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Hunting for the Higgs Boson

and more at the LHC
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http://cdsweb.cern.ch/record/1056730/files/icon-bul-pho-2007-046.gif

The Large Hadron Collider project is a global scientific adventure,
Including the accelerator, the worldwide computing grid and the
experiments, initiated more than 20 years ago

\ ./L'
. "fﬂ/’ )&

It Is a great privilege and pleasure

to present now first physics results
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History of the Universe

pp physics at the LHC corresponds
to conditions around here

Inflation

Key: W, Z bosons NS\, photon
q quark GE) meson star
| H ® baryon o .
g ei:zzn He _ sy HI physics at the LHC corresponds
N @® ion o to conditions around here
ac
N neutrino @) on P hole LHC Roadmap 3

Particle Data Group, LBNL, © 2000. Supported by DOE and NSF



Electron Radius of Galaxies
~ .
Universe

Study physics laws of first moments after Big Bang
Increasing Symbiosis between Particle Physics,
Astrophysics and Cosmology

Prague, 25-10-2012

P Jenni (CERN) LHC Roadmap



The Standard Model of Particle Physics

AT

electromag. force strong force
wzZ'w
weak force Gravitation

(i) Constituents of matter: quarks and leptons

(i) Four fundamental forces
(described by quantum field theories, except gravitation)

(iti) The Higgs field (problem of mass)



A most basic question is why particles (and

matter) have masses (and so different masses)

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

G.S. Guralnik, C.R. Hagen and T.W.B. Kibble)

Mass
(GeV/c2)
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0.01 0.15
0005 O . c b
up down strange charm bottom top
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Prague, 25-10-2012
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Peter Higgs

The Higgs (H) particle has been
searched for since decades at
accelerators, but not yet found...

The LHC has sufficient energy to
produce it for sure, if it exists

Francois
Englert




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

Our known world... Maybe a new world? *?ﬂp%}’fﬁﬂﬂetljlu
Spin 1/2 I I n Spin O ! I i Shadﬂw partld
TEERE TR Motivation:
_ ) ]
foeeie dlziie - Unification
(fermions-bosons,
Spin 1 Spin 1/2 matter-forces)

mmn B glumo{L} - Solves some deep

/507 50 >0 problems of the
e "m'""s{ . .2.3.4 Standard Model

i ~+ [~
oo (DD~ {22 7
bosons



- . ‘Supersymmetric’ particles ?
) . : gk i ;-' tom . | Dark |

W dh S Dark
' §  Matter
23%
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Magnetism

QED

magnetism .
Electroweak Maxwell Electricit

_ Model Neak Tt . FFermf
eak Theor eak Force
Grand ;) Standard y

Unification = & model Short range

Long range

Quantum QCD

? sravy Short range

Nuclear Force

Super |
Unification Kepler Celestial

Gravity

Long range

Universal

Gravitation :
Einstein, Newton Terrestrial

Galilei  Gravity
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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
WW‘

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

can actually do great discovery physics came (REDUCED) T

Optishst T,B,N,L,1D8,R,P,Hielp)> TP It

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 online display from

Prague, 25-10-2012 LHC Roadmap one of the detectors (UA2) 10

P Jenni (CERN)



ATLAS was borne with the Letter of Intent (Lol),

submitted on 18t October 1992, 20 years ago

Prague, 25-10-2012

11
P Jenni (CERN) LHC Roadmap



1991 December CERN Council:
‘LHC is the right machine for
advance of the subject and the
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

Prague, 25-10-2012
P Jenni (CERN)

Ne 1
July 1991

(supplement
to CERN Courier
July/August 1991)

LHC/Roadmap




The two-stage approval of LHC 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 years 1995 - 1997,
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

Signature of the US-CERN agreement in December 1997:
R Eisenstein (NSF), C Llewellyn Smith (CERN DG), M Krebs (DOE)

Prague, 25-10-2012
P Jenni (CERN) LHC Roadmap 13



The first picture on the Web in 1992 !

Prague, 25-10-2012
P Jenni (CERN)
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Prague, 25-10-2012
P Jenni (CERN)
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‘ _jm The Large Hadron Collider

IS a 27 km long collider ring
housed in atunnel about 100 m
LHC Roadmap underground near Geneva




The first cyclotron and the Berkeley one

Ernest Lawrence
(1901 - 1958)

N 1847 1946

Dees . RFpower | Dees
\ 7
e (¥ & \
The first circular accelerator " AN/ I\ )'
xtractiOn : v
(B el‘ke|ey 1930) electrode L _\b‘ﬁg/
beam path

Prague, 25-10-2012 LHC Roadmap 16
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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

Prague, 25-10,2082 LHC Construction
P Jenni (CERN)



The particle beams are accelerated by superconducting

Radio-Frequency (RF) cavities

I\
i
f‘l i

......

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

v O R
LHC at 7 TeV LEP at 100 GeV

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




"} -~ / - p y L

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

\ 9%




CERN’s particle accelerator chain

¥ <l
LINAC 3
i / (_;) 2005 (78 m)

Prague, 25-10-2012
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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)

—— Selection of 1 in
10,000,000,000,000
Prague, 25-10-2012 LHC Roadmap -> very powerful detectors needed

P Jenni (CERN)



————_

General purpose detectors | . . ...

= (plus Totem)







Plus smaller | The LHC World of CERN

local earldoms

LHCf (point-1) £
TOTEM (point-5) = O\
Moedal (point-8) 7>, N S
CMS
3000 Physicists D75 | LHCDb N
184 Institutions ~ i 730 Phy.SICI.StS
38 countries A e iy 54 Institutions
550 MCHF e %g K/Iogglt:nes
- | ATLAS
4 3000 Physicists
ALICE St SRR 176 Institut.ions
NCE S it e bnades M 38 countries

1000 Physicists
105 Institutions
30 countries

150 MCHF

Prague, 25-10-2012
P Jenni (CERN)

550 MCHF







Exploded View of CMS

Plus Side Minus Side

M Pixels
B Tracker

B ECAL

B HCAL
B MUON Dets.

B Superconducting
Solenoid

Total weight: 12500t
Overall diameter: 15 m
Overall length : 21.6 m

Magnetic field : 4 Tesla http://cms.cern.ch

LHC Roadmap




An 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







ATLAS
Collaboration

(Status June 2012)

38 Countries
176 Institutions
3000 Scientific participants total

(1000 Students) | f’.
ATLAS enjoys alongstanding and very

fruitful partnership with the Czech T T AT A S
groups since the very first days | | Collaboration

s

Adelaide, 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, Kyushu, 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, Rome I, Rome Il, Rome Ill, 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, Warwick, Waseda, Washington, Weizmann Rehovot,
FH Wiener Neustadt, Wisconsin, Wuppertal, Wirzburg, Yale, Yerevan



Age distribution of the ATLAS population

All 2690

Male 81.8%
Female 18.2%
(Status 1.1.2010)

Prague, 25-10-2012
P Jenni (CERN) LHC Roadmap

(<35y 47.2%)
(<35y 44.0%)
(<35y 61.3%)

H Male

® Female




ATLAS Overview Week

A meeting of the world-wide ATLAS Collaboration building a detector for the near future of particle
physics at the Large Hadron Collider at CERN. 13 -19 September 2003, Prague, Czech Republic

ATLAS has a long-standing, excellent, cooperation with the
Czech teams, since the official start of the project in 1992

An important milestone was the ATLAS
Collaboration meeting in Prague 2003,
just before we started installing the detector







The Underground
Cavern at Point-1 for
the ATLAS Detector

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

Prague, 25-10-2012
P Jenni (CERN)

LHC Roadmap 33



ATLAS
Detector

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

the 5 floors of building 40

24 m <

\

Prague, 25-10-2012 . ; " K
P Jenni (CERN) Toroid Magnets  Solenoid Magnet  SCT Tracker Pixel Detector TRT Tracker







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




Tile Calorimeter

EBC pre-assembly on the
surface, April 2003

LAr EM Barrel Tile Barrel
Tile Extended Barrel

fl{ >T'f‘ " === !..- P |
A o 3 '

I

T

[
|
|

Q

Rupert Leitner Projet Leader 200-2004

Prague, 25-10-2012
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| Tile Calorimeter sub-module
construction in Prague 1999

| TGN I (1o R

Czech Deputy Prime Minister Petr Mares visiting the Tile
Calorimeter pre-assembly (Dec 2003)

-

Transport of part of the Barrel Tile Calorimeter to
the experimental area Point-1 (Sep 2004)



N\

o | UiFgH
_ r"l 7 A

Q EBA assembly 24 May 2006
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. Ve 4
AT}AS.Supplicr ALY

ATLAS Supplier Awar for ON Semiconductor
Supplier of Silicon Sensors for the ATLAS Pixel Detector

The ON Semiconductor Czech Republic foundry of Roznov, Czech Republic has supplied a
total of 515 production sensor wafers containing a total of 1177 production sensor tiles within
the technical specifications for the ATLAS Pixel Detector. These sensors were delivered on
schedule and within budget.

The requirements of the ATLAS Pixel Detector were very demanding. It is the first large-scale
silicon detector to combine such a complex sensor layout (46080 individual pixel implants
arranged as a two-dimensional array within a 10 cm? active area) with extreme radiation
requirements (reliable operation to a total dose of 1015 cm? neutron-equivalent, roughly
ten times higher than for typical strip sensors). Achieving these requirements led to the first
commercial implementation of several new sensor technologies. The high-dose sensor
requitement led to the use of a low-dose boron implantation (so-called “p-spray” isolation)
which allowed breakdown-free operation of the sensors at bias voltages above 600V after
the full radiation dose. The silicon bulk material was specially processed using the DOFZ
technique (diffusion oxygenation at very high temperature to embed significant Oxygen in the
Silicon lattice and improve the depletion behavior of the material after high radiation doses)
In addition, the need to achieve high quality and yield in volume production required a new
testing capability, implemented as a “bias grid” which allows a complete I/V characterization
of the sensor tile with a single set of measurements

ON Semiconductor, in its Roznov foundry, has produced wafers satisfying all of these
requirements with excellent yield. As there are three sensor tiles per wafer, and the full wafer
ikt S R sl ner T ok

Design of the sensor

wiald

» achie
LR BDI Y S £ B S requi <
46080 channels per moduie b2 i
he

10 years operaton n hersh
radhation enronment: B ey perio
- up 10 10°S n,.cm? (1MeV) : B £ signif

nd 500 4Gy (= 50 Wrad)
* dificult access conditons macire
high efiebity

* tastabity of sensor balore
modile assembly

+ bias grid

ATLAS Supplier Award ceremony for
‘On Semiconductor’ (ex ‘Tesla’) in 2007 £}

(Also ‘Skoda Hute’ received the same
award in 2004 for their shielding work)

Prague, 25-10-2012
P Jenni (CERN)

The Prague groups (and
Czech industry) are also
important collaborators
on the semiconductor
tracking system (SCT and
Pixels)
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There is also a strong involvement of

ATLAS Roman Pots (ALFA) Czech colleagues and industry in ALFA

since the Palacky University in Olomouc
joined ATLAS in 2008

Absolute

I P Luminosity
ﬁP I'\;P I§P th For

ATLAS
240m 240 m

Roman Pots mechanics,

based on Czech work in
the Totem experiment

Prague, 25-10-2012 — g
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First collisions at the LHC end of November 2009
with beams at the injection energy of 450 GeV

7E (GeV)

Candidate
Collision Event

%ATLAS

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

Run 140541, Event 171897

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




60—

Nevents = O-/L dt

Prague, 25-10-2012
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s [ ATLAS Online Luminosity \s=77ev ] A lot of exciting physics results
2 50~ [l LHC Delivered -+ | were already possible thanks to the
o C |:| ATLAS Recorded ] i
£ ,F ] superb LHC performance in 2011
S 40 1otal Delivered: 48.1 pb’! N
%' E Total Recorded: 45.0 pb™’ E
g 30 -
_.E_')) 20:_ | I I I I I I I | I I I I I I I | I I I I I I I | I I I I I I I ]
s 7— ATLAS Online Luminosity \s=7TeV —
[=] - | _
10 A - LHC Delivered .

22,0'3 """ 1'9/05' ' E ATLAS Recorded _

O Total Delivered: 5.61 fb”

Total Recorded: 5.25 fb™

4: 500°000°000°000°000 collisions in 2011
~ Increased by more than 100

Total Integrated Luminosity [fb ]

3 Data taking efficiency 94%

2

1= ]

0: T P N TR TR T T N T T T T WO WO SO NN SO S A N ,:
28/02 30/04 30/06 30/08 31/10

LHC Roadmap Day in 2011 45



Heavy lon Running in 2011

200
180
160
140
120
100
80
60
40
20

Total Integrated Luminosity [ub

220 I I I I I I
ATLAS Online Luminosity \fs,, =276 TeV

[ LHC Delivered (Pb+Pb)
[ ] ATLAS Recorded

Total Delivered: 166 ub’

Total Recorded: 158 ub™

0 I T
10/11

Prague, 25-10-2012
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01/12 08/12
Day in 2011
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|
EN CAS DIALARNE |
Defense de descendre |
Mangue doxygene |

|
IWHEN ALARN SOUNDS |
B | Donotgodown N
Oxygen hazard

During the short Winter shut-down on 8 March 2012:
Visit of the Deputy Minister lvan Wilhelm in ATLAS

Prague, 25-10-2012 LHC Roadmap

P Jenni (CERN)




»  40[ ATLAS Online Luminosity ~s=8Tev ]

Current LHC Operation: S - ° tncswoleBeams §
o3 sl Peak Lumi: 7.73 > 107" cm™= s - ]

= n Iea = o

1380 bunches perbeam £ o MR L aaw¥ s PV
= - s - - ) .

_ = C » » . 7

50 ns bunch spacing £ s Ky - : .
3 2;& * - © - B o

1.5 x 10 protons / bunch & B i . . - e

O
01/04 02/05 03/06 05/07 05/08 06/09 0O7/10 08/1

Fill #: 3208

ATLAS

PHYSICS

53942
5351.2
28330.6
0.724
lo4.642
1.855

22-0ct-2012 14:54:48 Energy:

Experiment 5tatus
Instantaneous Lumi [{ub.s)"-1]
BRAN Luminosity [{(ub.s)"-1]
Fill Luminosity (nb)~-1
BKGD 1
BKGD 2
BKGD 3

LHCb VELO Position Gap: -0.0 mm

4000 GeV
ALICE

PHYSICS

5.978 52

3.943 46
30.5

0.834
0.000

9.490 18

STAELE BEAMS

I(B1): 2.02e+14

CMS

24854.2

Day in 2012
I{(B2): 2.07e+14

2E14 l

1.5E14

1E14

Intensity

SE13

LHCb
53.7 398.0
18.0 240.2
1727.9
2.375 0911
3.854 27.452
651 1.334
r‘ 4000

3000 =

=4

2000 gn‘

L1000 &

17:00 20000 23:00 02:00

— I{B1} — I{B2} —— Energy

03:00 08:00

11:00 1400



But the LHC (at 8 TeV) and ATLAS performances are even
more fantastic this year

.‘.'ﬁ 25 — T T I T T T | T T T | T T T | T T T | T T T T T —
Q . ATLAS Online Luminosity \s=8TeV |
= 50 — LHC Delivered .
§ [ ATLAS Recorded |
= | Total Delivered: 18.0 fb’ -]
= 15[ Total Recorded: 16.9 fb” =
_FI_._) — _
m — —

€ (Physics) = € (Data-Taking) x € (Data-Quality)
Today: € (Physics) ~ 88%

0 A T T I T T N T TN T TS TR AT TN ST TN I T S
Data Quality ATLAS p-p run: April-Sept. 2012
Inner Tracker Calorimeters Muon Spectrometer Magnets
Pixel SCT TRT LAr Tile MDT RPC CSC TGC Solenoid Toroid
100 99.3 99.5 97.0 99.6 99.9 99.8 99.9 99.9 99.7 99.2

All good for physics: 93.7%

Luminosity weighted relative detector uptime and good quality data delivery during 2012 stable beams in pp collisions at
Pra@ Vs=8 TeV between April 4th and September 17t (in %) — corresponding to 14.0 fb'! of recorded data. The inefficiencies in the LAr 49
F) Je calorimeter will partially be recovered in the future.




o ET 17T 1T 1T 1T T 17T 1T 1T 171 I 1T 1T 17T 1T 1T 1T T1 1T 11T 17T 17T 17T 1T T4

Excellent LHC performance % 45 ;-ATLAS NE=7Tev \E=7Tev NE=8Tev —

Is a (nice) challenge for the g 40~ Online Luminosity . =

experiment: 2 PE IE

P =  JE

. s e =

'TUgger E 20E- =

- Pile-up T 15E ﬂ . —

. . o = —

- Maintain accuracy of the — 105 t 3

the measurements In thIS Eé_l ] “H* ] ] .I |.| I N N I I | N N I N Y N B E
environmen t yan Np( lﬂ“‘ Oc."ﬁ. yal Np( lu"‘. O{_‘,"ﬁ. yan P‘p( lu"‘. O{_‘,"ﬁ.

Month in 2010 Month in 2011 Month in 2012
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Inner Detector for a Z - yu event with 25 primary vertices
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The Worldwide LHC Computing Grid (WLCG)

Tier-2 Centres

it‘ﬁ (> 100)

Tier-1 Centres

Tier-0 (CERN):

=== =10 Gbivs links .
L ol B - GridKa Data recording
3. 1 "} «Initial data
— '. ‘" RAL reconstruction

: «Data distribution

SARA-NIKHEF

e, lertter ¢ we

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

” .
CCIN2P3 & y -
Lyow Tanwe < '! -" .‘ ﬁ
7 ~
El

INFN - CNAF

b gra wh

£
TRIUMF

_
~t

Tier-2 (federations of
~130 centres):

« Simulation

» End-user analysis

Prague, 25-10-2012 . o
P Jenni (CERN) The large ATLAS Prague Tier-2 works very efficiently 51




Computing Grid Delivers Physics

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

Completed jobs
1.400,000 341 Days from Week 26 of 2011 to Week 23 of 2012
Data preparation:
1,200,000

First-pass reconstruction
at Tier-0 within ~2 days

1,000,000

Calibration good for
physics analysis on Grid | 800k .
within ~1 week

600,000

analysis

400,000

The high quality of the WLCG

computing system allows |

LHC experiments to show 200,000 ! ||roductlon ||‘ |
results from data taken just || i | H|| i
few weeks before J I|||| | |||I|| I||||'I|||||| “ |‘|||| |||| ||| ”||“|||| il |I 1 ||"|' i i '",l I |||| |||I| | ||||| |||||| ||| |||I| |||||||| |||I|||||||| ||| I ||||| |||||||||| |||||||||‘H\|||||||||‘H||||‘HHm|||||||”\||||||h H ||| || |||| || || |||‘ | H‘""l”
July 2011 2011 Sep 2011 Oct 2011 NCI\I' 2011 DEC 21}11 Jan 2012 FE'b 2[]12 Mar 2012 Apr2 June 2012
W User Analysis W MC Production [l Testing W Group Production M Group Analysis
[1 Cthers [ Data Processing W \ialidation [ unknown

Maximum: 1,379,139, Minimum: 0.00 , Average: 708,214 , Current: 435,602
Prague, 25-10-2012
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First Physics Highlights C

@ Recognizedby European Physical Society

Particles and Fields

ATLAS and CMS have already published together close
to 400 papers in scientific journals (and many more as
public conference notes...)

It is obviously not possible to cover all these results...
No attempt is made to show in a democratic way always YeS D springer

CMS and ATLAS results, but often ATLAS examples are
given that represent typically results from both!

PHYSICAL
REVIEW
LLETTERS.

dweek enting 16 MARCH 2012

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

Note that all public results from CMS and ATLAS are available at: S
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults S

https://twiki.cern.ch/twiki/bin/view/AtlasPublic

Prague! 25_10_2012 LHC Road map American'lwll;hli_‘;;;éul Society. (ﬁﬁ Volume 108, Number 11
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic

Physics Highlights:

General event properties

Heavy flavour physics

Standard Model physics
including QCD jets
Higgs searches
Searches for SUSY

Examples of searches
for ‘exotic’ new physics

Prague, 25-10-2012
P Jenni (CERN)
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General Event Properties and Resonances

110/ 7 7 Y/
) y/r N &
7, 4 g ¢
4 4 / 4

Prague, 25-10-2012
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Charged hadron multiplicities at
the three different \'s

l‘: | | | L | | L | | | | LI | | | | L | | | | |
10° CMS NSD  .cmspata
—PYTHIA DET
10° 7TV (xi0) ~-PYTHIA &
--PHOJET
10
1 '_h_h-qf-i I
e =
4 ar =
1'] ",1% --9_
] s E
10 ) Z
. ©
10 oo T
1']_4 " -'-. ..
Il < 2.4 A
107 p. >0 +
,1']{ 11 | 11 | L1 1 | 11 | L1 1 | 11 | 11 | L1 1 | 11 | |

20 40 60

g0 100 120 140 160 180

n

JHEP 01 (2011 ) 079
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Average charged particle density
for the central n region (pp and pp)

_| T T
7— X UATNSD O NALB.C.inel. CMS
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T % ALICENSD 3t ALICE inel. 7
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41 ~
3 B
20 ~
1 [ o ]

- e 2.716-0.307 Ins + 0.0267 In’ s |

B 1.54-0.096In s+ 0.0155In’s |,
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2 3 4
10 10° 10 10
|
NS [GeV]

Phys. Rev. Lett. 105 (2010) 022002
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Entries/2 M

2000 T I L

1800 \s=7 TeV data

1600 =(1320)—An
~250 pb

1400 #

1950 1300
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| T T T T ‘ T , I , T T ]
ATLAS Preliminary -

e Correct charge comb.
|:| Wrong charge comb.

Gaussian+polynomial fit
u= 13222+ 0.07(stat.) MeV
o= 3.8 + 0.08(stat.) MeV

IlllJll{Itl‘ltlI\IJIJIIIIIllltI{
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Examples of reconstructed

final states

L | LI | LI | LI
_ ATLAS Preliminary
Vs =7TeV

det ~40pb”

IIII|IlII|I_+I_II|IIII|IIII|IIII|IIlIIlIIl|I_‘TI

mBS = 53640 + 1.4(31'31.) MGV __
N = 358 + 2,
0=26.6+ 1.5(
1> 0.40 ps

MeV

stat.)

5200 5300

5400 5500 5600

My, kk (MeV)
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Events/GeV

N
o
o

Data corresponding to ~40 pb-! collected
- re-discovery of the Standard Model

E
- pw ¢ Jh —
10°H [uu
: {dd% [sS]
10° [cc]
103 é_ ~1960 1974
"]2;_  proton
= CMS Preliminary
10 1
1E_ \s=7TeV, I'Int=4n pb

.1

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

1n 102
w*u- mass (GeV/c?)

Well known quark-antiquark resonances (bound states) appear “online”

Prague, 25-10-2012
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CMS Experiment at LHC, CERN

CMS Run 136087 Event 39967482
4 Lumi section: 314
Standard Model
) J \‘

. sl || I = |
Physics — (It _‘ ,ﬂ

— -
) S \ 3 |
Candidate Z = p*p — N I]I S . l;ﬂ ﬁ
e
'.:: __."'\-\-\_j'

W - ev candidate " o . " H'
GATLAS N

1A EXPERIMENT
» In its 2011 dataset (~ 5 fb?)
ATLAS has:

~ 30M W= uv, ev events

UAERCHCICEINY | - 3\ Z > MM, ee events
7 TeV collisions ’

nle+)= -0.42

WX | after all selection cuts

M, =57 GeV

I p,(e+) =34 GeV

A

LHC Roadmap 59



Z and W production

Phys Rev D85 (2012) 072004

number of events / 1 GeV

><1()3 CMS pl’eliminary > 105 L L I UL BN L R
- I T T ! : : . m : | |
1.2 :— 36 pb' at \s =7 TeV —: (E 45 E Dziauiom \s=7TeV) j L dt = 33 pb'1 f
- ] ~ 107 3 aco _E
T ] 2 0 - I 7ot ATLAS E
B . CICJ 3: E i ]
; : ] - Wopuv ]
“E B ”i 10 l ww,uwz,zz
0.6 :— _: 102 E_ _E
0.4 - E :
: ] 10
3 . :
0 : ] 1
5 .
: 10"
-5 - 20 80 90 o -

60 80 100 120

M(e'e) [GeV] m,, [GeV]
JHEP 10 (2011) 132

Z peak (di-lepton pair mass distributions,

can be extracted essentially background-free)
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https://twiki.cern.ch/twiki/pub/CMSPublic/EWK-10-005/Zee_mass_Linear_corrected.pdf

Entries / 2.5 GeV

W transverse mass

—I||||||||||||||||||||||||II|III|III|III— - H
10° = ATLAS Preliminary ~ —e— Data 2010 g8 =7 TeV) 2 uwith p>20 GeV, E{Mss>25 GeV
- % Wo— v 3 5
ac 10
105;_ -Z_}D““ —§| % 400>_(|||||||||||||||||||||||||||||||||||||||||||||||_
) P E W — v - I(g . ATLAS Preliminary o cata20ti\s=7Tev) 1
Z — ) 350 [J W uv (Alpgen) -
10 [y 3 f"a - JL dt=1.0210" E gCD(template) ’
- - = .
10° _ S 00 o E
J. L dt=35pb 3 W - * -t’[+si;\életop .
] 250 [JZ-u —
102 . _§ E [ Dibosons E
0 : 20 -
] i 150~ =
100F =
0 20 40 60 80 100120140160180200 - .
. S0 ]
ETSS [GeV] X ]

%O 50 60 70 80 90 100 110 120 130 140

Missing transverse energy m, [GeV]
from the W > p+v decays

ATLAS-CONF-2011-041
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/FastPerformancePlots/W2010/fig_01b.png

W cross section measurement with e and u

Phys Rev D85 (2012) 072004
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’l\ - ® UATW= Iy EET e
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5 [ e ATLAS
o0 e
1 — ‘-“. o et ‘ [
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b; [ ',"' ! ‘
B ' . * ° O ) + -
- =1.05} W w w
-1 ‘o" E B
10 — "’ E 1F
- MSTW2008 NNLO 5 !
I . 0.95F
R + 68%CL PDF uncertainty :
t I Lo | ! I L
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Z = ee, MM in Heavy lons

O Studied with full 2011 dataset (~ 150 pb1)
0 As expected: no suppression observed
of the weakly interacting bosons

ATLAS-CONF-2012-119

100-

dN/ dm [GeV ]
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- T R R e
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p. (1) = 18 GeV [26ev

pYs(Th) = 26 GeV
my;s (p,'r_h) = 47 GeV
m; (p,E7"") = 8 GeV
ET™* =7 GeV

WATLAS
A EXPERIMENT

Run Number: 160613, Event Number: 9209492
Date: 2010-08-03 02:12:37 CEST

-5

l — TT s
Candidate in 7 TeV Collisions, i~

T 1
& 360

3-prong hadronic
tau decay



Jet physics

One of the most spectacular dijet events: M; ~ 4 TeV

JATLAS

1 EXPERIMENT

Run Number: 179938, Event Number: 12054480

Date: 2011-04-18 17:57:29 EDT

pr (jets) ~ 1.8 TeV
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Very detailed jet measurements are now available from
LHC that can be compared with QCD calculations ...

Example:

The inclusive di-jet
Cross sections as a
function of the di-jet
mass for various
rapidity separations

The data are spanning jets

over alarge phase space:

-20GeV<pr<2TeV
-Inl<4.4

Prague, 25-10-2012
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W + jet(s) production

Both an interesting QCD
measurement as well as a
dominant background to
many searches

Phys. Rev. D85 (2012) 092002

Prague, 25-10-2012

P Jenni (CERN)

;l T T 1 I 1 I 1 I 1 T T T I T T T 1 I T 1
D > W—lv + jets 3
Q__ 10 Ldt=36 pb © Data 2010,\/s=7 TeV "=
9 LI V¥ ALPGEN -
2 10ER 9 * 27 jous /A SHERPA E
- BLACKHAT-SHERPA
Qo
s ', T ATLAS E
_8 1 0—1 i:__- i _‘efel‘s, X?O‘;_g_' |
I—@ﬁ
107 W s e
i fersz XTO“Q
1073 —@—
==
10 4 Jets, x103

anti-k; jets, R= O 4
p~'>30 GeV, |yJe*|<4

s L
+ -
vVt
_L_
o

1

—
B—e—

S

T

)

>

8 i

— - & .

- 0.5 —

© B i

CDU 15:—W+22jet5 —:

B G (.

RS OISR S S| ]
0-5-_- 1 L M N M 1 N X " L 1 " X N N 1 N M " " 1 " L X N 1 M |__

50 100 150 200 250 300

LHC Roadmap

First Jet p_ [GeV]



Top measurements

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

« e, u, E;Mss, jets, b-tag
e,u

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

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

« di-lepton (ee, pu or ep),
E Miss, bb (6.46%)

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

Prague, 25-10-2012
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tt candidate event e+p+2jets (b-tagged) +ETmiss

74
Run Number: 160958, Event Number: 9038972 \\
Date: 2010-08-08 12:01:12 CEST
N ‘f B

: T e o \ :
i N )/ \ 3 ’;r'l e ‘ . -
=p ague, 2540-2012
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| —NLO QCD (pp) ¥ Single-lepton 179+ 12 pb ATLAS-CONF-2012-024

G- [pb]

| [JApprox. NNLO (pp) A Dilepton 173 :1: pb
--NLO QCD (pp) O All-hadronic 167 + 81 pb

102 :_DApprox. NNLO (pp) ® Combined 177 *'pb

" mCDF =

— ¢ DO

CMS-TOP-11-024

CMS Preliminary »Js=7 TeV

10 - CMS 2011 combination 166+ 2+11% 8
E TOP-11-024 (L=0.E-1. 1) (wal. + stat. + syst = lumi.)
B CMS efp+jets+hitag 164+ 312+ 7
B 4 TOR-11-003 {L=0.8-1. 1/} {wal. + stat. + gyst = lumi.)
CMS dilepton {eeup.en) 170+ 4+ 16+ 8
1 — ival. + stat + syst £ ham)

1 2 3 4 TOP-11-005 (L=1.1/D)

ZMS all-hadronic

TOP-11-007 (L=1.1/D)

1366+ 20+40+ 8

ival.z stat + syst £ lumi)

tt pair production
. CMS dilepton (u)
cross-sections TOP-11-006 (o141

I Approx. MMLD @CD, Allev et al, Comput.Phys.Commun. 162 [2011) 1034
B Approx. NNLD GO, Kidonakls, Phys. Rev.D 82 (2010) 114030
B APprox. NNLD @CD, ANrens et al., JHEP 1009 (2010) 097

O WL @cD | | | |

Lt 0 RO 100 150 200 250 300
a(tt) (pb)

149+ 24+ 26+ 9
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%ATLAS
EXPERIMENT

Run 166466 Event 26227945
Time 2010-10-07 22:16:39 UTC
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Giotar LPP]
2,

A summary of Standard Model measurements

35pb’ |

ATLAS Preliminary

L LHC pp {s = 7 TeV
35 pb™” E 5 Theory
: m Data 2010 (L = 35 pb’)
o Data 2011 (L=1.0- 4.7 fo')

LHC pp {s = 8 TeV
mm Theory
e Data2012(L=581fb")

= .
= 10" i %
= . 10f" T
B 47 :
e e ; . 581"

—— 1 E E
= : : : ; : 471
— | Similar beautiful results from CMS : :

w Iz T Tt Tww Twz T ow T ozz

The excellent performance in measuring Standard Model physics gives
confidence for the readiness of the two experiments to search for New Physics
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We are in the year of the Dragon... Candidate for a 124.5 GeV mass
H — pp ee event in ATLAS

@ATLAS

EXPERIMENT
http://atlas.ch

Run: 182796
Event: 74566644
2011-05-30 07:54:29 CEST

... but it will also be remembered
as the one of the Higgs Boson !



Search for the boson (H) of
the EW symmetry breaking

SM H boson production cross
sections times observable decay
branching ratios at 7 TeV

1
LHC MHIGGES XS WG 2077

t o — 105 T T T T 3
g A Pg - ﬁ : i \s=T7TeV ]
% 1__ N S L _
X - ~—__Ww Fvag 3
o - — .
C ,.-" K\‘\\ .
| —»m___hRWW — h’f?\
" : E : L7 — "-. :
I f ' '
~m, "“““xfz S MW
Best channels at the LHC: . EZ—N
< 130 Gev A= MH— Evb| \ N7 -en N
125-180 GeV H > WW®D Ivly 1 1D vVt
125-300 GeV H=> ZZO=> ||l 102 ' ! ! I
300-600 GeV  H> ZZ- llvy 1o 200300 400 500
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ATLAS H 9 ZZ(*) 9 41 (de, 4p, 2e2)

O Rare process, small cross section: o ~ 2-5 fb
O However: pure:S/B~1

3 4 leptons: p;+234 > 20, 20, 7, 7 GeV; m,, = m, £ 15 GeV

O Main background: ZZ*) (irreducible)

In addition: Zbb, Z+jets, tt with two leptons from b-quarks or jets
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ATLAS

EXPERIMENT

Run Number: 191426, Event Number: 86694500

Date: 2011-10-22 15:30:29 UTC

Candidate for a 126.6 GeV ** s~~~
mass H — yy event in ATLAS




ATLAS H > yy

Small cross-section: o ~ 40 fb

Expected S/B ~ 0.02

Simple final state: two high-p; isolated
photons: E; (y,, v,) > 40, 25 GeV

Main background: yy continuum (irreducible)
and fake y from yj and jj events (reducible)

O OO0

Events / 2 GeV

Analysis is done separately in 10 subcategories
with different resolutions and backgrounds, then
statistically combined with a likelihood method
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ATLAS 2011 - 2012

\s=7TeV: [Ldt=4.6-4.8 fo' - Exp.

Local p

\s=8TeV: |Ldt=5.85.9 b o
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Phys. Lett. B 716 (2012) 1
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CMS Higgs result example and summary

CMS (s=7TeV,L=51f'(s=8TeV,L=53f"
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Properties, as far as known with the limited statistics...

background only hypothesis
SM Higgs hypothesis

= '
Il
— O

CMS

[ [ [ [ [
ATLAS 2011 - 2012 m 1260 Gev

W,ZH — bb PR
Vs = 7 TeV: [Ldt= 4.7 b
H— 1t °

Vs = 7 TeV: [Ldt = 4647fb

H—>WW —>Iv|v

Vs = 7 TeV: [Ldt = 4.7 1o PN
Vs =8 TeV: [Ldt=5.810" :

H—y
\s=7TeV: |Ldt=4.8"
Vs = 8 TeV: J-Ldt 591"

H—>ZZ —>4I

Vs =7 TeV: [Ldt= 4.8 10"
Vs =8 TeV: |Ldt=5.810"

—=
H—}TT e —
s ==

H— hb

Combined
1 | 1 1 1 1 | 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1

\s=7TeV: [Ldt=46-487" u= 1.4+0.3
\s=8TeV: [Ldt=58-591f" //0
| | |
Q | 1 0 1

. g 2 3
Phys. Lett. B?ly/\)((\\(‘ Signal strength (u) Best fit 6/6,,

Phys. Lett. B 716 (2012) 30

+ 0.4 (stat) £ 0.4 (syst) GeV Mass = 125.3 * 0.4 (stat) £ 0.5 (syst) GeV
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In practice SUSY searches at LHC are rather complicated

« Complex (and model-dependent) squark/gluino cascades

Missing
@ Transverse
D Energy
- < - 107
~0) £p e 2
L X -7 @ s |
S L
o 4
3 -
Jets 2 -
5 [
« Focus on signatures covering large " 10’k
classes of models while strongly -
rejecting SM_background 0%k
- Ia_rge missing E; _ - Standard Model
— High transverse momentum jets -

I_ t 10 ! | 1 | 1 | 1 | 1

— Leplons 0 500 1000 1500 2000 2500
Perform separate analyses with and M_, (GeV)
without lepton veto (O-lepton / 1-lepton / 2-leptons )

— B-jets: to enhance sensitivity to third-generation squarks

— Photons: typically for models with the gravitino as LSP

Prague, 25-10-2012
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Entries / 100 GeV

DATA/SM

Analyses re-optimized and updated with full 2011 Luminosity

- O-lepton + 2-6 jets + high MET (based on Et-miss+jet triggers)
- O-lepton + 6-9 (multi-)jets + MET (based on multi-jet triggers)
- 1-lepton + 3,4 jets + high MET (based on lepton triggers)

Example: O-leptons + 2-6 Jets analysis

: T T T T I T T T T | T T T T I T T T T | T T T T I T T T T | :
- T[L dt=4.7 o' -
104 e Data 2011 Ns=7TeV) —
E — SM Total 3
- [ Jtt and single top .
B Bl /+jets T
10°E I Wiets —
= I Diboson 3
B [ multijet .
L 00 s SM+SU(500,570,0,10) ]
10 @ 2 "B o SM+SU(2500,270,0,10) =
- ATLAS Preliminary ]
B SRA 7
10 E
U3 l E
: L 1 l 1 | | | 1 1 1 ¥ l Il :
2_5;_ ...................... AL .
1 %;_ .............................................................................................................................
o eereegey ¥y Lo
1] S 86 € 2 25 8
0O 500 1000 1500 2000 2500 3000

Prague, 25-10-2012
P Jenni (CERN)

mgs(incl.) [GeV]

A signal region

Entries / 100 GeV

DATA/ SM

LHC Roadmap

ATLAS-CONF-2012-033, 037, and 041

4 _I 1T T I L T | T T 7 I T T LI T | T L I T T T |_
107 T[L dt=4.7fo' E
C ® Data 2011 s =7 TeV) ]
- — SM Total .
3L It and single to —
10%¢ B Wijets O F 5
E Bl Z+jets 3
B Il Diboson ]
> [ multijet
10 SM+SU(500,570,0,10) =
= SM+SU(2500,270,0,10) 3
i ATLAS Preliminary i
10 CR2 SRA —
1 E
s
2 g_ .....................................................................................................................
1 .52_ ..........................................................................
g g ®e® - T L1 T 1
0.5
0 500 1000 1500 2000 2500 3000

myy(incl.) [GeV]

A control region where no signal is expected
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Interpretation of the results
Consider phenomenological MSSM models containing only squarks
of 1st and 2"d generation, gluino and light neutralinos

Squark-gluino-neutralino model, m(i?) =0GeV

;2800 | I | I I | I iIJ I I; | I | I | | I ] I ] I I ] ] | ] ] ] I | ] | _]
3 - oA ATLAS Preliminary .
=.2600 [ £ -
2 — .
- 2400 = L K I Ldt=5.81fb', {s=8 TeV .
X — . -
§ 2200 — et 0-lepton combined —]
o — T o —
(7 5000 :_ ‘ \ ., — Observed limit (+1 Gazfr‘;) _:
C "'-..' \ - -- Expected limit (+105,,,) 7
1800 : o —
B ey Observed limit (4.7 b, 7 TeV) ]
1600 — T —— =
1400 e reed
1200 —
1000 ATLAS-CONF-2012-0109
800 [ | 1 l | 1 | l 1 | 1 | 1 | | l | 1 1 l 1 | | | 1 1 | I 1 1 1 ]

800 1000 1200 1400 1600 1800 2000 2200 2400

gluino mass [GeV]
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Expected production cross-sections at LHC

10 | IPmsp'}nUZ.l

"o, [pb]: pp — SUSY VS=7TeV

e E

i iz |

-1

10 E

o RN

10 | T 55

0 -3 i | | | | | | I;‘;{EE]L{? | | |
100 200 300 400 500 600 700 800 900

maverage [GEV]

Prague, 25-10-2012 LHC Roadmap 87

P Jenni (CERN)



Summary of five dedicated searches for top squark pair production for
theoretically preferred models with relatively light 39 generation squarks

T, production: T, - b+x., 7.~ W'+%. (BR=1, m, <200 GeV); T, t+%, (BR=1, m. > 200 GeV)

— —— N —— T | | T R — T | - R — T | - T | N —— -
S T | | T T B A [T
- ATLAS served limits (-1oy,.') t,— b+x x - W +x (m <200 GeV) —
8 200 - —— Observed limits (nominal) ] 24epton (m.. = 106 Gev) —
— 180 J. Ldt=4.7f" \s=7 TeV ---- Expected limits (nominal) —— ti2eptons + biets (m_. = 106 GeV)
G — All limits at 95% CL 1/2-leptons + b-jets (m =2xm o) _]
E - Status: September 2012 o 5 t ot —
- 7, (m; > 200 GeV) ]
160_— ~ 7 = Olepton -]
— // / — 1-lepton ]
140 _— o __- 2-lepton —
120;io>mf(=106GeV) 6;/ —:
100" g =
— // _]
80} E
60 » —
S A Y 3 -
40 Ay 4w ; ]
// ‘ =
20 / \ —]
0 A Vo L AL | 1| T || P

150 200 250 300 350 400 450 500 550
m: [GeV]
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ATLAS SUSY limits

ATLAS SUSY Searches*

-95% CL Lower Limits (Status: SUSY 2012)

o MSUGRA/ICMSSM : Olep +js +E
z MSUGRA/CMSSM 1lep +js +E
£ Pheno model : Olep +j's + E, ..
] Phenu model : Olep+js+E; ..
2
5
=
2

T méss
T .riss

Gluino med. 7" (G—=qd% ): 1lep +js +E, A
GMSB : 2lep (OS) + 's + E, s

GMSB : 12:+01Iep+|s+E

GGM :yy +E

.................................. T.mess

SO0lep+12bjs+E, ..
Eglrtualb} Olep+3bys+Ey ..

IT.QS

ﬁ—)bE'
g—;_%bx (realb): Olep+ 3 b-js +E;
g—)ﬂxml{wrtual tl
g—:ttx VII'_‘LJJEIH 2lep (SS)+[s+E
—)ttjx |{wrtua|t}| 3lep+js+E

Tlep + 112 bjs +E, e
T riss

T miss

g—)tlx 'U'II'IUEIH] 0 lep + multi-j's + E
g—)ﬂx wtual_j Olep+3b-s+E
re%t) Olep+3bjs+E,
:0 Iep +2-bjets +E, L
bbb—} 3Iep+ 'S+ Ey s

- (very I|ght] t—)bx :2lep+E
tt {light), t—)b;{ 12 IEp +bjet+E,
ff (heavy), t—nf n lep + bjet +E. -
1t (heavy), l—)tx 1lep + b-jet + E
tt (heaw} l—)tx :2lep + bjet+E,
GMSB_L ZJ—JI_% + b-jet # E

T riss

T miss

T mias

T .riss
T miss

IMesis

_L%

|rect f pair proc }| long- Iwed i
AMSB : long-lived X,
Stable g R-hadrons : Full detector
Stable t R-hadrons : Full detector
Metastable g R-hadrons : Pixel det. only
e GMS3B : stable T
RP".-" . high-mass ep
Bilinear RPV : 1lep + j's + E
BCA1 RF“J 4lep+E

2=l s 2lep + E
i —)Iv{h.'}l—)lv 2lep +E

T .riss
T miss

T .riss
T riss

Spin dep. WIMP interaction : mnnqet +E
Spin indep. WIMP interaction . monojet + E,

T miss

1=4.7 16", 7 TeM [1208.1447)
L=4.7 10", 7 TeV [CONF-2012-073]
L=4.7 16", 7 TeV [CONF-2012-071)

L=4.71b", 7 TeV [CONF-2012-078]

L=4.7 16", 7 TeV [CONF-201

tmass {m{;{ )= 45 Gel)
L=4.7 15", 7 TeV [CONF-2012-070) 120-1 75168 t mass {m{;{ )= 45 Gev)

38D-485

" [t=47 w7, 7 tev [cONF.2012.076) S3MBOGEM] | mMass [

1mass {m{_-“ [u)]
230-440 GeV T mass {m{;( y=0)

298-305 GaV | t mass {m{x =0l

l mass {115<m{;{ | = 230 Gav)

J 0

T I I

d=gmass
§=gmass
gmass (mg <z Tev, Ilghtle

_[Ldt =(1.00 - 5.8) fb”'

q mass (m( <2 Tev. Irghtx j Is=7, 8TeV

G mass (mii.) < 200 GeV, mi ) = -{m{f")m{gj]
g Mass. (tang < 15) ATLAS
g mass {tan;s = 20} Preliminary

g mass {m{x )= 50 Gev)
g mass (miz, 1< 300 Gav)
g Mass (miz’) < 400 Gav)
g Mass (i) =0 Gev)
gmass {m{;( < 150 Gav)
q mass {rn{_-,{ <300 Gev)
gmass fany mi’ 1 <m@)
g mass {m{_‘,{ ) < 300 Ga¥)
g mass {m[x < 50 Gev)
Gmass {m(]) = 60 Gev)

b mass (mig" )< 150 Ga'u"]
gmass {mi )= Zm[;( 0

Very similar limits
come from CMS

| 120330 GeV mass {m{xi 0, mili) = -[m{xym{x -

% mass

x1 mass
(1=1f¥ )< 2ns, EIIII Gat limit in [0.2,%0] nz)

x mass

{m[x 1= m[‘.( Im{‘.fDJ 0, m{lvjas abova)

{1::1{;{ 1< 10 ns)

g mass

{mass

gmass {z@ > 10ns)

TMAass {5=tanf < 20)

Vv, mass (i,,=0.10,4
a :ﬁ mass {Etmpd 15 mim)
g mass

Gmass (30x10% <1 <1510"

29z =005

1 mm = et < 1 m, g decoupled)

L=4610", 7 TeV [ATLAS-CONF-zo12-110] 005287 Gav| sQluOn MAss (incl. limit from 1110.2693)

M* sca
L 111 I [

M* scale (m, < 100 GeV, veclor D5, Dirsc x)

{my, =100 GeV, tansor DD, Dirac )
L1111 ] ] L 1

10"

*Only a selection of the available mass limits on new states or phenomena shown.
All limits quoted are observed minus 1o theoretical signal cross section uncertainty.

1 10

Mass scale [TeV]




Events

Searches for heavy W and Z like particles

These searches are quite straight-forward, following basically the same
analyses as for the familiar W and Z bosons

Z’: Di-lepton pairs

] T T T T T T T ] T >

" ATLAS Preliminary  » Data 2012 &

Z' — ee Search Oz o

10° -1 |:| Diboson E..\l_

Ldt=5.91b ) w

10* | Wi £

\s=8TeV (] Dijet & W-+Jets o

10° []Z(1500 GeV) i

102 [7]Z/(2000 GeV)

10f
1
10"E

—_
<
no

200 300

—
o -
o

ATLAS-CONF-2012-129
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W’: Lepton + ETmiss

1010 ! Ths 2012 Preliminary - Diboson
10° L dt=3.67fb" B DY > o
108 s =8 TeV -y
10: Wi ev B i + single top
10 B qcp
10° ey
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10° —— W' = ev M=1.3 TeV
10° & — W' > evM=23TeV
10 £
1 4
£
10" E
102
107
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CMS-EXO-12-010
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ATLAS Preliminary --- Expected limit

Is=8TeV I Expected t 1o
Z = Expected + 26

— Observed limit

_— Z,QQIA

T

ATLAS Preliminary --- Expected limit

Ns=7TeV I Expected+ 1o
G* =l Expected+ 2o
— Observed limit

== k/M,, = 0.1
k/M,, = 0.05

— k/M,, = 0.03

— k/M,, = 0.01

Ee:_[ Ldt=4.91"

=
=

:j Ldt=5.0fb"

E LI !
.2.' -
o |
o 1§
10
EL
B 7)
- & L
102k o
= o
-1
10'35 10
i 1072
1044
10°E
10*

(4]
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m [TeV]

ATLAS-CONF-2012-129

Randall-Sundrum Graviton

ATLAS-CONF-2012-007
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Events/ bin

Significance

New particles decaying into two photons

G Y 9 .
Example for a search of _>i: ﬁ:

extra dimension signals q v 9 Y
(Kaluza-Klein Graviton in
the Randall-Sundrum and Arkani-Hamed, Dimopoulos and Dvali models)

103 I I I I I ' I I I I I% ey | Ll I T 1 | LU l LI I LI | LB | LI | 1
. E 0 -
3 ATLAS J-Ldt =212 3 a | ATLAS .- Expected limit |
10°E Ns=7TeV 3 = - & I Expected + To_
- s E L 3 \s=7TeV Expected £ 26 3
10 - 3 - — Observed limit
- -+ Data —UL'——"""IE 2 B WM =0.1
1 E ' Reducible background * E T 10
y C [ ] Total background ] o) E
10 syst @ stat (reduchle) m
F I syst @ stat (total) o ]
10 [(JRs, kify=0.1, m, = 1.25Tev 102
= o MW=L Mg = 1 =
10_3-E ] ADD, GRW, m_ = 2.0 TeV - W:J-Ldt:a12fb'1
: 10_3_ ee:_[Ldt:1.ﬂbe'1
] s up:JLdt: 121"
| -I I L1l I L1 I L1 | L1 1 | L1l I L1l I Ll | L1 1 | L1 1
_20'15 {}LE 013 0'4 0'5 GLB L {}.BJ ‘JI 1'2 1'5 ',_LJ__ 02 04 06 08 1 12 14 16 18 2
: . . 4 050. : 2 1. Te
m, [TeV] mG[ vl
v Phys. Lett. B710 (2012) 538
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Example of searches for New Physics as deviations
from QCD behaviour of hadronic jet distributions

Search for resonances in the di-jet mass spectrum ATLAS-CONF-2012-088
E L L L El 103 E T T [ T T T T ‘ T T T E
— - 1s=8 TeV,j Ldr=58fb" 1 & - — ——q*PYTHIA 8 ]
"'4? 4 . [ data - fit ] / fit 1 102k —e— Observed 95% CL upper limit _
_'CE T Pr YT q* PYTHIA 8 (1500) . >é ; """"""""""" Expected 95% CL upper limit ;
© i R | - 68% and 95% bands :
T e Ao q PYTHIA 8 (2500) 10 _ N ~

- #-- Q" PYTHIA 8 (3000) : : AN €
- \ -
2_ - . .
1F S\ ATLAS Preliminary -
| | AN [Lar=581" ]
i 1 10h TR h s=8TeV
i 107% 3 =
. : N
- ATLAS Preliminary . Al | ‘ N
APV RPN SR SR PO KN SN SV P RPN HNN R AP R R 10 | | éoool | I IBOOd I I4_000
1000 2000 3000 4000
Reconstructed m, [GeV] Mass [GeV]
95% CL excluded mass: 3.66 TeV
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Search for direct Dark Matter (DM) particles
In pair-production

q DM

DM

A single photon
(150 GeV) or jet
plus ETmiss

ATLAS

4L EXPERIMENT

Run Number: 183003, Event Number: 90412055
Date: 2011-06-02 06:43:47 UTC

ATLAS-CONF-2012-085
arXiv:1210.4491v1[hep-ex]

Prague, 25-10-2012
P Jenni (CERN)

CMS: Sub. to Phys. Rev. Lett.
arXiv:1204.0821v1[hep-ex]
arXiv:1206.5663[hep-ex]

LHC Roadmap
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3 C —e— Data 2011 {s =7 TeV) ]
L i [ Z(—wv)+y -

= 102 = ATLAS Preliminary — {770 =

b= oo ; [ WiZ+jet .

g 10 J Ldt=46fh I top, y+jet, multi-jet, diboson ]

L E Total background E
o ———- ADD,n=2, M_=1.0 TeV =
Frm-mrm - - Lo N WIMP, D5, m;=10 GeV, M =400 GeV |

157 ——-------A ! =
E * T T =
e e e e !_ ___________________ —
107 e R i =
102 - —=
10—3 1 I 11 1 1 1 1 1 1 | 1 1 1 1 I 1 1 1 1 ]
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ErTr1|55 [GeV]
10909 CL, Spin Dependent "¥90% CL, Spin Independent 13
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“'e __ ATLAS, Ds, > ¥ () 5y
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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




If theories with Extra-dimensions are true, microscopic black holes could be
abundantly produced and observed at the LHC

CMS Experiment at LHC, CERN

Data recorded: Mon May 23 21:46:26 2011 EDT
Run/Event: 165567 / 347495624

Lumi section: 280

Orbit/Crossing: 73255853 / 3161

A real ‘candidate’ event of
a ‘black hole’ in CMS with
9 jets and ST = 2.6 TeV

They decay immediately
through Stephen Hawking
LHC Roadmap radiation 96
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> St L?;‘:}Eﬂ: N's=7 TeV)
Search for Microscopic 210E  Jrazronw = 5
Black Hole production & 10° L s S svpomat

in models wth large . -

extra dimensions
(Arkani-Hamed, Dimopoulos, Dvali)

ATLAS

IIII‘ I\IIIIII‘ Ii:IHII_Ll IIIHiHl IIIHIHl L1

Decay into many objects

(jets, leptons, photons) ATLAS-CONF-2011-147
arXiv:1204.4646v1[hep-ex]

0——=000 1500 2000 2500 3000 3500

TP+ : scalar sum of the E of ) P [GeV]
the N objects in the event

Emi— CMS Preliminary ys = 8 TeV, 3.7 fb™ b)
Examples: (ATLAS) at least one 8 M.lmi;tcny, Nd:3
electron or muon and two or 2'° - — Background e
more jets, (CMS) any three objects 210°E Uncertainty ~ M ttbar

------ M,=15TeV, MI"=55TeV,n=6
v My = 2.0 TV, M = 5.0 TeV, n = 4
----- My =25TeV,MI"=4.5TeV, n=2

Ilufl] \I\I\I\Il T

- - I T VI O B S P T A P --_"Ij':;,\
Prague, 25-10-2012 1500 2000 2500 3000 3500 4000 4500 5000 5500

P Jenni (CERN) LHC Roadmap S, (GeV)

No deviation is seen for events with at 10 =5
least 3 objects with >50 GeV pT 10—
10
CMS-EX0-12-009 15




ATLAS 95%CL limits

ATLAS Exotics Searches* - 95%

CL Lower Limits (Status: LHCC, Sep 2012)

Large ED (ADD) : monacjet + £, .. Mg (5=2)
Large ED (ADD) : monophoton + £, .. M (5=2)
@ Large ED (ADD) : diphoton, m My (GRW cut-off, NLO) ATLAS
_E UED : diphoton + Er.m.-;: Compact. scale 1/R Preliminary
=2 RS1 with k/Mg, = 0.1 : diphoton, m,, Graviton mass
g RS1 with k/M, = 0.1 : dilepton, m, Graviton mass ,[Ldf =(1.0-6.1)fb"
3 RS1 with k/M, = 0.1 : ZZ resonance, my, Graviton mass
© RS1 with k/M,, = 0.1 : WW resonance, m; Graviton mass fs=7,8TeV
= RS with BR{QKK—)ﬁ:I=0925 Ctt— |+iEtS,m1 — KK gluon mass
l ADD BH (M, /M;=3) : S8 dimuon, N, .. My, (6=6)
ADD BH (M., /M_=3) : leptons + jets, Ep Mo (5=6)
Quantum black hole : dijet, F {m, M, (5=6)
....................................................... tcitic Contact intaraetion - () A
G qgll ClI : ee, nu combined, m A (constructive int.)
________________________________________________ uutt C1 : SS dilepton + jets + £, ., A
Z(SSM) im,_,,,, [L=58-6.11" 8 TeV JATLAS-CONF-2012-128] 249 TeV 7' mass
Z'(SSM) i m_, |L=471b", 7 Te [ATLAS-CONF-2012-067] 1.3Te¥ 7 mass
5 W' (SSM) 1my,  [L=a7 .7 Tev (1209 4448) 255TeV W' mass
W' {—tg, g _=1) DML | L=47 b7, 7 TeV [CONF-2012-096) 350 Gav . W' mass
W', (— tb, 5§M) M | L=t 7 Tev [1205.1016) 143Tev W' mass
___________________________________________________________________________________________________ Wy [ 7 e 20 aaae e W mass
Oy Scalar LQ pairs (§=1) : kin. vars. in egjj, evjj [it=1.0m", 7 Tev [1112.4528) se0Gev T gen. LQ mass . . . .
o | H —. o Rek J T T =1, J|‘ o i
............................. Scalar LQ pairs (§=1) : kin. vars. in uujj, pvjj |eston’75ev asssiva mev 2genlamass | \/@ry similar limits
@ N 4" generation : {'t'— WbWb  [L=47 .7 TeV [Preliminary] 656 GeV. ' mass
. 4" generation : b'b(T_ T..)—= WtWt T, Gav b'(T
:'___g e MNew quark b’ '{b'ﬁ—)ﬂ%}b-'-x m t: ::" ::: ::m;”mmm 400 GaV “;' mass { o) MASS C O m e f ro m C M S
. i ¥ Z 3 1
g Top partner : TT — tt + A A (dilepton, Mm? L=47 fb", 7 TeV [1209.4186) a83Gev| Tmass (m(A ) <100 GeV)
O Vector-like quark : CC,m,,, |L=4610"7 TeV [ATLAS-CONF-2012-137] 142Tev VLQ mass (charge -1/3, coupling kg = v/mg)
< Vectorike quark : NC,m,, | L=461b",7 TeV [ATLAS-CONF-2012-137] 108 Tev VLO mass (charge 273, coupling ko = vimg)
‘t:g ............................... E':'(':"jitéf:i"ﬁﬂ'é'r'ké"i'?ijéf'féé'ﬁﬁé'ﬁéé;'ﬁi;;ﬂ"' +* mass
25 Excited quarks : dijet resonance, m, g mass
SE Excited electron : e-y resonance, m &' mass (A = mig*))
o Excited muon : p-y r‘ESDr“IanCE,mE: w* mass (A = miu*))
..................................... - éléﬁlﬁi:ﬁﬁﬂ'r'b'ﬁé"{'I:ﬁfﬁj":"d'i'l'éﬁiﬁﬁ;ﬁ:i;;w'" b o, mass (m(p Ja) - m(x) = M. )
- Techni-hadrons (LSTC) : WZ resonance ':"'”l}’mr,wz p, mass (mip_) = mir;) +my, m(a)=1.1m(p_})
g Major. neutr. (LRSM, no mixing) : 2-lep + jets N mass (mi{¥W_} = 2 TeV)
E W (LRSM, no mixing) : 2-lep + jets W mass (m(N) <= 1.4 TeV)

5
H™ (DY prod., BR{H"—up)=1) : S5 dimuon, m .
Color Cil:-tet scalar : dlel resonance, mi

H* mass

Scalar resonance mas

10"

*Only a selection of the available mass limits on new states or phenomena shown

10°
Mass scale [TeV]

10
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LHC Schedule Assumptions

2009 LHC start-up /s = 900GeV
2010
2011 s = 7TeV rising to 8TeV, .£= 6x10%%cm2s-!, bunch spacing 50ns
2012 ~20fb-"
2013 2 2 . y
s Go to design energy and nominal luminosity
Vs = 13-14TeV, £= 1x10%cm-2s-', bunch spacing 25ns
250fb-1

\ Injector and LHC Phase-l upgrade to full design luminosity

s = 14TeV, .£= 2-3x10%cm2s-, bunch spacing 25ns

- 2300fb-1
HL-LHC Phase-ll upgrade, crab cavities, new IR, ...

e = Dum 34em-2s-1 i i i
s = 14TeV, £= 5x10°%cm-“4s-! (luminosity levelling) 2!">ns '

Prague, 25-10-2012
P Jenni (CERN)
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20 years of Worklng W|th the Czech colleagues and
friends in ATLAS was areal pleasure, and we are
looking forward to a bright common future with LHC §

and its upgrades of the machine and the expenment

‘»'4 I rj1c)
> A

rENTR
o

dlscoverles are ahead of us'
4 R EoER T3 V3 s

Thank You!




Spares
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LHC Accelerator Challenge: Dipole Magnets

Beam Pipe

Superconducting Coils

Spool Piece
Bus Bars

ALinIiary 1 s_m Iong
Bus Bar Tube

. e I ; (e cryodipole Magnetic Field for Dipoles

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

superfluid helium

Prague, 25-10-2012
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—

Interconnections of two magnets

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

N\

Prague, 25-10-2012
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Delivered Luminosity [fb ™

B I I I I I I I I
25— ATLAS Online Luminosity ?
20:_ = -::-—'109 1 T T T T T T 1
- = gm? ATLAS Online Luminosity
B = 2010 ppNs=7 TeV === PbPb \[s,, = 2.76 TeV
15— L 10°E = 2011 pp\s=7TeV PbPb \[5,,, = 2.76 TeV
B E ; = 2012 pp Vs = 8 TeV
" B 3 10
N 4 107"
5 3
B 010-3
0 I 10-5
3ol
107
10-9 I I I I I I I I I P"I'
yan ot A\ ot
Prague, 26-10-2( Month in Year

P Jenni (CERN)



Example for the typical trigger rates

< 10T m — T F Three levels of event
L, = v . selections:
L Bl Z
[4y]
o 10*H E Level-1 underground
- "M‘_._E with purpose-made
Z _ electronics and
108 = a processors
Z _ _ i Level-2 and Event Filter
et ATLAS Trigger Operations i in a large computer
g LHC Fill 2686 May. 31 2012 é farm located at the
i Starting Luminosity} 6.37 x 1033 cm2s’ g surface of Point-1
10 Endlng Lum|n08|ty 2 91 x 10 cm2 = _
= I | . | . | . | . | (Noted in the plot are the
CEST Time

O Typical recorded rates for main streams ely, Jets/t/E;™'ss , Muons: ~ 100 Hz each
U Delayed stream (future TierO reconstruction): B-physics (~65 Hz) and Hadronic (~80 Hz)
O Note: currently 564 items in the trigger menu

Prague, 25-10-2012
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Heavy lon Running in 2011

‘..r| 220 __I I I I I I | I T I I I I | I I I T I I | I I I T I I__
2 500 —  ATLAS Online Luminosity  \[s, =2.76 TeV =
- - [ LHC Delivered (Pb+Pb) ]
= 180 —
é 160 [ ] ATLAS Recorded _
£ 4140F Total Delivered: 166 ub‘_*1
-l —  Total Recorded: 158 ub
o 120
_5]_.') [
T 100
D -
£ 80 3
g O0F
2 40F
201
0 [ ] ] ]
10/11 17/11 24/11 01/12 08/12
Day in 2011
Prague, 25-10-2012 LHC Roadmap 107
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Uncorrected p; of

Pb-Pb event with jets each jet ~160 GeV

ATLAS

A EXPERIMENT

Run 168875, Event 1577540
Time 2010-11-10 01:27:38 CET

Heavy lon Collision Event with 2 Jets




Observation of a Centrality-Dependent Dijet Asymmetry in Lead-Lead Collisions at
Visvny = 2.76 TeV with the ATLAS Detector at the LHC

G. Aad et al. (The ATLAS Collaboration)*

ATLAS

Run: 169045
Event: 1914004
Date: 2010-11-12
Time: 04:11:44 CET

60 P [GeV]

“ Tracks
30

Phys. Rev. Lett. 105 (2010) 252303

Prague, 25-10-2012
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Measured di-jet asymmetry A, g
. . = Pb+Pb \[5,=2.76 Te
as a function of the centrality g —
(1.7 pb) Centrality bins g :gf g é‘\
P £ defined with = I I N v
71 — 72 , m .
Aj=—F"—A — the ET in FCAL
"= Er+Br 072 R B | B
FCALE, [TeV]
< T h0.100% To0 76 Tev 040%
z ] Ve “arLas ]
-~ ] Pb+Pb
z $L.=1.7ub"

AJ
o 1 & 10E
3 3
- -
= >
- -
. =
== ==

® Pb+Pb Data
) p+p Data

.2. ..2.5....3.

Such an effect could be the first direct indication of ‘jet-quenching’

110



Z = ee, yM in Heavy lons

O Studied with full 2011 dataset (~ 150 pb1)
0 As expected: no suppression observed
of the weakly interacting bosons

dN/ dm [GeV ]

JATLAS

EXPERIMENT

- T R R e

________

100-

III\‘\\\I‘\\\\'\I\\\\I\
- ATLAS Preliminary
- Data 2011 Pb+Pb
-\s=276TeV L, =0.15nb"

70 80 90 100 110
Mee [GEV]

Zsee | Zoup
e Opposite sign: 772 | = 1223
© Same sign: 42 1T o 14

T [CISimulation

R R T

[G

eV]

ATL/'AS Prelimincl;lry

5 | sZ > e'e
= Pb+Pby\/s, =276 TeV ¢z "
~ | Data2011L (=0.15nb" vZ >
86
<

- pZ<10GeV _ " -
i B O L
ol u+ 10<pZ<30GeV i +E+ |
e
| TRye30cev o RO i -

| | | | | | | | | | | | | | | | | | |
0 100 200 300 400



Example of top signals in the case of di-lepton channels

E _|||||||||||||||||||||||||||||||||||||||||||||||||_ > |||||||||||||||||||||||||||||||||||||||
S | ATLAS btag  Alichannels | G10°CATLAS b-tag  All channels -
L - p e Data . ,C_D C 1 e Data .
- Ldt=0.701b (it . = i Ldt=0.701b I i
B W Z/y*ejets Tin3L W Z/y*+jets |
800 o107k -
- ) ) Fake leptons Y Fake leptons -
- 7 Bl Other EW - - B Other EW |
600 L 7/ Uncentainty i 77 Uncertainty -
I 2 110 5
400 1
igaae & ] 10
200 -
| 1
O [ | | ||| | L1l I‘I L1 I_
0 1 2 3 24 0 40 80 120 160 2190
Number of b-tagged jets ET*™ [GeV]

JHEP 1205 (2012) 059
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- % 600 B I T T T T T T T L I T T T T I T T T T I T T T T l T T L L ]
MO e d eta| I S ONn tO p g - ATLAS Preliminary .
measurements S oot E
2 N ILdt:l.be'l ]
g 400f =
w - — Pig + Pg 7
soof- >\ ) e -
. 19 March 2012 N e Data ]
ATLAS Preliminary e oot WO : P :
| form= 1725 GeV 200 Mo, = (174341.0,, ) GeV ]
Data 2011 — stat. uncertainty - ]
= total uncertainty - 7
Channel & Lumi. o, +(stat) «(syst) (lum) 1000/ v .
Singleleplon 070" e 179+ 4+ 9+ 7pb S P E I b ST IOy >
e e P 0700 750 200 250 300 350 400
. - : +14 +8
Dilepton 0.70 fo" -'-0—-1 1732 6 }: ~.pb m[g;o [GeV]
All hadronic 1671878+ 6pb
1.02fb" ATLAS Preliminary (Date: February 23, 2012)
e+jets (1d) i 172.9+ 1.5+ 25
Combination - 177 3%+ 7pb
: p+ets (1d) —+—e—— 1755+ 1.1+ 2.6
New measurements e+jets (2d) b—tot—1 1743+ 0.8+ 2.3
Togtiets  167f" e 2002 19 £ 43 pb htjets (2d) e 1750+ 07% 26
Al hadronic * 16812 "5+ 6pb I+jets _ 1745+ 0.6+ 2.3
471 :
| | : | | | Most precise (CDF l+jets) = 173.0x 0.7+ 11
50 1 00 1 50 200 250 300 350 Tevatron September 2011 Ko 173.2x 0.6+ 0.8
(stat) (syst)
Oﬂ [pb] | | | | |
160 165 170 175 180 185 190
Prague, 25-10-2012 My, [GeV]
gue, LHC Roadmap o 113
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Higgs Boson
Decay

Subsequent
Decay

Sub-Channels

2011 /s =7 TeV

H— ZZ"™

4¢

[de, 2e2u. 22e, 41}

H— yy

10 categories {pm ® 17, ® conversion} @ {2-jet]

H— Ww®

{vily

lee, ep/pe. pu} @ {0-jet, 1-jet, 2-jet} @ {low, high pile-up}

H— 11

TlepTlep
Tlep Thad

Thad Thad

e} @ {O-jet) ® {0} @ {1-jet, 2-jet, VH]
le.u} @ {O-Jet} @ {E,‘piﬂﬁ < 20 GeV, E]{Ji“ > 20 GeV}
@ {e.u} @ {1-jet} ® (£} @ {2-jet}
{1-jet}

VH — Vbb

Z — vy
W — (v
Z— {f

E]Fi“ € {120 - 160, 160 — 200, > 200 GeV}
pg € {< 50,50 - 100, 100 = 200, = 200 GeV}
pt € {< 50,50 - 100, 100 — 200, > 200 GeV}

2012 /s =8 TeV

H — ZZ%)

4¢

{de,2e2p, 2p2e. 41}

H— vyy

10 categories { pmy ® 1, ® conversion} & {2-jet]

H— Ww®

(et e} ® {0-jet, 1-jet, 2-jet)




95% CL Limit on G/GSM

'ATLAS 2011 + 2012 Data

|Ldt~46-48f" Vs=7TeV |Ldt~5.8591f" 1s=8TeV

) - == Expected Combined - -- Expected H — ZZ* — llli - - - Expected H - WW* — Iviv
10 E_ — Observed Combined =—— ObservedH— ZZ*— Il —— Observed H » WW" — viv -§
- --- Expected H— yy Expected H > ZZ* - llvy - -- Expected H > WW* — Ivqq -]
~ = Observed H — vy Observed H— ZZ7* — llvv = Observed H - WW" — vgg o
-~ =--- Expected H— bb - == Expected H = ZZ* — llqq Expected H — 11 7
~ —— Observed H— bb — Observed H— ZZ* — liqq Observed H — 1t -
10

|
100

Prague, 25-10-2012
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Evolution of the excess with time

o LI LU LI LI L L LI LI
10 | | ! ! 7ITeV (2011') JLdt= 4|8fb
ATLAS Prellmlnary F 8 ToV (2012), JLdt=5.9 5"

20
30

EPS July 2011 °
Observed

~ -
~ - -~

-~

+ S .~ -

- * . -~

. -
— - -~
- * - -
. -~ t.
. -~ -~
. : O
- -
-
-~
- -

-5 C_CERN Seminar 12/11 \
10
6 —— Observed

- Expected
10 50

10 -7 - Spring 2012

Observed
1 0 -8 Expected

10-9 6 O

- ' Expected
101OE|||||||||||||||||||||||I|||||||||||||E

110 115 120 125 130 135 140 145 150
my, [GeV]




CDF and DO Collaborations

Evidence for a particle produced in association with weak bosons and
decaying to a bottom-antibottom quark pair in Higgs boson search at the
Tevatron, submitted to Phys. Rev. Lett. (2012), arXiv:1207.6436.

Tevatron Run I, SMH—bb, L_=87®&"

| — Observed ~ -—- Expected form =125 Ge\lic"
== Expecied wio Higgs

10 F @ <14
[ [ #2sd.

Tevatron Run I, L <97 fo"' o 1-CL, Observed
== 1-CL, Expecied

100 105 110 115 120 12
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Searches for charginos/neutralinos

- Direct chargino/neutralino production cross section in the pb range
- ATLAS has searched for this in 3-lepton final state
- Limits in the m(x*,/x°,) ~ 250 GeV region have been set

Events / 20 GeV

Prague, 25-10-2012
P Jenni (CERN)

T | TTTT I TT
--Data2011  [wz 3 (7 TaV JL e 206 "
%% Total SM Ozz ]
[JReducbkgd  [law"z" ATLAS
= = SM+SUSY

ref. point

250

300 50

100

150 200 250

E™™S [GeV]

(Z-depleted and Z-enriched signal regions)

300
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IIIIIII|IIIllIIIIIIIII|IIIIIIIIIlIIIIlIIIIIIIII
jL dt=2.06t", \s=7TeV

L1~ LV HEIFUEV S IVE vV T

mn¢ = mNU
x1 x2

m; = (m~? + rTLZ)/Z
— Observed 95% CL
........ Expected 95% CLS
+ =+ Expectedtic

% Reference point

107

50

100 150 200 250 300 350 400 450 500

';611 mass [GeV]

Accepted in Phys. Rev. Lett.
arXiv:1204.5638v1[hep-ex]
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M _o [GeV]

200
180
160
140
120
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Tf, production: T, - b+x, ¥:— W' +%. (BR=1, m. <200 GeV); T, t+1, (BR=1, m. > 200 GeV)

|..P"l=

|||‘||l3|‘|II‘III‘III‘III‘II_

T T L]

T | T T T | T T T | T T T I I1 [ T T T |
SUSY
Otheory)

ATLAS Preliminary Observed limits (-16ipeqy
—— Observed limits (nominal)

s=7 TeV ---- Expected limits (nominal)
Al limits at 95% CL

I Ldt=4.7"

Status: ICHEP 2012

f,— 4%, (m. > 200 GeV)

//'/ . O-Iep‘ton
s / —— 1-lepton
T/
ot 2 Y ..\ S8 2-lepton
‘{\ !kﬁ\i{ / &*\@? ) \\
4
l_ﬁ“:// o /
>m.. (=106 GeV) 6;/
- 7 ______
-
-~

arlemm”
Y

“
]

Yy
LT}
"

EE

]

H R ' E "

K - i

Ay S | | ]
lifi | | i il | L1l I I -

T,— b+, X~ W47, (m. < 200 GeV)
B 2lepton (mif =106 GeV)
1/2-leptons + b-jets (m_, = 106 GeV)
pd

1/2-leptons + b-jets {mw; =2x mio)
pd 1

1

150 200 250 300 350 400 450 500

LHC Roadmap
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SUSY - 3'd generation squarks

* Look for light stop and sbottom (“Naturalness”): from gluino decay +

direct production

* Gluino-mediated sbottom search in events w/ b-jets + 0,1-lepton + MET [ATLAS-CONF 2012-003]
* Gluino-mediated stop search in events w/ SS dilepton + 4 jets + MET [ATLAS-CONF 2012-004]

* Direct sbottom search in events w/ 2 b-jets + MET [arXiv:1112.3832]
* Direct stop search in events w/ dilepton + b-jets (GMSB interpretation) [ATLAS-CONF 2012-036]

Strong limits from search for gluino-mediated
sbottom production in events with b-jets

[dt=2.05fb"\s=7 Tev

First limits on direct stop pair

chain: t; =t+y° =t + Z(l) + G

production, assuming (a.o.) the decay

§-g + b,-b, production, b,— b+c° i
1100 [TTT Il | ll LI | LI ll | TT ]i T | TrorT TrrT | TTrrT | LI | TrorT | LI — 350 Stolp plalrl n |GI\TIS? ’\llatl':rall m?dell T T T T T T T | T T T T T T T T

= ATLAS Preliminary CL, Observed Limit (95% CL) J - ATLAS Preliminary — CL observed limit (95% C.L.)
1000 — CL, Expected Limit (95% C.L.) 3 O, C R .- CL, expected limit (95% C.L)
900 E_ g-}i?stocr:)'rgt{i&::d CL, Expected Limit +1s _f éc:; 300 :_ [Jat=205f"Vs=7Tev Expected CL_limit +1s _:
C o _ N N - C % Reference points N
800 :_ m(cl) =60 E;iv, mql’z)»m(g) _: 250 LT 3
= [ ATLAS b)b, 2.05 fo™* - B PP PP TERD .
700 ATLAS §g, - bp 35 pb™* — C L R e, ) ]
= ] ATLAS gg. > 35 = 200 RACN : J -
600 E [ ] CDF b, 2.65 fb - B Lo i H / .
= WM Dobp 52" = - ;7 ]
500 - = 150 = 7 -
400 = 3 100 [ = —
300 C mg‘; <m; 7
o 50 C 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1

200 | - I 1 11 I 1111 I | - I L1111 I L1l I 1111 I 1111 I 1111 I | - 100 150 200 250 300 350 400
100 200 300 400 500 600 1000 1100 GeV
GeV] mfl [GeV]
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SUSY searches: “soft” leptons

Dedicated search in “strong” production to deal with “compressed

mass spectra (small DM)

1-soft lepton + 2 jets + high MET

1-step simplified models
leading to final states with
leptons + jets + MET

Prague, 25-10-2012
P Jenni (CERN)

; _I||||||||||||||||||||||||||||||||||||||||||II-I-_II,-_'
3 1-Step Decay. x-12  ATLAS for approval -~ -
% 1000 33-q9qaWW1, 7, =
e L™= 4.7 o' N5=7 TeV

800

600

200

102
IIII|III

300 400 500 600 700 800 900 1000 1100
mgluinn [GEV]
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Early hints of
news from
‘Beyond the
Standard Model’
may come from
‘beautiful’ flavour
physics...

T T 1 I T T
excluded area has CL > 0.95 s %:%
C LI 9
10 g 5 Amg&Am; ]
Am, T
-1.0[~ § & —
= % i ’Y sol.w/cos2B<0 o
- Beauty 09 : (excl at CL>0.95) —
-1 5_ I T A TR R U AR A A 11 1
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0

LHC Roadmap
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Rare decays: B, — p*p

One of the most sensitive probes of New Physics s o /ﬁ
1 0
, 2 -
» Standard Model: FCNC, helicity suppressed: WE?W<
Br(SM) = (3.2 £ 0.2) x 10 / e

* Can be enhanced in NP models.

400

6
2 tan
. MSSM
MSSM: BR « (C x P
s.P M4
A s & )
- tan®p

1200
S b 4 LHCb
< 1000(— Preliminary
o) B s =7 TeV Data
= soo[—
5
@ 600

200

%5851 52 5.3 54 55 56 5.7 5.8
Mgk (GeV/c?)

Prague, 25-10-2012 146, 2011 I8:57.08
P Jenni (CERN) LHC Roadmap Run 93593 Event 1179897868 bld 1140




Standard Model

\ j"_ 'I""I""I""I""_
™~ T T T T T i ]
S LHCb © . ATLAS+CMS+LHCb -
2of BDT>05 | 03 -
< B—u'u - i
N B —
5 0.6 ]
o B _
ot - ]
S 0.4 ]
> — o
Ll : :

2 0.2 _
350 5400 0 .
/S’ m,,(MeV/c?) B(B] — u* ) x 107

Combinatorial Background

Luminosity (fb’')
Br(B,— p*p7) 95% CL (x107) 4.6 1.8 1. 1
Br(B, — n*p-) 95% CL (x10°9) 31 7.7 22 4.5 3.2+0.2

= No deviation (yet) observed from Standard Model Phys. Rev. Lett, 108 (2012) 231801
(combined limit from all the 3 exp’ts is 4.2 x 10°) and LHCb-PAPER-2012-017
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