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The LHC is Coming! —




Lecture Plan

- The LHC Collider

- Introduction to the LHC

- Experimental challenges

* The ATLAS and CMS experiments
» The specialised experiments

- The LHCb experiment

- The ALICE experiment

- The forward experiments (TOTEM, LHCf) and
MOEDAL

» Startup scenarios and first physics at the LHC



High Energy Accelerators

e ———
Accelerators are the tools in HEP to probe the structure of

matter and fundamental interactions
Up to now: acceleration of stable particles (& anti particles)
Protons and electrons
(pion, neutrino etc. beams are secondary beams)
Mostly circular machines, to use the beams for long time (hours...)
Proton: limited by bending power of dipole magnets in the ring

- Stronger magnets (superconducting)— higher energies
reachable

Electrons: limited by synchrotron radiation = energy loss on
circular path

- loss per turn ~ 88.5 E4/Radius KeV (E in GeV, R in meters)
- LEP = 27.5 circumference — Max 100 GeV beams

Future for leptons

- Linear colliders —» beams up to 1 -2 TeV

- Muon colliders? Energy loss per furn is (m,/m )* smaller!



High Energy Accelerators
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Highest energies can be reached with proton colliders

Historical note:
1954 APS meeting —
E. Fermi considered a proton

Livingston plot
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(S8C) x e

accelerator around the earth
with 2T field magnets =~ -

ol8

" hadronic accelerators

The fixed target energy would be
E,0x=2.101° eV, and the price
170 billion $, reached in 1994,

Actually the Tevatron (Fermilab)
collider reached E, ,=2.101® eV in

1987 but with a radius of 1 km N T

equivalent beam ene

ors)

2020

2040

1920 1940 1860 1980

year

LHC will reach E, 11017 eV

in 2007 for about 4 billion CHF Innovative accelerator R&D needed
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Recent Accelerators )

Highest energies can be reached with proton colliders

Machine Year Beams | Energy (\s) Luminosity
SPPS (CERN) 1981 op 630-900 GeV | 6.10%¢m 25"
Tevatron (FNAL) | 1987 op 1800-2000 GeV | 10%1-10%2¢cm-25-1
SLC (SLAC) 1989 ee- |90 GeV 10%0cm-2s-!

LEP (CERN) 1989 e‘e- 90-200 GeV 1031-1032¢m-2s-!
HERA (DESY) 1992 ep 300 GeV 1031-1032¢m-2s-!
RHIC (BNL) 2000 | pp/AA |200-500 GeV |10%%cm-2s-

LHC (CERN) 2007/8 pp (AA) | 14000 GeV 1033-1034cm-2s-1

Luminosity = number of events/cross section/sec

Limits on circular machines
- Proton colliders: Dipole magnet strength —superconducting magnets
- Electron colliders: Synchrotron radiation/RF power



LHC Physics Program

- Discover or exclude the Higgs in the mass region up to 1 TeV.
Measure Higgs properties

» Discover Supersymmetric particles (if exist) up to 2-3 TeV

- Discover Extra Space Dimensions, if these are on the TeV
scale, and black holes?

- Search other new phenomena (e.g. strong EWSB, new gauge
bosons, Little Higgs model, Split Supersymmetry)

- Study CP violation in the B sector,B physics

* Precision measurements of my,,, my,, anomalous couplings..
» Heavy ion collisions and search for quark gluon plasma

* QCD and diffractive (forward) physics in a new regime
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Physics at the LHC: pp @ 14 TeV

Signal significance
s

)7 —-S\\ Extra Dimensions?
0 —3X\\ T Black Holes???

‘_ s -._______&'p.
NN e

Supersymmeftry?

CP triangle!
Precision e i
measurements L
e.g top! B ¢

The LHC will be the new collider energy frontier



""Requirements for a new collider

Hadron colliders are broad-band exploratory machines
May need to study W -W, scattering at a cm energy of ~ 1 TeV

P

= E, ~ 500 GeV 7'
>  Egax~ 1 TeV
= E . ~6TeV

proton

—> | 14 TeV collider

= pp collisions at7 + 7 TeV

— | L ~103%cm?st

Event Rate = L.c.BR
e.g. H(1 TeV) » ZZ — 2e+2u or 4e or 4u
For L ~1034, Evts/yr =1034 10-37,102.107" ~ 10 /yr !!



-\ !e Large Hadron Collider L“
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25 s bunch spacing = 2808 bunches The LHC Machine and Experiments
with 101! p/bunch

First years lumi

~2.103cm 357! = 20 fb-1/year
Design Luminosity:

1034cm-2s-! =100 fb-!/year

Stored energy/beam: 362 MJ s

The LHC will be a very

challenging machine LHC - B CERN

- _B_Pomt 8

CcMSs
Point 5

RN

—r

\ pp collisions at 14 TeV )
0 /

E540 - V10/09/97



The Large Hadron Collider (LHC) -

Layout of the LEP tunnel including future LHC infrastructures.

In LEP tunnel 4 1 5CMS PP collisions at
(circonf. 26.7 km) (U _ LRk \s = 14 TeV

/ experiments

8 straight sections +
8 arcs (cold magnets)

Cleaning
7

Injection
Installation shaft !

I Future constructions
] Existing underground buildings
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Linac

\

Booster

\

PS

Y

SPS

\

LHC

The Accelerator scheme |

CERN Accelerators

(not to scale)

0.999999c by here

nauirines o Gran Sasso (1)

0.87c by here

LHC: Large Hadron Collider

SPS: Super Proton Synchrotron

AD: Antiproton Decelerator

ISOLDE: Isotope Separator OnLine DEvice
PSB: Proton Synchrotron Booster

PS: Proton Synchrotron

LINAC: LiNear ACcelerator

LEIR: Low Encrgy Ion Ring

CNGS: Cern Neutrinos o Gran Sasso

0.3c by here

Rudeli LEY, P Dvvesen, CEEN, 0709 96

Hew -l—dqﬂlnmbu i Barws, ETT Do,
i Dollabasiaron with [ Ueifonges. 30 Div., aid

10, Mangjuni, P Div. CERM, 21,0800

Start the protons out here
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LHC Parameters

LHC design report

Table 2.1: LHC beam parameters relevant for the peak luminosity

Injection | Collision
Beam Data
Proton energy [GeV] 450 7000
Relativistic gamma 479.6 7461
Number of particles per bunch 1.15 x 10+
Number of bunches 2808
Longitudinal emittance (40) eVs] 1.0 2.51
Transverse normalized emittance m rad] 3.5° 3.75
Circulating beam current [A] 0.582
Stored energy per beam [MJ] 233 362
Peak Luminosity Related Data
RMS bunch length® cm 11.24 7.55
RMS beam size at the IP1 and IP5¢ L4110 375.2 16.7
RMS beam size at the IP2 and IP&¢ L4110 279.6 70.9
Geometric luminosity reduction factor F/ - 0.83
Peak luminosity in IP1 and IP5 [cm—“sec™ ] - 1.0 x 10%*
Peak luminosity per bunch crossing in IP1 and IP5 | [cm —?sec '] - 3.56 x 10"




Magnets for the LHC (part of the

m)

Dipole

Lattice quadrupoles
Lattice sextupoles
Lattice Octupoles
Skew quad

Arc skew sext

Tuning trim quad
Octupole spool pieces
Decapole spool pieces

Sextupole corrector (b3)
in MBA & MBB (spool
piece corrector)

Insertion region long trim
gquads

Arc dipole corrector
Arc dipole corrector

Twin aperture separation
dipole in IR (194mm).
D4

Twin Aperture Separation
dipole in IR(188mm).
D2

MB
MQ
MS
MO
MQS
MSS
MQT
MCO
MCD

MCS

MQTLI
MCBH
MCBV

MBRB

MBRC

No. of Magnets
1232

392

688

168

32

64

160

1232

1232

2464

36
376
376

About 9000 magnets of which
1232 are the cryodipoles

Aperture
twin
twin

single
twin
twin
single
twin
single

single

single

twin
single

single

twin

twin
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" The Cryodipole Magnets

eSuperconducting (1.9 K) dipoles producing a field of 8.4 T -
current 11,700A = 2-in-1 magnet design

e Cost: ~ 0.5 million CHF each. Need 1232 of them

e Stored magnetic energy up to 1.29 GJ per sector.

e Total stored energy in magnets = 116J

e One dipole weighs around 34 tonnes

Heat Exchanger Pipe
Beam Pipe
Superconducting Coils

Helium-Il Vessel

Spool Piece \ .
Bus Bars = ., y / Superconducting Bus-Bar

Iron Yoke

Non-Magnetic Collars

Vacuum Vessel
Quadrupole

Bus Bars Radiation Screen

Thermal Shield

The
15-m long
LHC cryodipole

Auxiliary
Bus Bar Tube

. Instrumentation
PFOt%Ciggg Feed Throughs

16



First full LHC cell (~ 120 m long) :
6 dipoles + 4 quads
1 dipole = 15m and weights 34 tons!

The Cryodipoles

LHC DIPOLE : STANDARD CROSS-SECTION

- ALIGMMENT TARGET
e MAIN QUADRIPOLE BUS-BARS
- HEAT EXCHANGER PIFE

N SUPERINSULATION
e VACURUM VESSEL

R ’ SHRINKING CYLINDER / HE I-'WESSEL
_\ e THERMAL SHIELD (35 1o 75K)

“ T NONMAGNETIC COLLARS

T IRON YOKE (COLD MASS, 1.6K)

T DIPOLE BUS-BARS

....




Cryogenics

The QRL Cryoline problems caused a lot
of headaches in 2004.

Dipoles: Waiting to be lowered after QRL repair
Parking space @ CERN was getting sparse

Cryogenics
LHC uses superfluid helium, which has unusually efficient heat transfer
properties, allowing kilowatts of refrigeration o be transported over
more than a kilometer with a femperature drop of less than 0.1 K.
LHC superconducting magnets will sit in a 1.9 K bath of superfluid helium
at atmospheric pressure. In all, LHC cryogenics will need 40,000 leak-tight
pipe junctions, 12 million litres of liquid

18



Conclusions from Lyn Evans’ recent presentation at the
CERN Scientific Policy Committee, on 12" December 2005

(Available via the official LHC Web: )

All key objectives have been reached for the end of 2005

- End of repair of QRL, reinstallation of sector 7-8 and cold test of
sub -sectors A and B

- Cool-down of full sector 8-1

- Pressure test of sector 4-5

- Endurance test of full octant of power

converters

Magnet installation rate is now close to 20/week,
with more than 200 installed

This, together with interconnect work, will remain
the main bottleneck until the end of installation

19



Cryoline tests —

First 600 m of cryoline (QRL) successfully cooled down on 14/9/2005,
followed by cool-down of full cryoline sector 8-1 and pressure test of sector 4-5.

LAC Progress \
DEISth'a rd ) |k‘|;'|:'|rlrl'|l.;|-t

Cryogenic distribution line

=
m
o
E
=
=
L]
=
Ll

a1-Jan-02 01-Jardd D01-Ja+lg D1-Jaras o1-Janbe 0i-Jar-or

=l=Fipeclements delivernd == Sendos modues delivemed =i nsmied ssbeniemonne ded

Updated 30 Jun 2006 Data provided by 3. Riddore AT-ACE.
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Instaling of the Dipoles

e First dipole lowered in March 2005
e The 616th dipole out of a total of 1232 was installed at 3 a.m
on Wednesday 12 July 06. Half way!
e Octant 7-8 will be cooled down and tested before the end of the year

RN EEY

=

Around the clock activity

21



The LHC Progress & Schedule

The LHC Schedule®
Crucial part: 1232 superconducting dipoles

Can follow progress on the LHC dashboard  ° LHC will be closed and set up for
http://Ihc-new-homepage.web.cern.ch/lhc-new-homepage/ beam on 1 SepTember 2007

LHC commissioning will take time!
e First collisions expected in
B - oo N\ November 2007

Gryodipole overview Followed by a short pilot run
I Y Collisions will be at injection
oon | Mor'e than 700 dipoles %/_ energy ie cms of 0.9 TeV
g Kl‘sm“ez‘(j)? ”‘l’w P / [/ e First physics run in 2008
g 7 How mel dipoles/wee // J / ~1 fb-1? 14 TeV!
g w ¥/ 4 //, / e Physics run in 2009 +...
i _ -1 -1
// //,/// 10-20 fb-!/year =100 fb-1/year
i _/{/"// More details on the schedule
DWD—Janm 01-JarH02 01-Jar03 01-Jan-04 - DHar}D‘S/ 01-Jar06 01-Jard? in The las.r leCTur‘e
=== e ()¢9 M. Larrt et Api 2005
— — Achtung! Lumi estimates are mine, not
Updated 31 Aug 2006 Data provided by D, Tommasini AT-MAS, L. Bottura AT-MTM fr-om The machine

Includes updates from Jujne 06 22



(Revised) LHC schedule

as presented to CERN Council on 23 June 2006

m Last magnet installed : March 2007
Machine and experiments closed + 31 August 2007
m First collisions (Vs = 900 GeV, L~102° cm2 s1) : November 2007

Commissioning run at injection energy until end 2007, then shutdown (3 months ?)

m First collisions at Vs=14 TeV (followed by first physics run): Spring 2008

Goal : deliver integrated luminosity of few fb-! by end 2008
L. Evans,

* Sectors 7-8 and 8-1 will be fully commissioned up to 7 TeV in 2006-2007. | CERN Council,
If we continue to commission the other sectors up to 7 TeV, 23/6/2006
we will not get circulating beam in 2007

* The other sectors will be commissioned up to the field needed for de-Gaussing.

* Initial operation will be at 900 GeV (CM) with a static machine (no ramp, no squeeze) F. Gianotti
to debug machine and detectors. ICHEPO6

* Full commissioning up to 7 TeV will be done in the winter 2008 shutdown

More details on the schedule in the last lecture
23



Expected LHC operation Cycle

|F'H‘r5|-:5 | |E=EAM DUMF‘| 14000 - g
L |
4‘1“ r-‘li . : -
\ PREFPARE .
L PHYSICS
RAMP DOWN 8
[RAMP DOWN| PHYSICS |
5 c
5 PREINJECTICN E
; PLATEAU L. O
=
3
LHC operation cycle |-
To
1 Ti"uj L 1
l —.
 —

I T T : & T T O
-3000 -2000 -1000 o 1000 2000 3000
Time [s]

Ramp down == 18 muns
Pre-injection plateau | 15 muns
Injection = 15 muns
Ramp = 28 mins
Squeeze < 5 mins
Prepare physics = 10 muns

F. Gianotti, ICHEPOS, Moscow, 02/08/2006 Physics 10-20 hours




Some Impressions —

Top speed
3km/h

Dipole interconnection is a tedious
and time consuming job
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' LHC is more than just dipoles.. ..
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Straight Section —

The sections that deliver the beam to the experiment SRS
are straight and use room temperature magnets

-

—

s rerERIIEE!

. g & _— 1
I - -
} i
§ |
.
‘| — -
| -
. -
-
i
- e
A F

Straight section at IP 1

f . — e = [
' - ‘ T
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Experiments at the LHC
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Detectors at Accelerators S—

Particle Detection: What we 'see"” as particles:

For “stable particles’ of life time > 10~ 1Y s:

Tracking Electromagnetic Hadron Muon
chamber calorimeter calorimeter chamber

0 —<

Innermost Layer... P ...Outermost Layer

For charged tracks: Ap/p o p,
. , 1
for calorimetry : AFE/E o —.
v I
29



Example: The CMS experiment

e ———

~2300 people/~150 institutes 0 Tracklng .
o Silicon pixels
o Silicon strips
o Calorimeters
o PbWO04 crystals
for Electro-magn.
o Scintillator/steel
T b for hadronic part
b 1 ' " 0 4T solenoid
o Instrumented iron
for muon detection

o In total about

98 000 000 channels
o0 Size of 1 event

Tolmlwelght : 12,500t

Overalld meteri 15.00m S‘JPWSDELUNG
EEE'.?JL'EEEE o Ea— CMS-PARA-DD1-11/07/97 JLEPP 1 OOO OOO BYTQS

0 Readout to disk
A Huge Enterprise ! 100 events/sec

30



Particles in the detector —

Om m m Im

Key:

Muon

Electron

Hadron (e.g. Pion)
""" Photon

}]!]]] e

Iron return voke interspersed
with Muon chambers

through CMS

31



T Han

How to search for new particles?

Photons
Iieptc:}ns
€. K H — vy
/\ /(_}zz_} = Taus
H—-WW—lvlv
o / hﬂ(HD]_},ﬂr \
E L g —+h x H? A0 hie1t
st — Ve +_:,a|:-,l_|
E- — 41 n
- 71 /. -3
T W1 unpredicted |~£ i)
EN Yl discovery = F
D" -
~g = . o
N 1wt V. pTe—=WZ g, q —bjets+X ?_'l ol
T nlept.+ x — 1v1 1 >
T g— njets + Er%ﬂ
— N leptons + X
q similar b-
H— WW—1Vjj Jet-tag
Ho ZZvvi Y77 511j
. H-WW-—1vl Jets
Missing Et

FREO_4 S s
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Kinematic Variables for pp and ep (ee)

* Transverse momentum, pr+ and E;=E sin®
— Particles that escape detection (0) have p=0
— Visible transverse momentum =0
« Very useful variable!
+ Longitudinal momentum and energy, p, and E
— Particles that escape detection have large p,

— Visible p, is not conserved
« Not so useful variable

« Angle:
— Polar angle 6 is not Lorentz invariant
. For M=0
— Rapidity: y e o
T o - P
— Pseudorapidity:  y= ElnE—pg y =1 =~ In(tan =)

e Missing E; and P+

33



!a"enges for Experiments at the h
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Cross sections at the LHC

S LHC s=14TeV L=10**cm™s™
barn R ER : : R : : 3
— &iheiastic T L\.r1 input ——— —
mb e bb, | T B P
------------------------------------------ max l;:\'—é-input
max LVt output
e L R =
JA- R ]

nb AT S I

pb

e e PN NN S NS

i scalar LQ\

H H H H i
50 100 200 500 1000
particle mass (GeV)

rate

GHz

MHz

JkHz

mHz

*2pHz

2000 5000

eviyear
10 7

10 16

10 15

10 14

10 13
12
11

10

“Well known”
processes, don’t need
to keep all of them ...

New Physics!!
This we want to keep!!
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Proton-proton collisions -

Most interactions due to collisions at large distance between incoming

protons where protons interact as “ a whole ”
— small momentum transfer (Ap =z /AX)

—particles in final state have large longitudinal momentum but small
—transverse momentum (scattering at large angle is small)

4'—.
@

<p;>~=500 MeV  ofcharged particles in final state

Most energy escapes down the beam pipe.

These are called (* soft “ events)..

36
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pp cross section and min. bias

_6_4

# of interactions/crossing: c(pp)=70 mb®
- Interactions/s: P e B B i e e 8 A

* Lum = 1034 cm—2s1=10’'mb-1Hz

T [ T T |.||m|'| L [ 7 W T 1T

~ o(pp) = 70 mb £
+ Interaction Rate, R = 7x108 Hz 8 |

- Events/beam crossing: CoE M=l
TAt=25ns = 25x108 s wfmwz:na:a‘m’i‘m . m’ m
* Interactions/crossing=17.5 T T T

Center of mass energy (GeV)

- Not all p bunches are full

- Approximately 4 out of 5 (only) are full
» Interactions/"active” crossing = 17.5 x 3564/2808 = 23

Operating conditions (summary):
1) A"good" event containing a Higgs decay +
2) ~ 20 extra "bad" (minimum bias) interactions

(*)Non-diffractive cross section .



pp collisons : complications —
Protons have structure L0 s

LN

A .|
LY Q%=10* GeV® !

Parton

_'I_T’rlll

0.8

T
-
-

~ distributions

-
-

0.4

0.2

C L L L1 |||||
0.0
103 107 1

.

Scattering cross sections for various SM processes:

Huge cross sections

.nl._
[ [
=
(=]
[=]

Underlying event

Ll]l'{ll-d“ S{:Eltt{:l'iﬂg 1(:'3 : o |||| : N ||| I 1010

2 A g ™

10 ! 109 =

. I I o(tot) [

outgoing parton 10! | ! 108 8

— 109 | Tevatron  LHC 107 w

0 I _ i

. o(bb

Bt fotew 0 g8 T 8

= 10~2 ! 105 ED

—_ —

;-‘ 10 3 'ﬁ"i—:lv________ 104 ﬂ]

% 1074 103 "
L. -5 2 =

initial-stat 10 U

radiation 106 1ol ¢
, _ ~

. final-state 10=7 g 100 3
OULEoImYe parton acTat _ T .z
gomg p radiation 10-8 BB (129 Gev)—] 1072 5
3 10—9 [ L,-f‘Tﬂ L1 ! 10—2
Plle-up 100 101 102

Ecm (TeV)



Proton -(anti) Proton colliders

Discoveries are possible

Discovery of the Z and W bosons in UA1/UA2 (1983)

Collaboration includes Helsinki Univ.

'Picture’ of the first

pp > Z + X
— e+e- + X._

event in the UA1
detector at the SppS,

for a centre of mass
energy (\s) = 630 GeV

(30/4/1983)

Success story of the
SppS machine at CERN
rebuilt from a fixed
target machine to a

collider
39
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Discovery of the Top Quark

Recent Steps 1994
The Last Quark Top mass
174 +/- 5 GeV
i.e. this quark

is as heavy as
a gold nucleus

In 2000: also the
Tau-neutrino was seen
directly

(DONUT exp. at FNAL)

All 3 families in the
Top Quark discovered at Fermilab _SM are now complete

40
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Pile-up at the LHC

Pile-up = additional -mostly soft- interactions per bunch crossing
Startup luminosity 2e1033cm-2s-! = 4 events per bunch crossing
High luminosity 1034cm-2s-1 = 20 events per bunch crossing
Luminosity upgrade  103%5¢m-2s-! = 200 events per bunch crossing

SUSY event (no pileup) I I SUSY event (1034cm-2s-1) I

41



How to find the interesting signals

This event contains pp ->H+X, with H>ZZ—pppp
Il> X ~ 100 charged particles

All tracks shown Only tracks with transverse
momentum > 2 GeV shown

42
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Large Event rates

[E— |
Process Events/s | Events/year| Other machines
Huge event rates:
-2 -1
W— ev 15 108 104LEP / 107 Tev (10%cm-2 s°%)
Z—> ee 1.5 107 107 LEP .
~ The LHC will be
tt 0.8 107 104 Tevatron a W-factory, a
bb 105 1012 10° Belle/BaBar | | £-factory, a top
3 0.001 10¢ factory, a Higgs
(M=1 TeV) | factory etc..
H 0.001 10 Precision EW physics
(M=0.8 TeV) will be limited by
systematics
QCD jets 102 10° 107
p; > 200 GeV

43
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Event filtering: the trigger system

Collision rate is 40 MHz Event size ~1 Mbyte
2007 technology (and budget) allows only to write 100 Hz

| .

of events to tape — need a factor ~107 online filtering!!

The trigger is a functlon of :

!!]]l l ) REJECTED
T
=

Event data & Apparatus
Physics channels & Parameters

lost foreverl!

written to disk for
offline analysis

The event trigger is one of the biggest challenges at the LHC
— Based on hard scattering signatures: jets, leptons, photons,

missing ET,...

44
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CMS DAQ
TDR 2002

Similar
numbers for
ATLAS

Example: CMS HLT trigger table

Trigger Threshold Rate | Cumnulative Rate
(GeV or GeV/e) | (He) (Hz)

inclusive clectron 2% 33 33

di-clectron 17 1 3

inclusive photon &0 4 38

di-photon 400, 25 5 43

inclusive muon 19 25 68

di-muon T 4 T

T-jet * Fr 86 * 65 1 T

di-T-jets a9 3 T

I-jet * Fr 180 * 123 3] 81

l-jet OR 3-jets OR 4-jets 657, 247, 113 9 89

clectron * 7-jet 19 * 45 (.4 89.4

muon * 7-jet 15 * 40 (.2 89.6

inclusive b-jet 237 a B84.6

calibration and other events (10%) 10 105

TOTAL 105

More combined friggers as eg. jets + leptons or leptons + MET possible

will be included as well

45



"Typical data at the LHC"

80 000 000 | 0.01 % 100 kB
16 000000 | 3% 700 kB

preshower 512 000 10 % 50 kB
125000 | 5% 50 kB
1000000 | 0.1% 10 kB

Total event size 1 MB




Irigger/DAQ schemes: a challenge .

COMMUNICATION PROCESSING

i | 16 Million channels
40 MHz 3 Gigacell buffers
COLLISION RATE

b

Charge Time Pattern

Energy Tracks

100 kHz
LEVEL-1 TRIGGER

1 Megabyte EVENT DATA

1 Terabit/s
(50000 DATA CHANNELS)

200 Gigabyte BUFFERS

500 Readout memories

EVENT BUILDER. A large
switching network (512+512 ports) with a total
throughput of approximately 500 Gbit's forms
the interconnection between the sources

i 1 < (Readout Dual Part Memory) and the
50 0 G ! g a b I t"s < 0 R '( destinations (switch to Farm Interface). The
Event Manager collects the status and

request of event filters and distributes event
building commands (read/clear) to RDPMs

5 TeralP$S
100 Hz I ] EVENT FILTER. it consists of a set
FILTERED EVENT _E‘/‘ % %‘ % of high performance commercial processors
organized into many farms convenient for
an-ling and off-ine applications. The farm
| | | architecture is such that a single CPU
processes one event
Gigabit/s ‘ Petabyte ARCHIVE
SERVICE LAN

Tera : 10'2; Peta 10'%; IPS : Instruction Per Second:; LAN : Local Area Network



Comparison of LHC with other experiments

High Level-1Trigger

(1 MHz2)
Level-1
Rate (Hz)
LHCB

Huge computing Effortl

High No. Channels
High Bandwidth

( 500 Gbit/s) < ~1 PB of raw data/year
- ATLAS < 3000 CPU's at CERN
. cmsO/ + 5000 in regional
5 centers

10 .

High Data “+» Data GRID project
(PetaByte) = LHC experiments are

ALICE . heavily involved

The grid will be important
for LHC data analysis

10° -

100 L I
10¢ 10° 106 EventSize (byte)

LEP
t 1 PB = 10> B =1 000 000 000 OO0 OO0 Bytes

48




T GRID Computing

A complex problem by itself

Example EGEE
Others: Nordic 6rid, US grid,...
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A few LHC numbers...

e Rate of pp interactions at 1034 : 10° events per second

e Energy of pp is about 7 times higher than that of the Tevatron at FNAL

e Weight of the CMS experiment: ~ 13000 tons (30% more than the Tour Eiffel)

e Amount of cables used in ATLAS : ~ 3000 km

e Data volume recorded at the front-end in CMS is 1 TB/second which
corresponds to 10,000 Encyclopedia Britannica

e Data recorded during the 10-20 years of LHC life will be equivalent to all the
words spoken by mankind since its appearance on earth

e A worry for the detectors: the kinetic energy the beam is of 1 small
aircraft carrier of 10 tons going 20 miles/ hour

e Machine temperature : 1.9 K (largest cryogenic system in the world)

e Total cost of machine + experiments : ~ 5000 MCHF

e Total number of involved physicists : ~ 5000
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Summary of Lecture 1

LHC is getting completed
- Expect operation starting in 2007

* November 2007 collisions at 900 GeV CMS

+ Spring/summer 2008 collisions at 14 TeV
- The LHC will be a challenging machine to operate.
Experimental challenges
- The experimental challenges at the LHC are considerable
- Pile-up, triggers, computing, (radiation)...

- Experiments are facing these challenges and are nearing
completion

- Tomorrow: How CMS and ATLAS are dealing with these
challenges...
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