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Die angestrebte Impulsauflösung beträgt:
∆pT/pT < 10-4 p[GEV] für pT > 300 GeV
d.h. 10% Genauigkeit für eine 1 TeV Spur

Messgenauigkeit: 50 µm

MDT 
Spur-Messung

2 20.8 (5 )0.3 0.3 0.75
8 8 1000

10% 75

2 60
3

s

z s

B L T ms mm
P GeV

Genauigkeit m

m

σ µ

σ σ µ

⋅ ⋅ ⋅= = =
⋅ ⋅

⇒ =

⇒ = ⋅ =



Prof. Dr. Stefan Schael, 
RWTH Aachen

Vorlesung 4, Maria Laach, 
September 2001

5

• Driftröhren, 
gefüllt mit Ar-CO2 Gas 
bei 3 bar.

• Einzelrohrauflösung: 80 µm

• 6 Messpunkte/Kammer →35 µm

• Anforderung an die mechanische Präzision: 30 µm

• Die zu überdeckende Fläche beträgt ca. 5500 m2

dafür werden ca. 1200 MDT Kammern benötigt.

• Kammerlängen: 70 - 630 cm

• Es müssen ca. 370.000 Rohre produziert werden !

MDT 
Kammeraufbau
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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 µm
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Röntgen der 1. BOS 
Kammer am CERN
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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 Auflösung einzelner Rohre: 80 µm
→ 35 µm Spurauflösung
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H→ZZ, Z →µµ

180 GeV Muon beam
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CMS Muon Detektor & Montage
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Computing for the LHC experiments 
108 elec. channels/experiment

Higgs decay in 4 muons: 1 in 10 13 events
Trigger: 109 events/s ⇒ 100 events/s ⇒ tape
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Aleph Babar CDF CMS
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LHC Computing: Event Sizes

from E. Augé, EPS 2001
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Computing capacity for all LHC experiments

CERN RCs Total CERN today
CPU  (kSI95) 2560 4970     7530        20
Disk (PB) 2.4 8.7 11.1    0.025
Tapes (PB) 17.6 20.3 37.9  

Total initial cost : 240 MSF
from CERN/LHCC/2001-004 (report of LHC Computing Review)

from E. Augé, EPS 2001

CINT95 is a set of eight benchmark applications written in C which perform compute-intensive
applications such as artificial intelligence, compressing and uncompressing files in memory, 
string and prime number manipulation, database, and graphic compression. The SPECint95 
(SI95) is the geometric mean of the eight normalized ratios (one for each integer benchmark). 

PIV 2 GHz � 100 SI95
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LHC Prototype capacity (at CERN)

year 2001 2002 2003 2004 2007
Processors

# of boxes 200 400 800 1200
CPU (kSI95) 13 33 85 160 2560

Disks
# of disks 200 400 800 1600
capacity (TB) 16 44 120 320 2400

Tape robot
capacity (TB) 30 120 350 600

from E. Augé, EPS 2001
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Complex Data = More CPU Per Byte
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CERN Centre Physics Computing Capacity
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• 5 years     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

You should know which data you want before getting them

You should precisely tell to the computer system
from E. Augé, EPS 2001
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Optimizing disk - memory transfers       OO Software

• « Old times » :
– read the full event records (sequentially)
– unpack the full event record     user program
– use only a few bytes among thousands
– Waste of bandwidth, CPU (unpacking)

• Already some clever tricks in previous experiments

• but new tools are a necessity
C++, ROOT, Objectivity, …

from E. Augé, EPS 2001
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The LHC Computing Model
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from E. Augé, EPS 2001
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Mainframe Mini- 
Computer

vector Supercomputer

Processor 
farms : the 90's 
supercomputer

from E. Augé, EPS 2001
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After commodity farms what next?

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

from E. Augé, EPS 2001
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• SM  Higgs boson can be 
discovered at  ≈  5 σσσσ    after ≈1 
year of operation (10fb-1/ 
experiment) for mH ≈ 150 GeV

• Discovery faster for larger 
masses

• Whole mass range can be 
excluded at 95% CL after  ~1 
month of  running at 1033cm-2 s -1.

LP2

L  is  per 
experiment

5σ

LEP

Higgs Boson at the LHC


