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The Large Hadron

Collider Finally Entering

Operation:

An Overview of the LHC Project
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The Large Hadron Collider Project:

A Journey to Discover the Physics Shortly After the Big Ban
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History of the Universe

pp physics at the LHC corresponds * o
to conditions around here
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A most basic question is why particles (and
matter) have masses (and so different masses)

The mass mystery could be solved with the ‘Higgs mechanism’
which predicts the existence of a new elementary particle, the
‘Higgs’ particle (theory 1964, P. Higgs, R. Brout and F. Englert)

Mass

(GeV/c2) Peter Higgs
200 The Higgs (H) particle has been
175 searched for since decades at

accelerators, but not yet found...

150
The LHC will have sufficient energy
to produce it for sure, if it exists

100

sC

5.0

1.5
2 Gt OI15 b
ooes s c

up down strange charm bottom top .
Francois

8-Apr-2010, P Jenni (CERN) Qua rks LHC Entering Operation Englert




CDF/DO0 Conclusion at HCP2009:

Great results from both
experiments in both low

- 1
and high-mass sectors Tevatron Run li Prellmlnary, L=2.0-5.4 fb

WYAAAAK T "IWI""l Y
% WX(;/ LEP Exclusmn m Tevatron
SM Higgs exclusion inthe = [/« // EXCIus'on
range 163-1 66 Gev @95% E 10 ﬁr\’ = Observed .. """ __
cL I O b Zf'.fj]ﬁf B0 B A SN S
Expected exclusionrange O [l o o it
159-168 GeV N I s S N T
) L ™G 1 O —
e Yy 4
Better than 2.2xSM 'y
sensitivity at all masses 1
below 185 GeV i y
A ( ; | | § 5 Nov?mbers ?009 |
Stay tuned fs:;y;mg;ts - 100 110 120 130 140 150 160 170 180 190 200
Higgs searches H(GeV/c )

8-Apr-2010, P Jenni (CERN) LHC Entering Operation 5



Supersymmetry (SUSY)

(Julius Wess and Bruno Zumino, 1974)

Establishes a symmetry between fermions (matter)

and bosons (forces):

- Each particle p with spin s has a SUSY partner p

with spin s -1/2

- Examples

g (s=1)

Our known world

Standard-Teilchen

Quarks g Leptonen

q(s=1/2) - c“|‘(s=0)

Q Kraftteilchen
8-Apr-2010, P Jenni (CERN)

squark

> g (s=1/2) gluino
Maybe a new world?

SUSY-Teilchen

&wd ¥
uud |

() Slepton () suSY-kraftteilchen

LHC Entering Operation

’

b

Particles

N\

€ Supersymmetric
"shadow " particl

Motivation:

- Unification
(fermions-bosons,
matter-forces)
- Solves some deep
problems of the
Standard Model

Y







Unification of Forces

Magnetism

QED Electro

Long range

magnetism o
Electroweak gMaxweH Electricit
_ Model ek Th ok FFermi
ea eor
Grand ;) Standard y eax rorce

ificati Short range
Unification & model g
Quantum QCD Nuclear Force
? - Short range
Super |
L Kepler Celestial
Unification epler clest
Universal ravity
Gravitation Long range
Terrestrial

Einstein, Newton
Galilei  Gravity

8-Apr-2010, P Jenni (CERN) LHC Entering Operation


One of the primary goal of physics is to understand the wonderful variety of nature in a unified way
The greatest advances of the past have been steps toward this goal:
The unification of terrestial and celestial mechanics by Isaac Newton in the 17th century
Of optics with theories of electricity and magnetism by James Clerk Maxwell in the 19th century
Of space-time geometry with the theory of gravitation by Einstein in the early part of 20th century
Of chemistry and atomic physics through the advent of quantum mechanics in the 1920’s
Standard Model of particle physics contains the unification of electromagnetism and weak interaction 1960’s
We have ideas about how electroweak and strong interactions can be unified (GUT) but may only work if gravity is included
Apparent differences among these forces were brought about by events in the very early history of the Big Bang. 
The coming decade will see revolutionary advances in our knowledge of the Universe and of the fundamental laws that govern it.  Observations and experiments employing powerful new telescopes and particle accelerators will enable us to address some of the most profound questions in fundamental science


ﬁ
The LHC machine B

at the end of last year, with the hopes to explore new
territories ofparticle physics in the‘coming decades
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Member States (Dates of Accession)
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MEMBER STATES

AUSTRIA 77
BELGIUM 120
BULGARIA 54
CZECH REPUBLIC 178
DENMARK 66
FINLAND 80
FRANCE 868
GERMANY 1153
GREECE 104
HUNGARY 52
ITALY 1463
NETHERLANDS
NORWAY

POLAND

PORTUGAL

SLOVAKIA

SPAIN

SWEDEN

SWITZERLAND

UNITED KINGDOM

INDIA
ISRAEL
JAPAN
RUSSIA
TURKEY

3

OTHERS

ARGENTINA 8
ARMENIA 16
AUSTRALIA 17
AZERBAIJAN 1
BELARUS 19
BRAZIL 717
CANADA 141
CHILE 2
CHINA

78
CHINA (T, .
COLOM(B?A{EE% Emsé“ﬂg

Distribution of All CERN Users by Nation of Institute on
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PAKISTAN
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ROMANIA
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SOUTH AFRICA

20]J

anuary 2010

THAILAND
TUNISIA
UKRAINE
UZBEKISTAN
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Competitor: TeVatron at Fermilab
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Collision energy

Tevatron (pp)

1.96 TeV

LHC (pp)

initially 7 TeV
later 14 TeV

¢ (nb)

The other key parameter
for setting the road map
for discoveries is the
integrated luminosity

Nevents = © /L dt

8-Apr-2010, P Jenni (CERN)

Some bench-mark cross-sections
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Projection for the Tevatron

Expect about 2 fb-! per year from now on ~12 fb-1
>Reach at the end of 2011 some 10 — 12 fb- A
analyzable/delivered integrated luminosity

We are here
7 /

Integrated luminosity (fo')

0

FY04 'FY05 "FY06 'FY07 "FY08 "FY09 "FY10 FY11 FY12

8-Apr-2010, P Jenni (CERN) LHC Entering Operation 15



_4o10,_Tevatron Run II, pp at\s = 1.96 TeV
'E_ Jets
The Tevatron =104 =
experiments o Heavy Flavor
©10° =
have explored >
an impressive 10’
range of physics & 10°
over the years... ©
S10° w
© - y4
3 4
.. - 10
...bothindirect © = ; =
observations of - 10°7 Wy 7
processes as 2 ] 04
i 1074 ww
well as in : f g Single
precision 104 = 8 ET.op _
measurements 1
E ~10 orders
p of magnitude Hig
104 new physics
2
10 Jerg Hog W 2 W, & Wy Wz t 22 HQH:";;L
J"F;ayur
M, =160

8-Apr-2010, P Jenni (CERN) LHC Entering Operation 16



pp Vs =14 TeV Lgesign = 1034 cm2 s (after 2013)
7 TeV Liitiai < few x 1033 cm2 s (before)

Heavy ions (e.g. Pb-Pb at ~ 1150 TeV)

Point 5

| ATLAS and CMS:
v S e general purpose
e Just /B oo Pxe

Point 4

LHC 27 km ring (previously
used for the LEP e*e" collider)

Point 6

Point 7

vA27

. ~ Point 2

Plus two much smaller
experiments with very

3 UL26 .
vi24, . PGCS ‘
22 PMI2 PX 14 UART {
: " G forward detectors at
g ) Sgm = wiss
Existing Structures A 2 =
istil 2 A\ | G IX84 P t 1. LHCf
‘ ar L I oint-1:

| HC Project Structures

ALI C E . LHC Excavated Structures ey 4 Xis 2| o ‘R ST-CENr Poi nt_5 . Totem

| HC Completed Structures (CE) ATLAS 18/02/2002

Heavy Ions LHC Completed Structures (CV, EL, HM, MA

LHCb:
B-physics, CP-violation




IR5:CMS
experiment

LHC Layout

Q 8 arcs (sectors)

IR4: Radio frequency IR6: Beam
acceleration dumping system

0 8 long straight
sections (700 m
long):

IR1 to IR8

IR3: Collimation IR7: Collimation

IR8: LHC-B
IR2: ALICE experiment

experiment

Q 2 separate vaccum
chambers

O beams cross in 4
points

IR1: ATLAS

experiment

]

Injection |\

Injection

8-Apr-2010, P Jenni (CERN) LHC Entering Operation 18



The full LHC accelerator complex

CERN Accelerators

(not to scale)

LHC ring is divided

Linac into 8 sectors
Booster LHC 7oV pp
‘ 0.999999c¢ by here

B PROTONS

SPS 450 GeV
.‘f"
BOOSTER
14 GeV IPS?SGeV

PS

SPS

LHC 50 Mev ION
ACCUMULATOR
LINACS 42 Rl?e\t‘.‘n
— OOIDNS
e EAbprolons
—

nauinnos & Gran Sasse ([} - e bea 0.87(.‘: 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 Energy Ion Ring

CNGS: Cern Neutrinos to Gran Sasso

0.3c by here

udolf. LEY, 1% Divison, CIRN, 0209 96
Pcviseal sl wivgienl by Assoesclla el Revwss, ETT D,
i Collatoemson with I Destorgss, 3L Div., asd

03, Manglamki, P Div, CRRN, 21,0801

> 50 years of CERN

history still alive and
operational

8-Apr-2010, P Jenni (CER LHC Entering Operation

Start the protons out here




The most challenging components are the
1232 high-tech superconducting dipole magnets

Magnetic field: 8.4 T

Operation temperature: 1.9 K

Dipole current: 11700 A

Stored energy: 7 MJ

Dipole weight: 34 tons

7600 km of Nb-Ti superconducting cable

8-Apr-2010, PJ4enniS(CERN)




LHC Accelerator Challenge: Dipole Magnets

Superconducting Coils

Spool Piece
Bus Bars

Quadrupole

15-m long
st ) HC cryodip0|e Magnetic Field for Dipoles

Instrumentation

reed Throudhs p (TeV) = 0.3 B(T) R(km)
Coldest Ring in the Universe ? Forp=7TeV and R = 4.3 km
1.9 K (CMBR is about 2.7 K) >B=84T
LHC magnets are cooled with pressurized = Current 12 kA

superfluid helium
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Descent of the last dipole magnet, 26 April 2007

30’000 km underground transports
8-Apr-2010, P Jenni (CERN) at a speed of 2 km/h! 22




LHC Progress History of the dipole magnet “ A
Dashboard  construction and installation™

Department
Cryodipole overview
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8-Apr-2010, P Jenni (CERN) —Cryodipoles prepared forinstallation = Cryodipoles installed

LHC Entering Operation

22
9
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The particle beams are accelerated by superconducting
Radio-Frequency (RF) cavities

Note: The acceleration
is not such a big issue
in pp colliders (unlike
in ete” colliders),
because of the ~ 1/m*
behaviour of the
synchrotron radiation
energy losses

| \:{1 | ["' E4beam/Rm4]

LHCat7TeV  LEP at 100 GeV

Synchrotron radiation loss 6.7 keV/turn 3 GeV/turn
Peak accelerating voltage 16 MV/beam 3600 MV/beam




Special quadrupole magnets (‘Inner Triplets’) are fdcussing the particle beams '
to reach highest densities (‘luminosity’) at their interaction point in the centre
of the experiments




The LHC is the largest cryogenic system on earth,
cooler than outer space

Sector temperature profile at 08 Dec 15:14 -
q Magnets cooled down in a bath of

a7 Mowve cursor to square to identify magnet ~1 20 tons Of superfluid Helium

jg eal - (excellent thermal conductor)
4.1
3.9
3.7
3.5
3.3
3.1
2.8
2.7
2.5
2.3
2.1
19 F
17 F
1.5

H K Onnes
Nobel Prize in Physics 1913

One sector: 3.3 km, 154 dipoles

Temperature [K]

Saturated Vapour Temperature:1.86K

Point 8 Mid Arc Point 1
O Inner Triplete [ Arc magnets M L3S magnets

m ~100 years ago, on 10 July 1908: Heike K Onnes
first liquefied Helium (60 mlin 1 hour) in Leiden
m LHC today: 32000 He liters liquefied per hour
by eight big cryogenic plants
(the largest refrigerator in the world)
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Main parameters of the machine

Design operation

Beam energy
Instantaneous luminosity L
Integrated luminosity/year
Dipole field

Dipole current

Circulating current/beam
Number of bunches

Bunch spacing

Protons per bunch

R.m.s. beam radius at IP1/5
R.m.s. bunch length

Stored beam energy
Crossing angle

Number of events per crossing
Luminosity lifetime

two beams, 2808 bunches
each, separated by 25 ns —_—

"'\-\__
-
i T

et

interactionsy
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7 TeV
1034 cm3st
~100 fb!
84 T
11700 A
053 A
2808
25 ns
1 011
16 um
7.5 cm
360 MJ —4T—
300 prad
20
10 hours

n. of protons n. of bunches

per bunch /
21, n. of turns
L= N kbf per second
4o o

beam size at IP
(Gx,y =16 Mm)

N=LXo(pp— X)

x200 Tevatron

= Aircraft carrier at 12 knots




10 September 2008: LHC inauguration day

N Five CERN DGs, from conception to realization:
=1 Schopper, Rubbia, Llewellyn Smith, Maiani, Aymar




First LHC Single Beam on 10t" September 2008

POINT 4.
RF

POINT 3
Momentum -
Cleaning

POINT 2
Alice

Beam 1

TI2

POINT 5
CMs

POINT 1
Atlas

-

TI8

POINT 6
Dump

POINT 7
Betatron
Cleaning

POINT 8
LHCb

Beam 2
10 Sep 2008 15:02

Updated by Roberto Saban
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Point 5

Point 1

Existing Structures

= | HC Project Structures i)
s LHC Excavated Structures : osais ‘B’ ST-CE/ljr
mmmmmm | HC Completed Structures (CE) ATLAS 18/02/2002
LHC Completed Structures (CV, EL, HM, MA)
tertiary
llimators
29
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CMS Splash ‘09 Event Display

ECAL energy deposits in red, Preshower in green,
HCAL energy deposits in blue (light blue for HF and HO),

and CSC muon hits are in magenta.



Incident on 19" September 2008

On the beam startup date not all the circuits had been fully
commissioning for 5 TeV beam operation. The last steps were

completed a week later...

0 During the last commissioning step of the last main dipole circuit an
electrical fault developed at ~5.2 TeV in the dipole bus bar at the
interconnection between a quadrupole and a dipole magnet

Later correlated to quench due to a local R ~220 n(2 — nominal 0.35 ng2

QO An electrical arc developed and punctured the helium enclosure

Around 400 MJ from a total of 600 MJ stored in the circuit were
dissipated in the cold-mass and in electrical arcs

a Large amounts of Helium were released

into the insulating vacuum

The pressure wave due to Helium flow
was the cause of most of the damage
(collateral damage).
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LHC Entering Operation Cross-section
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Magnet Interconnection
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Examples of collateral damage

High pressure build-up damaged the magnet interconnects and the super-insulation

Perforation of the beam tubes resulted in pollution of the vacuum system with soot
from the vaporization and with debris from the super insulation.
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lllustrating some of the preventive measures

New additional anchoring system

Red: existing

jacks (80 kN) i
P li | . I Yellow: new additional
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The LHC repairs in detail

54 electrical interconnections

14 quadrupole magnets 39 dipole magnets fully repaired. 150 more Over 4 km of vacuum
replaced replaced needing only partial repairs beam tube cleaned

)3)

///////

; A new longitudinal Nearly 900 new helium pressure 6500 new detectors are being
restraining system is being fitted release ports are being installed added to the magnet protection
to 50 quadrupole magnets around the machine system, requiring 250 km of cables
to be laid 36
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Operating energy

O Highest energy where LHC can be operated safely depends on:
o dJoint quality (max. excess resistance)
o Quench propagation between magnets (= trigger of bus-bar quench)

o Speed of energy extraction: time constant of current decay
O Based on models and experimental tests:

o Inthe present situation the LHC cannot be operated above 3.5 TeV
without taking a significant risk

- LHC run 2010/2011 at 3.5 TeV / beam

o A major verification and repair campaigh must be performed on all
magnet interconnection to reach 7 TeV / beam — shutdown in 2012.

8-Apr-2010, P Jenni (CERN) LHC Entering Operation 37



LHC planning and scenario for the coming 8 years

This scenario is based on the outcome of the recent ‘Chamonix’ meeting (two months ago)
where the machine experts, the experiments and the CERN Management have reviewed
the current LHC situation

(cm=2s) (integrated luminosities in fb')
2010 7 el10 1.2e32
2011 8 35 25 7 ¢el0 720 1.2e32 0.1 0.8 1.0
| 2012
‘ 2013 & 6.5 1 1.1el11 720 1.4e33 1.1 7 8
‘ 2014 7 7 1 1.1e11 1404 3.0e33 2.3 16 24
2015 4 7 1 11 e10 2808 6 e33 4.6 18 43
2016 7 7 055 11 e10 2808 1e34 7.4 52 96
Note: - Long shutdown in 2012 for preparing design-energy running

- 6 months shutdown in 2015 to bring in LINAC4
- Nominal LHC design performance aimed at 2016
- Likely a long shutdown in 2017 (or around that time)



CMS
2900 Physicists
184 Institutions
38 countries
550 MCHF

ALICE
1000 Physicists
105 Institutions
30 countries
150 MCHF

8-Apr-2010, P Jenni (CER

The LHC orld of CERN

LHCDb

700 Physicists

mTa 52 Institutions

\ 15 countries
75 MCHF

; . ATLAS
4 2900 Physicists
- 172 Institutions
37 countries
550 MCHF



ALICE: study of quark-gluon plasma
- L3 solenoid
- Large TPC
- Si microstrip, drift and pixels detectors
- Particle identification: RICH, TRD, TOF
- PbWO, crystals + Pb/scintillator ecal
- Single arm forward muon system

S EMCAL
MEAL

TRD
HMPID

ZDC w MUON
~116m from L.P, ; FILTER

|
. TRIGGER
~ \CHAMBER
ZDC
~116mfrom|.P,

Size: 16 x 26 meters
Weight: 10,000 tons
40

DIPOLE
MAGNET

ation

PHOS

LHC Enté
ABSORBER
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LHCb:
Study of B decays and CP Violation

(indirect search for New Physics)

- Dipole magnet (4 T.m)

- Particle Identification (2 RICH)

- 21 layer of Si microstrip vertex locator (VELO)
- Tracking: Silicon + long straw tubes

- Shashlik (Pb/scint) em calorimeter

- HCAL (Fe/scint),

- MWPC muon system

Magnet RICH2 M1

” Beam 2

8-Apr-2010, P-Jenni {CERN) LHC Entering Operation > 42



LHCD in its cavern (~100 m deep)

\ Shielding wall
A\ (against radiation) Offset interaction point (to make best
use of existing cavern)

Electronics
+ CPU farm

Detectors can be moved

away from beam-line for access

8-Apr-2010, P Jenni (CERN) 2 Operation 43
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CMS Detector

Superconducting Coil, 4 Tesla CALORIMETERS

ECAL HCAL
76k scintillating” Plastic scintillator/brass
PbWOQO4 crystals sandwich

Steel YOKE

Level-1 Trigger Output
» Today: 50 kHz
(eventually100 kHz)

A  Directly feeds Higher
TRACKIéF:’{ ' Level Trigger CPU farm
Pixels J
Silicon Microstrips
210 m2 of silicon sensors
9.6M (Str) & 66M (Pix) channels

>

MUON

&
r\ §
MUON BARREL % ENDCAPS

Drift Tube Resistive Plate Cathode Strip Chambers (CSC)
Chambers (DT) Chambers (RPC) Resistive Plate Chambers (RPC) .

8-Apr-2010, P Jenni (CERN) LHC Entering Operation
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ng Challenge
Magnetic length 12.5m
6m
4T
Nominal current 20 kA
Stored energy 2.7 GJ

Diameter
Magnetic field

CMS solenoid:
Tested at full current in Summer 2006

ineeri

CMS Solenoi

Example of an Eng
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The central, heaviest slice (2000 tons)
including the solenoid magnet lowered -
in the underground cavern in Feb. 2007 |l

s,

e

! | = it/
| In total 15 slices way |/
LHC Enteriné_,\Qﬁgraliqﬁ :.Tﬁ;)':u 3% 49 / .,r,



CMS Electron and
Photon calorimeter:

e
76 000 PbWO, crystals &;

% _ '
¥ & ¥
L o 3y .l! Y

y 7
18 SMs In

The End-cap was on
the critical path for
many years, but it was
completed just in time
before final closure, a
major achievement by
CMS
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Tracker

icon tracker (200m2) has 10 M channels

Operating temperature -15°C

licon

i
The S
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ATLAS
Collaboration

(Status March 2010)

37 Countries

173 Institutions
3000 Scientific participants total
(1100 Students)

H-H-H-IH-H- /NII
Cblla‘boratfion

Albany, Alberta, NIKHEF Amsterdam, Ankara, LAPP Annecy, Argonne NL, Arizona, UT Arlington, Athens, NTU Athens, Baku,
IFAE Barcelona, Belgrade, Bergen, Berkeley LBL and UC, HU Berlin, Bern, Birmingham, UAN Bogota, Bologna, Bonn, Boston,
Brandeis, Brasil Cluster, Bratislava/SAS Kosice, Brookhaven NL, Buenos Aires, Bucharest, Cambridge, Carleton, CERN, Chinese
Cluster, Chicago, Chile, Clermont-Ferrand, Columbia, NBI Copenhagen, Cosenza, AGH UST Cracow, IFJ PAN Cracow, SMU Dallas,
UT Dallas, DESY, Dortmund, TU Dresden, JINR Dubna, Duke, Edinburgh, Frascati, Freiburg, Geneva, Genoa, Giessen, Glasgow,
Géttingen, LPSC Grenoble, Technion Haifa, Hampton, Harvard, Heidelberg, Hiroshima IT, Indiana, Innsbruck, lowa SU, lowa,

UC Irvine, Istanbul Bogazici, KEK, Kobe, Kyoto, Kyoto UE, Lancaster, UN La Plata, Lecce, Lisbon LIP, Liverpool, Ljubljana, QMW
London, RHBNC London, UC London, Lund, UA Madrid, Mainz, Manchester, CPPM Marseille, Massachusetts, MIT, Melbourne,
Michigan, Michigan SU, Milano, Minsk NAS, Minsk NCPHEP, Montreal, McGill Montreal, RUPHE Morocco, FIAN Moscow, ITEP
Moscow, MEPhI Moscow, MSU Moscow, LMU Munich, MPI Munich, Nagasaki IAS, Nagoya, Naples, New Mexico, New York,
Nijmegen, Northern lllinois, BINP Novosibirsk, Ohio SU, Okayama, Oklahoma, Oklahoma SU, Olomouc, Oregon, LAL Orsay, Osaka,
Oslo, Oxford, Paris VI and VII, Pavia, Pennsylvania, Pisa, Pittsburgh, CAS Prague, CU Prague, TU Prague, IHEP Protvino, Regina,
Rome |, Rome Il, Rome lll, Rutherford Appleton Laboratory, DAPNIA Saclay, Santa Cruz UC, Sheffield, Shinshu, Siegen, Simon
Fraser Burnaby, SLAC, NPI Petersburg, Stockholm, KTH Stockholm, Stony Brook, Sydney, Sussex, AS Taipei, Thilisi, Tel Aviv,
Thessaloniki, Tokyo ICEPP, Tokyo MU, Tokyo Tech, Toronto, TRIUMF, Tsukuba, Tufts, Udine/ICTP, Uppsala, Ul Urbana, Valencia, UBC
Vancouver, Victoria, Waseda, Washington, Weizmann Rehovot, FH Wiener Neustadt, Wisconsin, Wuppertal, Wirzburg, Yale, Yerevan



ATLAS
Detector

45 m
A
—
ATLAS superimposed to Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

the 5 floors of building 40

24 m <

\
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The Underground
Cavern at Point-1 for

the ATLAS Detector
r=—=—xam Ll
- ) i ‘
T Length =55m
Width =32m

A E e Y ER Y
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ATLAS Tracking Detectors

2 Tesla solenoid o/p;~ 5x10* p; © 0.01

NN
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Beam Pipe

B o :-.--:. . . ] s = T : o .I -" et i et L o
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Transition Radiation Tracker (TRT) Pixels Si Strips Tracker (SCT)
(4 10° channels) with e/x separation (0.8 108 channels) (6 106 channels) 58






Muon System
_ Stand-alone momentum resolution
!hln-gqp chambers (T&C)

W Cathode strip chambers (CSC) ApT/pT <10% up to 1 TeV

2-6 Tm |n|<1.3 4-8 Tm 1.6<|n|<2.7

~1200 MDT precision
chambers for track

Barrel toroid

Resistive-plate
chambers (RPC)

End-cap toroid
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A historical moment:
Closure of the LHC beam pipe ring

| on 16" June 2008 (the last piece was
the one shown here in ATLAS side A)
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Collisions at LHC

Proton-Proton
Protons/bunch 10"
Beam energy 7 TeV (7x10'2 eV)

Luminosity 10% ecm? s
Bunch
Event rate:
Proton N =L x o (pp)  10° interactions/s
Mostly soft (low p;) events
Parton Interesting hard (high-p;) events are rare

(quark, gluon)

Selection of 1 in
10,000,000,000,000

Particle

8-Apr-2010, P Jenni (CERN) LHC Entering Operation ~ [NES) very powerful detectors needed



Cross Sections and Production Rates

© LHC ~s=14TeV L=10**cm™2s™ rate ev/year
barn — ! — —

Ll
ul
-l
=1

e —— o e - GHz

14

10
10 13 “Well known”

12 processes, don’t need
1" to keep all of them ...

mb

MHz

10

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

pb 10

kH=z

nb

Hz

10 ° New Physics
107 This we want to keep!

pb

mHz

b N
I
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particle mass (GeV)
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As an example:

SDX1  qual-CPU nodes H
CERN ATLAS Trigger / DAQ Data Flow
computer ~30 ~1600 ~100 ~ 500
Event rate | Local Event Second-
cantra ~200 Hz | Storage Eyent Builder | | LVL2 | |evel i
Data SoubFarm Filter S:JbFarm fal’m trigger ——
utputs nputs =
storage (SFOs) (EF) (SFis) S — S s
T Gs] _ |spbx1 e
DataFlow ':vflrtv(\:lch):; 1 stores e, & e gg;;}::;;‘
Manager vyyvy vyvysy LVL2 = e ’ri%qmbm
) , output Gk ‘
Network switches ’ BT (]
LvL2 [ e 1
Super- A '
5|88 g
3| s & i
ke g ) E
Event data i} glze g | USAL5] 5
pulled: S S © :
. = 'y
partial events | = v
@ < 100 kHz, p USA15 1600 Data of events accepted
5 by first-level trigger
full events S ~150 Read- < 99 UX15 |
@ ~ 3 kHZ - PCs YYVYVYY VL \ SﬁLS F\{/Mi Dedicated links i- ; ’ ":_d
eaa- -
Read-Out out = S M-
Subsystems Drivers Ly
| o/
Rol (ROSs) (RODs)[*— Fjrst- £I— / ' '
4 Builder \ level /, = e
Timing Trigger Control (TTC) \ trigger 4
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Event data pushed @ < 100 kHz, / 2
1600 fragments of ~ 1 kByte each - 64
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E‘ . The read-out electronics, trigger, DAQ and detector

__L_, LR control systems have been brought into operation
- ; ...-" ‘1';‘ ! gradually over the past years, along with the detector
i\ _ ‘:'\-Il _ commissioning with cosmics
' - T

'.A

T | (Examples from ATLAS)

E e "‘"T
] "‘.,\ 2 -

Example of LAr calorlmeter read- out electronlcs :
ARG TR TS, VT 57 z

In total about 300 racks with
Example of Level-1 Trigger electronics electronics in the underground

LHC Entering Operation counting rooms 65
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% Final size for max L1 rate (TDR)

ATLAS HLT Farms (as an example
for staged implementation)

~ 500PCs for L2 + ~ 1800 PCs for EF
(multi-core technology)

For 2009: 850 PCs installed
total of 27 XPU racks = 35% of final

system

(1'rack = &1 ECs)
(XPU = can be connected to L2 or EF)

- X8cores
- CPU: 2 x Intel Harpertown quad-core 2.5 GHz

- RAM:2 GB/core, i.e. 16 GB
Final system : total of 17 L2 + 62 EF racks
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Worldwide LHC Computing Grid (WLCG)

WLCG is a worldwide
collaborative effort on
an unprecedented scale
in terms of storage and
CPU requirements, as
well as the software
project’s size

GRID computing developed
to solve problem of data storage
and analysis

LHC data volume per year:
10-15 Petabytes

One CD has ~ 600 Megabytes
1 Petabyte = 10°MB = 10'°Byte

=35GB
(Note: the WWW is from CERN... ) |

Balloon

X~ (30 Km)

CD stack with
1 year LHC data!

(~ J{JAKm)

Concorde
(15 Km)

Mt. Blanc



The Worldwide LHC Computing Grid (WLCG)

Tier-2 Centres

SARA-NIKHEF

o Partrer o
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Tier-0 (CERN):
*Data recording
*|nitial data

reconstruction
«Data distribution

Tier-1 (11 centres):
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Strategy toward physics

Before data taking starts:

m Strict quality controls of detector construction to meet physics requirements
m Test beams (a 15-year activity culminating with a combined test beam in 2004)
to understand and calibrate (part of) detector and validate/tune software tools

(e.g- Geant4 simulation)

m Detailed simulations of realistic detector “as built and as installed”
(including misalignments, material non-uniformities, dead channels, etc.)
— test and validate calibration/alignment strategies

m Experiment commissioning with cosmics in the underground cavern

With the first data:
m Commission/calibrate detector/trigger in situ with physics (min.bias, Z-ll, ...)
m “Rediscover” Standard Model, measure it at Vs = 10 TeV
(minimum bias, W, Z, tt, QCD jets, ...)
m Validate and tune tools (e.g. MC generators)
m Measure main backgrounds to New Physics (W/Z+jets, tt+jets, QCD-jets,...)

!
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Thickness of Pb plates must
be uniform to 0.5% (~10 um)

Example: ATLAS LAr em Accordion Calorimeter

Construction quality

End-cap: 1536 plates

2 88 88 8

100
50

0
216

c~9 um

<>~2.2Mmm

218 22 222 224 228
Absorber thickness (mm)

Test-beam measurements

4 (out of 32) barrel modules and 3 (out of 16)
end-cap (EMEC) modules tested with beams

Scans with 120-245 GeV electrons (all 7 tested modules)

Norm. Av. Energies

1.04

1.02

sk

0.98

0.96

1 barrel module:
An X Ao = 1.4x04
~ 3000 channels

8-Apr-2010, P Jenni (CERN)

(882 Cells)

All Barrel Modules 0.43%
| i

-ammw
>

‘1% -
T — Overall uniformity: ~0.54%

(2455 Cells)

| <
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All EMEC 0.62%
\
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A cosmic muon traversing the whole ATLAS detector

8-Apr-2010, P Jenni (CERN) LHC Entering Operation



‘ Extrapolation to the surface of cosmic muon tracks reconstructed by RPC trigger chambers

x10°

50

X coordinate [mm)]
N [

=9

-10
-20
-30
-40

'5950 -40 -30 -20 10 0 10 20 30 40 50

z coordinate [mm] T —— -

“- L | LVL1 calo trigger
Muon (shower) energy measured with Full calo |-
full calorimeter readout vs energy readoutu 3
measured in trigger towers 5 so:
(nx¢=0.1x0.1) by level-one calorimeter E J
trigger >
With initial calibration (final calibration 20- “'?‘E’:r
will reduce the spread) -

00 .40...60.‘.80.;.
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Correlation between measurements in the ATLAS Inner Detector

and Muon Spectrometer

= 0
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tracks in the bottom part of the detector 004l (data with B-field on) |
(~ 3 GeV energy loss in the calorimeter) [ ]
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Strategy toward physics

Before data taking starts:

m Strict quality controls of detector construction to meet physics requirements
m Test beams (a 15-year activity culminating with a combined test beam in 2004)
to understand and calibrate (part of) detector and validate/tune software tools

(e.g- Geant4 simulation)

m Detailed simulations of realistic detector “as built and as installed”
(including misalignments, material non-uniformities, dead channels, etc.)
— test and validate calibration/alignment strategies

m Experiment commissioning with cosmics in the underground cavern

With the first data:
m Commission/calibrate detector/trigger in situ with physics (min.bias, Z-ll, ...)
m “Rediscover” Standard Model, measure it at Vs = 10 TeV
(minimum bias, W, Z, tt, QCD jets, ...)
m Validate and tune tools (e.g. MC generators)
m Measure main backgrounds to New Physics (W/Z+jets, tt+jets, QCD-jets,...)

!
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Steve Myers, CERN 26" November 2009:

LHC is back!

‘From the dark days after
September 19, 2008 to the bright
days of late November 2009’

8-Apr-2010, P Jenni (CERN) LHC Entering Operation
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Friday November 20", 2009

18:30 Beam 1

19.00 beam through CMS (23, 34, 45)

+ beam1 through to IP6 19.55 Starting
again injection of Beam1

and B Wb

Iﬂ'\tu E L =] Ll l:-'lu i areh. com oA o beam by_beas.phe v E [=1 |
» corrected beam to IP6, 7, 8, 1 bt Mt =P GIAN~ AT = GAF = OOM" 108 Oparton~_SH-_ P~ fooh= TMbA: Gl st @8 B
20.40 Beam 1 makes 2 turns - k
« Working on tune measurement, i
orbit, dump and RF e POINT 6

Dump

« Beam makes several hundred turns
(not captured)

20.50 Beam 1 on beam dump at point 6
21.50 Beam 1 captured

POINT 3
Momentun
Clearing

POINT 7
Bedatron
Claaning

22:15 Beam 2
23.10 Start threading Beam 2
* Roundto76521
23.40 First Turn Beam 2 POINT 2

« Working on tune measurement, -
orbit, dump and RF -

« Beam makes several hundred turns
(nOt captured) L e Updated by Roberio Saban

24.10 Beam 2 captured oo -

POINT 8
LHCb

FOINT 1

Allas

10 Sap 2008 15:02
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Candidate
Collision Event

C gy
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S =
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.
<]
7E (GeV)
S
3

ATLAS

] EXPERIMENT
& 2009-11-23, 14:22 CET

Run 140541, Event 171897

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html




Examples of early optimization work ...
and “handshake” between
ATLAS and LHC operation team

First collision events on 23 November:

ATLAS beam pickups showed phase shift of

900 ps, causing the primary vertex

to be shifted by -13.5 cm in Z - based on this
information, the machine team corrected the RF cogging

Measure
value

Beam pickup scope shots, beam 1 & 2 |Eyirycpsims Bunches stable within 20 ps (rms)




Track Z distribution of collision candidate events as obtained before and after
RF cogging. Observed shift: ~ +12 cm

E 20 _I T | T T T T | T T I- T -l T T T T | T T T T T T T T T T T T I_
S 4gF ATLAS Preliminary =
= [~ Candidate Collision Events Run 140541 ]
E 16 :— ; LEN < 140 —:
= - #oosS BN > 145 -
O 14 N, track hits > 10 ]
© [ Mgy track hits = 6 7F7_ 4
E 12 |dﬁ| <10 mm —]
s — ]
s 0F E
SE E
6 —
4 —
2 —
U:| ] % L1 V E  FEECEEE P L1 |:
-400 -300 -200 -100 0 100 200

Offline track Z, [mm]

Note: beams were not yet stable - Pixels off and SCT at reduced voltage
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CMS event from the Evening Fill

Mon 23 Nov 19:21 Run 122314 Evt 1514552

|

i

First candidate collision
10, PJenni (CERN) LHC Entering[Operation




LHCDb events have nice vertices (extrapolating OT tracks)

23.11. 2009 17:59:29
Run 62558 E-Vet 278

s
’ ‘ o
/
/
=
-




A high multiplicity Alice event...
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2-Jet Event at 2.36 TeV

it o i

v

%AILAS

EXPERIMENT

2009-12-08, 21:40 CET
Run 142065, Event 116969
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CMS Experiment at the LHC, CERN at 2.36 TeV

wData recorded2009-Dec-14 04:05:38.307318 GMT
RN 124120
cvent: 9463533
Ld# section: 31
Orbit™ 31924351
2 Crossing 51

(c) CERN 2009, All rights reserved. http:ffiguana.cern.chfispy
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MC signal and background normalized independently
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Resonances in the CMS tracker
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‘ CMS preliminary 2009, 900 GeV data

> [T 17T T T | LI | LI I T TT | LI | LI | LI | T T 1]
[0} 350; CMS preliminary 900 GeV Data’
0 300;_ M= 0.4890 + 0.0080 _;
= = 0.0529 + 0.0088 .
- 250 = -
gt :
> -
(w E

|
J
3

Ng;, = 295 + 49
S/B,, =0.32+0.05

—
o
o
III|IIII|IIII|II
.
|

— il | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT TTTT TTT :
8700; Nsig = 3966 + 94 ]
3600 o mean = 0.13646  0.00037 | -
= F sigma = 0.01550 + 0.00037 | 1
#5001 -
c - .
Q400 =
L r ]
300 -
200:; s
4 P FH ¢ 3
100 g+ 0 "
0 :l 1 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | |- |q
0.050.10.150.20.250.30.350.40.450.5

di-photon mass (GeV/c?)

_III|III|III|III|III|III|III|III|III
82040608 1 12 14 16 18 2
Invariant Mass of Photon Pairs (GeV)

Photon shower shape in the first

compartment of ATLAS EM calorimeter
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Note: soft photons are challenging in ATLAS: |

lot of material in front of EM calorimeter
(cryostat, coil): ~ 2.5 X, at n=0
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The masses of the reconstructed K; and A Elﬁﬁ
in agreement with the PDG values

Using full tracking power, including VELO

| m_._. (LHCb 2009 data, preliminary) | . (LHCb 2008 data, preliminary)
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M(KPPG) =497.7 MeV/c? M(APPG) =1115.7 MeV/c?

Accuracy will be further improved after complete alignment
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RICH identifies charged kaons HCD

LHCb data RICH 1
{preliminary)

Orange points — photon hits

Kaon ring Continuous lines — expected distribution
for each particle hypothesis (proton below
threshold)
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ALICE: ‘The Particle Zoo Revisited’
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) LHC physics goals

!

What is the origin of the particle masses ?

What is the nature of the Universe dark matter ?

What is the origin of the Universe
matter-antimatter asymmetry ?

What were the constituents of the Universe
primordial plasma ~10 us after the Big Bang ?

What happened in the first instants of the
Universe life (10-1° s after the Big Bang) ?

Etc. etc.

ATLAS, CMS

ATLAS, CMS

LHCDb, ATLAS, cMS

ALICE, ATLAS, cms

ATLAS, CMS
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06-Apr-2010 11:09:31 Fill #: 1023

Experiment Status

Instantaneous Luminosity
BRAN Count Rate
BKGD 1
BKGD 2
BKGD 3
LHCf Count{Hz): 0.000

Performance over the last 12 Hrs

PHYSICS

ATLAS

PHYSICS

1.118e-03
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0.009
0.000
0.000

LHCb VELO Position Gap: -0.0 mm

Energy: 3500.3 GeV
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CMS Experiment at LHC, CERN
” Data recorded: Tue Mar 30 12:58:48 2010 CEST
X Run/Event: 132440 / 2738170
' Lumi section: 124
\Orbit/Crossing: 32326252 / 1

Eho Phi

SRCMSCOMMIC OMM_GLOBALEvent Display/Root File Temp StorageAreasEVDISP SM_1 2699446551 537 root




CATLAS

JLEXPERIMENT |

Run Number: 152166, Event Number: 810258 . Jet energies:
~ 300 GeV

Date: 2010-03-30 14:56:29 CEST
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QCD jet spectrum

From the first 10 pb! of data, the
differential inclusive cross-section

can be measured
100 GeV < p1i®t < 1.4 TeV
central rapidity

Systematic errors will go down as
more events are collected

Any large deviation from QCD
prediction

— will be studied carefully

— may be sign for new
physics

8-Apr-2010, P Jenni (CERN)
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Run Number: 152409, Event Number: 5966801
Date: 2010-04-05 06:54:50 CEST

W-ev candidate in

7 TeV collisions
p,(e+) =34 GeV
nle+)= -042

E.™* =26 GeV
M. =57 GeV




p,(u+) =29 GeV
n(p+)=  0.66
E. ™ =24 GeV
M, =53 GeV

Run Number: 152221, Event Number: 383185
Date: 2010-04-01 00:31:22 CEST

W-pv candidate in
7 TeV collisions



SM “candles”: J/y, Y, W, Z, top . 1Z>ee,50pb',14 TeV
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~ 3-12 105 J/y=> pp S : I
~ 3-7 10°W - pnv,ev o E E
~ 3-7 10*Z > ee, uu - .
10
- Muon Spectrometer and ID alignment, ECAL
calibration, detector energy/momentum scale,
lepton trigger and reconstruction efficiency, ... |ip2:

i R B T I l,_:u:'j" Pt "'; |:E ] L]
- First SM measurements and MC tuning 0 20 40 60 80 100 120

Precision on ¢ (Z—puu) with 100 pb':

~ 4% (experimental error, dominated by systematics), ~10-20% (luminosity) REEE




Early top measurements g >m<t
10 TeV: : | Wg :::::I:

oy ~ 140 pb for tt - bW bW — blv bjj
ow(LHC)/oy(Tevatron)~50

04

e 14 TeV, 100 pb' |
&\9 p-channel, —
3 jets p> 40 GeV [ no b-tagging 2
1 jet pr> 20 GeV 5
e =
2 jets M(jj) ~ M(W) 3 jets with : 1
largest = -
Isolated lepton g B ]
pr> 20 GeV 50| =
No b-tag _n Lo s oo b oeo v g oo 5 o g by g g b ov g s -1 45 :

in this Q 0500 150 200 250 300 350
b O M, [GeV]

&
6& pb1, Vs = 4-10 TeV, after cuts: ~ 200-3000 events tt-> bjj blv

@0 - Top signal observable with O(10 pb'), no b-tagging and simple
analysis even at intermediate energy steps as low as 4 TeV

E,miss > 20 GeV

®S/B ~2-3, lar
commissiory
below 7 TeV
m tt final states contain most physics objects: leptons, jets, E;™Miss , b-jets

m it is background to ~ all searches - essential milestone in the path to discoveries




Prospects for most competitive LHCb measurements in 2010
Bs 2 pu

Small BR in SM: (3.6 + 0.3) x10°

(Buras arXiv:0904.4917v1)

Sensitive to NP
— could be strongly enhanced in SUSY
* In MSSM scales like ~tanfp

b MSSM

Current Tevatron limits are around
< 35 x10°2 with 2 - 4 b1

':H - B! _ -
= a icg 0 By, <0 85 ~
% - | E -

m 1
g0 14
ﬂi u n 1

1 I
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Physics reach for BR(B.’> u*p-) as function of integrated luminosity

(and comparison with Tevatron)

5]-—|—‘ T T T T
 @35+35TeY ‘ A IR
01 = 30:evidence
o
=
2
] N =
a"} 7Y 2 M pre{mﬂlongg s
a T T~ - ~ _! I\l—l—-\gl
g 0 TTTN <]
| o g. tion potential at 14 TeV
0 SMprediciion T A 1 P
B e T
Q0 01 02 03 04 05 06 07 08 08 10 o 1 2 3 4 5 6 7 8 9 10
= I L")
S L) = - Collect ~3 fb! for 30 evidence
) of SM value and ~10 fb-! for 50
With ~0.2 fb-'' LH hould improv )
Cb should improve observation of SM

on expected Tevatron limit

(Note: ATLAS/CMS will be competitive)
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What about direct discoveries ?

(coming back to ATLAS and CMS))

Three cases are usually considered for illustration
(luminosities shown here refer to Vs ~ 10 TeV)

m ~ 1 TeV new resonance X — Il needs ~ 100 pb-1 new forces ?
new dimensions ?

m Supersymmetry (~1TeV G, g needs few 100 pb! dark matter ?

m Light Higgs boson 1 - few fb-! origin of mass
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An easy case: searches for heavy Z’and W’

Leptonic decays with electrons or muons would give spectacular signatures

Many different models predict such objects, discoveries of a Z’ and W’ like
particle would be a ‘gold mine’ for the field, other decay channels could
contain yet more new particles!

-t

do/dm (fb GeV ™)

-—h
S
-

10%

—3 |||||| 1 1 1 1 1 1 1 1 1111
10500 GO0 700 800 900 1000 11

14 TeV, Z,’ > ee

ATLAS

- —— 1 TeV 2% - parameterization

E — — Drell-Yan - parameterization
| —— 1 TeV Z% - ATLAS simulation

-
i III|I|||

1111 | | | | || 1 |
00 1200 1300 14
M (GeV)

00 1500
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The LHC experiments will have access to the 1 TeV mass range

very early on, still this year (2010)!

Luminosity [pb]

T T T T T

—e— 1.5TeV Z'-py, 95% CL

—e— 1.0TeV Z'-py, 95% CL

---e-- 1.5TeV Z'>up, 10 events |

---e-- 1.0TeV Z>uu, 10 events |

Discovery potential for ATLAS and CMS for the end of 2011, with 1 fb-' at 7 TeV:
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---g--- 1.5TeV W—ev, 10 events
—&— 1.5TeV W—ev, 95% CL
---2+--- 1.0TeV W—ev, 10 events

—=— 1.0TeV W—ev, 95% CL

6

8

10 12

up to 1.5 TeV for Z’and up to 1.9 TeV for W’
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LHC center-of-mass energy [TeV]
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First discoveries: Supersymmetry ?

If it is at the TeV mass scale, it should be found “quickly” .... thanks to:

m Huge production rate for |4q,24,88 production q q
For m(3.8) ~ 1TeV >”§“<;
expect 1 event/day at L=103"cm? s q “

m Spectacular final states (many jets, leptons, missing transverse energy)

This particle (lightest neutraliﬁo) is stable, neutral
and weakly interacting — escapes detection (like v)
— apparent missing energy in the final state
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The initial LHC running will

alreadymatch(andexceed) v LR L L A L B
in 2010 the Tevatron reach &, 10
> Eo
‘0
@]
£
"T IIII‘IIIIlI\II|III\|IIII|\III|II\I|IIII _
‘&105§— fiets Olepton ~ ATLAS g 1 = o — mﬁ-m~ 400 GeV:
S Preliminary @ SM + SUSY SU4 - - o -
NootE 10 TeV e SM BG . = ma=m§= 440 GeV: ]
5 A —= ] smgle top T — . Vo—— N 480 GeV
I_|:j10 £ | AW q 9
“ o V2 10 B
102 u QCD light jets .
g —0— QCD bjets I
10 y 7‘% ¥ DiBoson e
/ / L — i
Wi 7 ééw% 5 L .
0500 1000 1500 2000 2500 3000 3500 4000 S §

4 6 8 10 12 14

A typical example; note that the missing LHC centre-of-mass energy [Te\f
transverse energy performance enters ‘

directly the ‘Effective Mass’, detectors must
be well understood for these measurements

Effective Mass [GeV]
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The Higgs Hunt

Higgs production cross sections at LHC

g g fusion 102 F o(pp —H+X) 3 o
: Vs =14 TeV 3
10E & m, = 175 GeV 106‘_
R . CTEQ4M o
. A LT Q.
N N N 10°,
- . o ROy TT9%%0%0ngg . o
t t fusion ~ WM gqq=Hqq TTtteeeeelL L —
b _1 N .‘:.\~ -------------- 4 o
9 10 3 ey, St QG HW 10 O
9 e 2 i " e 3 2
0y T e 10° ©
- e o
q H E T >
W, Z bremsstrahlung al _ T - RTT 2 o
10 M. Spira et al. gg.qq—>Hbb ", RS P 10
E NO @D T
10_4 TS TN T N N TR T
HO 0 200 400 600 800 1000
M, (GeV)
WW, ZZ fusion @
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Higgs decay modes

—_
=

Bramching#gatio

B—Po

,
Ill'_.I

10

Remember: light fully-hadronic final states
cannot be extracted from QCD background
at hadron colliders

3

10 .
10 10° 10

my <130 GeV : H — bb, 1t dominate

— best search channels at the LHC : qqH—>qq 17, ttH > bb 1+X (?)
H — yy (rare decay mode)

This is the most difficult region (S/B <<1)!

my > 130 GeV : H > WW0(), ZZ() dominate
— best search channels at the LHC : H —» ZZ() — 4| (gold-plated)
HoWWOSiviv

Especially in the region my<130 GeV, excellent detector performance needed
to suppress the huge backgrounds: b-tag, I/y E-resolution, y/j separation,

missing E; resolution, forward jet tag, etc.
— Higgs searches used as benchmarks for ATLAS and CMS detector design 110




The first physics run with 7 TeV
at the LHC, with the goal of 1 fb-!
towards the end of 2011, will

be ‘catching up’ the Tevatron

(work in progress...)

H-WW—lI \Js=T TeV
b, 95% CL exclusion

—

=
=
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—s— Dptimistic systematics

Integrated Luminosity { pb™)
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Summing up the Higgs
search at the LHC with
an old plot (still ~ valid)

- After the 2013 run we
should be close to
conclude...
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ATLAS+CMS
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The first “Higgs” events
observed jointly in CMS
and ATLAS ... (April 2008)

Wi

’ oz, R = - o
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s . e T 4

. L # > [ ‘A
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s which try to explain
why gravity is so much weaker
than the other forces

Gravity may propagate in 4+n
€7 dimensions, but we could see

A strong effects only at very small
| distances, reachable in pp LHC
collisions

EXTRA-DIMENSION

A

Graviton

|

NV\N\NWV\
o




Warped Extra-dimensions (Randall-Sundrum models):
production of narrow Graviton resonances

Randall Sundrum Graviton: G — ee

# Events (/4 GeV) for 100 fb™

-k
]

-k
(=]

B

|IJI|IJI|I]I|IJI|I]I|

19-100 1420 1440 1460 1480 1500
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CMS: Full Simulation

and reconstruction

c=0.01

1520 1540 1560 1580 1600
Mass (GeV)

LHC Entering Operation

e+
g €

Signhature: a resonance in the
di-electron or di-muon final
state a priori easy for the
experiments

Caveat: new developments
suggest that G, would
couple dominantly to top anti-
top...
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Warped Extra-dimensions (Randall-Sundrum models):
production of narrow Graviton resonances

: : B qq—G _
discovery channel : qq,g9g —> G —» ete ] gg—>G [ SPIn =2

ATLAS, 1 year at 1034

] _
A %15 -
= F ,
514 ESp|n1,e.g.Z

12 | ,-/\

Lisa Randall
visiting ATLAS

o S I SM I |
o 0

-0.5 0 5 .
Angular distribution cos(6%)
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If theories with Extra-dimensions are true, microscopic black holes could be
abundantly produced and observed at the LHC

Atlentis

Simulation of a black hole
event with Mg, ~ 8 TeV in
ATLAS

They decay immediately
through Stephen Hawking
radiation




Finally the LHC Project is in Operation

All experiments have collected successfully first LHC collision data
The experiments operated remarkably well, from data taking to data
transfer worldwide, and produced first results that confirm initial
hopes to reach the expected performances

- All hopes are permitted for the physics to come!

The machine turned on in an extraordinary manner, and all
compliments have to go to the LHC team

It is also clear that the machine and the experiments have still a long
way to go, but the enthusiasm is great to do so
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Thank you for your attention!

And many thanks to several colleagues from whom | ‘borrowed’ material: in the first place to Fabiola Gianotti,
the Spokesperson of ATLAS, as well as to CMS, Alice and LHCb colleagues, and last but not least to
the LHC machine team
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Understanding the Universe ...

Unification ? Electroweak
. Transition
? E Quarks and Leptons ‘Hadrons‘Nudei
ﬁ1031 -
X
%1025 - Extrapolation
'§ 10" |- Nucleo-
: NS synthesis
o, 13 |_
e 10 LHC
QO 7 pp LEP
10" |~
10 [
I

103 10 10%  3min 15 Billion s
Years

Time after Big Bang
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The new combined result published very recently sets a new combined
95% CL exclusion for 162 — 166 GeV

E].D [ T T T1 T 1T J T T T 1 11
. ---.-ﬂ[:’:-l-'.i,—t—..m I[ .................. Dbs;fnﬂd .................

TN ------------—-----d-------—-----------l- -------------------------------------------------------------------

! - Expeﬂe& ‘Hﬁ

130 140 150 160 170 180 190 200
m(GeV)

Combining the two experiments at this advanced stage turns out to
be very powerful for the Tevatron
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The study of elementary particles and fields
and their interactions

Quarks

matter particles particles

1st gen. 2nd gzen. 8rd zen.
Proton Strong Force
Q
u
A
Neutron R
@ K Electro—-Magnetic Force
AP
Nucl - )
ucieus L — o TR =
@ £ i 4 phalton
. e 0 | W W
o _PI_ e neutrine | unevtrine ¢ peutring Weak Faorce
Electron i AT T i
| I
N \E/} KH/’ ‘y
muon Loy

K\ electron

e - LN

(3' : -.:', ; / _‘,_x :
\ Atom calar particle(s) ) Gy @y

O Molecule Elemants of the Standard vModsl
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Most likely, an electrical arc developed, which punctured the Helium enclosure
Large amounts of Helium gas were released into the insulating vacuum of the cryostat:

— Self actuating relief valves opened, releasing large amount of He in the tunnel,
but could not handle huge pressure

— Hence, large pressure waves traveled along the accelerator both ways

— Large forces exerted on the vacuum barriers located every 2 machine cells

— These forces displaced several quadrupoles by up to ~50 cm

— Beam pipes broke as well, vacuum contaminated

\I/ \\/
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Energy presently dictated by LHC Interconnects

Superconductor Solder Copper stabilizer

Current flow at 1.9K

Good joint resistance < 1 nQ

Current flow after a quench

tering(algegtq%rjoint resistance < 10 uQ L




Transition radiation intensity is proportional

to particle y-factor: onset at high y

( E~100 GeV for muons)

| T T T

0 ’

_g - Negative cosmic muons rd -
8 0.141 7
a 0.12 B Positive cosmic muons 1

E | - N i fi ]
g 0.1 egative muon fit | ) N
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10 102 10?
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4

Impact parameter resolution

Tracks are split in the center and refit
separately - can measure resolutions

and biases from data

Track Up

rack Low

Momentum resolution
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Higher Energies
* Route to energies > 5 TeV blocked by 3 things

— Pressure relief valves needed on dipoles in sectors 23 45 78 81

— Interconnects
« Only 3.5 TeV is sure Task force launched end of October
- Intervention needed to go higher Define how to get to 7 TeV
Conclude by mid 2010

— Retraining of dipole magnets
« All magnets reached 7 TeV in the SM18 tests
 Installed sectors (with one notable exception!) all reached 5TeV

« Detraining seen when pushing to higher fields in 2008 (sector 56)
— Storage ?
— Transport ?

— Thermal cycle ?
— Interconnections ? Can’t investigate empirically until

interconnects are sorted out

« Status (Chamonix 2009)
— 6 TeV looks easy (~10 quenches)
— 6.5 TeV looks harder (~100 quenches)
— 7 TeV looks harder still (~1000 quenches)
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Projecting even further....

1000

o
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2

(72 —

(o) — (D)

k= S o -

E 10 3 e -

3 .,_9 1 H_C_)

T 2 2 O o

(]

5 2 5 8 =

ED > >

(V] 1 | | | T T T | | | 1

)

£ — ~ ™ < LN o) N 00 o o
i i i i i i i i i oN
o o o o o o o o o o
(@] (@] oN (@] (@] (@] (@] oN o (@]

0.1 Note: the scale lables indicate the end of the year —
Mike Lamont
Note: - Further long shutdown(s) have to be added (~ 2017?)

- Initial detector designs were for typically 600 fb-1, a guess when this
could be reached is in the early 2020ies

- Ultimate exploitation of LHC is foreseen with 3000 fb-1, often referred to as
sLHC upgrade (even though there could be a gradual improvement path),
8-Apr-2010, P has l(tl'_(‘e\')y a time-scale of 2030cring operation 128



Road Map of Expected Hadron Collider Performances

Now Tevatron 2 TeV 5 fb! (analysed)
LHC 0.9 and 2.4 TeV 10-20 b
End 2011 Tevatron 2 TeV 10 fb-1
LHC 7 TeV 1 fb-
End 2014 LHC 14 TeV 25 fb-1
End 2016 LHC 14 TeV 100 fb1
Early 2020ies LHC 14 TeV 500 fb-1
2030 (s)LHC 14 TeV 3000 fb-! (ultimately...)

(These are round numbers and estimates, just to give a rough idea...)

Many LHC simulations have been made for 10 TeV, an energy previously (before
Chamonix 2010) considered as an intermediate operation point for LHC on its way
to the design collision energy
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Calorimetry Brel mod |

Tile barrel Tile extended barrel

Coverage
Inl<5

LAr hadronic
end-cap (HEC)

LAr electromagnetic

LAr electiromagnetic
barrel

Electromagnetic Calorimeter
barrel, end-cap: Pb-LAr
~10%/VE energy resolution e/y

180’000 channels: longitudinal segmentation

Hadron Calorimeter
barrel lron-Tile, EC/Fwd Cu/W-LAr (~20000 channels)
o/E ~ 50%/\E @ 0.03 pion (10 1)

Trigger for e/y , jets, missing E; ,etc




X
—
o

Cumulative Number of Events

ATLAS Collision Candidates

MBTS A/C-side Coincidence Trigger

— Total

— During Stable Beams

Max peak luminosity
seen by ATLAS :
~7x10% cm=2 s

| 1 | | | 1 | | | | |
12 14 16

Day in December

Recorded data samples Number of Integrated luminosity
events (< 30% uncertainty)

Total ~ 920k ~20 pb-1

With stable beams (> tracker fully on) ~ 540k ~12 ub

At Vs=2.36 TeV (flat top) ~ 34k =1 pb
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dN_ /dn

ALICE

ISR (pp) INEL
UA1 (pp) NSD
UAS (pp) INEL
UA5 (pp) NSD
CDF (pp) NSD

ALICE (pp) INEL
ALICE (pp) NSD

Work in progress..
dN/dn at 2.36 TeV

statistical error negligible

final systematic error under evaluation
(still 7% for the time being)

LHC —
\s = 2.36 TeV -

LHC

Vs = 900 GeV

10°

10°

10%



dN,/dn

ALICE (paper accepted by EPJ C)
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B.-B, mixing phase ¢, (from B, — J/y ¢)

]:_} Wwe.t d.g
Sensitive to New Physics effects in box diagrams — —
B 9= Psism) *+ Ps (np) B’ I":J ;ﬁ" B
. = — 2B, = -2225 ~ —0.04 AL
Ds(sm) Bs n TR S

o(25,)

0.12

0.1

0.08

0.06

0.04

0.02
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i \ \ CDF+DO, 9fb™ EACH

HCb 8TeV

- ——  Uncertainties on bb cross-section and BRvis(BJ—Jiyo)
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Integrated Luminosity (fb™)

> With ~0.2 fb'" LHCb should improve
on expected Tevatron limit
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——  Uncertainties on bb cross-section and BRvis(B2—Jiyb)

LHCb 14 TeV SM value
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Light Higgs

30 fb-!

Events/(2.5 GeV)

9000 & ATLAS = 314 ATLAS -
.Signal | e i
I ducible bi — A2 VBF H(120)—=tt—Ilh ]
= rreducibie ] —— - -
= — 43 @, | Js=14TeV, 301"
6000 £ Reducible bkg §1D a _ E
= E Wgh .
30005 . =LK = °F 51" 523, Be
- oy . _ _ E - . : =0, <
E m ,,,,,,, <E — 5=150, B=5000 |- o 012 83, B
: g| EeEseaam— R 11: 2 -
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MT [GeV] N — .--t-"l""l: | P ; in o |
%D 80 100 120 140 160 180
m,, (GeV)

m my < 130 GeV: most difficult region: need to
combine many channels with small S or S/B
m my > 130 GeV: discovery easier with
H — 4l (harrow mass peak, small B)

35 Wl H-ZZ 4
30 22

- I zbb
25— it
20

15
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5

ol 1

5 fo-': S=10, B<1 —

P20 130 140 150 160 170 180 190

T
200

mH—-> WW - Ivlv (dominant for 160-185 GeV)

is a counting experiment (no mass peak)
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With more time and more data ....

— if New Physics is there, the LHC should find it

— it will say the final word about the SM Higgs mechanism
and many TeV-scale predictions

— it may add crucial pieces to our knowledge of fundamental
physics — impact also on astroparticle physics and cosmology
most importantly: it will most likely tell us which are the right

questions to ask, and how to go on
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