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http://cdsweb.cern.ch/record/1056730/files/icon-bul-pho-2007-046.gif
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The Large Hadron Collider project has to be seen as a global scientific
adventure, combining the accelerator and the experiments

ASP Forum Day, 21-8-2010
Peter Jenni (CERN)
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History of the Universe

pp physics at the LHC corresponds
to conditions around here
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HI physics at the LHC corresponds

to conditions around here
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The study of elementary particles and fields
and their interactions

Quarks

matter particles particles

Proton ( 1st gen. 2nd gen. Srd gen. St Fora
Q
u
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Neutron R
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Nucleus L AT
YN e (W
® B & neultrine
Electron g AT,
N I'\g/)
electron
om
Q Molecule Elements off the Standare Moes!
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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)

A
Mass :
(GeV/c?) 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
50 -
5.0
R S S -
up down strange charm bottom top - .
rancois
ASP Forum Day, 21-8-2010 Qua rks Road Map for Discoveries Englert
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Supersymmetry (SUSY) Particles
(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 q (s=1/2) » q(s=0) squark
g(s=1) > §(s=1/2) gluino . ESupersymmetric
shadow " particl
Our known world Maybe a new world? '
Standard-Teilchen SUSY-Teilchen
- " Motivation:
di s4 b - Unification

Higgs

(fermions-bosons,
matter-forces)

J\)\) - Solves some deep
J } ) problems of the

Quarks ‘ Leptonen . Kraftteilchen Squarks J Sleptonen o SUSY-Kraftteilchen Stan d ard M O d eI
ASP Forum Day, 21-8-2010
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Unification of Forces

Magnetism

QED Electro

Long range

magnetism o
Electroweak gMaxwell Electricit
_ Model Weak Th ok FFermi
ea eor
Grand  {,J Standard y eax Torce

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

Einstein, Newton
Galilei  Gravity

ASP Forum Day, 21-8-2010
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How the LHC came to be ...

(see anice 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: TRANSVERSE ENERGY DEPOSITION |
ENERGY
SCALE <]

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

can actually do great discovery phySiCS Camee . rsncfoarmens s

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, HZ 1,00, FB 1.00 MAXIMUM CELL TRANSV ENERGY 35.0 GEV

A very early Z > ee gnlrine orlrirsplay from

ASP Forum Day, 21-8-2010 Road Map for Discoveries  one of the detectors (UA2) 11
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The first picture on the Web in 1992 !

ASP Forum Day, 21-8-2010
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Large Hadron
Is a 27 km long collider ring
housed in atunnel about 100 m
underground near Geneva




The Tevatron at Fermilab is performing in a superb way, and has still a major
potential for great physics in the near future

_~2000
/.
2
17

o
2 2

Delivered&unﬁnosit
N
N
=

The Tevatron is avery mature machlne
I with well understood detectors operated
by collaborations with highly developed
analysis skills . ,
;g - O\ 100 150 200 250 300 %ZOV




Collision energy
Tevatron (pp)

1.96 TeV
LHC (pp)
initially 7 TeV =)
later 14 TeV -

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

Nevents =0 '/L dt

ASP Forum Day, 21-8-2010
Peter Jenni (CERN)

Some bench-mark cross-sections
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Projection for the Tevatron

Expect about 2 fb! per year fromnowon

A
—~>Reach at the end of 2011 some 10 - 12 fb-! :
analyzable/delivered integrated luminosity “ :
10 R :
a4 Collider Run Il Peak Luminosity '
b LS0E+R 450E+32 .
Y— -
~— g | e 400E+32 .
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Tevatron Run Il, pp at s = 1.96 TeV

’_101(]
'E_ Jets
The Tevatron =10°{ =
: H Fl
experiments %103 esyy Havor
have explored >
an impressive 210’
range of physics £, 6
510
over the years...
S 10° w
é 10° "o
. . . 3
...both in direct © .
observations of ®-10°4 Wy oz
processes as 1021 8 g
. E wwo - |
well as in : t Wz Single
precision 104 5 oa g >
measurements 1] oo
y ] of magnitude Hig
10 3 ' : : : new physics
10_2 | | | | | | | | | | | | I ”
Jotg Moo W 2 W, 2 o ¢ M, Np
Ols Eapyﬁ_f g ¥ ufrﬂf H? <z wu% 2
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200

Accumulated data so far (integrated luminosity)

2010/08/16

LHC 2010 RUN (3.5 TeV/beam)

---------- D ATLAS b
_____________________ ALCE* e

CMS/TOTEM i
‘ I ‘ o4
¢

day of year 2010

* ALICE: low pile—up since 01.07.2010

ASP, NITheP, 1-21 Aug 2010
Peter Jenni (CERN)

19.53

— T
2.2
2
1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2

Total Integrated Luminosity [pb™]

Total Delivered: 1.653 pb™’
Total Recorded: 1.544 pb™

ATLAS Online Luminosity \s=7Tev
[ LHC Delivered
[ ] ATLAS Recorded

0 PR T N TR
26/03  24/04

23/05

© 22/06

20/08
Day in 2010

21/07

Note the high efficiency of recorded data (93.4%)

LHC Dream-Reality-Vision
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Road Map of Expected Hadron Collider Performances

Now Tevatron 2 TeV 7 fb-1 (analysed)
LHC TeV 1.5 pb-1

End 2011 Tevatron 2 TeV 10 fb-1
LHC 7 TeV 1 fb1

End 2014 LHC 14 TeV 30 fb-t

End 2017 LHC 14 TeV 100 fb-t

Early 2020ies  LHC 14 TeV 500 fb-?

2030 (s)LHC 14 TeV 3000 fbt (ultimately...)

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

(1 fb-2= 1000 pb-)

ASP Forum Day, 21-8-2010 19
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Plus smaller The , Ol‘ld Of CERN

local earldoms

LHCf (point-1) £
TOTEM (point-5) e T
Moedal (point-8) >, N S
CMS
2900 Physicists 75 | LHCDb N
184 Institutions ~ i 730 Phy.SICI.StS
38 countries 17 fag v 54 Institutions
550 MCHF ) — %g :\:Aocltjlfl]lt:rles
- | ATLAS
4 3000 Physicists
ALICE PRl ol 4 174 Institut.ions
NCE S it i beniades™ M 38 countries

1000 Physicists
105 Institutions
30 countries

150 MCHF

ASP Forum Day, 21-8-20
Peter Jenni (CERN)

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
MALE

TRD
HMPID

=y )
~116m from I.P,
N

(70 g

&/ TRIGGER
- A\CHAMBER

ZDC
~116m from L.P,

Univ. of Cape Town and
IThemba Lab are ALICE
members since 2001

and 2008

| )

ASP Forum Day, 21-8-!1
Peter Jenni (CERN)

Size: 16 x 26 meters
Weight: 10,000 tons
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Installation of a ALICE TOF module May 2008

'SSF chrur:' [()ggéai_g_zmo Road Map for Discoveries g . - =
eter Jenni Formal end of ALICE ins




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

ASP Forum Day, 21-8-2010
Peter Jenni (CERN)
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CMS Detector

Superconducting Coil, 4 Tesla CALORIMETERS

ECAL HCAL
76k scintillating”” Plastic scintillator/brass
PbWO4 crygtals sandwich

Steel YOKE

1\ — :
g 5

Level-1 Trigger Output

» Today: 50 kHz
(eventually100 kHz)

 Directly feeds Higher

I Level Trigger CPU farm

Pixels
Silicon Microstrips
210 m?2 of silicon sensors

p V.
-
4"

9.6M (Str) & 66M (Pix) channels J R
adiee £ . MUON
MUON BARREL % ENDCAPS
Drift Tube Resistive Plate Cathode Strip Chambers (CSC)

ASP Forum Day, 21-8200hambers (DT) Chambers (RPC) Resistive Plate Chambers (RPC)

Peter Jenni (CERN) 26
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CMS: Surface Assembly

MS yoke was ready in 2003 .
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Example of an Engineering Challenge:
CMS Solenoid

CMS solenoid:

Magnetic length  12.5m

Diameter 6m

Magnetic field 4T

Nominal current 20 kA

Stored energy 2.7 GJ

Tested at full current in Summer 2006




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

ASP Forum
Peter Jenni (CERN)




=

q re
|

\r
1 A

CMS Electron and |
Photon calorimeter: 100k ,né,,ea and tediee
76 000 PbWO, crystals , /«. Y

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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——
y



CMS Silicon Tracker

The Silicon tracker (200m?) has 10 M channels
Operating temperature -15°C

Road Map for Discoveries
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CMS before closure




ATLAS
Detector

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

the 5 floors of building 40

24 m <

\

ASP Forum Day, 21-8-2010
Peter Jenni (CERN)
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The Underground
Cavern at Point-1 for
the ATLAS Detector

Length =55m
Width =32m
Height =35m

ASP Forum Day, 21-8-2010

Peter Jenni (CERN) Road Map for Discoveries N
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ATLAS Tracking Detectors
2 Tesla solenoid o/p;~ 5x10* p; © 0.01

W <"

- L

Beam Pipe

— S AL
P Ay 3 - A S A IO
AAOLE e ¥ B L
L2 S AL S .‘.~""'
o v v e i e e LA P -

Trans5ition Radiation Tracker (TRT) Pixels _ _
(4 10° channels) with e/r separation 0.8 108 Si Strips Tracker (SCT)
(0.8 10% channels) (6 10° channels) 36
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Muon System

Thin-gap chambers (TGC)

End-cap toroid

Cathode strip chambers (CSC)

Barrel foroid

Resistive-plate
chambers (RPC)

Stand-alone momentum resolution
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

~600 RPC and ~3600 TGC
trigger chambers

T

Vi 'ﬂ \

i3 Al —
il T




A historical moment:
Closure of the LHC beam pipe ring

| on 161" June 2008 (the last piece was
the one shown here in ATLAS side A)

ASP Forum Day, 21-8-2010
Peter Jenni (CERN) Road Map for Discoveries




Collisions at LHC

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

Luminosity 10** cm? 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)

Particle Selection of 1 in
10,000,000,000,000
Sonrorum Dey, 0t Road Map for Discoveries | = yiery powerful detectors needed

Peter Jenni (CERN)



As an example:

SDX1  dual-CPU nodes I
CERN ATLAS Trigger / DAQ Data Flow
computer ~30 ~1600 ~100 ~500
Event rate | Local Event Second-
centra ~ 200 Hz | Storage E\./em Builder | | LVL2 | jevel S
Da.ta SubFarm Filter SubFarm .
Outputs (EF) Inputs farm trigger
storage (SFOs) (SFIs) S .
Y ) e
Manager | . YYVY  VVVV{ LvL2 - : Er,ﬁ: =
) | Network switches | *®* "fr'“‘;ﬂ\:>
Lvez [ > gl
Super- A f T
: s o
wye sl g4 g
5| 8L g
o| =& i
Event data s
+— o2 — e
pulled: o =l a8 © :
partial events | = i v
@ < 100 kHz, a USA15 Data of events accepted
5 1600 py first-level trigger
full events 2 ~150 Read- %
@ - 3 kHZ 14 PCs YYVYYVYVVYVY Sz;{(s F\:ME Dedicated links | i ',—_4
eaa- -
Read-Out 4
Subsyst out 7,
u( ;és’s z)ms Drivers | 4
Rol (RODS)*| First- F=—
Builder \—] level /'
Timing Trigger Control (TTC) \ trigger _4'7
-
Event data pushed @ < 100 kHz,
.

ASP Forum Day, 21-8-2010

Peter Jenni (CERN)

1600 fragments of ~ 1 kByte each

Road Map for Discoveries
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The read-out electronics, trigger, DAQ and detector
control systems have been brought into operation
gradually over the past years, along with the detector
commissioning with cosmics

(Examples from ATLAS)

;.-}.J..—.ﬂ-

"L iﬂlllﬂlllﬂﬂ

Example of LAr calorimeter read-out electronlcs .
ARG T E RSO UV 7 Z

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

Road Map for Discoveries Counting rooms




ATLAS
Collaboration

(Status August 2010)

38 Countries

174 Institutions
3000 Scientific participants total
(1000 Students)

In July 2010 South Africa was unanimously admitted
as Collaboration member, with the Institutes of the
University of Johannesburg and the University of the
Witwatersrand (and open to others in the future)

UNIVERSITY
JOHANNESBURG

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, Gottingen, 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, NPI Petersburg, Pisa, Pittsburgh, CAS Prague,
CU Prague, TU Prague, IHEP Protvino, Regina, Rome |, Rome II, Rome lll, Rutherford Appleton Laboratory, DAPNIA Saclay,
Santa Cruz UC, Sheffield, Shinshu, Siegen, Simon Fraser Burnaby, SLAC, South Africa, 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



Age distribution of the ATLAS population

Al 2690 (<35y 47.2%)
Male 81.8%  (<35y 44.0%)
Female 18.2%  (<35y 61.3%)
(Status 1.1.2010)

ASP Forum Day, 21-8-2010 _ '
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Overview of the integrated financial evolution of the ‘CORE’ costs of ATLAS
(Construction MoU deliverables and Common Fund, Cost-to-Completion, in MCHF)

550

500
450 F / |
400 - /

350 |

300 / | || mmmctC (72 MCHF)

/ C—IMoU (475 MCHF)
250 / —

200
/

150 — -

e=f==Payments (MoU & CtC)

100 —

SOM
07 T T T T T T T T T T T T T T T

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

ASP Forum Day, 21-8-2010
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Worldwide LHC Computing Grid (WLCG)

Balloon

| ¥ (30 Km)
WLCG is a worldwide ’
collaborative effort onI | CD stack with
an unprecedented scale 1 year LHC data!

in terms of storage and (~ z{ikm)
CPU requirements, as

well as the software
project’s size

e
Concorde
(15 Km)
GRID computing developed
to solve problem of data storage
and analysis
LHC data volume per year: Mt Bl
10-15 Petabytes Pypied

(4.8 Km),
- i

One CD has ~ 600 Megabytes A 50 CD-ROM/
1 Petabyte = 10° MB = 101> Byte
=35GB

(Remember: the WWW is from CERN... )i



The Worldwide LHC Computing Grid (WLCG)

Tier-2 Centres

Tier-0 (CERN):
«Data recording
*Initial data

reconstruction
*Data distribution

Tier-1 Centres
- ===10 Gbits links

SARA-NIKHEF

wrvowarr, tertter o«

Tier-1 (11 centres):
*Permanent storage
*Re-processing
*Analysis

Tier-2 (federations of
~130 centres):

« Simulation

» End-user analysis

td
TRIUMF
INFN - CNAF v - e

tobogre wh

ASP Forum Day, 21-8-2010 Road Map for Discoveries 47
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First collisions at the LHC end of November 2009

7E (GeV)

Candidate
Collision Event

K%A]'LAS

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

Run 140541, Event 171897

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




CMS event from the first day

Mon 23 Nov 19:21 Run 122314 Evt 1514552

CMS
|

h g

First candidate collision
'Day, 21-8-2010 Road Map f60Piscoveries




LHCb event from the first day

23.11.2009 17:59:29
Run 62558 EV 278




A high multiplicity ALICE event from the first day...

a0 -30gEEREORNG

Y ‘-_'\ i

SeaammstTy

ASP Forum Day, 21-8-2010
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High-energy operation with 3.5 TeV beams started on 30" March 2010

OP WVistars - Mozilla Firefox

Fle Edit View History Bookmarks Tools Help

43 v @@ ﬁ | @| | http://op-webtools.web.cern.chfop-webtools/vistar/vistars. php?usr=LHC1 |v | |v 'Q| @ v

[& Most Visited > (@] Scientific Linux CERN (@] CERN IT Departme... [@| CERN Home Page [JLinux distributions ¥

CERN - AB - OP elogbook - Vi... % | CERN - AB - OP elogbook - Vi... % | CERN - AB - OP eLogbook - Vi... % | CERN - AB - OP elogbook - Vi... % | ©| OP Vistars x ] v

LHC1 M OP Vistars 20 &

LHC Pagel Fill: 1005 E: 3500 GeV 30-03-2010 13:24:16

PROTON PHYSICS: STABLE BEAMS

Intensity

Comments 30-03-2010 13:22:57 : BIS status and SMP flags
Stable beams! Link Status of Beam Permits
Global Beam Permit
Setup Beam
Beam Presence
Moveable Devices Allowed In
Stable Beams T

LHC Operation in CCC : 77600, 70480 MU IR ENABLED  [HulRsic-idi-g:ea  ENABLED

[4]

Done




ixels The complex detectors take

SO vy i 2 data with an impressive fraction
iti i 1 ct‘j - L

RT Transition Radiation Tracker 350k 98.0% of Operatlonal Chann9|3, and hlgh

Ar EM Calorimeter 170 k 98.5% o r ]
e 9800 97.3% efficiencies

adronic endcap LAr calorimeter 5600 99.9%
orward LAr calorimeter 3500 100%
VLI Calo trigger 7160 99.9%
VLI Muon RPC trigger 370k 99.5%
VLI Muon TGC trigger 320k 100%
DT Muon Drift Tubes 350k 99.7%
SC Cathode Strip Chambers 31k 98.5%
PC Barrel Muon Chambers 370k 97.0%
GC Endcap Muon Chambers

CMS

PIXEL TRACKER

' CVDEDIMEMT STRIPTRACKER

- CAFERIMEN| PRESHOWER
http://atlas.ch ECAL END.CAP
ECAL BARREL

HCAL FORWARD

HCAL ENDCAP

HCAL BARREL

MUONRPC

MUON.DT
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Worldwide data distribution and analysis

Total throughput of ATLAS data through the Grid: from 1st January until mid-July

April

Data and MC
reprocessing

1 Start of

2009 data Start of 10 p/bunch
reprocessing | | 7 TeV I operation

data-taking ||

Thoughput (MBS)

MC reprocessing

~2 GB/s
(design)

] H ¥
= ﬁéga!:;fr:m:*. all- +HEE¥*EEQ¥ _Hf :*Fh - §
4]

- _|I - _'
] ] it-- HHIHE o]

o0 o1 02 o3 21 22 23

17 18 19 2

OTRIUKMF

Peaks of 10 GB/s achieved

GRID-based analysis in June-July 2010:
> 1000 different users, ~ 11 million analysis jobs processed




Integrated luminosity vs time

(from first Vs =7 TeV collisions on 30 March to beginning of ICHEP on 22 July 2010)

ATLAS Online Luminosity \s=7TeV
[ ] LHC Delivered (stable beams)
[ ] ATLAS Recorded

0
o
=

400

Total Delivered: 357 nb”

15t top-quark
Total Recorded: 338 nb™

candidate

300

200

L2 EXPERIMENT : I EXPERIMENT

Total Integrated Luminosity [nb™]

100

il !

3
2.55 TeV mass
di-jet event

N©)) |

Luminosity detectors calibrated
with van der Meer scans.
Luminosity known today to 11%
(error dominated by knowledge
of beam currents)

0 , | | , i | ! | I
30/03 27/04 25/05 22/06

Day in 2010

20/07

Most up-to-date LHC physics results were made public
at the ICHEP Conference in Paris end of July 2010
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Charged particle transverse momentum distributions
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More than 30 years of physics history resumed in one plot from LHC ...

Ems = Jyv  CMS Preliminary, \Js =7 TeV
g F POO L. . =280 nb™
@ 4
u;::1ﬂ thwl Y(1S)
- Y(2S)
1035—
102%—
- Z
10 = r
1

1 10 102, 10°
pw - mass (GeV/c”)
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IME

PER

s

NT .

Run Number: 152777, Event Number:; 3276028
Date: 2010-04-10 12:07:39 CEST

W-ev candidate in
7 TeV collisions

p,(e+) =23 GeV
nie+)= -0.64
E.™ =31 GeV
M, =55 GeV




15 E; (GeV)

; . Run Number: 154817, Event Number: 968871 E, ()= 45GeV E, (e%) = 40GeV
‘; Date. 201 0'05‘09 09.41 .40 CEST TI (e—)= 0.21 ,n (e+) - ‘0.38
M_=89 GeV

EXPERIMENT

Z>ee candidate in 7 TeV collisions




Run: 154822, Event: 14321500
Date: 2010-05-10 02:07:22 CEST

p{K) =27 GeV n(u)= 07
p(u") =45 GeV n(u) = 2.2

M =87 GeV
My

@ Z>pu candidate
in 7 TeV collisions




Examples of the first W and Z distributions and measurements
from ATLAS and CMS at the LHC

CMS preliminary 2010 \s=7TeV

= I I I I I | I I I [ I I I I B

fL dt =198 nb’"

—e— Data2010 \s=7TeV)  ATLAS Preliminary

> -
(0] B _
O 10*E COwow E
- QCD - .
; B EZ—)}L}L J-L=291 nb1 ] -»-data
g | [ JW-o1v _ DZ—>ee -
E 0 f Elzow macp
W p B ] WEWK
= Ml it

number of events / 2 GeV
T

20 40 100 1_20
m; [GeV] 50 100 150 200
M(ee) [GeV]
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p— B I I | | I 1 | | I I | | I I | I I | | I I | | I 1 | I I |
2 - ATLASPreliminary NNLO QCD (FEWZ) -
i i |
'k}. 1= —
B_, - ATLAS data 2010 \'s=7 TeV) -
— B _
] - I L=225nb’ @ Z/y* |l (66 < m <116 GeV) .
y i _
}:_ - _
bN ® CDFZy*—>ee (66<m <116 GeV)
1 0-1 — ® DOZ/y*—>ee (70<m <110 GeV) —
- H; ® UA1Zy*—>ee (m >70GeV) .
i ZIy* (pP) O UA1Zy'spu (m >50GeV) B
| ZIy" (pp) v UA2Z/y*>ee (m_>76GeV) _
| | ] | | | ] | | | ] | | | | | | 1 | I |
0 2 4 6 8 10 12 14
\'s [TeV]
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First Top Events from LHC

Up to ICHEP just a handful of candidates have been identified

Standard channel with one lepton ‘Golden’ channel with two leptons
and jets in the final state, b-tagged and jets in the final state, b-tagged

ASP Forum Day, 21-8-2010
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eM + jets candidate %g‘pﬂ?hﬁ‘nsr

Run Number: 158582, Event Number; 27400066
Date: 2010-07-05 07:53:15 CEST

_ 50 ET (GeV)
| 40
| 30

20

g fs0 ,, 360

5 _ > /____\_. L2 -,_\

pT(e):23 GeV
E Mss=77 GeV
| p; (b-tagged jet) = 57 GeV
M Secondary vertex:
-- distance from primary: 3.8 mm == -
-- 3 tracks p;> 1 GeV | \-\\
| -- mass=1.56 GeV \’\,\
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10000

“(a) DO,
7500

Sy
(=
(=
o

Events/0.5 GeV

2500

1fb™?

_PAST MC
i Eac kground
y?/dof = 48/49

499830 W - ev candidates

Events

W, Z, and top analyses are in a very mature
and advanced state at theTevatron, giving a
wealth of detailed QCD and EW results

It will take some time to LHC to match this
precision (~ 2013)
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800

| + jets + b-tag analysis

COF Run Il Proliminary L=4310"
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B single Top
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B von-w
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1 Jet

2 Jets

3 Jets 4 Jets =5 Jets
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CDF Run 0/1 - 80.436 + 0.081

The W and Top mass
measurements are testing
the (consistency of the)
Standard Model and the
Higgs hypothesis

DO Run | ——e——  80.478 + 0.083
CDF Run I —e— g0413+00s8 200 pb™
Tevatron 2007 —— 80.432 + 0.039
DO Run Il —e— 80.402+0.043 1000 pb!
LEP2 average —— 80.376 + 0.033
| ] | July09 |
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m,, (GeV) 250 S
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' [
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Higgs search

H (150 GeV) — 2070 — 4y
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SM Higgs at ’rhe Teva’rron

|+
q

b
Events per experimentin 1 fb?

6 months data

0 120 130 140_150 160 170 18(
Higgs mass (GeV)

Ben Kilminster, ICHEP 2010
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The new combined result published recently sets a new combined
95% CL exclusion for 158 — 175 GeV

Tevatron Run Il Preliminary, <L>=5.9fb"
e

: Bmamans
LEP Exclusion | Tevatron

10 |EEE—. . Exclusion

sssss Expected .......

[ e Observed ::;:"i"'tt"::;‘tt/
oo B £1s Expected Befoioumniics, vt
DRI .. [} | %2s Expected .......

....................

....................

95% CL Limit/SM

. SM=T

J<—-—_-|.. Tevatron Exclusion . Eo 1 U JUk§ 19,2010
100 110 120 130 140 150 160 170 180 190 200
mH(GeV/cz)

Combining the two experiments at this advanced stage turns out to

be very powerful for the Tevatron
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Tevatron Higgs Search Progress

2xCDF Preliminary Projection, m =115 GeV 2xCDF Preliminary Projection, m =160 GeV
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o
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ASP Forum Day, 21-8-2010

Di : .
Peter Jenni (CERN) Road Map for Discoveries 7



The Higgs Hunt at the LHC

Higgs production cross sections at LHC

t
t LT 1rrr I LI L L I LI L L I L L L I L L I L L L I LI L L I LI L L I LI L I LI L L :
: - + -
g g fusion 102 o(pp —H+X) 1107
: Vs =14 TeV 3
1ok o m, = 175 GeV 1106
o CTEQ4M o
—_ L L P Q.
'8. T =mos, T 107 o
t T fusion ~ - o oo qa—HGgTT e 2
-1 ‘. "\\\ ----------- —
q M 10 EF e S v aa-_, HW 10 HQ
W,Z v 2 : -0;,..: :::: -:. -:,‘:'_....‘.""*.‘ E
10y Tl T, 10° ©
- o - E e ()
g H E T S
W, Z bremsstrahlung 3l _ e P ) 5 o
10 M. Spira et al. 9g.qq==Hbb e,  TelTTes ':_'-::.:.. 10
E NNO Qe e
10_4 TS T TS I TS T T T
HO 0 200 400 600 800 1000
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WW, ZZ fusion ™9
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Higgs decay branching ratios

BR for SM Higgs

50 - 100 | 260 T SILJOI - IlODU
Higgs Mass  (GeV)
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NLO
SM

95% CL Upper Bound on o/

The first physics run with 7 TeV at the LHC, with the goal of 1 fb-! towards the
end of 2011, will be just ‘catching up’ the Tevatron

|\I\I T 1T \III‘I\\I‘IIII|\I\I‘III\|\I\I‘IIII| CMSPrellmlnary.projectlonforTTev,1fb‘1 Mar1?2010
ATLAS Preliminary (Simulation)

7
10 ERRS
------- WW+ZZ+yy Combined 1 9 103 Hyy+HWW + HzZ
- il (6] : E 0 i
b — 95% CL exclusion: mean
L |:| + 96 1 I 95% CL exclusion: 68% band

95% CL exclusion: 95% band
------ 95% CL exclusion: mean (no sys)

1= . -
- L
i JLdt:1 i s=7TeV |
.1 | [ | ‘ I ‘ | ‘ || ‘ 1111 | [ | ‘ I | [ | ‘ [ | | . . . | . . . | . : : | = = : | : : :
10 110 120 130 140 150 160 170 180 190 200 100 120 140 160 180 200
MH[GeV]

Higgs mass, m ; [GeVic!

One can expect for the end of 2011 that ATLAS and CMS can exclude each
the mass range 135 — 180 GeV, and that combined they could reach almost
a 5 o signal at a mass of 160 GeV
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Events/ (2.5 GeV)

Events / (4.2)

Higgs searches in the years 2014 and after ... 14 TeV
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Examples for the ‘gold-plated’ 4 lepton channels (maybe sometimes in 2015),

shown as smooth histogrammes and as atypical experimental distribution
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Example of another
channel for the low

mass region

H =2y

Int L (ib")

Optimized analysis:
discovery with ~ 10 fb-!

ASBeEorum Day, 21-8-2010
Peterdehmi(CERN)

14 TeV

ED:IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII}IIII:
45 — == i5g DISG.“T_[‘IHE.II-EHSBﬂ Analygis (with syst. efr.) ] _
~ -E- 5o Disc with Cut-Based Analysis (no dyst. err) -
40 |4+ 5o Bise}-with Optimized-Analysis (withisyst- enry ——&-———]
355 ¢+ 50 Disq, with Optimized Analygis (no syst.emf =
30F .- / -
253 \j\"\ﬁ\ //-": f
EDf Ea‘h"' '-"Eiii::” \"9?/_ _____ Eﬁ' f
- g . =
15E i o =
10— f
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Summing up the Higgs
search at the LHC with
an old plot (still ~ valid)

—->Around 2015 we should
be able to conclude...

ASP Forum Day, 21-8-2010
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The first “Higgs” events
observed jointly in CMS
and ATLAS ... (April 2008)
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. — ‘ somewhat later, even in ALICE...
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First discoveries at the LHC: Supersymmetry ?

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

m Large production rate for |qq,gq,gg production q q
For m(&,8) ~ 1Tev Mz
expect 1 event/day at L=1031cm2s1 q |

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

Y 4
This particle (lightest neutralino) is stable, neutral
and weakly interacting — escapes detection (like v)
— apparent missing energy in the final state

ASP Forum Day, 21-8-2010 Road Map for Discoveries
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The Tevatron experiments have made very detailed studies
Investigating a large variety of possible signatures for SUSY

CDF Run Il Preliminary L=2.0 fb"
m::ﬁllm#nu:;w o i '"L':ﬂ'"ll"ﬂ;il"iltﬂls";'éhl—l ; -
m g toe Bl °
wmn-s,uf;}.ﬁ g
3 I 7]
400 _+a1-F'l.- = g /
—
E 3 5 o MSUGRA :
+° g g
200 FNAL Run I g
SR \\\\\\\\\\ -
100 “ NN
T \\\\\\\\\%\\. L
. 100 200 300 400 500 600
’ o e M- {&:Wn:] 0 o Gluino Mass (GQV)

Exclusion plots (95% CL) for the most basic searches for squarks and gluinos
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The initial LHC running will
already match (maybe exceed)
end of 2010 the Tevatron reach

Events /1 fb

T T | L | LI | | | L | L | L | L I_
- djets 1lepion  ATLAS .
10° Ye Preliminary © SM + SUSY SU4
7 TeV = SMBG 3
e fop .
m single top 7
10°E AW E
: 27 ]
n C‘Q ® QCD light jets -
10k 00 QCDbjets -
* DiBoson .
] [ Ly ]
i ¥ 7
h///‘i Y ]
-1 i /] aﬁi A1 FE]
10 40

Transverse Mass [GeV]

A typical example; note that the missing
transverse energy performance enters
directly the ‘Transverse Mass’, detectors must
be well understood for these measurements
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m, ( GeV)

(scalar)

Ultimate discovery reach for SUSY particles at the LHC
(indicative plots, model-dependent...)

LHC luminosity per experiment (fb~')
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An easy case for the LHC: 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!
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1[] 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 I§ u I-_n Dz
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The LHC experiments will have access to the 1 TeV mass range
very early on, still this year (2010)

‘T_' i JI-—‘ 103 .I_:i.l‘"_lz' :“_\l"l T__1 I__L_] T_I__1 S -
i \.I S= ?’ Tev g ﬁ =] ? LT —
=2 | ATLAS Preliminary c  [TATLAS Prelithinary ’ f/;;g
o 10 SIFLIETGH ® ' : L
£ = L
E Z. X 102
3 7 ®
‘ :::‘;::;I" /ﬁ/ % B //’ .",r"
: 2 y o @ % ,,#/ electron, no syst. ]
5:::;.-' / * Z'-ee|(30) :@ 10 = f.r"y « muon, no syst. .
* Z'=up(30) = combined, no syst. [T
1 02 // o Z'-ee (10 events) | § o combined, with syst. |+
v o Zoup(oevents)[|  E ] comPed Mg I
:,'I- 1 1 1 1 1 | | | | | | | | | |
1111 L 111 L1 1 1 I L1 I L1 11 I L1 1 11000 1200 1400 1600 1800 2000
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Discovery potential for ATLAS and CMS for the end of 2011, with 1 fb-t at 7 TeV:
up to 1.5 TeV for 2’ and up to 1.9 TeV for W’
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! Z’ - p' p': 56 significance curves
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Hunting for bumps in

the di-jet mass distributions
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Early hints of
news from
‘Beyond the
Standard Model’
may come from
‘beautiful’ flavour
physics...

LU T
excluded area has CL > 0.95 s %:%
i T 5
10~ 5 Amg&Am, ]
Am, T
-1.0— ' SK —
= % E ’Y sol.w/cos2B<0 o
- Beauty 09 : (exel. al CL > 0.95) —
ASP Forum Day 21-8-2010 -1 5_| I RS R R BRI B 1 | . .
’ 21.0 05 0.0 0.5 1.0 15 2.0 Road Map for Discoveries 87

Peter Jenni (CERN)



Events/ ( 22)

First fully reconstructed B mesons

B’ D + BIDr

22 ,
20B= LHCb 22.9 £ 5.3 signal events
18 Preliminary M = 5260.5 £ 3.0 MeV
16 \s=7TeV Data 0=12.0% 2.5 MeV

14

12

L= ™ I - I -

5000 5500

my, (MeV/c)

Calibration of the mass scale and B-field is ongoing

ASP Forum Day, 21-8-2010
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Events /| 004 GeVic® )
=

B 2 Kn N, = 27.3%6.1
0 . 0=31.9%6.7MeV

_HCb L~190 nb-1

Preliminary

14— wa=T TeV Data

a1 5.2 5.3 5.4 LR ] =N]
my, {GeVie®) 35
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B, 2 uu

Small BRin SM: (3.2 0.2)x107

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

Upper Limits on BR(B —u* u ) at 95% C.L. at Tevatron

I e e T p— o)
— @
i A
T 5 i o NN A
m'" Sin. ™ O
E [&]
T s T S 1 5

W
1 q -----
Integrated Luminosity [fb'] |-

SM (~3.6:10%)
CDF pub. 2fb™* Exp.
CDF pub. 2fb™" Obs.

CDF prel. 3.7fb™ Exp.

CDF prel. 3.7fb™ Obs
D@ pub. 1.3f6' Exp.
D@ pub. 1.3f5' Obs.
D@ prel. 4.8f5" Exp.
D@ prel. 6.1f5' Exp.
D@ prel. 6.1fb' Obs.
CDF projection

D@ projection

@ CDF Preliminary, 3.7 fo—': <4.3.1078 at

95% C.L.

e DO Preliminary, 6.1 fo—': < 5.2-10"% at 95% C.L.

b MSSM

7]

~ tan®
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Physics reach for BR(B,>2>p*u-) as function of integrated luminosity
(and comparison with Tevatron)

04

B

->p'gg) (x107)

0
s

BR(B

2010

With ~0.2 fb-* LHCb should improve
on expected Tevatron limit
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(S

= | = 30 evidence
A
p-d ] \
N J \ \
= NG
2] O
- N N =
/]\ R SMpred/ct/onSg
S Y< V.Y N R
mm =~ - o .\-\i—l—i |
N N - =
nd : :
m |[Obsérvation patential at 14 TeV
1
0 1 2 3 4 5 6 7 8 10
L(fb)

- Collect ~3 fb-1 for 30 evidence
of SM value and ~10 fb1 for 50
observation of SM

(Note: ATLAS/CMS will be competitive)
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SR AT

o\

collisions

o

Theories which try to explain

Gravity may propagate in 4+n
dimensions, but we could see
| strong effects only at very small
distances, reachable in pp LHC

Graviton

T

EXTRA-DIMENSION

A

g
8

Pt S
AW \
ATV




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

Randall Sundrum Graviton: G — ee

g Gk
>.< Sundrum
] Randall

Gianotti

IIJIIIJIIIJIIIJIIIJII

'Te 12 - | |
o CMS: Full Simulation
o

T 10 and reconstruction
o

pay 14 TeV

S e

G 8 e c=0.01

3

2

c

S

L

*

Signature: aresonance in the
di-electron or di-muon final
state, as well as di-photons,
a priori easy for the
experiments

0
1400 1420 1440 1460 1480 1500 1520 1540 1560 1580 1600
Mass (GeV)  Caveat: new developments

suggest that G, would couple
ASP Forum Day, 21-8-2010 Road Map for Discoverie i i
Peter Jenni (CERN) P dominantly to top anti-top...



qdq, 99 > G > e'e Moo )
oo [SPIN=2
‘ATLAS’ 10 years ago, 100 fb'l, m(G) = 1 TeV

| Spin1, e.g.Z’

72\

Lisa Randall

visiting ATLAS o A N e
0.5 0 0.5 o
. . . COS -
Angular distribution (0%)
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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




Exciting times are ahead of us!

Hadron colliders, and in particular the LHC, will show
us the way forward in our global, world-wide field

It is a privilege and pleasure for me personally
to share this great scientific adventure
with the South African physics community

ASP Forum Day, 21-8-2010
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...Pleasant memories from the Launch
Event of the SA-CERN on 15t Dec 2008

Builds on the long-standing excellent relations, formalized since 1992
in a CERN — South Africa Cooperation Agreement

ASP Forum Day, 21-8-2010
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Spares
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Tevatron Run |l Prellmlnary, <L>=59fb"

3 " LEP Exclusion - Tevatron

210 F  *  teiwd o Exclusion
&= serere9d Sssen xpecte .......

E | =—— Observed e

- B £1sExpected : e

d | #2sExpected e d

Lon ........................

)

M=

<_....._..Tevatron Fxclusnon : ) P D -

July 19, 2010

100 110 120 130 140 150 160 170 180 190 200
mH(GeV/c)

(Status ICHEP 2010)
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LHCDb In Its cavern (~100 m deep)

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

-~ 8
S .

Electronics
+ CPU farm

Detectors can be moved
away from beam-line for access
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Cross Sections and Production Rates

o LHC ~s=14TeV L=10*em™2s™
barn g1 j 1 ™
E — G inelastic’ | LV input ———
mb E_-E_- I 'b“'E"“ """"""""""""""""""""""""""""""""""""""""""""""""
é—-- e e M max -{;’\.’é-input
- max LV1 output
pb = S S A S R S S S NS S

nb

pb

fb

I\III||T! IIIII|T|'1 IIII|'|T|'! IIIImT! IIIII|T|'! \IIIIHT! IIHHTF! IIIH|'|T! |\|||FI1!

| Bealar LQ\,
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particle mass (GeV)
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giw"'
giw ®
éws
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4

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

New Physics
This we want to keep!



LVL1 EM trigger

g F Triggers work and are well
o I | understood, but did not yet
g 08 ATLAS Preliminary have a ‘hard’ job to do...
8: i Data 2010 s = 7 TeV) i
s 06 —4— EM2 Turn On ]
= Tams l e ——
E = Non-diffractive minimum bias MC] HLT_Jet15U
Ll - —— EM2 Turn On -
- 0.2 — EMS3 Tum On 7] HLT_Jet30U

e — EMS5 Turn On ]

HLT_L1MET20

0 2 4 6 8 10 12 14
Offline Cluster EZ*" [GeV]

HLT_L1Mu
B rRun 133877

HLT_L1Mu20
. Monte Carlo

HLT_Mu3

Trigger rates at peak luminosity L=2.1x10*cm2s""
| ATLAS Trigger Operation | HLT_Mu5
Sta ble--befam HLT_Mu?%

HLT_L1SingleEG5

L1 all HLT_L1SingleEGS

‘CMS

e out HLT_Photon10_L1R

L1EM HLT_Photon15_L1R

HLT_Photon20_L1R
L1 Muon out

EF Electron out HLT_Ele10_LW L1R

HLT_Ele15_LW_L1R

1
02:00 04:00 06:00 08:00 Tin;leo[i\fl,a? 12:00 HLT_Ele20_LW_L1R coonl Conl coooonl L 111
y 24th, 2010]

1072 102 10 1 10
Road Map fo Rate (Hz)
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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 \s =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,...)

!

ASP Forum Day, 21-8-2010 g g
Nl s o Prepare the road to discoveries ...




Enormous amount of tracking work, exploiting to the best also 100s of millions
of cosmics, has led already to excellent performance for all experiments

Here just a two examples from CMS, but ATLAS, LHCb and ALICE have a nice

collection as well...

] L] L) I I L] I

[ I |

i 7' Yield: 187.6 + 19.9

-

=

o
|

Q- — AK-

Candidates / 3 MeV/c?

tn
=

( PDG Mass:
1672.43

| I T

Lt 1 1 1 1

CMS Preliminary

Mean: 1672.2 + 0.4 MeV/c® _|
Sigma: 2.9 + 0.3 MeV/c?
- Statistical uncertainties only|

I I '| |

Candidates / 2 MeV/c?

sl ’fwmbﬁ%ﬁﬂﬁd& ol

0.29 A

1 l | |
1700 1800

(o))

o

o
!

B

=]

o
|

| 0 =

T 'I T T T T '|' T T T T '|' T T T T

CMS Preliminary
Yield: 2344.8 + 58.2

Mean: 1321.92 + 0.09 MeV/c?|
Sigma: 3.24 + 0.09 MeV/c® |
Statistical uncertainties only

= — A

PDG Mass:
I 1321.71 0.07

I

1900

A K invariant mass [MeV/c?]
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: ini Used for the tune
Data with minimal model ATLAS UE dataat 0.9 and 7 TeV

ALl i dependen ce can be used ATLAS charged particle densitites at 0.9 and 7 TeV
: : CDF Run | underlying event analysis (leading jet)
for detailed MC tunmg CDF Run | underying event "Min-Max" analysis
D0 Run Il dijet angular correlations
CDF Run Il Min bias

I CVDEDIMEMT

http://atlas.ch

COFRun!ZpT

o 10g— T T g 4.5 T T T T T T T

> 1B, P, >500MeV,[n|<2.5,n >6 ~_ _ p,>500 MeV, [n|<25n 26 ]
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2 10 = _ i

3 10° = i )

g 10 3.5 k
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10°E o | 5 i i
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At the LHC we just enter
the era of the W and Z ...

CMS Experiment at LHC, CERN
“ | Run 136087 Event 39967482
" Il Lumi section: 314

‘| Mon May 24 2010, 15:31:58 CEST
R e e Tl ]
Muon p;=27.3, 20.5 GeV/c I

[ ey ) e ey
Inv. mass = 85.5 GeV/c? T e e e

ASP Forum Day, 21-8-2010
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CMS Experiment at LHC, CERN
Run 133874, Event 21466935
| Lumi section: 301

| Sat Apr 24 2010, 05:19:21 CEST

Electron p=35.6 GeV/c

ME; = 36.9 GeV
M1 =71.1 GeV/c?

Z> pty

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

Volume 118B, number 1, 2, 3 PHYSICS LETTERS 2 December 1982

(a) (b)
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Both Tevatron experiments have released new results (ICHEP)

The analyses are very sophisticated combining many final state channels
and topologies, exploiting multi-variate analyses methods

E S
Q E10
' |
Eiﬂ d
-
(%] B
2 &
=]
e 1
] IIII|IIII|IIT|T"IIIIIII|IIII|IIII|IIII—|_IIII-|_I"IT.
1D'D 11 120 130 140 150 160 170 ILEL:E::E,E%?“ 100 110 120 130 140 150 160 170 180 190 200
H Tuly 19, 2010 m,; (GeV)
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Prospects for Higgs evidence

=1 6 'Fb'l :* 2xDF Preliminary Projection

A

> 3 O expected

sensitivity from

100 - 185 GeV
4 0 @ 115 GeV

End of 2011:--

> 2.4 0 expected
sensitivity across mass
range
3 O at 115 GeV

Analyzed Lumi/Exp. (fb”
Expected Sensitivity ¢

o100 110 120 130 140 150 160 170 180 190 200

With Projected Improvements m,, (GeV/cz)

* 16 fb! : based on “Run III” proposal to run 3 more years

Ben Kilminster, ICHEP 2010
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Luminosity [fb™ ']

Combining several channels in a single experiment
(ATLAS as example, of course CMS very similar)
14 TeV

Combined Exclusion CL significance

'—q10 T T 1 1 T
0% o ATLAS
= 9
0.97 3 H- 7y
0.5 E 8 H— ZZ* — 4|
3 ; H-o1r |
108 H— WW - evuv 19
{pa0 6 18
{085 1 17
10380 16
4
1075 1°
0.70 ; 1
3
0.62 2
2
0.55 1 1
- 2 1% 1 1% 14 120 140 160 180 200 220 240 260 280 300
my [GeV] m,, [GeV]
Exclusion confidence levels Discovery significance levels in ¢
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| CMS Experiment at LHC, CERN

Data recorded: Wed Jul 14 03:32:41 2010 CEST
Run/Event: 140124 / 1749068
n:

1‘

Jet p; =152.2 GeVlc, n

e

Jet pr =43.4 GeV/c,

ASP Forum Day, 21-8-2010
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M + jets candidate

_C'MS CMS Experiment ai LHC, CERN
VI Data recorded: Wed Jul 14 03:32:41 2010 CEST
hlggtd Jet I I

, RunfEvent: 140124 / 1740068
p, =822 GeV/c, n =-1.79, ¢ = 1.03

2% 1 Lumi gection 3
Jetp _=56.6 GeVic, n =0.389, ¢ =2.38

muon pT = 30.6 GeV/c, np =-1.6

Jet pr =43.4 GeVic, n I.BZT. P =

7
. =119.0 GeV, ¢ = 0.010 Jet p; = 152.2 GeV/c, n = 0.354, I-Z.T |

Ro:




Neutralino Mass (GeV)

A very impressive spectrum of sophisticated searches have been
reported from the Tevatron experiments, there is no way to do any
justice here for this excellent work!

Just a few examples, which however also illustrate that it will be very
difficult to push these searches much further, the LHC will have a much
easier time thanks to the higher energy...

- -k
D O O N
o O O o

H
o

20
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| | | | | 3
DO, L=5.2b" (b) | a
~—Observed 9
~  --Expected / gg Pind » ©
— 1
DO
§ " Vel 7]
/2 \310 pb’
“ ) cor s
0 \ Run | 7]
cpp 1295Pb”|
— Runl | | — -
88 pb | | 10
| | | =
) | |
\1 || £
0 50 100 150 200 250
Bottom Squark Mass (GeV)
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DO

I |

(a)

;. — LQNLO cross section, B=BF(LQ —bv)=1
~ — = LQNLO cross section, B=1 - 0.5xF,,

- 1 |
- DO, L=5.2 fb!

T o

= Observed limits
Expected limits

T 1 TTT1FTI

-
oo
-
-
.-
..

R S AL T T

T T I‘ITYITI

I I I S
150 200 250 300

Leptoquark Mass (GeV)
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Extra Dimensions

@ a solution to a hierarchy problem (Arkani-Hamed, Dimopulous, Dvali'99)
@ warped extra dimensions (Randall, Sundrum’99) :

» Kaluza-Klein excitations of a graviton, G*, are coupled to SM particles and narrow
» B(G* — yy)=2B(G* — IT]7)

= 10°
[i] ——=—— Data
4] 10° [ nstrumental background
N Total background
£10? e Signal: M =300,450,600 GeV, kif,=0.02
3 10 T
° T D@, 5.4 fb"
@ : ot
D am' 0
10"
=
102 (b)
1[}-»5 - T - Iql:l...|....|....|....|....|....|....|....|....
800 1000 300 400 500 600 700 800 900 1000 1100
M,, (GeV) Graviton Mass M, (GeV)

@ excluded at 95% CL for k/Mp, = 0.1:

» D02010: G* — v, ete : Mg. < 1050 GeV PRL 104, 241802
» CDF'2010: G* — ~v: Mg« < 976 GeV arxiv:0910.5170 [hep-ex]

O P =

Pavel Murat (Fermilab ) Searches Beyond the Standard Model
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Search for new heavy particles decaying into
lepton pairs or jet pairs

The Tevatron limits reach typically at 1 TeV, and cannot improved
much further because of the Collider energy

CDF Run IT Preliminary 4 6 fb”

highest mass event: muy = 882 GeV CDF

= ] sl
= _
= | 11—z,
ul irmi _T N
Gt e LoL 1z
COF Run Il Preliminary "
M = B2 GaV/c2 e A T T " B Z,
J"'_‘ I.'D-: — -]
== { - _ 7
= - — ¥
.y ” e =] - ] 7
= = - _ X
— B — ] _zr
%i et -5
— \ L N, _z'-'iM
M On ! B 1‘:"\3 1 I 1111 I 111 1 I 1.1 |1 I 11 11 I 1111 I 1 11 1 I 1.1 11 I|-I|| L1 :.'Iul | | I 11
M 300 400 00 600 TOO O BDD 900 10030 1100

F ‘E £ mass [Gev.ft'ﬂ]
g 2’,, > 1.071 TeV (95% CL)
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B; 2 uu

J Super rare decay in SM with well Exclusion limit @ 90% C.L.
predicted BR(B; = ) = (3.2+0.2)x10°9 S
BR(By= uw) = (1.1£0.1)x107° | DO (6.1 f5 )

&
1

O Sensitive to NP, in particular new scalars | A T N R P P A 1
In MSSM: BR o tan®g / M*, CDF (3.7f6")

]
1

@ 3.5+ 3.5TeV

O For the SM prediction LHCb expects
10 signal in 1 fb".

BR(B "= i) (x107)
]

=]
1

Background expected from MC
is so far in good agreement with data

==

0— T - . :
50 01 02 03 04 05 06 07 08 08 10

LHCb L (fb")

45
Preliminary [
%85 =T TeV Data RACH0 14 . hiTLon Smmpis

al Y

Exclusion of SM enhancement
up to BR(B.2uu) ~ 7x10°

Events/50 MeV/c?
[

2Bl L4 . should be possible with L~1 fb1
i L

15 ;g Hj ,_—| Al 4 )

T NN T Mt Current limit can be improved with < 100 pb?
0 5— W L] 1 |

4I]|T JF‘I-’ -uf:-{, 4-:-1’:-:‘1 43":I‘| I:‘L-‘fl .F"..u:‘l ‘v!-rLAl :-L-urlM %?Cﬁ

ICHEP, Paris 2010 37
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B.-B. mixing phase ¢, (from B, — J/y ¢)

. _ _ _ b n.C.t d s
Sensitive to New Physics effects in box diagrams — —
— 0 T
u ¢s_ ¢S(SM) + ¢s (NP) B N W BI:I
- = +NP
g =— 2B = 2721 ~ —0.04 -
*(5M > d.s net b
§' 0.35
é [ — Uncertainties on o(bb) = | . "
%_f " and BRuvis(Bl—J/y0) So.14 |- CDF¥D0, 9 EACH
0.25 —\ 45
o :_\ CDF+D0, 8fb-1 EACH 0.1 : ——  Uncertainties on bb cross-section and BRvis(BI—J/y0)
015 -

LHCb 3.5+3.5TeV; o(bb)=219ub 0.08 |

0.1 L
0.05 - 23 SM value
|

L L L 1 1 1 | 1 1 | 1
0 0.25 0.5 0.75 1 1.25 1.5 1.75 2
Integrated Luminosity (fb")

0.06

0.04 ' ,LHCb 14 TeV SM value

(2B.=0.0368)

0.02

- With ~0.2 fb-1 LHCb should improve o;ééiéé;éém
on expected Tevatron limit Integrated Luminosity (f”)
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Two new results which get a
lot of attention (rightly so!)

Bs mixing phase (from B, — J/y ¢)

CDF Run Il Preliminary L=521"

DEL  — 95%CL !
- —— BB% CL

0D 4F  —— SM prediction
—~ 02F )
2 1 i )
= 00 ) ]
<] ) /’,.f'

0.2F | =

-0. 4:—

-0. B:— i

[N N A NS TN T N NN NN SR S N N N |
-1 0 1
B (rad)
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®  Asymmetry in “same-sign” muons from decays of mixed
neutral B mesons:

o = P(}?—>;},+X) -I'(B—p X)
ST T(B—ptX)+T(B—pX)

b N++ — N__ Grossman, Nir, Raz,
AS T v PhysRev.Lett 07:151801 2006

48lE = (—0.957 £ 0.251 (stat) + 0.146 (syst)) %

Ag (SM) = (-2:315%) x 107

-0.01

EEDO A \
0.02F" Standard Model
T4~ B Factory W.A. .53
DO B D X T
-0.03 [~ « Preliminary

Combination
IR AFETE A ATUTEETE STRTETETIN L i S

-0.04-0.03-0.02-0.01 0 0.01

99/‘ C.L.
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AA = (ai(B) —ag(By)/2 @ LHCbH
using semileptonic decays B = Duv

* Provide constrain “orthogonal” 0.01
to recent D? measurement

« With 100 pb! expect statistical

precision similar to that of DO -0.01

-0.02

LHCb MC
0.03- @ 1!

AT 7./ EPETS EETEA |
-0.04-0.03-0.02-0.01

0 0.01

d
i7'3[

ICHEP, Pars 2010 47
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