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Precision chambers

ATLAS Muon Spectrometer
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Die angestrebte Impulsauflosung betragt:
Ap1/pr < 10 p[GEV] fiir p; > 300 GeV
d.h. 10% Genauigkeit fiir eine 1 TeV Spur
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Messgenauigkeit: 50 pm

s=0.3 =0.75mm
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MDT
Kammeraufbau

Driftrohren,
gefiillt mit Ar-CO, Gas
bei 3 bar.

X\
Oy
0

Cross plate

Multilayer
In-plane alignment
Longitudinal beam

Anforderung an die mechanische Prazision: 30 pm

Die zu iiberdeckende Fliche betrigt ca. 5500 m?
dafiir werden ca. 1200 MDT Kammern benotigt.

Kammerlingen: 70 - 630 cm

Es miissen ca. 370.000 Rohre produziert werden !
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Produktion & Qualitatskontrolle der Driftrohren
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MDT
Kammerbau

Aufbau der Kammer in einem
Reinraum der Klasse 50.000

Temperaturstabilisiert auf +1 Grad

. auf einem Granittisch mit einer
Ebenheit <5 pm

sphere support

CCD camera
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Rontgen der 1. BOS
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Die 1. BOS Kammer im Test-Beam am CERN
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Die 1. BOS Kammer im Test-Beam am CERN

180 GeV Muon beam Auflosung einzelner Rohre: 80 pm
— 35 pm Spurauflosung
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CMS Muon Detektor & Montage

Total Weight  : 12,5001, e R A
Overall Diameter: 15.00m ca

Overall Length  : 21.60m

Magnefic Reld #Mesla
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Hadron

ATLAS

S.C. Solenoid

Calorimeters

S.C. Air Core
Toroids

CMS
A Compact Solenoidal Detector for LHC

[MUON CHAMBERS] [TRACKER] [ CRYsTALECAL |
CALORIMETER =

Inner Detctor

Silayers (pixels and strips)
TRD — particle identification
B=2T
o/pr ~ 5 X 10 *pr(GeV) & 0.01

hlh{,**
oy |
N2 f
. Detector AR PADS
EM Calorimeters Total weight 12,5001,
Forward Muon Ovaralangh & 2160m
Calorimeters  Detectors teanercted i 4Tl s
Magnets(s) Air-core toroids + solenoid in inner cavity Solenoid
Calorimeters outside field Calorimeters inside field
4 magnets 1 magnet

Silayers (pixels and strips)
No particle identification
B=4T
o/pr ~ 1.5 x 10" *pr(GeV) & 0.005

EM calorimeter

Lead-liquid argon

o/E ~ 10%// E(GeV)

Longitudinal segmentation

PbWQO, crystals

o/E ~2—5%/vE(GeV)

No longitudinal segmentation

HAD calorimeter

Fe-scintillator + Cu-liquid argon

Cu-scintillator

Prof. Dr. Stefan Schael,
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> 10 A > 5.8 A + tail catcher
o/E ~ 50%//E(GeV) & 0.03 o/E ~ 65%//E(GeV) $ 0.05
Muon spectrometer Alr Fe

of/pr ~ 7% at 1 TeV

achieved by spectrometer alone

September 2001
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o/pr ~ 5% at 1 TeV
achieved by combining with inner det.
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Computing for the LHC experiments

108 elec. channels/experiment

- ; ; Interaction rate
(+30 minimum bias e:yents] -1 GHz CALO MUON TRACKING

Bunch crossing
rate 40 MHz

LEVEL 1
TRIGGER

< 75 (100) kHz

Pipeline
memories

Derandomizers

Regions of Interest | | | Readout drivers

(RODs)
LEVEL 2 Readout buffers
TRIGGER (ROBs)

~ 1 kHz

Event builder |

I
EVENT FILTER FuII-eventdbuffers
an
~ 100 Hz processor sub-farms

Data recording

Higgs decay in 4 muons: 1 in 10 '} events
Trigger: 10° events/s = 100 events/s = tape
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Aleph Babar CDF CMS
Evtsize 0.25 0.05 0.25 1.

(MB)
Evtrate 1. 100 75 100
(Hz)
Data vol 1. 100 450 2000
(TBly)
Disk sp 0,5 60 100 1000
(TB)
Collab. 300 500 600 2000
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CPU (KkSI95)
Disk (PB)
Tapes (PB)

Total initial cost :
from CERN/LHCC/2001-004 (report of LHC Computing Review)

CERN RCs Total CERN today
2560 4970 7530 20

2.4 8.7 11.1 0.025

17.6 203 379

240 MSF
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year
Processors

# of boxes

CPU (kSI9)5)
Disks

# of disks

capacity (TB)
Tape robot

capacity (TB)
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2001 2002 2003 2004 2007

200 400 800 1200
13 33 85 160 2560

200 400 800 1600
16 44 120 320 2400

30 120 350 600
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K s|95 Estimated CPU Capacity required at CERN
5,000 ,
| Moore's law —
| some measure of
4’000_ the capacity
technology
3,000] advances provide
1 for a constant
2,000 number of
1 exp(e):ihrr?(:nts _processors or
1.000 investment
0 % ' = . Y
- < S~
Jan 2000: /
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CERN Past Performance (2) : 1988-2000

RISC decomissioning agreed n

oo
o

First PC services

CERN RD47 project

Thousands of CERN Units

Mainframes decomissioned \ e I

20

Moore's law
0) T T T T T (based on 1988)
1988 1990 1992 1994 1996 1998 2000
year
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* 5years=factor 10 on CPU power of each PC
* buy 10 times more boxes than present

... and manage them ! ==) GRID
* similar statement with disk but...

Limited bandwidth between disk and CPU !

Factor <10 in 10 years, partly with parallel access (RAID)
10 GB @ 1MB/s = 3 hours = 1% of 1 year of Aleph data
1 TB @ 100 MB/s =3 hours = 0.05% of 1 year of CMS data

Prof. Dr. Stefan Schael, Vorlesung 4, Maria Laach,
RWTH Aachen September 2001
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* «Old times » :
— read the full event records (sequentially)
— unpack the full event recordgg, user program

— use only a few bytes among thousands
q Waste of bandwidth, CPU (unpacking)

* Already some clever tricks in previous experiments

* but new tools are a necessity
C++, ROOT, Objectivity, ...

Prof. Dr. Stefan Schael, Vorlesung 4, Maria Laach, _ 21
RWTH Aachen September 2001



The LHC Computing Model

/\ Organising Software:

Tier O CERN Fabric Management
)
sV CERN
. S S
Tier 1 E3
0 =
35 <
£
RS
: S
Tier2 0
6 _ -
. / /
Department _
"Transparent" user
D k'|' Qg{ b\g ‘zf access to
eskrop € = Y applications and all
N { é%qz data
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NOW
Found at the NOW project (http://now.cs.berkeley.edu)
= PC+Linux: the new supercomputerforscielntfi = Principle well established; farm examples abound

applications

obswww.unige.ch/~pfennige/gravitor/gravitor_e.html

) www.ncsa.uiuc.edu/General/CC/ntcluster/
www.cs.sandia.g

now.cs.berkeley.edu
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After commodity farms what next?

Fusion of data communication, data processing and data
archive global resources : Grid approach ?

Prof. Dr. Stefan Schael, Vorlesung 4, Maria Laach, from E. Augé, EPS 2001 24
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Hadron

ATLAS

S.C. Solenoid
e

Calorimeters

EM Calorimeters Detector

Forward Muon

Calorimeters

Detectors

CMS

A Compact Solenoidal Detector for LHC

[TRACKER]

FORWARD
CALORIMETER|

[MUON CHAMBERS]

[ CRYsTALECAL |

12,5001,

Magnets(s)

Air-core toroids + solenoid in inner cavity
Calorimeters outside field
4 magnets

Solenoid
Calorimeters inside field
1 magnet

Inner Detctor Silayers (pixels and strips)
TRD — particle identification
B=2T

o/pr ~ 5 x 10" *pp(GeV) & 0.01

Silayers (pixels and strips)
No particle identification
B=4T
o/pr ~ 1.5 x 10 *pr(GeV) & 0.005

EM calorimeter Lead-liquid argon

o/E ~ 10%// E(GeV)

Longitudinal segmentation

PbWQO, crystals

o/E ~2—5%/vE(GeV)

No longitudinal segmentation

HAD calorimeter Fe-scintillator + Cu-liquid argon

Cu-scintillator

> 10 A > 5.8 A + tail catcher
o/E ~ 50%//E(GeV) & 0.03 o/E ~ 65%//E(GeV) $ 0.05
Muon spectrometer Air Fe

of/pr ~ 7% at 1 TeV

achieved by spectrometer alone

Prof. Dr. Stefan Schael,
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o/pr ~ 5% at 1 TeV
achieved by combining with inner det.
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SM Higgs boson can be
discovered at = 5 ¢ after =1

year of operation (10fb-!/ g . L=10f?
. = T 1

experiment) for m, = 150 GeV & R T K foctors)

Discovery faster for larger E“ l0?

masses g

&

Whole mass range can be

excluded at 95% CL after ~1

month of running at 1033cm2 s -1.
—~ combined CDF /DO thresholds 10
:.'9 102 - T r I T I r . .
g 130 o™
@ ]
~
:é‘ 1 fb—1
-é 10 10
£
2 1 1 2 3
o) 2 fb™ 10 10
< — 95% CL limit my, (GeV)
5 10° F — 30 evidence E
g : . 1 . 1 _I 50 di?cov.eryl . |
~ 80 100 120 10 160 180 200

Higgs mass (GeV/c?)
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