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| Standard Model Physics

Part 1:
Short History and Motivation
LHC Machine and Detectors

Part 2 (Albert De Roeck):
Searches for New Physics
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LHC and the Road Map
for Discoveries

Many thanks for some slides borrowed from:
Fabiola Gianotti, Dave Charlton, Lyn Evans and
other colleagues from the LHC machine team

Drawing by
Sergio Cittolin
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pp physics at the LHC corresponds
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)
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The Higgs (H) particle has been
175 searched for since decades at

accelerators, but not yet found...
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The LHC has sufficient energy to
produce it for sure, if it exists
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(Julius Wess and Bruno Zumino, 1974)

Supersymmetry (SUSY) r Partides 1

Establishes a symmetry between fermions (matter) A

and bosons (forces):

- Each particle p with spin s has a SUSY partner H
with spin s -1/2

- Examples q(s=1/2) > q(s=0) squark
g(s=1) > g(s=1/2) gluino *?upersyﬁ““en_lc
shadow " particl
Our known world Maybe a new world? '
Standard-Teilohen SUBY-Teilchen
. - Motivation:
- Unification
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(fermions-bosons,
matter-forces)
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Unification of Forces

Magnetism

QED  Electro

Long range

magnetism .
Electroweak gMaxwell Electricit
[ Model ek Th ok FFermf_
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Grand )/ Standard ) cax rorce

ifi ' Short range
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Quantum QCD Nuclear Force
? sy Short range
Super |
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Terrestrial

Einstein, Newton
Galilei ~ Gravity
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Most exciting: searches for physu:.s
Beyond, the Standard Model (BSML) o
(see Albert De: Roeck’ Iectwrg)




How the LHC came to be ...

(see a nice article by Chris Llewellyn Smith in Nature 448, p281)

Some early key dates

1977 The community talked about the LEP project, and it was already mentioned that
a new tunnel could also house a hadron collider in the far future

1981 LEP was approved with a large and long (27 km) tunnel

1983 The early 1980s were crucial: e eer DEEReieE
ENERGY
SCALE 71

The real belief that a ‘dirty’ hadron collider 10 GEV -

can actually do great discovery physics cames... rsu.fonrmes ¢

from UA1 and UA2 with their W and Z boson
discoveries at CERN

This also triggered a famous quote from a
1983 New York Times editorial:

‘Europe: 3 - US Not Even Z-Zero’

CENTRAL AND F/B TOTAL CENTRAL TRANS ENERGY  87.2 GEV
WEIGHTS EM 1.00, H1 1.00, H2 1.00, FB 1.00 MAXIMUM CELL TRANSV ENERGY  38.0 GEV

A very early Z - ee online display from

Corfu-2011 summer School LHC Project and Discovery Physics (1)  one of the detectors (UA2) 9
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1984 For the community it all started in a
way with the 1st CERN — ECFA
Workshop Lausanne on the feasibility
of a hadron collider in the future
LEP tunnel

1987 La Thuile LHC Workshop

Many LHC colleagues were already involved
in this, a clear evolution started for detectors

away from a 4u iron-ball experiment (C Rubbia)
towards multi-purpose detectors...)

1989 ECFA Study Week in Barcelona for
LHC instrumentation

At this conference a few decided to
start setting up a structure for an LHC
proto-Collaboration....

Corfu-2011 Summer School
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ECFA B4/83
CERN 8410

% Beptember 1904

LARGE HADRON COLLIDER
IN THE LEP TUNNEL

Vol. I

PROCEEDINGS OF THE ECFA-CERN WORKSHOP

held st Lausanne and Geneva,
21-27 March 1984

LHC Project and Discovery Physics (1) 10




N1

1991 December CERN Council: Iuly 1991
‘LHC is the right machine for e
advance of the subject and the luly / August 1991}

future of CERN’
(thanks to the great push by
DG C Rubbia)

1993 December proposal of LHC
with commissioning in 2002

1994 June Council:

Staged construction was proposed,
but some countries could not yet
agree, so the Council session vote
was suspended until

16 December 1994 Council:

(Two-stage) construction of LHC
was approved

Corfu-2011 Summer School
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The two-stage approval was understood to be modified in case sufficient
CERN non-member state contributions would become available

A lot of LHC campaigns and negotiations took place in the coming years,
including also the experiments

Japan, Russia, India, Canada and the USA were agreeing in that phase to
contribute to the LHC

(Israel contributed all along
to the full CERN programme
and LHC)

1997

December Council approved
finally the single-stage 14 TeV
LHC for completion in 2005

‘. o - -nr - ...h._. o] 1
s —-‘l{i ._f%‘ ] Jli."ﬂ'.; "l
Delivery of the last dipole for the LHC injection lines
Corfu-2011 Summer School from Russia (15th June 2001)
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The first picture on the Web in 1992 !
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™ The arge Hadron Collider
is a 27 km long collider ring

housed in a tunnel about 100 m

Corfu-2011 Summer School LHC Project and Discovery Physics (1)
Sep 2011, P.Jenni (CERN) underground near Geneva




CERN’s particle accelerator chain

Run Number: 177531,
Event Number: 11]376_4
Date: 2001-03-13, 18:20:50 CET

Cells:Tiles, EMC, VB TS

COFfU—ZOll Summer SChOOl LHC Large Hudmon Colkder SPS  Seper Proton Byrchroton. P8 Preston Sychrotron
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L ATLAS

NV EXPERIMENT

Basic processes at LHC

fy (X0, Q2)

f% (X1, Q?)

dof

—cd)= jEdXTdXZ' f(fa (x;, @2) £y, (x, Q2) d& 2b—ed)
0 a.b
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Proton 1
P4
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The first cyclotron and the Berkeley one
184" 1946

Ernest Lawrence
(1901 - 1958)

The first circular accelerator Exiiasiitn
(Berkeley 1930) electrode ™ Spiral

beam pnth

Corfu-2011 Summer School

Sep 2011, P.Jenni (CERN) LHC Project and Discovery Physics (1) 18



A Particle Accelerator &

Particle rigidity: Bp = —

B=

p:

e

p

New magnetic elements for injection and extraction. <<

New concept of circular accelerator. The magnetic field of the bending magnet varies with time.
As particles accelerate, the B field is increased proportionally.
The frequency of the RF cavity, used to accelerate the particles has also to change.

p

e
B(t) magnetic field from the " /" Deflection
bending magnets = » electrodes
p(t) particle momentum varies L, r = C-type gap
; nterna t tsid
by the RF cavity tarqet and Inflector [ 1L 0 outside
e:t"r'-dct ion T
electriccharge N UJIU3 0 0 BFIT
RF stati Ana{y.:in
ation £
constant radius of curvature / magne
A il e :3;553 Electrostatic

Bending strength limited by used technology Weak focusing machine: no quadrupoles yet
to max ~ | T for room temperature conductors

Strong focusing machine, using quadrupoles, were

proposed in 1952

19



Pedagogical sketch of a hadron machines

Quad Collision/

. MD'%IG Experiment

Quad  RF cavities

Dipole
. [}
CoIIirﬁﬁr -
Injection -

Collimhator
(] ‘i

Dipole L Dipole |
o ollimator Collimator 2 O
Dump/extraction line Dump/extraction line

Goal: producing the highest number of collisions at the highest energy, in
the safest way...

Corfu-2011 Summer School

Sep 2011, P.Jenni (CERN) LHC Project and Discovery Physics (I) 20



Forces acting on the beam particles

F(t) =q (E(t) +u() ® B(t))
"_W"_J Hf_"
FE FB

Linear Accelerator Circular Accelerator

Corfu-2011 Summer School

Sep 2011, P. Jenni (CERN) LHC Project and Discovery Physics (1)



Collnql.llllm January 18th, 2071 at 14:30 CERN Council Charnbier .
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The full LHC accelerator complex

CERN Accelerators

(not to scale)

LHC ring is divided

Linac into 8 sectors
SITEEEL hetnies
‘ 0.999999c¢ by here

PS

J-_'_. -
/ ‘_-H‘-—-.___x
% 5F5 450 Gy i
e
F‘f‘/
'.v.r-'
BCOSTER
14 Gay PS 25 oy

- 1OM
ACCUMULATCR

LIMNACS 42 MBI

reuinnes i Gran Sasso (1) - e bea D.S?G 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 Neuirinos to Gran Sasso

0.3c by here

Mudsll LEY, 5 Divigas, CLSN, 0709 96

Revised weld adupied by Asnonells Dl Rowa, BTT D,
s collaborsson with B Geafonges, 30 Div,, asd

0y, Mangiamicl, F3 v, CERN, 210001

> 50 years of CERN

history still alive and
operational

Start the protons out hieie P SEaEhEN IR IEICR{)




LHC Accelerator Challenge: Dipole Magnets

Superconducting Coils

[O]VETe [¥]eTe] ]

15-m Iong
ANl e LHC cryodipole Magnetic Field for Dipoles
Feed Throughs p (TeV) — 0.3 B(T) R(km)

Coldest Ring in the Universe ? Forp=7TeVand 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

Corfu-2011 Summer School . . .
Sep 2011, P.Jenni (CERN) LHC Project and Discovery Physics (1) 24
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Dipole magnetic flux plot

LHC Project and Discovery Physics (1)
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Sample of superconducting cable

LHC Project and Discovery Physics (1)



Production of superconducting

LHC Project and Discovery Physics (1)



Manufacturing of superconducting coils

LHC Project and Discovery Physics (1)



Assembly of dipole cold masses

LHC Project and Discovery Physics (1)



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

LHC Construction



Descent of the last dipole magnet, 26 April 2007
= 2 3

=

..-'_:j-:

30’000 km underground transports
at a speed of 2 km/h! 31

LHC Project and Discovery Physics (1)

Corfu-2011 Summer School
Sep 2011, P.Jenni (CERN)



LHC Progress History of the dipole magnet A Accelerator
Dashboard construction and installation ‘ Al

Department

Cryodipole overview

1250

Pt

1000 y /_,
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Equivalent dipoles

500 //
260 /

/
Lz

N NN

01-Jar-01 01-Jar0Z 01-Jar03 01-Jar-04 01-dan0s O1-Jar-06 0-Jarno7 01-Jarn-0g
— C0ld rmasses delivered — Cryndipoles assembled
— CryDdipoles cold tests passed — Cryodipoles assigned to positionin ring
— Cryndipoles prepared forirstallation — Cryodipoles instaled

LHC Project and Discovery Physics (1)
Updated 30 September 2007 Data provided by D, Tommasini AT-MCS, L. Bottura AT-MTM




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

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

a7 Mowve cursor to square to identify magnet ~120 tons Of superfluid Helium

:g =" ~ (excellent thermal conductor)

4.1
3.9
3.7
3.5
3.3
3.1
2.9
2.7
2.5
2.3
21
1.9
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
0 Innetr Tripletz [ Arc magnets M LSS maghets

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)

b
== S i

LHC Project and Discovery Physics (1)




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 e*e- colliders),
because of the ~ 1/m*
behaviour of the
synchrotron radiation
energy losses

{;H 0 _1 [~ E4beaml Rm4]

L % AR . "

LHCat7TeV  LEP at 100 GeV

Synchrotron radiation loss 6.7 keV/turn 3 GeV/turn 34
Peak accelerating voltage 16 MV/beam 3600 MV/beam



VY T o

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

Relative beam sizes around the collision point

L



— LY i 7 a{f
10 September 2008: LHC inauguration day —

First (single) beams circulating in the machine |

k: Five CERN DGs, from conception to realization:
~ | Schopper, Rubbia, Llewellyn Smith, Maiani, Aymar
== (from right to left)

¥ “t =

Corfu-2011 Summer School
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One (superconductor) joint failed on
19th September 2008, and it caused a
catastrophic He-release that made
serious collateral damage to sector
3-4 of the LHC machine




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.

Corfu-2011 Summer School

Sep 2011, P.Jenni (CERN) LHC Project and Discovery Physics (1) 38



ATLAS Control Room

o

ﬁ when the first LHC beam f‘_
collided....

H Discoverys




First collisions at the LHC end of November 2009
with beams at the injection energy of 450 GeV

Candidate
Collision Event

SJATLAS
(_ 1A EXPERIMENT

ZOe-11-23, 14:22 CET
Run 148541, Event 171397

http:fatlas. wabcem.chiftlas public/ EVTDISPLAY favants. himl

Corfu-2011 Summer School

Sep 2011, P.Jenni (CERN) LHC Project and Discovery Physics (l)




High-energy operation with 3.5 TeV beams started on 30" March 2010

Bk Edi

‘fiew  Hglory  Bookmeacks el

belp

T Mt ViR bed T

w - 2

[] cERn - 88 - P elogbonk < W

@ Scianofic Lnue CEAH o CERN T Deparmma

W |[E] CErN - &E - DF sLoghook - Y

Fill: 1005

W | [ cERn - 4B - 0P sloghook - WL W

& | hmpiop-swabiosls mebcam chiop-sabiookideianseia e phphusr=LHC]

0 CERN Home Pege  LoUinux o siriburne =

LI Wisinrs

E: 3500 GeV

[] cEr < 4B - P elogbock < Wi W

& OF Yatars

Comments 30-03-2010 13:22:57 :
Stable beams!

BIS status and SMP flags
Link Status of Beam Permits
Global Beam Permit
Setup Beam
Beam Presence
Moveable Devices Allowed In
Stable Beams

LHC Operation in CCC : 77600, 70480 PM Status Bl ENABLED

Done

PM Status B2

ENABLED

[4]







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 =0 /L dt

Corfu-2011 Summer School
Sep 2011, P.Jenni (CERN)

Some bench-mark cross-sections

107 g ——— — —
10° ot ;
107 Tevatron LHC (pp)
10° (Pp) -
1 F O, —] § E
10° ? : E
3 I : P — 3
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F #_...---"”"_FF:
10" E Cw > : 3
o G 3
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10 | 1 | E
1072 !_ / /; _é
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T F....I s 4ol A ...ki .3

0.1 1
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The LHC has performed over 2010 in a superb way at 7 TeV collision energy, and delivered
a good sample of data in stable pp beam operation (~ 48 pb! integrated luminosity)

The high-luminosity general-purpose experiments ATLAS and CMS both have operated
efficiently (recorded typically 92 — 94 % of the luminosity delivered in stable conditions)

After all data quality criteria, published physics results for the full 2010 data sets are
typically based on an integrated luminosity of 35 — 40 pb™! (syst. luminosity errors 3-5%)

‘.I-_I 60 Tt T | L ] Total Imt=grated Lummosty 20010 (Mar 30 10000 UTC - Mow 03 00:00 UTC)
= - ATLAS Onllne Lummosﬁy \s=7TeV . . Delivered 47.03 pb !
2 50 [ LHC Delivered - — necorssdssaree | CMS [
8 B |:| ATLAS R ded B r
- B ecorde
% 40— 1otal Delivered: 48.1 pb’’
%' C Total Recorded: 45.0 pb™ T
Q L
© 30
o)) B
2 B
k= 20 _—
S C
O L
= 10—
Ol b ' 5 s
24/03 1 9/05 1 4/07 08/09 03/11 ; 12/05 25,06 08/08 21/09 0411

Date

Day in 2010

(In addition the LHC delivered in 2010 about 10 pub™! of PbPb collisions at 2.76 TeV/nucleon,
not covered in this talk)

Corfu-2011 Summer School

Sep 2011, P.Jenni (CERN) LHC Project and Discovery Physics (1) 44



Integrated Luminosity in ATLAS 2011

T 35K ]
o [ ATLAS Online Luminosity Vs=7TeV .
> 3 LHC Delivered —
S - ATLAS Recorded i
E 2.5 = 1 =
= - Total Delivered: 2.68 fb .
- - Total Recorded: 2.55 fb” ]
go. 2 —
2 N ]
g - m
.F_J- 1 .5 [ ]
= - -
S 1= =
0 |
= B _ /‘
0.5 Novents =0 /L dt
: I t | | | | | | | | | | | | | | | | | :

0
26!02 29f03 30/04 31/05 02/07 02/08 03/09
Day in 2011

Corfu-2011 Summer School
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Current LHC Operation:

1380 bunches per beam e -._._ - # ép!hﬁé

50 ns bunch spacing

up to 1.7 x 10" protons per bunch

F‘ _\ T T | T T T | T T | T T T | T T T | T I_
& 3 ATLAS Online Luminosity  \s =7 Tev -
g - @ LHC Stable Beams .
@ 2.9 Peak Lumi: 2.37x 10% cm? s .
o C o ]
A B o
: &
5 f 4 -
Q 15— ‘% ]
2 - \ . e & .

— . —
g 1 » y .
£ - .'. s y
| 0 5—_ [] ' ]
s r J y .
& - j o ° . §

[ | | g | g 1| g ] . . .

25/02 20/03 0105 02006 04/07 05/08 07/09 Z—py event with 11 primary vertices
Day in 2011 (Typical peak pile-up per bunch crossing: 10)
Corfu-2011 Summer School LHC Project and Discovery Physics (I) 46
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A great LHC week...

LHC Efficiency: Last 10 fills

Statistics for fills 1999 [02.08.11] to 2008 [07.08.11]
Total Time Duration [hh:mm:ss]: 124:46:12
Time in Stable Beams [hh:mm:ss]: 79:39:15

Corfu-2011 Summer School
Sep 2011, P.Jenni (CERN)

LHC Project and Discovery Physics (1)
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Road Map of Expected Hadron Collider Performances

End 2010 Tevatron 2 TeV 7 fb-1 (analysed)
LHC 7 TeV 45 pb-1

End 2011 Tevatron 2 TeV 10 fb-! (analysed)
LHC 7 TeV 4 fb-1

End 2012 LHC 7 TeV 10 fb-

End 2015 LHC 14 TeV 30 fb-1

End 2017 LHC 14 TeV 100 fb-

Early 2020s LHC 14 TeV 500 fb-

2030 (s)LHC 14 TeV 3000 fb-! (ultimately...)

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

(1 fb-1= 1000 pb-')

Corfu-2011 summer School LHC Project and Discovery Physics (1) 48
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Plus smaller
local earldoms
LHCf (point-1)
TOTEM (point-5)
Moedal (point-8)

CMS
2900 Physicists
184 Institutions
38 countries
550 MCHF

ALICE
1000 Physicists
105 Institutions
30 countries
150 MCHF

Corfu-2011 Summer Schg
Sep 2011, P.Jenni(CER

The LHC World of CERN

LHCb

730 Physicists
54 Institutions
15 countries
75 MCHF

ATLAS
3000 Physicists
174 Institutions
38 countries
550 MCHF

49
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Hector Berlioz, “Les Troyens”, opera in five acts
Valencia, Palau de les Arts Reina Sofia, 31 October -12 November 2009

Corfu-2011 Summer School
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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:
B Commission/calibrate detector/trigger in situ with physics (min.bias, Z-ll, ...)
B “Rediscover” Standard Model, measure it at Vs =7 TeV
(minimum bias, W, Z, tt, QCD jets, ...)
m Validate and tune tools (e.g. MC generators)
B Measure main backgrounds to New Physics (W/Z+jets, tt+jets, QCD-jets,...)

comueotoummer school | Prapare the road to discoveries ...

Sep 2011, P.Jenni (CERN)




Example: ATLAS LAr em Accordion Calorimeter

Construction quality Test-beam measurements
Thickness of Pb plates must 4 (out of 32) barrel modules and 3 (out of 16)
be uniform to 0.5% (~10 pm) end-cap (EMEC) modules tested with beams
q : Scans with 120-245 GeV electrons (all 7 tested modules)
End-cap: 1536 plates <>~2.2 mm z 104
- : (882 Cells) (2455 Cells) 0k
400 |- c~9um ]
by e 035
850 I~ 5 Wl o |HMo3
300 |- p: ; | - A T 025
250 - ldi A : a=m [ ] L] L] = : ': '['-2
a0 |- °° = > 0.15
Nt z 0.1
150 |- . 0.05
100 |- 0
50 —
u [l 1 1 I L L L I 1 L L 1 L
216 218 22 222 224 226
Absorber thickness (mm)
1 barrel module:
AnxAp=1.4x0.4 Oy
~ 3000 channels - )
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Correlation between measurements in the ATLAS Inner Detector
and Muon Spectrometer

T (7] 10
pZ Projection ®

= | MS || Muon ¢ coordinate ™ v
= ) _ ]
= - ATLAS preliminary o £l
o-0.51 ] “]
@ - 2008 cosmic data -
£ - g
S _4F - o~ P
O - i
oS - ]
()] L J
> - a
= - o &
e° =2r o i :

B T i

_2 5_ ] 20
L . . . " 2 _| T 1T T | 1T T T | T TR T | T T T |
ol E So.12( L Wl DATA
S e 3 - ATLAS preliminary ‘
-3 25 -2 -15 -1 -05 ID % 01__ 2008 cosmic data i — MG
¢ (Inner Detector) [rad] g ot ‘
[ e -
0.08_— —
Difference between the muon momentum -
—

; i 0.06— -
measu.red in the ID and in the MS for : Muon momentum
tracks in the bottom part of the detector 004 (data with B-field on) E
(~ 3 GeV energy loss in the calorimeter) i

0.02)-
:III 11111 |
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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:
B Commission/calibrate detector/trigger in situ with physics (min.bias, Z-ll, ...)
B “Rediscover” Standard Model, measure it at Vs =7 TeV
(minimum bias, W, Z, tt, QCD jets, ...)
m Validate and tune tools (e.g. MC generators)
B Measure main backgrounds to New Physics (W/Z+jets, tt+jets, QCD-jets,...)

corfu- 20T Summer 5choo! Prepare the road to discoveries ...
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Balloon
& (30 Km)
WLCG is a worldwide '
collaborative effort on CD stack with
an unprecedented scale 1 year LHC data!
in terms of storage and (~ 20 Km)
CPU requirements, as 2\
well as the software
project’s size

Concorde
(15 Km)

GRID computing developed
to solve problem of data storage
and analysis

LHC data volume per year:
10-15 Petabytes

One CD has ~ 600 Megabytes fi 50 CD-ROM/
1 Petabyte = 10° MB = 105 Byte
=35 GB

(Note: the WWW is from CERN... )



The Worldwide LHC Computing Grid (wLCG)

Tier-2 Centres
(> 100)

Tier-1 Centres
- ---10 Gbit/s links

NDGF ¢
e L

o

Bt a WU ::‘

Corfu-2011 Summer School
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Tier-0 (CERN):
Data recording
*Initial data

reconstruction
«Data distribution

ier- centres):

*Permanent storage
*Re-processing
*Analysis
«Simulation

Tier-2 (federations of
~130 centres):
« Simulation
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Today’s WLCG

lore than | /0 computing tacilities in 34 countries

p More than |00k Processing Cores [I, WLCG

p More than 50PB of disk i L o

10/06/10 Physics at the LHC



Computing Grid Delivers Physics

Data preparation:
First-pass reco. at Tier-0
within ~2 days
Calibration/DQ good for
physics analysis
Data analysable on Grid
within ~1 week

Tier-1 and Tier-2's process close
to one M jobs per day alone for
ATLAS (as example):
simulation
re-reconstruction (campaigns)
group production (ntuples...)
physics analysis

The high quality of the wLCG
computing system allows LHC
experiments to show results on
data taken just after few weeks
already

Corfu-2011 Summer School
Sep 2011, P.Jenni (CERN)

900,000
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W00

00,000 g

TncLann

(Example from ATLAS)

ATLAS jobs per day across all Tier-1 & Tier-2s

T T T T T T T T T

analysis

simulation

!| ||_ |““||||'|'|"||ﬂ“lI il |l|i ..,, _'l, ;' I,.. | I']!"'!I

. aamt IIII. . I pammguge- allaniBiimamenl="m,
'.-'.lll--.li-.i.- .EL.J-I:-‘I-H.-! 20110806  3011.08.30 0110514  3011.05.3% :.ul-f.lﬁ 1 Hlldeds  M1L0700
March 2011 July 2011
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A few examples of the
Physics Roadmap

General event properties

Heavy flavour physics

Standard Model physics
including QCD jets
Higgs searches
Searches for SUSY

Examples of searches
for ‘exotic’ new physics

Corfu-2011 Summer School
Sep 2011, P.Jenni(CERN)
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General Event Properties

[

'éagrden 201030108 ga558 BJJ;; 11 GMT(04: zﬂi'ﬁa dEaT?
30779 { 4994158, \ | Al

£ Dyl OZRH, 330 P Lis Dafal il Of Wes TS Calla boialis
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ATLAS

\s=7TeV
n,z2|n|<25
100 < p;< 500 MeV

I:IMC ND

—8- Data 2010

10

9.5

Number of SCT hits per track

The tracking detector simulations are in a
mature state, charged track measurements
are well understood

Example shows the ATLAS description of
minimum bias tracks (silicon and pixel hits,
transverse impact parameter)

New J. Phys. 13 (2010) 053033

7
I||IIIIIIIIIIIII|||IIIIII||||I|IIIIII||||||IIIIII_ 6
25 2 15 -1 05 0 05 1 15 2 25 = x10"
Tl Zw 16 ng’-
14
:\ T T T 7T \\\llllll‘\\\\‘llll T T T T TTTTJTTT T \III:
4.6 =
- ATLAS . 12F
4.4F \s=7TeV | OF
40k n,>2,|n|<25 ] 10

Number of Pixel hits per track

Qo
L I B B R R R R R R

4 100 < pT < 500 MeV gt
3gf I:IMC ND . 6
3.62— e Data 2010 —f
- 2 4
3.4 =
3.2 = 2
BZI L1 | | I | | | | | I | I | | | | I 1111 | | I 11 IE _5 -4
25 2 15 1 056 0 05 1 15 2 25
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ATLAS

\s=7TeV E
n,>2Inl<25 -

100 < p_< 500 MeV.

3 -2 -10 1 2 :anl:nm? _:
DMCND B

—o— Data 2010 _:

|||||Ill||||||||||||l :

2 1 0 1 2 3 .4°7%

d, [mm]
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1/N,, - dN_, / dn

Ratio

Charged-particle multiplicities as a function of pseudorapidity n and
transverse momentum p; for minimum bias events selected as specified,
and compared to various Monte Carlo models

_||||||||I||||I|||||||||||||||||||I||||I|||||||||_
85— ch_2p > 100 MeV, |T]|<25_E
C ATLAS \s =7 TeV ]
7 =
3 == Data 2010 —
C — PYTHIA ATLAS AMBT1 .
ok ==-PYTHIA ATLAS MC09 —
: —:PYTHIA DW ]
1 == PYTHIA 8 .
Eoo PHOJET .
NEEEEEEEEE SR IR F NS P RN R TR RN SRR NN NN R
1.2~ == Data Uncertainties B
= === MC/ Data .
1_ —
e T —— ol
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T

T

1/N,, 1/(2rp_) &*N_ /dndp_[ GeV? |

New J. Phys. 13 (2010) 053033
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Charged hadron multiplicities at
the three different \'s

Average charged particle density
for the central n region (pp and pp)

TTT [T T T [TT [ TT T[T T T[TT T TTT[TTT[TTIT] :| T IIIIIII| I ||||||I| 1 Illtl::lhldl 7
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TTeV 111'34} —PYTHIA DET B ¥ STARNSD = ISR inel. 7
107 : ~-PYTHIA B g A UASNsD A UAS5 inel. B
--FHOJET - W CDFNSD 0 PHOBOS inel. + 5
10 T % ALICENSD  Y¢ ALICE inel. ’ 5
' o 50 @ cmsNsD .
1 '_H-—w'_.?_. L L ]
e, —_— - 7
. — - ]
1']1 "u E 4 O ]
5 N S [ .
10 . Z  aC ]
- B _
107 K :
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o O §
103 1 i
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JHEP 01 (2011 )079 Phys. Rev. Lett. 105 (2010) 022002
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Candidates / 2 MeV/c?

Strange particle production
spectra

XI1 O? T T | T T T T | T T T T |
I g CMS -
gl Vs=7TeV _ i
i Yield: 34.4 x 10° |
[ ‘+ Mean: 1322.1 MeV/c? |
sl “ Avgo: 4.1 MeVic? ]
£ :
2r 480 pb1
D_ 1 | .|" 1 1 1 |_r"|- T" 1 1 = | :1
1300 1350 1400

AT invariant mass [Me\ﬁcz]

Example =" 2 Ar

JHEP 05 (2011) 064
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Standard Model
Physics

CMS candidate Z > p*u

SJATLAS

_.élEFERIMEN_I

v candidate in

CMS Experiment at LHC, CERN
CMS | Run 136087 Event 33967482

Il Lumisection: 314
/"/_.::

%::/ | Mon May 24 2010, 15:31:58 CEST
--I---
Muon p= 27.3, 20.5 GeY/c

!n'lp" mass = 85, 5{_;21;",!":: _—:—_—m
I_-_l-_l

?Te'u' collisions

1_1_u I
e q"""*-— 4
I S - I
|| '=====|
e - e
g “ S T . [
= “mxh 1_
P /
q — -
D5
P v (T
ATLAS W - ev candidate
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Di-lepton invariant mass spectra

The di-muon spectrum recalls a long period of particle physics:

:Z;Jﬂ“; T]P,mdi W v Y(1,2,39)
Ems?ﬂww

104;—

103;—

102;—

102— CMS Preliminary

1? Js=7TeV, L_ =40 pb’

E......I L | L |

1 h 2% GeV/c?
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Z and W production

x10° CMS preliminary
B T r T 'I L L L i '1[:"‘
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Z peak (di-lepton pair mass distributions)
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Sub. to JHEP
arXiv:1107.4789[hep-ex]
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= ATLAS Preliminary

Entries / 2.5 GeV
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ATLAS-CONF-2011-041

Missing transverse energy
from the W - u + v decays
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W transverse mass

—e— Data 2010 45 = 7 TeV) 3 u with p;>20 GeV, E;Miss>25 GeV
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Very early W cross section measurement with e and u
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Full 2010 data set measurements from CMS

CMs | | 36 pp" at \‘?T = 7Tev
lumi. uncertainty: + 4%
G xB(W) i 0.986 +0.009,,, +0.028
ox B (W) ] 0.982£0.010,,, +0.030
ox B (W) P 0.992+0.010,,, +0.029 .
6xB(Z) ot 1.002 +0.010,,, + 0.032
Ry, HoH 0.981+0.010,,, +0.015
R., HEH 0.990 £ 0.011,,, +0.023
06 08 == T2 14
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Ratio (CMS/Theory)
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G, [Nb]
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Full 2010 data set
from ATLAS

ATLAS-CONF-2011-041
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Lepton charge Al = do/dp(W' = £7v) —de/dy(W~ — ¢ I:E]!
asymmetry from doe/dnp(WH+ — i) +do/dg(W— — £v)
W decays in pp

collisions at 7 TeV

_ ATLAS+CMS+LHCh-
Preliminary -

0.3 \s=7 TeV

P > 20 GeV

Lepton charge asymmetry
o

-2+ ATLAS (extrapolated data, W — Iv) 35 pb™
-0.1 - CMS (W-> uv) 36 pb”
m  LHCb(W— uv)36pb’
0?2 MSTWO8B prediction (MC@NLO, 90% C.L.)
Hise CTEQS6 prediction (MC@NLO, 90% C.L.)
ATLAS-CONF-2011-129 0.3 %ﬁ;ﬁ HEF'[Fli'I .0 predllc:th:-n {MIE@NLDI 90% GIL} | |
LHCb-CONF-2011-039
CMS-EWK-10-006 (aXiv:1103.3407) 0 05 1 1.5 2 2.5 3 3.5 4
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Events / (10 GeV)

Events / (10 GeV)

CM3 CMS
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Run Number: 183081, Event Number: 29591437
Date: 2011-06-05 11:50:44 CEST

Jets with 1.9 and 1.7 TeV

J e ts transverse momenta (pq)

Corfu-2011 Summer School

Sep 2011, P.Jenni (CERN) LHC Project and Discovery Physics (I) 79



Note also that the event displays have become more sophisticated since the
first spectacular events, hand-drawn, at a hadron collider ...

Volume 1188, number 1, 2, 3 PHYSICS LETTERS 2 December 1982

-

(a) (b)
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Very detailed jet measurements are now available from
LHC that can be compared with QCD calculations ...

Inclusive jet cross
sections in various
rapidity intervals

The data are spanning:

- 20 GeV < p7 <1500 GeV
-Inl<4.4

- Up to 12 orders of

magnitudes in cross-
sections

Corfu-2011 Summer School
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Systematic uncertainty
dominated by JES

Good agreement between
data and NLO pQCD with
various PDFs globally...

Corfu-2011 Summer School
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Systematic uncertainty
dominated by JES

... except in some specific
regions, for example in the
forward directions

—->Should be able soon to
constrain PDFs
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Di-jet cross-
sections in
various rapidity
intervals

—
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—
Q
%)

Phys. Lett. B700 (2011) 187
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Example of inclusive isolated prompt
photon cross-sections

Updated spectrum 2011
1:-;|1 02 E L L L rrrd | L | L | Y I__ ;‘ 1 0-1 LU UL | I | L | L | LI ‘ L ‘ LI | LI Ig
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© —.— T107E E
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Sub. To Phys. Lett. B
arXiv:1108.0251v1[hep-ex]
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ATLAS-CONF-2011-060
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First Jet P; [GeV]

LHC Project and Discovery Physics (1)

W + jet(s) production

Both an interesting QCD measurement as
well as a dominant background to searches
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Early LHC measurements of the top cross section

« Complete set of ingredients to investigate production of tthar, which is
the next step in verifying the SM at the LHC:

- e, u, E;mss jets, b-tag

« Assume all tops decay to Wh: event topology
then depends on the W decays:
——

« one lepton (e or p),
E miss, jjbb (37.9%)

« di-lepton (ee, uu or ep),
E.miss, bb (6.46%)

« Data-driven methods to control QCD and W+jets backgrounds

Corfu-2011 Summer School
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midan pT = J0.6 GeVie, o = -1.67, @ =-2.04

Jdetp, = 182.2 GoWliceny = 0354, p =-2.75

-,

1

e+ pu+ 2 jets (b-tagged) +ETmiss
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tt candidate events

b tagged Jei
p,=B22 GaVic, g =-1.7%, p = 1.03

o
_,_.—'—'_'_'_F__-_.-"

£ = 118.0 GaV, o = 0,040

.Ti!-'I‘p, F A3 GeVie, n = 0BT, p = -0.587

Run Number: 160958, Event Number: 9038372

Date: 2010-08-08 12:01:12 CEST

u + 4 jets (one b-tagged) +ETmiss

_*_‘?; EXPERIMENT



2 leptons + jets + ETmiss
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1 lepton + 4 jets + ETmiss

‘Classical analysis’ Updated results with global kinematical fit
r ! ' 240077
5001 ATLAS e+>4-jets 2 - _
" Preliminary . data & 3 Jets ATLAS Preliminary -+ Data 2011, Vs =7 TeV

Events

Ol | > 2000 [Ldt=0.70 fo- | B QCD Multijet
p O W+Jets W Other EW

400F | Ldt=35pb’
- P W + jets

;% B Other Bkgdg 1600
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ATLAS-CONF-2011-035

ATLAS-CONF-2011-121
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LHC \s=7 TeV

CMS dilepton (eeup,2un)
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(ATLAS and CMS have also made first single top cross-section measurements
in agreement with NLO QCD expectations)
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Examples of first measurements of Top quark properties

Number of Events / 20 GeV

80— —+— Data
- I
0 m woiv
60— Single-Top
B W 2T
B QcD
40_
- W + jets channel
20_
0%~ 400 500

CMS mass measurement with | + jets
(kinematic fit, 4 or more jets)

CMS Preliminary, L = 36 pb”

Fitted Top Mass [GeV]

Result when combined with di-lepton
analysis

my = 173.4 £ 1.9(stat) £+ 2.7(syst) GeV.

CMS-PAS-TOP-10-009

(Soon) competitive with TeVatron...
LHC Project and Discovery Physics (1) 93
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600

ATLAS t-tbar spin correlation as measured
in di-lepton events (A¢ between leptons in
azimuthal plane in the t-tbar lab frame)
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Chelicity = 0.341313

(SM predicts ~ 0.32)

ATLAS-CONF-2011-117




CATLAS

LEXPERIMENT

Run 166466 Event 26227945

Time 2010-10-07 22:16:3%9 UTC
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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:
B Commission/calibrate detector/trigger in situ with physics (min.bias, Z-ll, ...)
B “Rediscover” Standard Model, measure it at Vs =7 TeV
(minimum bias, W, Z, tt, QCD jets, ...)
m Validate and tune tools (e.g. MC generators)
B Measure main backgrounds to New Physics (W/Z+jets, tt+jets, QCD-jets,...)

corfu- 20T Summer 5choo! Prepare the road to discoveries ...
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The Higgs Hunt at LHC
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Higgs cross-sections (ATLAS example)

P 1 O E T T T T =
O - 3
H->vyy: rare channel, but the best for 2 - Ns=7TeV SM J¢
low mass o § 13
a0 I
> 1E WW — Fvgg e
H>WWO): © - 1°
—  =lviv: very important in the N WW —s VIV ]
intermediate mass range 10" S 3
— > Ivqq: highest rate, important at - . My .
high mass £z lldg .
1 0-2 = ‘ Z7Z — ['Tw E
H->ZZ): 5 .
— =>4l: golden channel i \ ZZ — '
— 2 llvv: good for high mass 10 2 VBFH >t l=e,u E
— > libb: also high mass - ANH — Fvbp V=V, Ve
ZH — I''bb q_udscb T
H->TT: good signal/background, 10700 200 300 400 500
important at low mass, rare, and
experimentally challenging M, [GeV]

Events expected to be produced per 1 fb-'
Associated prod. H-> bb-bar

T,z WW-liv |22
— ltis useful for the discovery
— Itis very important for Higgs 120 127 1.5 43

property studies if SM Higgs is
discovered 150 390 4.6 16
300 89 3.8 0.04
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ATLAS+CMS 9590 CL 3o sensitivity | 50 sensitivity
7 TeV exclusion
10 1 fb! 120 - 530 135 -475 152 -175
2 fb! 114 - 585 120 - 545 140 - 200
5 fb! 114 - 600 114 - 600 128 - 482
10 fb1 114 - 600 114 - 600 117 - 535

L)

95% CL Limit on c/og,

10

ATLAS+CMS CERN SPC March 2011
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Events / (2 GeV/c?)

Two examples of ‘easy’
searches (where one would
expect a mass peak)

800

/00
500

500
400
300
200
100

%

CMS Preliminary 2011

Events/10 GeV/c?
(@)}

i
4r
= I R D R LR AL I 3—_
. CMS preliminary - . B
— Vo= 7 TeVL =166 fi’ [ 2eromet s = 2k
E_ warrut'r'hrr _E E
i ER S
= 3 960" 200

0 90 100 110 120 130 140 150 160 170 180
m,, (GeV/c)

Corfu-2011 Summer School

Sep 2011, P.Jenni (CERN)

LHC Project and Discovery Physics (1)

300

NVs=7TeV L=1661"

DATA

. Z+jets
Nzz

[ ]m,=350 Gevic
[ m,=200 Gevic?
[ m,=140 GeVic*]

[ | [ | [ | [ | [ .|_

2

-

400 500

"6

00

M, [GeV/c]

100



An example of ‘difficult’ search channel (no peak, counting experiment)

Entries / 10 GeV

Data/ MC

458 ATLAS Prelimlnary
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& [ Exp.  Cbs. 1 Exp.  Obs. 7 Higgs searches are the
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Status of Lepton Photon Conference Mumbai, 22"d Aug 2011

S L LA L IS - T
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o ---- Expected J' | B TR e S i
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® 5 1=
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ATLAS CMS
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The first “Higgs” events
observed jointly in CMS

and ATLAS ... (April 2008)

Corfu-2011 Summer School
Sep 2011, P.Jenni (CERN)

LHC Project and Discovery Physics (1)

‘t
somewhat later, even in ALICE...
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Most exciting: searches for physu:.s
Beyond, the Standard Model (BSML) o
(see Albert De: Roeck’ Iectwrg)




pa—

¥ Note that all public results from CMS and ATLAS are available at:
. https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic
g 1;. s F, T : .l'. ’ F e,

."II | .

Exciting

times are ahea
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Spares
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Beam transport (LHC arcs)

QF dipole decapole QD sextupole QF
magnets magnets A%nets

¥ A
bt L LY

small sextupole
corrector magnets

<

LHC Cell - Length about 110 m (schematic layout)

Dipole- and Quadrupole magnets

— Particle trajectory stable for particles with nominal momentum
Sextupole magnets

— To correct the trajectories for off-momentum particles

— Particle trajectories stable for small amplitudes (about 10 mm)
Multipole-corrector magnets

— Sextupole - and decapole corrector magnets at end of dipoles

— Particle trajectories can become unstable after many turns (even after
106 turns)
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Not only dipoles ....

Inner triplet quads assembly hall 181

Dipoles

Quadrupoles
Sextupoles
Octupoles/decapoles
Orbit correctors
Others

Total

1232
400
2464
1568
642
376

~ 6700
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Phase diagram of Helium

He ll is a superfluid, it flows
with zero viscosity

10000 —
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Discovery of superfluidity
in He 1l (1938)

J.F. Allen & A.D. Misener (Cambridge)
P.L. Kapitsa (Moscow)

Vaporization of liquid helium

He | (T=2.4 K) He Il (T=2.1 K)
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Main design parameters of the LHC

Design operation

x200 Tevatron

Beam energy 7 TeV
Instantaneous luminosity L 1034 cm2s
Integrated luminosity/year ~100 fb!
Dipole field 84 T
Dipole current 11700 A
Circulating current/beam 0.53 A
Number of bunches 2808
Bunch spacing 25 ns
Protons per bunch 1011
R.m.s. beam radius at IP1/5 16 pum
R.m.s. bunch length 7.5 cm
Stored beam energy 360 MJ ———
Crossing angle 300 prad
Number of events per crossing 20
Luminosity lifetime 10 hours
two beams, 2808 bunches
... each, separated by 25 ns —_
, e e == - ,
ong range . A
inte?actiognsI = "'H:"'-e::; _ I oSS
C(ﬁ__@ﬁv@lﬁﬁmer School T @Q_Qle
Sep 2011, P.Jenni(CERN) )

Aircraft carrier at 12 knots
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The LHC repairs in detail

54 electrical interconnections
14 quadrupole magnets 19 dipole magnets fully repaired, 150 more Creer 4 km of vacuum
replaced replaced needing anly partial repairs beam tube cleaned

[4)

A new longitudinal Meearly Q0 new helivm pressure R500 new detectors are being
@‘ restraining system is being fitted release pons are being installed added to the magnet protection
i 50 guadrupole magneds around the machinge systorm, requiring 2 50 ke of cables
orfu-2011 Summer Schobl* " 0 : = b bid ' ;
Ml I

Sep 2011, P.Jenni (CERN) LHC Project and Discovery Physics (1)



New rough draft 10 year plan

2010 2011 | 2012 | 2013 | 2014 | 2015

2016

ML) a5 QM D) F M a ML) s S DN D) F MBI )RS D ND ) F M A M) s DN D) F s R ) A S D ND ) F M A M) s s D M D) F MR M) s s D N D

LHC
Machine: Splice Cansolidation & g
Collimation in IR3 g
ALICE - datector complation 1
£
ATLAS - Consoldation and new forward é
biear pipes .
o
CMS - FWD muons upgrade +
Consobdation & infrastrastructure
LHCh - consolidations |
Cryocoliimation paint |
Injectors [
SPS upgrade 7 SPS - LINACA connaction & F PSB energy upgrade
2016 2017 2018 2019 | 2020 2021 | _
s FiMlamly|sals omo | Flmems a5 olsio Fmemli|as|ono Fimamliiesono|rlmemsasiosorFMemifiasono
Opti
LHC ptions
g Machine: Collimation & prapare for
rab cawities & RF eryo system o q
i e e % g Installation of
z ATLAS: news plaed detect. - detect. =
2 for ultimate heminosity. z £ the HL-LHC
L] _ -
i ALICE - Inner vertex system g £ hardware.
"
L)
CMIS - Now Pincl. New HCAL e £ Installation of
Photodetectors. Completion of = =
FWD muons spgrade LHal
LHED - full triggar wparade, naw -h',Dn
wertex detector et Prﬂpﬂ ra fﬂr
Injectors
Detector

Corfu-2011 Summer School
Sep 2011, P.Jenni (CERN)
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Electron cloud

Reflection

= 20 ns :-"-:5 m-"-: 20 n% -"-[5 ns]— time

Secondary emission yield [SEY]

Schematic of electron cloud build up in LHC arc beam pipe due to
photoemission and secondary emission [F. Ruggiero]

Corfu-2011 Summer School
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Luminosity

= Single most important quantity
= Drives our ability to detect new processes

f . Dy N2
= == bunch _ p revolving frequency: f _ =11245.5/s
#bunches: n, _,=2808
#protons / bunch: N = 1.15 x 101

Area of beams: 476, 0,~40 pm

= Rate of physics processes per unit time directly

4o, Oy

related:
N“"S: "L dt-€-0 Cross section O
Efficiency: Given by Nature
optimized by (calc. by theorists)
experimentalist

7 Ability to observe something depends on N, .

Corfu-2011 Summer School
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Principle: measure simultaneously
L=Ff (1,,1,,2,,2)

R,..x = peak collision rate (arb. u.)

k:

g

From LUCID, ZDC MBTS B ;Ei
BCM.,FCAL, HLT -g]

&

Rmax ~ ‘E 0-inel Sdet

Background

Sample Plot

_ nbfrIIIZ
2ME,E,

Simplest case: 2., = (G 21x + g 2 2% )1/2

L

Corfu-2011 Summer School
Sep 2011, P.Jenni (CERN)

l BcamScparationinumJ

From LHC machine during the
Van der Meer Scan

(either from BPM or from Magnet
Settings)
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Simon van der Meer 1925 - 2011

Nobel Prize in 1984 for the contributions
that led to the discoveries of the W and 2)

(shared with Carlo Rubbia)

Van der Meer’s crucial contribution was
the stochastic cooling for accumulating
enough anti-protons in conditions to be
accelerated later in the SPS together with
protons to provide the 630 GeV collisions
needed to discover the W and Z

longitudinal hp MEF_1.72 eV ATTEN 10 &

pick-up w1 |

longitudi
kicker Lot -5534"""‘“ \.f!_-;.‘ ,-'-..‘& o i A
A

Corfu-2011 Summer School
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Initially the uncertainties for

;h - .  ATLAS F"rélln'wirlwér;'f | the 2010 results were 11 %,
£  06F (] LUCID_EventOR i which would affect all cross-
gu C o MBTS_Timing ] section results
© 0.5~ 0 PrimVix —
> .
g 04 B A big improvement has been
E C . recently achieved:
— - .
0.2 -
- ] Uncertainty Source
0.1 7l “Statistical <0.1%
ot I I I W R P | - Bunch charge product 3.1%
13 00 13:20 13:40 14:00 14:20 14:40 15: 001520 Beam centering 0.1%

Tue Jun 29, 2010 - UTC Emittance growth and
other non-reproducibility 0.4%

Beam position

. - . . . jitt 0.2%
Luminosity measured with 3.4% precision e _ s _"
Length scale calibration 0.3%
thanks to the use of several detectors ; N |
o _ ) o Absolute ID length scale 0.3%
(LUCID, M|n|_rr_|um-B|a§-Tr|gger-SC|ntlllators, Fit model 0.2%
Beam Condition Monitors, tracker) Transverse correlations 0.9%
u dependence 0.6%

L(}ng-ierm C{]HSiSIEHC}:’ :

Corfu-2011 Summer School
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Beam extraction, emergency or not...

At the end of every “fill"”, when too low luminosity, or
when BLM system triggers, both
beams extracted on an external beam dump, in one turn.

Beam dump built to absorbe full power at full energy.

IBﬂmhereisfewmmlI

Septum magnet
deflecting the
extracted beam H-V kicker

for painting Beam Dump
the beam Block
Fast kicker Q‘ﬁ‘ about 700 m
magnet N e
£

about 500 m

Corfu-2011 Summer School
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Spot size on the beam dump

To reduce energy deposition peak, proton
swept by fast kickers to for a spiral on the
transverse face of the dump.

Beam impact in less than 0.1 ms

Even like this, maximum temperature rise
about 800 C.

20 THERMO-MECHANICAL AMAL YSIS T
-:rllln:na BEHATTY Fin 3 184G

3 X LEssmaT
wroml Lend IC] &1 p=Blim ai ¥ FLOT 10, L

L.Bruno: Thermo-Mechanical Analysis with ANSYS
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Fill: 1901 E: 3500 GeV 28-06-2011 16:07:54

PROTON PHYSICS: BEAM DUMP

3500 GeV I(B1): 2.52e+08 1(B2): 1.37e+09

-208158100-50 0 50 100150200 -2081560-100-50 0 50 100150 200

Comments 28-06-2011 15:53:04 : BIS status and SMP flags Bl B2

Will start dump handshake soon Link Status of Beam Permits | true |
Global Beam Permit
Setup Beam

Next: short access for Bl
Beam Presence

Then: setting up for 90 m optics Moveable Devices Allowed In [ true |
Stable Beams

AFS: 50ns_1380b+1small_1318_39_1296_144bpi PM Status Bl ENABLED  [\LEI #1111 ENABLED




Heavy lon Collisions

Fully stripped Pb ions (208 Pb 82*)
With the full design field of the dipoles: 2.76 TeV/nucleon beams

Table 21.1: LHC beam parameters bearng upen the peak hmminosity in the nominal 1on scheme.

|  Inmjection | Collision

Beam parameters
Lead ion energy [GeV] 36000 574000
Lead ion energy/mucleon [GeV] 1774 2750
Eelativistic “gamma™ factor 190.5 2963.5
Number of 1ons per bunch 7.« 10
Number of bunches 592
Transverse normalised emittance | 1.44 15
Peak RF voltage (400 MHz system) [MV] g 16
Synchrotron frequency [Hz] 3.7 230
EF bucket half-height 1.04 x 10— 3.56 = 107
Longitudinal emittance (4} eV s/charge| 0.7 2.5°
BF bucket filling factor 0472 0316
EMS bunch length® [cm] 997 704
Circulafing beam current [mA] 612
Stored energy per beam [T] 0245 3581
Twiss function 5, = 4, = 5* at IP2 [m] 100 0.5
BMS beam size at IP2 fTiinl 280.6 159
Geometric lummosity reduction factor F* - 1
Peak luminosity at IP2 [em =sec—1] = 1. = 10%

“The emittsnce at injection enerzy refers to the enumance delivered to the LHC by the 5P5 without any incresse due to injection
arrors and optical mismaich,

*Tha baseline operation assume:s that the longimdmal emitance is deliberately blown up durmg. or before, the ramp o onder fo
reduce the inma-bearn scattering srowth rates.

‘Dimensions are given for Craussian distibutions. The real bearn will mor have & Goussian distibution but more realistic dismibations
do oot allow analyiic estimates for the IBS zrowih rates.

“The geometric luminosity reduction factor Equation 3.3 depends on the total croszing angle at the TP The crossing angle for lead
1ons 15 discnssed in Sec. 21.3.2
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lon Beam Start lon End non-LHC
Satup Fhysics Phyzica
lom ource
Nov oven [e-fil \\ Dec

41 42 43 44 4z 46 \ 47 48 44 50 I 51

\ 1 . _yi " L

o 1" sl i o M n 13 acf
248 |I | 3s8 ' 4 e

I i I

r a !

J 1 T b

. L] ST ! IONS

1y [ : " L -
312 | 312 [ \ M I a5 Day

In | I H E I

g : _ |

Heavy lon running 2010

Total Integrated Luminosity [ub™]

FrrrrTrTrprTT T T T T T T
12— ATLAS Online Luminosity \/s, =276 TeV

E [ LHC Delivered (Pb+Pb)
10~ [[] ATLAS Recorded
8 :_ Total Delivered: 9.69 ub™ _:

- Total Recorded: 9.17 ub™ -
6 =
4 =
21 =
ol N IR AR B
02/14-201108/Mher SchBH11 23/11 30/11 0712

Sep 2011, P.Jenni (CERN) Day in 2010

06-Dec-2010 17:50:39 Fill #: 1541 Energy: 3500 Z GeV
ATLAS ALICE

PHYSICS PHYSICS

2.01e-05

I(B1): 1.06e+12
CMS

NOT_READY

1.97e-05

I(B2): 1.02e+12
LHCb

STANDBY

0.00e+00

Experiment Status
Instantaneous Lumi (ub.s)"~-1

BRAN Luminosity (ub.s)~-1

1.95e-05

0.530 0.000 0.000

Fill Luminosity {mb)~-1

0000 3,30
STABLE BEAMS

Ferfoemance pver the |last 24 Hrs

1725 iman 1735 1740
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Pb+Pb @ sqrt(s) = 2.76 ATeV

2010-11-08 11:29:52

Fill ; 1482

Bun : 137124

Event : Ox0000000042B1B693




~ Heavy Ion Colhsmn Event

ATLAS

Run 168665, Event 83797 5
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