The ATLAS Detector -

Concept and Realization

‘the LHC accelerator
‘physics at the LHC
*how to access the physics
-constraints: high luminosity/high radiation
*(sub-)detectors
‘inner detector
-calorimeter
*muon detectors

Young Scientist Workshop /=
Ringberg October 2004 -

-current status / outlook
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Input: The LHC Accelerator

LHC PROJECT | Point 5 UNDERGROUND WORKS
4

pp-collider
installed in the
previous LEP
tunnel

Point 6

....

s | HC Project Structures
LHC Excavated Structures ST-CE/ljr

s | HC Completed Structures (CE) ATLAS 23/07/2001
LHC Completed Structures (AA, CV, EL, HM)

proton accelerated to 7 TeV — /s=14 TeV
luminosity: (0.12 x ) 1034 cm2s-!
time between bunches: 25 ns
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Physics Opportunities at the LHC

+ origin of the mass at the EW | ™ "™ .ot

mass scale o e

D |
UAsis PP !

- sensitivity to the largest
higgs-mass range

» search for supersymmetry,
compositeness, heavy W/Z _
like objects

» investigation of CP-violation ”
in B-decays -, &
- detailed study of top-quarks e

Vs TeV

1mb -

1ub -

@G (proton - proton)

Events /sec for £ =10*cm? sec
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The Trigger Challenge

about 107 readout channels
(without pixel)

eventrate = 40 Mhz = At=25 ns

Rate (Hz)
et 108 | LVL1 40 MHz
Pl 1t R 9
U LVL2 75 KkHz (100 kHz) -about 10° events per
10 4 <250 N Event Filter ~1 kHz
W, Z 102 | average ~10 ms | A 100 H Second
few sec z
- o -very fast detector
How 0T response
104+ 25ns us ms sec . . -
-fast trigger decision

10-8 106 104 10-2 100 sec

Available processing time

-11 orders of magn. between higgs- and total cross section

-trigger only on interesting events
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The ‘underlying’ Event

H — bb event
+ 22 'minimum bias' Events

high occupancy!
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Further Challenge : Radiation

Neutronenfluss (>100 keV) nach 5x10° pb-! (10 Jahre LHC)

160 :—

140 F

120 F

100 —

80 F

60 :—

44E+15 5.0E+14 32E+14 2.0E+14 13E+14 79E+13 5.0E+13 3.2E+13 2.0E+13 1.3E+13 79E+12 1.0E+13

Tschernobyl ~ 0,5 Gray
natirlich ~ 2,5 mGray

Q=1
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Detector Components

— light higgs: decay to bb -

vertex reconstruction :
A DA Kalinowsii, M. Spira decay of vector bosons in leptons

1 ?b' —! | o '4'_/ (muon) - good Lepton
- : reconstruction (incl . momentum)
- - d, Js
1001 0
S S H
S mass WiZg---mmmms
T L . reconstruction
% ! (momentum) ds a,
102 | = .
- : hadron calorimeter for
[ ] jet measurement
08 |, | | N decays with missing energy
_ 102 V/c?) 103 | hermetic coverage with calorimeters
. g
bb S
vy
WW decay H - yy : good

Z7Z . electromagnetic calorimeter
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diameter 25 m
barrel toroid length 26 m
end-cap end-wall chamber span 46 m
overall weight 7000 Tons

Muon Detectors Electromagnetic Calorimeters

; Forward Calorimeters
Solenoid

End Cap Toroid

i Inner Detector d : ieldi
Baisl erotd Hadronic Calorimeters Shielding
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Momentum Measurement

charged particles are deflected in a magnetic field

according to their
track in toroidal B-field: track solenoidal B-field:

2 T solenoid
3.9 T barrel toroid
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toroid
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Inner Detector (ID)

Barrel SCT

Forward SCT
S ‘momentum
measurement of
particles
-secondary vertex

Pixel Detectors reconstruction

I e 1 s r' .I |
e 3 h | 'y [
Y — B E ™ |
[ | o e ] 7 v 2 ik e 1 "
| i - T d! o -t i o , , '\.
=== IR - . z L . - )
e L P i o e :
ol RSl e g - 5.
] oA e j
E will & i Il s __._:_-_'_::__-:-"'- : L] e i
e , 7111 L
| il & a i = !} e
(] =] [} 4
x e st
% ! -

*low occupancy
‘radiation hardness
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Silicon Pixel Detector

Flex Hybrid

N " Side view

not to scale

Wire—bonding FE's Wire—bonding MOCC MCC

Side view
not to scale

i k-

ATLAS Pixel deTeCTor': LLE B e B R B i B

120 M channels §= s ik
pixel size: 50x400 pm R g R S

= i i st . g P S 9 et ®

oz —on e s b R
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Silicon Strip Detector

60 m2 of silicon
= r strip detectors

2 sensors /side
768 strips/sensor
50-90 um pitch
4088 module

Jochen Schieck
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TRT Transition Radiation Tracker

combined straw tracker and

transition radiation detector

Radiator

Straws

‘radiation material
between straws
for electron
identification
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Calorimeter

ATLAS

Hadronic Tile
Calorimeters

Calorimetry (Geant)

EM Accordion
Calorimeters

Forward LAr
Calorimeters

sandwich

calorimeter

electromagnetic:
absorber: iron
active material:
liquid argon

Hadronic LA
Calorime|

hadronic:
barrel: iron / scintillator

endcaps: copper / liquid argon
forward: copper or tungsten / liquid argon
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Electromagnetic Calorimeter

/b -

accordion structure of EM

outer copper layer

inner copper layer
kapton

outer copper layer

r'eadOU'r a'l' 'l'he end stainlesssgﬁ:j

lead

A
AN
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Hadron Calorimeter

barrel hadron
calorimeter

f ”." | 1}1"‘1[llthl-I|:-. . ‘ .‘
i |!!Fl ’ | l\ull,!\lrrti ‘, RS
| I LA

hadron endcap
production at
the MPI
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Muon Detector

Reslstive plate chambers

MDT chambers

toroidal magnetic
field outside the
calorimeter

E

[X A

three layers of

\ e muon chambers in

\\ N0 I=077,4 the barrel region

™ | —
Inner detectn s
O g

(+ trigger chambers,
Calorimeters TPCS)

The ATLAS Detector - Concept and Realization Jochen Schieck



i Muon Chambers

production of muon
chambers at the MPI

(3

" . -«j_ -2 x 3 layers of

..c‘cg;c.?-mumnmm -Ju ‘TLW
R e ~drift tubes in

each chamber

[ ——

particle track
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finally.. The Trigger

1014 Bytes/s
Interaction rate

-1 GHz CALO MUON TRACKING input to level 1 trigger:

Bunch crossing -calorimeter

O

rate 40 MHz

LEVEL 1
TRIGGER

< 75 (100) kHz >¢

Pipeline
memories

Derandomizers . .
Readout drivers p'pellne fOf‘ ~2 us

Regions of Interest (RODs)

LEVEL 2 % Readout buffers
TRIGGER (ROBs)
~ 1kHz é T é construction of

Event builder

‘muon chambers

complete event

Full-event buffers
and
” processor sub-farms

EVENT FILTER
~ 100 Hz

107-108 Bytes/s

Data recording
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Status of the Accelerator

LHC Progress
Dashboard

Dipole cold masses

o0
/

/
500 Vi

600 { // /
400 / ?‘?
200 ) 5 j

Equivalent dipoles

H ﬂ——l-—‘-
e e
0 HPEFFRR . —1
01-Jar01 01-Jar02 01-Jar:z 01-Jar0g 01-Jan-05 01-Jar05 01-Jar07
— Caontractial Collared cails = [Drelivered cold masses — et inrtime
Updated 30 Sep 2004 Data pravided by P, Lienard  AT-MAS

first beam in LHC: 1st April 2007
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Status of the ATLAS Experiment

115 Jura Wed Oct 27 09:00:06 2004
o 1

ATLAS will be ready
, for beam 29t Dec ‘06

http://atlaseye-webpub.web.cern.ch/atlaseye-webpub/web-sites/pages/UX15 webcams.htm
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Summary

* ATLAS will be a multi-purpose Detector
for physics at the LHC

- expected luminosity 10 fb!/year (low lum.)
» construction of ATLAS is well under way

and will be finished

. . JPC =0++
|n Tlme mCh:alrt,;ga=l‘.)

Mass m = 120.3 + 0.1 GeV la]

Full width T = 2.20 &+ 0.18 MeV [b]

-exciting results .
H® DECAY MODES FRACTION
ex pec’red ih 2007/8 (663 + 1.9)%

(13.5 £ 3.4)%
(0.21 4- 0.09)%
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Backup Slides
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Experiments using silicon Strip detectors
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CLEO3
LHC-B
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AGILE

AMS
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GLAST-BTEM
AMS2

ALICE

CDF

ATLAS
GLAST

CMS

E. do Couto e Silva — SLAC/Stanford University Vertex 2000, Sept 10-15, National Lakeshore, ML UUSA
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Calorimeter

Allgemeine Parametrisierung der Energieauflésung eines Kalorimeters:

o_a obg.

E JE E

(quadratisch addiert)

a: statistischer Term

statistische Fluktuation der primaren Teilchen
b: Rausch-Term

Rauschen
c: konstanter Term

Signalverlust, Inhomogentitdten, nicht-kompensation,
Kalibrationsfehler
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Calorimeter

Barrel EM
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