eff.)

Goal: material mapping

25
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Pixel layer 1

I_I

Beam pipe
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— &

——Pixel layer 2

. Data conversion candidate
MC conversion candidate

MC truth conversion
MC truth Dalitz decay

(Mon diffractive minimum bias MC)

Lo
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=
5
T
IE
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ATLAS preliminary

—+— SCT layer 1




Tracking Performance
(hITS per ’rmck)

£ aaf i £ £ saf 5
I °F ATLAS H I ATLAS ’
o942 Preliminary 242 Preliminary
% af W =900 GeV H % af- —4— Data V& ~900Gev =
g %9 : g 3¢ [ ] ND MC MinBias Number of pixel
E 36 —+— Data E .
Z 54k . E > < hits on track
g 34 [ ] ND MC MinBias : 3 .
¥ a2f = : = versusn/ ¢
] 3_ | - —]
< E = << =
2.8} - -
26 ’ oo w ol o anliag [P [ 1, 1 ] = =
25 2 15 1 05 0 05 1 15 2 25 3
gy ¢
310.5'_- T T L R T 1 T - u T i T T T
T of ATLAS i T 94 ATLAS E
0 Preliminary QO gof Preliminary .
2] W5 =800 Gay 7 Wa =900 Gav -
5 95E 5
5 gf —4— Data 5 9 —+— Data 1+ Number of SCT
E | ND MC MinBias E gsf | ND MC MinBias . .
Z 85 z b 1 hits on track
[ul] a
= 2 513.6
g : g versusn/ ¢
< 75 = < 84
7E 3 8.2
Loy o by aw by unelepy By | |
B s s o5 008 1 45 2 25 8

Detector Response well understood / well modelled in MC



.High Enerqgy' Je’rs

Collision Event with 2 Jets mﬁw\

L 10
|

i% A]'LAS os-12-08, 03145 cer

EXPERIMENT run 141994, Event 566308




Calorimeter Energy Depositions

2009 Collisions M BARREL
L L D =

ATLAS Preliminary

R —.
o O
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7
10 ——\/s = 900 GeV Collision candidates

71 Random trigger
Non-diffractive minimum bias MC

EM scale

Number of cells [/0.05 GeV]

S T Y
c o o o o
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Significant amount of energy observed in the calorimeter
(not consistent with noise, in agreement with MC)



Calorimeter Energy Depositions

ATLAS Tile Calorimeter

E 1 04 L l I I 1 1 | | I I 1 l 1 I I I
LI:'.I 1 03 ——&—— 2.36 TeV Collision Candidates
; —=—— 900 GeV Collision Candidates
[}
= 10° - 900 GeV Random Trigger
3 10
e
0 ATLAS Preliminary
[T}
1

% Uncorrected EM Scale
= 107

102

*eut O,
10° ) -#32 e,,
10

i

-5 L L
10000 0 1060 " """5000 3000 4000 5000
Tile Cell Energy [MeV]

Significant amount of energy observed in the calorimeter
(not consistent with noise)



(10 MeV )

Entries /

Calorimeter Response (Pions)

6000

n
o
o
o

4000

3000

2000

1000[,

ATLAS preliminary

Oyqtn = 19 MeV

Data
Fit to data

MNon diffractive minimum bias MC

IIII|IIII|IIII|IIII|IIII|E..

100

500

300

400 200 600 700
Uncorrected m,, (MeV)
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Jet Spectra

2009 BEAM

2

-8 Data

I T T T T I T T T T
ATLAS Preliminary
\/s=900 GeV

— Mon-diffractive minimum bias MC

Uncalibrated en
(EM scale)

Number of jet candidates
=)
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—h

——

o T
—
Lo
—_
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1]
Lo
[ o]
o

Nur

- Jet Spectra well described by
min bias MC (shape)

- We have tons of plots which
look inmore detail
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—
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Jet P; spectra

Azimuthal decorralation

BEAM__

I T T T T
LAS Preliminary
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& Data
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events with

2 jets p> 7 GeV
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Trigger

All results have been achieved using a special minimum bias Trigger
(Scintillators at the endcaps of the experiment)

o
N

B

»

electrons

E L T T T T T T ‘ T T T I T T T | T T T ‘ T T T | T T T ]
3 - o f 7
O i . i
o L 1 -
c C ¥ ]
k= 0.8 B . i
@] = |
06 ¥ ATLAS Preliminary -
> - - -
Q L .
S 04— —4— Data 2009 (s =900 GeV)  —
S B ' .
E B * —+— Non-diffractive minimum bias |
- 0.2 . -
- - .

O:bjjm* | | cl v b e by \ |

8

| | | L1
10 12 14 16
Offline Cluster EX* [GeV]

0.8

0.6

0.4

0.2

jets

ATLAS Preliminary

\5=900GeV, In_|<3
je

—&— data 2009
—+— MC

Offline: anti-kT(0.4)
P S SN (NN SN TN SN S AN TN S SN SN SN SN SN SO T NN S

10 20 30 40 50 60 70
Jet EZM5%° [GeV]

Very good performance already now (much better than (I) expected)
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Pile Up (already now)

Collision Event
with 2 primary
‘\Q\;\\“ Interactuons

ATLAS
| EXPERIMENT

2009-12-11, 03:38 CET
Run 142165, Event 1115603

X http://atlas web.cem.ch/Atlas/publiclEVTDISPLAY /events.htmi




First Measurement

N\

= (2]

1 AN,
Ne: A7
1 AN,

Observables: - spectra of charged particles

- prspectra
2ﬂNevt pT A77ApT
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2009-12-00, 10:04 CET
Run 141749, Event 4060601

Collision Event



(1/N,)(dN_ /dn)

SRR RN LR RN RN RN R R
1.5 p,>500 MeV,Inl<25N_ =1 ]
- ATLAS Preliminar . ’
1.4 ! = Flr'ST ATLAS
e e TR - Physics Result
e e, i
P
o Ly . .
1A mm Data \5 = 900 Gev “ -Particle production flat
- — PYTHIA ATLAS MCO09 u [
1 -w= PYTHIA ATLAS MCO9c 4 Inmovera large range
- e PYTHIA DW 1 :
I S — PYTHIA Perugiad 1 -Data higher than MC
- PHOJET 1 models
0.8 =
S P T T T T
1.155 == Data Uncertainties E
1152 e MC / Data E
9 1.056 .
8 e E
T 0.95 e
09 P o L -::,.,;' ::..l::.:.'..al.:.l"-ﬂ:f '“'"' "r'
0.85
2 15 1 05 0 05 1 15 2
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Comparlson with CMS

., /ATLAS Preliminary \'s =900 GeV

~CMS NSD pp hi<2.4 T_I_
~ATLAS

pp ml<2.5

.1

10
p, [GeV]

IIIIIII| III_||ll| IIIIIIII| L1l

- Good agreement

with CMS data
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Summary

ATLAS is a complex machinery with the
goal/need to be really a multipurpose device

Commissioning went well
Detector understanding progresses well

First Physics result produced on short
timescale



Ausbhck

luminosity [fb ™"
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LHC centre-of-mass energy [TeV

Supersymmetrie ist in
Reichweite auch bei

- niedriger Energie

- moderater Luminositat
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Wk Splash 150m
- S N Y U upstreambeam“ne




Precision Synchronisation with
collisions

Profile of PHOS4 Steps in 06100000 Entries 35760

Problem:

- Synchronisierung flr Pulser ist unter-
schiedlich zur Synchronisierung fur
Kollisionen (andere Signalwege)

Solution: E
- Fit der digitalisierte Signale wf |, Bunchcrosings
- Test der Methode mit Pulsersystem mww

Run 96978

ADC Value

'l
T
T I S N I
60 80 100
I ns

h2

adc counts Entries 5

= M 2.69

300— RMS 1.082
250
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150—
100—

50

09 0.5 1 1.5 2 25 3 35 4 45 5 BC




ADCmax spectrum, EM Layer

L1Calo Stream Coll. Cand., Run 141749 — 142286

. 7GeV
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Status Innerer Detektor

2008-10-18 13:46:06 CEST eventJiveXML_91890_5672371 run:91890 ev:572371 ATLAS 2008-10-18 13:00:48 CEST event:liveXML_91890_115564 run:21890 ev:115564 default: Atlantis
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p (em) 50

RERILE — I
1 I IIIIIII |}

Z(m




Status der Energiekalibration
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Vergleich eines Pulses mit der Vorhersage

ADC Counts

Flissig-Argon Kalorimeter
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Stabilitat des Pedestals

Survey of 128 channels in EM Front Layer
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Tile Kalorimeter
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Status Myonsystem
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High luminosity: L

10°

The Trigger Challenge
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events/sec for L

ATLAS
- 108 channels
Eventrate
- 40 MHz
(20 events per BX)
Datarate
- 60TB/s

Reduction: 1/200 000

Data Storage (forseen)
~ 200 Events/s

~ 300 MB/s

(limited by offline

ressources)
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ATLAS 2008-09-28 10:19:08 CEST event:JiveXML_20272_2065845 run:90272 ev:2065845 geometry: <default:- Atlantis
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Zusammenfassung

* Uns erwartet in den ndachsten Jahren
spannende Physik

» Inbetriebnahme sowohl der einzelnen
Komponenten als auch von ATLAS als
Ganzem ist weit vorangeschritten

* Kollisionen sind notwendig zur
endgtiltigen Inbetriebnahme des
Experiments
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Pedestal und Rauschen
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Materie-Antimaterie Asymmetrie

Kollidierende Galaxien (Hubble)
- keine Anzeichen fur
Materie-Antimaterie Annihilation

B - Universum ist Materie dominiert

Standardmodell (CP-Verletzung)
erklart die Beobachtung nicht

-> neue Quelle der CP Verletzung wird benotigt
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SUSY Entdeckung 201x



Signal Sources before collisions

Pulser System Puls-
generator

Calorimeter

Calorimeter Trigger

Elektronics N
(Preamplifier, I)

Cosmic Myons Halo Myons
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Der Innere Detektor

. R =1082 mm
Ubergangsstrahlungs-Spurdetektor A

» 73 Lagen (zentral)
* 160 Lagen (Endkappe) TRT{

* 4 mm Strohalm Detektoren
* 350 000 Kanadle

TRT

Silizium Streifen Detektor: FLRR:SF‘:Tanm
* 4 Lagen doppelseitig (zentral) = i
* 9 Lagen doppelseitig (Endkappe) SCT{ i
* 80 um x 62 mm | T
* 6.2 Millionen Kanale L R=299 mm
° 60 mz SCH
Silizium Pixel Detektor:

R =122.5 mm
* 3 Lagen Pixels {R = 88.5 mm
* 50 x 400 um R =50.5 mm

R=0mm

* 80 Millionen Kanale
*1.8m?2
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