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The Large Hadron Collider project is a global scientific adventure,
combining the accelerator, a worldwide computing grid and the
experiments, initiated almost 30 years ago

to present now physics results from
the first three years of operation
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History of the Universe

pp physics at the LHC corresponds
to conditions around here
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The Standard Model of Particle Physics

Ll

electromag. force strong force
weak force Gravitation

(i) Constituents of matter: quarks and leptons

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

(itli) The Higgs field (problem of mass) 5



Standard Model of Elementary Particles
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charge -» 2/3

spin = 1/2

u
L

=4.8 MeV/c*

/3 =
12
down

0.511 MeV/c?

QUARKS

-1 .
- &

electron

<2.2 eVic?

0 -

electron
neutrino

LEPTONS

HU Berlin GK1504, 5.11.13
P Jenni (Freiburg/CERN)

=1.275 GeV/c*

213 4
. C
charm

=95 MeVi/c?
-1/3 S
172

strange !

105.7 MeV/c?
-1 1
- B
muon
<0.17 MeV/c?
. <l
-
muon
neutrino

=173.07 GeV/c*
2/3
1/2
top
=4 18 GeV/c*
-1/3 A
112
bottom
1.777 GeV/c?
-1 .
. &
tau
<15.5 MeV/c?
0 .
. Do
tau
neutrino

LHC roadmap to the Higgs

0 | =126 GeV/c?
0 0
@' H
gluon paggs
0
0
1
photon
91.2 GeV/ic?
0
1 ¥y
pa
Z boson @
v
80.4 GeV/c? 8
+1 w
W
-
W boson g
&)




On Tuesday 8t October 2013:

2013 NOBEL PRIZE IN PHYSICS
Francois Englert

Peter W. Higgs

“for the theoretical discovery of a
mechanism that contributes to our
understanding of the origin of mass
of subatomic particles, and which
recently was confirmed through

the discovery of the predicted
fundamental particle, by the

ATLAS and CMS experiments at
CERN'’s Large Hadron Collider”

HU Berlin GK1504, 5.11.13
P Jenni (Freiburg/CERN)
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Unification of Forces

Magnetism

QED  Electro

magnetism
Maxwell

Long range

Electroweak Electricit

{ Model
Grand ;) Standard

Fermi

Weak Theory Weak Force

Unification & model ort range

Ouantu_m QCD Nuclear Force

? Skl Short range
Super |

Unification Kepler Celestial

Gravity
Long range
Terrestrial

Galilei Gravity

Universal

Gravitation
Einstein, Newton
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The SM is not a complete theory

Some of the outstanding questions in fundamental physics
addressed, at least in part, with the LHC are:

(~v)

L What is the origin of the elementary particle masses ?

What is the nature of the Universe dark matter ?

Why is only matter observed in the Universe as primary
constituents and not anti-matter ?

What are the features of the primordial plasma
present ~10 us after the Big Bang ?

What happened in the first moments of the Universe
~10-11 s after the Big Bang ?

Are there other forces in addition to the known four ?
Are there additional (microscopic) space dimensions ?

HU Berlin GK1504, 5.11.13
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The SM is not a complete theory

Some of the outstanding questions in fundamental physics
addressed, at least in part, with the LHC are:

L What is the origin of the elementary particle masses ?

What is the nature of the Universe dark matter ?

tne
oN= ca\e
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Are th®Te additional (microscopic) space dimensions ?

HU Berlin GK1504, 5.11.13
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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
Wmiw.

The real belief that a ‘dirty’ hadron collider sl S -

can actually do great discovery physics came_ | (REDUCED)

st T,B,N,L,JD8,R,P.Hielp)> CF 1t

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

A very early Z - ee online display WEIGHTS £ 1.00, K1 100, K2 1.00, 8 1.00 WM CELL TRASY ENERGY  36.0 GEV
from one of the detectors (UA2)

HU Berlin GK1504, 5.11.13
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1984 For the community it all started
with the CERN - ECFA Workshop
in Lausanne on the feasibility of
a hadron collider in the future
LEP tunnel

1987 La Thuile Workshop

Many LHC colleagues were already involved
in this WS set up by Carlo Rubbia as part of the
Long Range Planning Committee

1989 ECFA Study Week in Barcelona for
LHC instrumentation

1990 Large Hadron Collider Workshop
Aachen (CERN - ECFA)

1992 CERN - ECFA meeting ‘Towards the LHC
Experimental Programme’ in Evian

ATLAS and CMS were born with Letters of Intent
(Lol), submitted on 1st October 1992, more than

20 years ago
HU Berlin GK1504, 5.11.13
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ECFA 84/85
CERN 84-10
5 September 1984

AMMIIIIS

LARGE HADRON COLLIDER
IN THE LEP TUNNEL

Vol. 1

PROCEEDINGS OF THE ECFA-CERN WORKSHOP

held at Lausanne an d Geneva,
21-27 March 1984

12




Spokesperson Fabiola Gianotti,
celebrating 20 years of ATLAS

20 years ago on 15t October 2012

HU Berlin GK1504, 5.11.13
P Jenni (Freiburg/CERN) LHC roadmap to the Higgs

ATLAS and CMS were born with Letters of Intent
(Lol), submitted on 1st October 1992, more than




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 by
DG Chris Llewellyn Smith, 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

HU Berlin GK1504, 5.11.13
P Jenni (Freiburg/CERN)

LHC roadmap to the Hig

Nel
July 1991
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to CERN Courier
July/August 1991)




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

Russia (15t June 2001), with L Maiani and A Skrinsky in the

centre

HU Berlin GK1504, 5.11.13 LHC roadmap to the Higgs 15
P Jenni (Freiburg/CERN)



Th

iIs a 27 km long collider ring

housed in atunnel about 100 m
P Jonmi (Freiburg/CERN) LHC readmap to the Higgs | UNderground near Geneva i
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The first cyclotron, and the famous 184” one of Berkeley

Ernest Lawrence
(1901 - 1958)

Dees . RFpewer

The first circular accelerator NN/

Extraction 3= %
(Berkeley 1930) electrode Spiral L
beam path
HU Berlin GK1504, 5.11.13 LHC roadmap to the Higgs 17
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The most challenging components were the
1232 high-tech superconducting dipole magnets

Helium-1 Vessel

Magnetic field: 84T SN V) /AT
Operation temperature: 1.9 K /

Non-Magnetic Collars

(120 tons of superfluid Helium) S—— Ny W
Dipole current: 11700 A \ A e

Stored energy: 7MJ ' ) The
Dipole weight: 34 tons : 15-m long

iary
ar T

e T e —

7600 km of Nb-Ti superconducting cable — e ~ LHC cryodipole
bt/ W p(TeV) = 0.3 B(T) R(km) |
5k : o

]
N <O

LHC Construction




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

Sector temperature profile at 08 Dec 15:14

4.9
4.7
4.5
4.3

Magnets cooled down in a bath of
~120 tons of superfluid Helium
(excellent thermal conductor)

Move cursor to square to identify magnet

- "

4.1
3.9
3.7
3.5
3.3
3.1
2.9
2.7
25
2.3
2.1
1.9
17 F
15

H K Onnes
Nobel Prize in Physics 1913

One sector: 3.3 km, 154 dipoles

Temperature [K]

Saturated Vapour Temperature:1.86K

Point 8 Mid Arc Point 1
O Inner Tripletz O Arc magnets M L3S maghets

m 105 years ago, on 10 July 1908: Heike K Onnes
first liquefied Helium (60 mlin 1 hour) in Leiden
m LHC today: 32000 He liters liquefied per hour
by eight big cryogenic plants
(the largest refrigerator in the world)

HU Berlin GK1504, 5.11.13
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The particle beams are accelerated by superconducting
Radio-Frequency (RF) cavities

HU Berlin GK1504, 5.11.13
P Jenni (Freiburg/CERN)

LHC roadmap to the Higgs

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

[~ E4 ../ RM?]

20
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Special quadrupole magnets (‘Inner Triplets’) are focussing the particle beams
to reach highest densities (‘luminosity’) at their interaction point in the centre of
the experiments

......

y Interaction
Poirit

Relative beam sizes around the collision point
Tty



CERN’s particle accelerator chain

—p PO~
CMS

LHC

- North Area
ALICE LHCb
_ SPS
T neutrinos
TT10 \
A AT 1A
: 'T'I'E Gran Sasso
AD
1
= BOOSTER
G 7> | ) ISOLDE
S - BN Bincen
| |

L

nTOE - S
2001 p b
LINAC 2 p () p CTF3

" neutrons O B
LINAC 3 Leir
NAC 5
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Eine am 30. Marz 2010 aufgezeichnete Teilchenkollision in LHC

HU Berlin GK1504, 5.11.13
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Collisions at LHC

Proton-Proton

Protons/bunch 10"

Beam energy 7 TeV (7x102 eV)
Luminosity 10** cm? s

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
Egeiiri”(anﬁuig/Arégélll;3 LHC roadmap to the Higgs 9 Very powerfUI detectors needed



The SM is not a complete theory

Some of the outstanding questions in fundamental physics are

What is the origin of the elementary particle masses ? ATLAS, CMS

What is the nature of the Universe dark matter ? ATLAS, CMS

Why is only matter observed in the Universe as primary LHCb
constituents and not anti-matter ?

What are the features of the primordial plasma ALICE
present ~10 us after the Big Bang ?

What happened in the first moments of the Universe ATLAS. CMS
~10-11 s after the Big Bang ? ’

Are there other forces in addition to the known four ?
Are there additional (microscopic) space dimensions ?

ATLAS, CMS

N
(6)]

HU Berlin GK1504, 5.11.13
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Plus smaller
local earldoms
LHCf (point-1)
TOTEM (point-5)
Moedal (point-8)

CMS
3000 Physicists
184 Institutions
38 countries
550 MCHF

ALICE
1300 Physicists
130 Institutions
35 countries
160 MCHF

HU Berlin GK1504, 5.11.13
P Jenni (Freiburg/CERN)

The LHC World of CERN

LHCb

730 Physicists
54 Institutions
15 countries
75 MCHF

ATLAS
3000 Physicists
177 Institutions
38 countries
550 MCHF
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Magnetic fields

Magnetic field configurations:

solenoid B

N

)

«
<+ <« COil
4—

= A
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Total weight

Overall diameter 15 m
Overall length

Pixel

Tracker
ECAL

HCAL
Muons
Solenoid coil

Exploded View of CMS

14000 t

28.7 m

Pixels & Tracker

* Pixels (100x150 um2)

~1 m2 ~66M ch

+Si Strips (80-180 um)

~200 m2 ~9.6M ch

ECAL 76k scintillating

PbWO, crystals

HCAL Scintillator/brass
Interleaved ~7k ch

3.8T Solenoid

MUON BARREL
250 Drift Tubes (DT) and
480 Resistive Plate Chambers (RPC

CMS

MUON ENDCAPS
473 Cathode Strip Chambers (CSC)
432 Resistive Plate Chambers (RPC)

Si Strips ~16 m?
~137k ch

Steel + quartz
Fibers 2~k ch




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 2.7GJ

Tested at full current in Summer 2006
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ATLAS i W _
Collaboration Sy SN 1{ .

38 Countries
177 Institutions
3000 Scientific participants total
(1000 Students)

Collabornation

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, Dubna, Duke, Edinburgh, Frascati, Freiburg, Geneva, Genoa, Giessen,
Glasgow, Géttingen, LPSC Grenoble, Technion Haifa, Hampton, Harvard, Heidelberg, Hiroshima IT, Indiana, Innsbruck, lowa SU,
lowa, UC Irvine, Istanbul Bogazici, KEK, Kobe, Kyoto, Kyoto UE, Kyushu, Lancaster, UN La Plata, Lecce, Lisbon LIP, Liverpool,
Ljubljana, QMW London, RHBNC London, UC London, Louisiana Tech, 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 |, Rome Il, 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, Tbilisi, 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, Wurzburg, Yale, Yerevan




ATLAS
Collaboration

. o sh Reha ! e
38 Countries - : '
177 Institutions

3000 Scientific participants total
(1000 Students)

It is a great pleasure to collaborate with ~425
colleagues from Germany, junior and senior,

from 13 universities, DESY and MPI Munich

(GK1504/2 teams in red)

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, Dubna, Duke, Edinburgh, Frascati, Freiburg, Geneva, Genoa, Giessen,
Glasgow, Géttingen, LPSC Grenoble, Technion Haifa, Hampton, Harvard, Heidelberg, Hiroshima IT, Indiana, Innsbruck, lowa SU,
lowa, UC Irvine, Istanbul Bogazici, KEK, Kobe, Kyoto, Kyoto UE, Kyushu, Lancaster, UN La Plata, Lecce, Lisbon LIP, Liverpool,
Ljubljana, QMW London, RHBNC London, UC London, Louisiana Tech, 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 |, Rome Il, 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, Tbilisi, 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, Wurzburg, Yale, Yerevan




Age distribution of the ATLAS population

All 2690

Male 81.8%
Female 18.2%
(Status 1.1.2010)

HU Berlin GK1504, 5.11.13 .
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(<35y 47.2%)
(<35y 44.0%)
(<35y 61.3%)

® Male

® Female

35



Muon Detectors Electromagnetic Calorimeters

\\
\\

\
\ \
\ ) \\ Forward Calorimeters
\ Solenoid \\ /
2 \ \\ /
i \ \ / End Cap Toroid

Length : ~46 m

Radius :~12m

Weight : ~ 7000 tons

~ 108 electronic channels
~ 3000 km of cables

i Inner Detector g s
Garel Torold Hadronic Calorimeters ShiEschi

Tracking Electromagnetic Hadren Muan

chamber calorimeter calorimeter charmber

* Tracking (|n|<2.5, B=2T) :
-- Si pixels and strips photons
-- Transition Radiation Detector (e/r separation)

et
 Calorimetry (|n|<5) : -
-EM: Pb-LA!' _ muons
-- HAD: Fe/scintillator (central), Cu/W-LAr (fwd) .
= P
* Muon Spectrometer (|n|<2.7) :
-- air-core toroids with muon chambers "

HU Berlin GK1504, 5.11.13 Innermost Layer... » ... Outermost Layer
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LHC roadmap to the Higgs

The Underground
Cavern at Point-1 for
the ATLAS Detector

Length =55m
Width =32 m
Height =35m
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Hector Berlioz, “Les Troyens”, opera in five acts
Valencia, Palau de les Arts Reina Sofia, 31 October -12 November 2009

HU Berlin GK1504, 5.11.13
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8 Interconnections of two magnets

B 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




— pe— The joy in the ATLAS Control
T A Room when the first LHC beam
| collided on November 2314, 2009....

ey T

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

Candidate
Collision Event

GATLAS

(> A EXPERIMENT
4

2009-11-23, 14:22 CET
Run 140541, Event 171897

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

HU Berlin GK1504, 5.11.13
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A well-deserved toast to all who have built such a marvelous

machine, and to all who operate it so superbly
(first 7 TeV collisions on 30t March 2010)




The LHC and experiments performances were
simply fantastic over the last three years

Total integrated luminosity

Nevents =0 /L dt

S B R N N R R ] = L
£ 30 ATLAS Online Luminosity 7 @ 30 ATLAS Online Luminosity Vs =8Tev —
2 I 2010 pp\s =7 TeV 1 > " [ LHC Delivered ]
D e[ ==2011pp\s=7TeV i I T i
@]
2 25: 012 Ne -8 TeY 0 : [ ] ATLAS Recorded f
% - ] § sl Total Delivered: 23.3 b B
- 201 4 4 - Total Recorded: 21.7 fb” -
O L 4 T - .
o B 1 3 . :
2 151 4 5 15F E
o I 4 9 - ]
- 4 £ o g
10 R 10F ]
- 1 3 - ]
- — |_ L —
5__ ] o ]
N ] 3 ~ 2°000°000°000°000°000 collisions
: : C I I | I Y S Y | | I Y Y [ | I Y I | |—1
0 | |
Y0 A" ) oct 26/03 31/05 06/08 11110 | 17112
Month in Year Day in 2012

and uses up to 90% of the LHC luminosity in

The experiment records typically 94% of the stably delivered luminosity,

the final analyses!

HU Berlin GK1504, 5.11.13
P Jenni (Freiburg/CERN) LHC roadmap to the Higgs
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Excellent LHC performance b ATI.AS

is a (nice) challenge for the | EXPERIMENT
experiment: ey

- Trigger (GK1504 expertize!)

- Pile-up

- Maintain accuracy of the
the measurements in this
environment

180\\II‘\\IIl\\\\‘II\\‘\II\‘ \\\\\\\\\\\\\\\\
160 ATLAS Online Luminosity

B \s=8TeV, [Ldt=208 " <u>=207
140 O Vs=7TeV, [Ldt=521" <u>= 9.1
120

100
80
60
40
20

Recorded Luminosity [pb “/0.1]

Y0 15 20 25 30 35 40 45 _ ] ]
Mean Number of Interactions per Crossing _ INEr Detector for a Z - pp event with 25 primary vertices

h_\\\l\\ll\l\‘\I\‘\I\l\l\l\l\l\l\‘\l\l

OO
(&)



The Worldwide LHC Computing Grid (WLCG)

Tier-2 Centres
(> 100)

German Tier-1

ﬁ at KIT Karlsruhe

Tier-1 Centres
= == =10 Gbit/s link:

SARA-NIKHEF

brvtwrare, lartter 5w

MF
INFN - CNAF ,TIEIUM-,,.

tobogra wh

DESY Tier-2
| with HUB

HU Berlin GK1504, 5.11.13
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Tier-0 (CERN):
*Data recording
*|nitial data

reconstruction
*Data distribution

Tier-1 (12 centres):
*Permanent storage
*Re-processing
*Analysis
*Simulation

Tier-2 (68 federations
of >100 centres):

» Simulation

* End-user analysis
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Physics Highlights

ATLAS and CMS have already published together
about 550 papers in scientific journals (and
many more as public conference notes...)

The other experiments, ALICE, LHCb, LHCf, and
TOTEM total another 220 journal publications _ _ _
together - TR

It is clearly not possible to cover all these results...

No attempt is made to show in a democratic
way, for example, CMS and ATLAS results,
only examples are given that are meant to
represent the others as well where applicable...

300

ATLAS: 267

250

Note that all public results are available
from the experiments Web pages, and

from the CERN Document Server
http://cdsweb.cern.ch/collection/LHC%20Experiments?ln=en

200

100

50+
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Physics Highlights:

o LHC Vs=14TeV L=10%cm™2s™ rate eviyear
barn a A a 3 ELL
R I . ] 14g 15
e 5 inelastic LVA input GHz =10
General event properties [ ] J1o 15
mb =i bE """"""""""""""""""""""""""""""""""""""""""""""" gi gi‘ll:l 14
H fl hvsi s e st S S o S S S —~MHz 10 '3
eavy flavour sics - | - ]
y phy S S o e TR S max-LV2-input 3 <10 12
8 max LV1 output = »
T e e | é 410
_ AR I e I 1. 10
Standard Model physics E e ; gkhz 910
including QCD jets e %v """""""""""" ~max-LVS output E| q10°
nb [ ' = J10°
;5*' g; H=z g; 107
Higgs searches L — 11058
ob [ B e
Searches for SUSY - Ambz 4 10°
. - 4 e
Searches for ‘exotic’ o b Yk 1.2
new physics - A
e : < 10
E B¢ 3
50 Y000 2000 5000 |
particle mass (GeV)
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Events/GeV

2010 Data corresponding to ~40 pb-! collected
- re-discovery of the Standard Model

= P o Ny -
10° 4 Y(1,2,39) S
10° £

|t | Iss]
10° g [cc] | | [bb]
10° - | ~1960 1974 | | 1978
102 |-

= CMS Preliminary
10 E

-  \s=7TeV, L =40pb’

1 = int
:J.J.I.J.J.J.] il 1 ]IJ.IIJ.I 1 L ll.ll!JJ.

! 10 uw*u- mass (GeV/c?)
The di-muon spectrum recalls a long period of particle physics:
Well known quark-antiquark resonances (bound states) appear “online”
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Events/GeV

2010 | Data corre}ws- f cverremnen oot cted
2> re-disccs un- g Mo | el
= pod I e 25 .
ekt e T e W
10° El [uu] T B T Y 3 ';31‘:_";;811‘&3;\;3;:
- [dd] [SS]
10° [cc] | | [bb] -
10°k |~1960 | 1974 | | 1978
102 |-
= CMS Preliminary
1ﬂ=§
-  \s=7TeV, L_=40pb’
1 . int
: ) I —— J.J.l il 1 il L1 1 IJ.I 1

1

10

uw*u- mass (GeV/c?)

The di-muon spectrum recalls a long period of particle physics:
Well known quark-antiquark resonances (bound states) appear “online”
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Run Number: 209580, Event Number: 179229707
Date: 2012-08-31 20:24:29 CEST




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

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

&

(a) (b)
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Inclusive jet cross-sections

ATLAS (2013)

\s = 2760 GeV, |y|<0.3

ATLAS (2012)

\s = 7000 GeV, |y|<0.3

CMS (2011)

\s = 7000 GeV, |y|<0.5

CDF (2008)

\s = 1960 GeV, |y|<0.1

DO (2008)

\s = 1960 GeV, |y|<0.4

UA2 (1991)

\s = 630 GeV, )|<0.85

UA2 (1985)
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Very detailed jet measurements are now available from
LHC that can be compared with QCD calculations ...

Example: The inclusive jet cross sections as a function of the jet P; in rapidity bins

s =8TeV anti-k; R=0.7 L=10.71fb" CMS Preliminary

=NNPDF 2.1 NLO ® NP

100 = | | | | T T T —
10° —— 0.0 <y|<0.5(x 10°)
108 = —=— 05<|y]<1.0(x10% =
; | —a— 10<ly|<1.5(x10%) 3T
10 —v— 15<y|<2.0(x10%) =
< 10° . —+— 2.0 <[y]<2.5(x 10"
(ﬂf}} 10° ey —¥— 2.5<y|<3.0(x100}§
“_g 10 B =
10 —
> E =
ot -
S 1o =
= 3
10 &
102§
80

| 1 1 1 1 ! 1
100 200 300 400 500 1000 2000
Jetp_ (GeV) CMS-PAS-SMP-12-012
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Very detailed jet measurements are now available from
LHC that can be compared with QCD calculations ...

Example: The inclusive jet cross sections as a function of the jet P; in rapidity bins

, s = 8TeV anti-k,R=0.7 L =10.71fb s = 8TeV anti-k,R=0.7 L=10.71fb’
[T T T I T T T T T | T ] 2_| T T T T T T 1 1 | T H
1.8 -e-Data/Theory 0.0 <|y|< 0.5 - 18 :E;f;éUﬂcemimY 0.0 <|y|< 0.5 -
B ; N L ---CT10 N
18 =" Theo. Uncertainty - 16 - HERA1S 3
~  —Exp. Uncertainty ] - - MSTW2008 ]
14 ] 14— ~— ABMM ]
1 2: = 5 - -
>1.21— = 1.2
S P——— 1 2 4_..--"'_-!__
£ 1 ------------------------------------------------------ — Z 1— ul iy
8  Besgilaxegytau et antt— 1 o [weg e |
@ ] airm
S8 208 1
]
o

0.6 - 0.6~ -
0.4 - 0.4 -
oof NNPDF 2.1 CMS Preliminary - o CMS Preliminary 1
0:| | | 1 | L1 | | | : D:| | | 1 1 [ | | :
80 100 200 300 1000 2000 80 100 200 300 1000 2000
Jet P, (GeV) Jet P, (GeV)
CMS-PAS-SMP-12-012
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Cross-section ratios of multi-jets
allow one to determine o

pr > 40 GeV and |y| < 2.8.
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.| CMS Experiment at LHC, CERN

CMS i Run 136087 Event 39967482
il Lumi section: 314
Standard Model |
IE
Muon p;= 27.3, 20.5 GeV/c
Inv. mass = 85.5 GeV/c?

Physics =

1I |l l

| 1 1 1 1 l|
| ,gm-.,h?E .
—_ Ty
. - ] i vy ".\ $ I
Candidate Z - p*p I | - [ ‘
e e o I [
1E 5 E O |
L—*iﬂr B [ — I
ey BN L -
' LA

3
i 5
B 2
W > ev candidate o " '
\ Run Number: 152409, Event Number: 5966801 .
! Date: 2010-04-05 06:54:50 CEST

_»_*. EXPERIMENT

Today each ATLAS and CMS
have in their data more than:

100M W- pv,ev events

W-ev candidate in 10M Z - up,ee events
7 TeV collisions

nle+)= -0.42

E s = 26 GeV after all selection cuts

M, =57 GeV

‘ p,(e+) =34 GeV

)
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Z and W production

1.2

number of events / 1 GeV
o o
NN (0]

o
N
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%10° CMS preliminary

36 pb”’ at \'s =7 TeV
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Z peak (di-lepton pair mass distributions,

60 80 100
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Events / 1 GeV

JHEP 10 (2011) 132

10°
10*
10°
10°

10

can be extracted essentially background-free)
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Entries / 2.5 GeV

W transverse mass

—
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ATLAS-CONF-2011-041 mr = \/ 2pLpy (1 = cos(¢! — ¢"))
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What a contrast to the Intermediate Vector Boson discovery
distributions in 1982 and 1983 by UA1 and UAZ2 ...
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(here are shown the UA2 distributions)

HU Berlin GK1504, 5.11.13

P Jenni (Freiburg/CERN) LHC roadmap to the Higgs 63



Cross section measurements

o X B [nb]

I I LI |
- e CMS,19pb™, 8 Tev
O CMS,36pb’, 7 TeV
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E—— um
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Theory: NNLO, FEWZ and MSTW08 PDFs

===

HU Berlin GK1504, 5.11.13

P Jenni (Freiburg/CERN) LHC roadmap to the Higgs

1 D 20
Colhder Energy [TeV]

CMS-PAS-SMP-12-011

64



p;(p) = 18 GeV
p¥s(ty) = 26 GeV
m,s (I.I,T_h) = 47 GeV
m, (K,ET") = 8 GeV
ET™ =7 GeV

HU Berlin GK1504, 5.11.13
P Jenni (Freiburg/CERN)

EXPERIMENT

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

lii

Candidate in 7 TeV Collisions’, i~

5 I
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"'3-prong hadronic

tau decay ﬂ LHC roagf



p;(p) = 18 GeV
p¥s(ty) = 26 GeV
m,s (I.I,Th) = 47 GeV

m_ (u,E™°) = 8 GeV EXPER'MENT

EM* =7 GeV
Run Number: 160613, Event Number: 9209492

Date: 2010-08-03 02:12:37 CEST

-5

4 — TT ad
Candidate in 7 TeV Collisions’, »~

5 T
» 0

lii

Count # tracks Isalation
In core cone -E.I'II'IL|LJE- .

subtract from
isolation annulus

{UBerin k104 5 1115 S-Prong hadronlcﬂ //
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Top measurements

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

* e, pu, E;miss jets, b-tag )
U

« Assume all tops decay to Wb: event topology

| \
then depends on the W decays: t W
e § v
e one lepton (e or p),
E miss, jjbb (37.9%)
 di-lepton (ee, pu or ep),
b

E.™iss, bb (6.5%)

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

HU Berlin GK1504, 5.11.13
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tt candidate event e + u + 2 jets (b-tagged) +ETmiss

Run Number: 160958, Event Number: 9038972
Date: 2010-08-08 12:01:12 CEST

A
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¢ CMS combined 7 TeV (1.1 fb'1)
® CMS combined 8 TeV (2.8 fb'1)

e NLO QCD
Approx. NNLO QCD
Scale uncertainty
[ Scale ® PDF uncertainty

Langenfeld, Mach, Uwer, Phys. Rev. D80 (2009) 054009
MSTW 2008 (N)NLO PDF, 90% C.L. uncertainty

— [ T T 171 | 1T 1T 1 | 1T 1T 1 | 1T 11 | 1T T 1 | 1T 1T 1
ﬂ ~ ---NLO QCD (pp) 4 Single Lepton (8 TeV) 241+ 32 pb
s | ¥ Single Lepton (7 TeV) 179+ 12 pb
Iz Approx. NNLO
© i S Approx (pp) A Dilepton 173 "' pb
"'NLOQCD(PP) 5 alLhadronic 167 £ 81 pb
102 | —Approx. NNLO (pp) # Combined 177 '{!pb
— ®CDF
B + D0
B ﬁBSOCMS Preliminary
_D -
3 -
10 = = B
= 5300~
B 250
1 200
1 2 3 4 N
150(—
tt pair production 100
cross-sections B
1 1 1 | | | 1 1 |
°0s 6.5
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ATLAS-CONF-2012-149
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ATLAS-CONF-2013-102

Top quark mass measurements CMS-PAS-TOP-13-005
LHC m,,, combination - September 2013, L =3.5 fo'-4.9fb
ATLAS + CMS Preliminary,\s = 7 TeV
ATEAS 2L IS st 172.31+0.23+0.72+ 1.35
ATLAS 2011, di-lepton "
rhes —e——  173.09 + 0.64 +1.50
S 2OT1 Trets — o — 173.49 + 0.27 + 0.33 + 0.98
NS 20TT driepton -y gy 172.50 + 0.43 +1.46
CMS 2011, all jets —e——  173.49+ 0.69 +1.93
Ly =351 . — V. T 1.
LHC September 2013 — i — 173.29 * 0.23+0.26 + 0.88
Tevatron March 2013 - —0—i 17320 £ 051+ 0.36 £0.61
(stat.) JES (syst.)
| | | | ; | | I |

166 168 170 172 174 176 178 180 182
Migp [GeV]
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A summary of Standard Model measurements

o)
S 105 ATLAS Prellmmary
T — 35pb’ !
I — . | LHC pp '\f_—?TeV
© 4 B 35pb Theory
10" = o Data(L=0035-46f )
B LHC pp ¥s =8 TeV
3L
10 = msm Theory
- 58" | * Data(L=58-20fb )
B .
— 5.8fb"§
10° 10! F —E-
— x
- 1.0 b 13 b7
- 46f" | _ ;
5 20 fb’
10 = 46"
= 21" E
. 5 5 5 — 46 b
Similar impressive results from CMS | GK1504 expertize! |
T Tz T % T« Tww T wz ! w | z

The excellent performance in measuring Standard Model physics gives
confidence for the readiness of the two experiments to search for New Physics

HU Berlin GK1504, 5.11.13 LHC roadmap to the Higgs

P Jenni (Freiburg/CERN)

71




HU Berlin GK1504, 5.11.13
P Jenni (Freiburg/CERN)

LHC roadmap to the Higgs




A most basic question is why particles (and
matter) have masses (and so different masses)

The mass mystery for fundamental particles 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)

A
Mass .
(Gev/c?) Peter Higgs
o The Higgs (H) particle has been
175 searched for since decades at
accelerators ...
150
The LHC has sufficient energy to
produce it for sure, if it exists
100
50 + =4 i ' o
. 5.0 E% ’
0.005 0.01 0.15 . % 1
0 d S c b t ™
up down strange charm bottom top . =
Francois
HU Berlin GK1504, 5.11.13 Quarks Englert
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A cartoon ‘illustrating’ the scalar Brout-Englert-Higgs field filling all space that
affects elementary particles, and ‘gives’ them their mass by interacting with them

—

" COME PARTICLES ARE
REALLY SLOWED DOWN
BY THIS FELD...

r T ———
1 "1.'|'-_.:'_-I|_|
T

e —————

SN Y IMAGINE A FIELD TUAT

PERMEATES THE

ENTIRE UNIVERSE.

s

EVERY PARTICLE \ _—
FEELS THIS FIELD,
BUT IS AFFECTED IN
DIFFERENT AMOUNTS,
J /
2
-

OTHER F'ﬁtR‘l"ICLEE)
HARDLY FEEL [T

PhD comics © Jorge Cham
http://lwww.phdcomics.com/higgs/
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Search for the boson (H) of
the EW symmetry breaking

gluon fusion

vector boson fusion (VBF)

associated prod. with W/Z

SM H boson production cross
sections times observable decay
branching ratios at 8 TeV

associated prod. with tt
o t

W.zZ DOOOO000D
z t R ol H
n H W,z ffsf,ﬂq H S W,Zf\ il i
e . R o NP
g W,Z — T §
t q g q H 000000000, t
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5 gM E 10 T T T T T 3§
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f 3
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GATLAS

EXPERIMENT
hitp://atlas.ch

4 1“ >

Candidate event for H > ZZ* > ee up

ATLAS and CMS have
announced the discovery
of a new boson together
on 4t July 2012, published
in a special issue of
Physics Letter B

Phys. Lett. B 716 (2012) 1

Phys. Lett. B 716 (2012) 30

p to the Higgs

Discovery of the
Higgs boson

Candidate event for H - yy




Very happy faces after the announcement of the discovery on 4t July 2012
at CERN and at ICHEP Melbourne

HU Berlin GK1504, 5.11.13 ICHEP2012 @
P Jenni (Freiburg/CERN) . = Melbourne




Small cross-section: o ~ 40 fb

Expected S/B ~ 0.02

Simple final state: two high-p; isolated photons
Main background: yy continuum (irreducible)
and fake y from yj and jj events (reducible)

10000 — ! ' : ' '

— e  Data2011+2012

--------- Bkg (4th order polynomial)
6000

Events / 2 GeV

H—yy

4000
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2000
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SM Higgs boson mH=1 26.8 GeV (fit)
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ATLAS-CONF-2013-012 and Phys. Lett. B 726 (2013) 88-119
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H 9 ZZ(*) 9 41 (de, 4p, 2e2p)

U Rare process, small cross section: o ~ 2-5 fb
O However: pure:S/B~1
O 4 leptons:
O Main background: Zz1") (irreducible)
In addition: Zbb, Z+jets, tt with two leptons from b-quarks or jets
CMS prehmmary
o g omorion ATLAS > [ —
:m@ E mH=1gg‘3 GeV (fit) H—ZZ*—A4l . Q) 30 * Data js=7TeV:L= 51f"
9 L [ Background 2, 22+ |y ; Iez }tg: = ;‘f;‘iw ™ [ m,= 126 GeV (5=8TeV:L=19.6f"
= C [ Background Z+jets, ff vas le T =~ |:’ Zf pa
30— %44 Syst.Unc. _.g - Z+X
25:— 93 [
E M 20 = ) -
20F 14
C |
15 i
e 10F It -
10F I
5: ﬂh |
i | i
of 100 150 — 200 250 0 &=l IIIW ‘iﬂ '.!!u!...'.._u s
m, [GeV] 100 200 400 800
ATLAS-CONF-2013-013 and Phys. Lett. B 726 (2013) 88-119 CMS-PAS-HIG-13-002 m, [GeV]
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H 9 WW(*) 9 Ivliv (evev, pvpy, evuy)

O Very sensitive channel over ~ 125-180 GeV (¢ ~ 200 fb)
O Challenging: 2v 2 no mass reconstruction/peak = “counting channel”
O 2isolated opposite-sign leptons, use evuv only for 2012 data, large E;™s
O Main backgrounds: WW, top, Z+jets, W+jets
O Topological cuts against “irreducible” WW background
> L WL AL WL LI WL (LRI LN LA I
8 800:— ATLAS -4~ Data2011+2012 3
- . Z ig. L 3
(Just an example distributions from several 2 7005 \s=7TeV | Ldt=4610" -/ ;:;a:'g +zkg .
. . . ~ [ 2 Iggs boson —]
categories used in both experiments) 0 - \s=8TeV [ Ldt =207 1" . ngs Bdi o
g 600 HWWSVIY + 0/ jets o E
L 500:_ A7 \:l i _:
3 I other Vv £
400; [] single Top 3
300 —
200F- =
100F- 3
g 1(8)8%: -¢- Bkg. subtracted data :%
. 60E [ ] SMHiggs boson m_= 125 Ge\V
S 40F =
8 20- + E
i ;
ATLAS-CONF-2013-030 and Phys. Lett. B 726 (2013) 88-119 o PP T SO
60 80 100 120 140 160 180 200 220 240 260

m; [GeV]
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How significant is the signal for the new particle ?

Observed data compared to the
probability that the background
fluctuates to fake the observed

excess of events, and what is

expected from a SM Higgs

Q.O 1 09
10°
10°

’
10°
10°®
10°

1 0-1 2
1 0-1 5
1 0—1 8
102
1024

Mass = 125.5 £ 0.2 (stat) £ 0.6 (syst) GeV [ATLAS]
125.7 £ 0.3 (stat) * 0.3 (syst) GeV [CMS]

- T T 1 I 1 T T T ‘ T T T T
= ATLAS Preliminary

= Vs=7TeV,|Ldt = 4.6-4.8 fb
=~ Observed s=8TeV, [Ldt = 13-20.7 b
= -- SM expected 18 = e e, Jhdl = 1o-el.

IRRES AR

LT I Y I I R T

1 I | 1 1 1
120

ATLAS-CONF-2013-034

CMS-PAS-HIG-13-005
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p=0
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background only hypothesis
SM Higgs hypothesis
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ATLAS Preliminary
W,Z H — bb

\s=7TeV: [Ldt = 4.7 b

| |
i m, =125.5 GeV

[ ]

\s=8TeV: [Ldt= 131"
H—o1t

\s=7TeV: [Ldt=461Mb"
\s =8TeV: [Ldt |{=_}13n:"
H—WW ' —lviv
\s=7TeV: [Ldt = 46"
\s=8TeV: |Ldt=20.71b"
H— vy

\s=7TeV: |Ldt = 481"
\s =8 TeV: IL(d}]= 20.7 1"
H-ZZ' -4l

\s=7TeV: [Ldt = 461"
\s=8TeV:|Ldt=20.7 1b"

Combined
\s=7TeV: [Ldt = 4.6-4810"
\s=8TeV: [Ldt = 13-20.7 1"

u=1.30+0.20

e

5

u=1.30 +0.20
u=0.80 + 0.14
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How significant is the signal for the new particle ?

Mass measurements in the two
high-resolution channels from CMS

GJ'GSM

Mass = 125.5 £ 0.2 (stat) £ 0.6 (syst) GeV [ATLAS]
125.7 £ 0.3 (stat) * 0.3 (syst) GeV [CMS]

Signal strength

CMS Preliminary fs=7TeV,L<51%" s=8TeV, L=< 106 %" n= 0 background onIy hypothesis
"Hsyy+H_577 | + Combined n=1 SM Higgs hypothesis
- + H=7yy
20+
i + H-ZZ fs=TTeV,L51 " {s=8TeV. L= 106 /"
i ~ . 7 Combined CMS Preliminary m, = 125.7 GeV
I ' - H —s bb
B - ) i ﬁu =1.154 0.62 e —
1o - .
. ,-'f i H=1.10+ D41 T
B \ i
B e T H—v
0.5 S~ . piru_?n 0.27 =
i i H_?umﬂiﬂ.ﬂﬂ —
DD || | || 11 | || || | 11 11 | ||
124 125 126 127 oo 77
My {GE"&-"’} p=082+ 028 -
'III”I:[ZI?EII I‘II””‘I.IE“”EI““E.E
ATLAS-CONF-2013-034 Best fit olog,,
CMS-PAS-HIG-13-005 n= 1.30 £ 0.20 [ATLAS]
- =0.80%+0.14 [CMS
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Is the new particle a
Higgs boson ?

1) To accomplish its job (providing mass)

it interacts with other particles (in particular
W, Z2) with strength proportional to their
masses

CMS Preliminary {s=7TeV,Ls5.1fb" Vs=8TeV,Ls19.6fb"
T T T Illlll T T T II\IIl"“l”lfl":

| |-=68% CL
t

| | —95% CL =

.
. -
! - -
- -
L4 .

.
’ -

.
.
-
-
.
.
-

paal ! RN R R AE I B ERTTTTTN w
10 20 100 200
mass (GeV)

ATLAS and CMS have verified
the two “fingerprints”

HU Berlin GK1504, 5.11.13 From F Gianotti
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Normalised to unity

2) It has spin zero (scalar)

- ATLAS
- H—ovyy

[ 1s=8TeV [Lat=207f" - JP-2 ]

Hypothesis

—Data ]

(f =0%) |
qg 4

L (JP=0*)/L(JP=2")

Rejection (C.L.)

0-
1+
1-
2+

97.8%
99.97%
99.7%
99.9%




Detailed studies of the production and decay properties have started in order
to characterize the new particle

It will be important to understand with great precision if it is the only scalar
boson of the Standard Model ‘Brout-Englert-Higgs’ mechanism to break the
electroweak symmetry, or if it is only part of a broader physics picture going
Beyond the Standard Model

These studies will be among the most central ones in the decades to come
both at the LHC and at possible other future colliders

For the experts:

Couplings
Production modes
Spin-parity

all support at the 2-3 o
level the SM Higgs with
present limited statistics

HU Berlin GK1504, 5.11.13
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Birth and evolution of a signal: H-=> 4l

ITIllIlITIIIIIIlIlIIIIIIlIIIIIIITIIlIII]ITIT

fs=7TeV | Ldt=005f" Apr24,2011

Events / 5 GeV

ATLAS Preliminary
H—>ZZ( )—>4I channel

[] Signal (mH=125‘GeV)
I Background 22"

I Background Z+ets, tt
—4— Data

IllllIIIIllllllllllllllllllll'lII
|

|
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Tttt
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Searches Beyond the Standar’él M

(only very few examples out of many ) TP

> N C Flaml’riarion 1888
(Colours added later)




Supersymmetry (SUSY)

(Julius Wess and Bruno Zumino, 1974)

Establishes a symmetry between fermions (matter)
and bosons (forces):

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

- Examples q(s=1/2) > q(s=0) squark
g(s=1) > §(s=1/2) gluino

Our known world... Maybe a new world?
Spin 1/2 Lo m Spin O S

Motivation:

- Unification
(fermions-bosons,
matter-forces)

- Solves some deep
problems of the
Standard Model

squarks <

=) ,

1 < lept 4
eptons % -‘{1 Vr | sleptons
Spin 1/2
~ o~
Neutralinos { x1 ZZ XB Z4
Al T R :
bosons
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o :‘Supersymmetric’ particles ?
: SRR o0 |
4.6%

Dark
Matter
23%




In practice SUSY searches at LHC are rather complicated

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

Missing
Transverse
Energy
- 10E
2 -
= -
% B
O 104:—
3 :
& N
§ _
« Focus on signatures covering large ™ 10’
classes of models while strongly 5
rejecting SM background L
— large missing ET E Standard Model
— High transverse momentum jets -
L I 1 I 1 I 1 I 1
— Leptons %, 500 1000 1500 2000 2500
* Perform separate analyses with and M_, (GeV)
without lepton veto (0-lepton / 1-lepton / 2-leptons ) °
— B-jets: to enhance sensitivity to third-generation squarks Meff = Etmiss + 3 pT(jets)

— Photons: typically for models with the gravitino as LSP

HU Berlin GK1504, 5.11.13
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An example from the 2011 data, to show the principle, final results will be
quoted for updated analyses including 2012 data
- 0-lepton + 2-6 jets + high MET (based on Et-miss+jet triggers)

- 0-lepton + 6-9 (multi-)jets + MET (based on multi-jet triggers)
- 1-lepton + 3,4 jets + high MET (based on lepton triggers)

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

Example: O-leptons + 2-6 Jets analysis

T T T T [ T T T T [ T T T T [ T T T [T T T T [T T T T3 g T T T T T T T T
- . 3 > 10 - =
E . ]!;L dt=471fb" 1 8 3 lLtdtzonffIb1 - E
= e Data 2011 \s=7TeV - u ® Data s=7Te ]
o 'F ° ST b3 S - — SMTotal .
= - CJ 1t and single top 1 =~ 10 C_Jti and single top =
-~ sl B Z+jets 1 & E [ %\h‘ jets E
@ 107 I W+jets =5 @ u B Z+jets ]
2 F @ Diboson 1 & - [ Diboson ]
£ s [ multijet 1 O 10°: o SN E
w ol - SM+SU(500,570,0,10) i E o szsuﬁgggg’g%“g %) E
10°F s e SM+SU(2500,270,0,10) 3 C ATLAS P ’I_ U ]
= . B - reliminary -
- ATLAS Preliminary ] 1oL CR2 SRA _:
10E = g =
i ] 15 3
1 E E
E i : e :
= 25F- @) 2'35_... R
o 2 ST Aresgeen ity 4
e T £ 2 o TR Ok A R O R LT T
ERL S ittty
q 0 5 :_ D 'OE L L L
O Yk ( . , ) 500 1000 1500 2000 2500 3000
500 1000 1500 2000 2500 3000 Mg (incl.) [GeV]
mys(incl.) [GeV]
A signal region A control region where no signal is expected
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Interpretation of the results
Consider phenomenological MSSM models containing only squarks
of 1t and 2"d generation, gluino and light neutralinos

Squark-gluino-neutralino model

;‘ 2800 [ LI I LI l 1 |. I II:E F_:- I L I L IO LI | LU I LU I LI |
8 — ATLAS Pre“mlf:;_l : —_— m(ié) = 0 GeV Observed limit (+1 Gts,ifr;):
= 2600 = 1 A0 T m(x,) = 0 GeV Expected limit (+15,,))
T 5400 j Lat=20310 ¥5=5 Te{( m(z) =395 GeV Observed limit 7
> C 0-lepton combined (AR . - m({,) = 395 GeV Expected imit 3
@ 2200 — '-.__\‘\ — m(ié) = 695 GeV Observed limit —
o = A\ v ---- x,) =
o — 3\ ! 1 -
2000 == =
1800 - C e — -
1600 — \ T o
- \ - —
1400 |~ B -
1200 — —
1000 — ATLAS-CONF-2013-047
: 1 1 1 I 1 1 1 ] 1 1 1 I 1 1 1 I 1 1 1 I 1 | | | 1 1 1 I 1 1 1 [ 1 1 1 I 1 1 1 :

800
800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800

gluino mass [GeV]
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Expected production cross-sections at LHC
10

o, [pbl: pp — SUSY

VS =8 TeV

Prospino2, T. Plehn et al.

Strong production

% \
10 2 Sx; \ %58

EW production
Strong production

- _K rd H
10 3 | | | [l | | | I)\ | 3 g.er!.er?t“.)n. , ) | | | | | | |

200 400 600 800 1000 1200 1400 1600
m GeV]

average [
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ATLAS SUSY Searches* - 95% CL Lower Limits

SUSY limits

ATLAS Preliminary

g;;f;,f*'-a?y(w)
Xy Ay, Xy =v(Tv)
,??P'} — B vELE(TY), (VELE()
X ~2—‘W°£E2'fg

EW
direct

m(F1)=0 GeV, m(7, 7)=0.5(m (¥ )sm(i?))
m{E1)=0 GeV, m(7, #)=0.5(m(¥i j+m(i1))

m{FT)=m(F3), m(F})=0, m(F, 7)=0.5(m(F} )+m(i})

m(¥; }=m(¥3), m{i3)=0, sleptons decoupled

Status: LP 2013 JI: dt = (4.4 - 22.9) fb1 .J_ =7,8TeV
Model & T,y Jets ET™ [rdtm] Mass limit Reference
T ' T L] L] T T Ll T L} l T Ll Ll T T T L]
MSUGRA/CMSSM 1eu 3-6jels Yes 20.3 g 1.2 TeV any m(g) ATLAS-CONF-2013-062
MSUGRA/CMSSM 0 7-10jets Yes 203 |& 11 TeV any m(§) ATLAS-CONF-2013-054
4, %1 0 26jets  Yes 203 |§ 740 GeV m(i7)=0 GeV ATLAS-CONF-2013-047
BE, g—»qaﬂ 0 2-6jets  Yes 203 |E 1.3 TeV m(i})=0 GeV ATLAS-CONF-2013-047
28, E—qqi; —qqW=E] 1eu 3-6jets Yes 203 |& 1.18 TeV miE})<200 GeV, m(F* }=0.5(m(F} }em(E)) ATLAS-CONF-2013-062
EE—qqqql{((f Yy 2e,u(S8) 3jets  Yes 207 |& 1.1 TeV m(¥})<650 GeV ATLAS-CONF-2013-007
GMSB (7 NLSP) 2epn  24jels  Yes 47 tang<15 1208.4688
GMSEB (f NLSP) 1-27 0-2jets  Yes 20.7 B tang =18 ATLAS-CONF-2013-026
GGM (bino NLSP) 2y 0 Yes 4.8 mi¥})=50 GeV 1209.0753
GGM (wino NLSP) lep+y 0 Yes 4.8 m(t})>50 Gev ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) ¥ 1b Yes 48 m(i})>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(Z) 0-3jets Yes 5.8 m{H)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 10.5 mig)=10"* eV ATLAS-CONF-2012-147
s ‘8 é—'bﬁ’u? 0 3b Yes 201 |& m(F%)<600 GeV ATLAS-CONF-2013-061
og g—»ri?a 0 7-10jets  Yes 203 |& 5 ATLAS-CONF-2013-054
T '.itin' Eotily O-1epn 3b Yes 20.1 g ATLAS-CONF-2013-061
on 190 bty O-lepu 3b Yes 201 |& ATLAS-CONF-2013-061
byby, by bty 0 2b Yes  20.1 By ATLAS-CONF-2013-053
by by, by—tiy 2eu(SS) 03b Yes 207 |b ATLAS-CONF-2013-007
T 1 (light), f— b 1-2eu 1-2b  Yes 4.7 1208.4305, 1209.2102
i1 (light), F1— WhE] 2ep 0-2jets Yes 203 | 220 GeV m{E?) =m(F,)-m(W)-50 GeV, m(f, )<<m(¥;) | ATLAS-CONF-2013-048
%, £y (medium), f, — bi'y 2ep 0-2jels  Yes 203 |i m(¥})=0 GeV, m(3,)-m(¥; )=10 GeV ATLAS-CONF-2013-048
fif1(medium), f—b¥y 0 2b Yes 201 f m(F})<200 GeV, m(¥} )-m(F])=5 Gev ATLAS-CONF-2013-053
i fr(heavy), fr—tP5 len 1b Yes 207 |& m{i%)=0 GeV ATLAS-CONF-2013-037
# Ty (heavy), i —tl; 0 2b Yes 20.5 3 m{¥})=0 GeV ATLAS-CONF-2013-024
t1 1y (natural GMSB) mii2)>150 GeV ATLAS-CONF-2013-025
bh. b-oh+2Z m(E J=m(F])+180 GeV ATLAS-CONF-2013-025
i rfLr, I— €83 m(F%)=0 GeV ATLAS-CONF-2013-049

ATLAS-CONF-2013-049
ATLAS-CONF-2013-028
ATLAS-CONF-2013-035
ATLAS-CONF-2013-035

Direct ¥ ¥1 prod., long-lived ¥1
Stable, stopped g R-hadron
GMSB, stable 7

t<r(¥i)<10ns
m(i7)=100 GeV, 10 ps<r(Z)<1000s
S<tanf<50

1210.2852
ATLAS-CONF-2013-057
ATLAS-CONF-2013-058

LHC roadmap to the Higgs

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

Direct 77 prod., stable 7 or 1-2p 0 m(#)=m(7) ATLAS-CONF-2013-058
GMSB, ¥ -y, long-lived B 2y 0 Yes 0.4<r(f})<2 ns 1304.6310
}?—'G‘Cm (RPV) T1u 0 Yes 1 mm<cr<1 m, g decoupled 1210.7451
LFV pp=¥, + X, ¥ —e 4 pu 2eqp 1] A3y =010, Ay32=0.05 1212.1272
LFV pp=¥, + X, i —e(u)+17  lepu+r 0 A5,,=0.10, Ay(2)33=0.05 12121272
>  Bilinear RPV CMSSM 1eu Tiets  Yes m{§=m(g), cresp<1 mm ATLAS-CONF-2012-140
& O W el eupe 4ot 0 Yes m(2)>300 GeV, Ay >0 ATLAS-CONF-2013-036
FRL B W, B —rive, erv, Bep+T 0 VYes m(F0)>80 GeV, Ay33>0 ATLAS-GONF-2013-036
E—qqq 0 6 jets . 1210.4813
E—tit, hi—bs 2eu(S8) 03b Yes ATLAS-CONF-2013-007
Scalar gluon 0 4 jets incl. limit from 1110.2693 1210.4826
WIMP interaction (D5, Dirac ) 0 mono-jet  Yes m(y)<B0 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147
'} ‘ i L ' 1 il L L 'l I L L 1 L 'l 1 L
Vs =8TeV 107! 1
- {uu dia Mass scale [TeV]

93



Events

Observed / Expected

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

W’: Lepton + ETmiss

10" = . ey . . CMS Preliminary det El]fh F BTe'u’
ATLAS Pre[iminary Y Data 2012 } T.r T T I T T T T I T T T T I T T T
10° 2’ — ee Search EZ’Y 51{]3 —— W v M=2500 GeV IW—ru» IGCD
10° Ldt=201b" |:|t[t)ijel&W+Jets ‘_1D IE+ ingle t I:Iw—r'
4 Vs=8TeV [JDiboson ~10%F—— o v M=500 GeV single top v
10 []2(1500 GeV) 3 4
10° []z/(2500 GeV) E 10 I DY — up Im ~
a3
102 LLI 1 D '3 I Diboson « data
107
10 108 syst uncer.
1 1
10" 10"
10-2 - | | ) | ] , 1 D_z ......
1:2 $4b 1 D.S ..............................
D..; L I 3 i
06 500 1000 1500 2000 2500
100 200 300 400 1000 2000 3000 [GEV]
Mee [GEV]
2 10 7 ' 3
s 8 =
ATLAS-CONF-2013-017 : 4 =
T pET—TTTToE ‘—T——|—+ -3
o 500 1000 1500 ED[I[I 2500
HU Berlin GK1504, 5.11.13 .
P Jenni (Freiburg/CERN) LHC roadmap to the Higgs CMS-EXO-12-060 o




. Run Number: 206962
t Number: 38652990

\ The highest mass di-lepton
— = events from ATLAS

Run Number: 209353
Event Number: 46681378

L=
= - S Date: 2012-08-27,22:08:31 CET

m (e*e’) = 1.54 TeV

EtCut > 0.5 GeV
PtCut > 0.4 GeV

Muon: blue
Cels: Tiles, EMC

m (u*p) = 1.84 TeV

HU Berlin GK1504, 5.11.13
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Lower mass limits, at 95% CL, for spin-2 Randall-Sundrum Gravitons

G B [pb]

1 E T ] T T I T T T I I 1 1 T 1 I I 1 I T I T T T T I T 1 T 1 E
3 ATLAS Preliminary ... gxpected limit
il \s=38TeV W Expected+ 16 ]|
e G* - |l Expected+ 26 3
N — Observed limit 7
M k/M,, = 0.1 g
102 kM, =005 3
3 —k/M,=0.03 7
—k/M, =0.01 A
1 0-3 E =
4 -
10 §ee,pp:JLdt=20fb'1 =
1 0’5 i 1 1 1 1 I L 1 L 1 I 1 1 1 1 I 1 1 1 1 1 1 L L ' 1 :I 1 1 |
0.5 1 1.5 2 2.5 3 3.5
MGi [TeV]
ATLAS-CONF-2013-017
R Sundrum
L Randall
i F Gianotti
HU Berlin GK1504, 5.11.13 LHE romdman to the Higas Gianotti o
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New particles decaying into two photons

G v G
Example for a search of >i: :}iﬁ
extra dimension signals a

(Kaluza-Klein Graviton in
the Randall-Sundrum and Arkani-Hamed, Dimopoulos and Dvali models)

C T T T T T T T T
._E I — T T J T T T T I T T T T T T T T I T T T T _
a 10° = ATLAS J Ldt=4.9fo" ﬁ- | ATLAS — Observed limit _|
c L1 P
[} Ns=7TeV = --- Expected limit
o 10° " g 1E Ns=7TeV I Expected + 1673
e ™ - = - G— ee/MW'yy Expected + 26 7
10k Control region <N ¢ 5 ~ B Vi =
e g, ‘-“'JHAJH A & _k/MP[ =041
—e— 2011 data ' “. | 0 i KM, =005 ]
1 DTotaI Background Fa ’qi 1 107! — _k/M-P/ =0.03 o
101 © "' Reducible Background e N 4 ‘:)? ; — kM, = 0.01 ;
syst & stat (total) rLLl © B ee:f Ldt=491f" |
102 syst @ stat (reducible)
. T |RS, /M, = 0.1,m, =15 TeV : 102 uuif Ldt=5.01fb" 3
10 - 5 ]
[JADD, GRW, M ; =25 TeV 5 5 YYZILdi=4-9 ' ]
8 f . - ]
C - weman -3
10° =
S 0 - | el LY =
e 2 i ; oo B : 0.5 1 1.5 2 2.5 3
-g') 2 : : : : i 5 H i m [TeV]
2 200 300 400 1000 2000 30C G
m,, [GeV]
New J Phys 15 (2013) 043007
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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
LHC roadmap to the Higgs radiation 98

HU Berlin GK1504, 5.11.13
P Jenni (Freiburg/CERN)



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

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

HU Berlin GK1504, 5.11.13
P Jenni (Freiburg/CERN)

CMS Experiment at LHC, CERN

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

Lumi section: 260

Orbit/Crossing: 73255853 / 3161

-,
T
T

-

They decay immediately
through Stephen Hawking
LHC roadmap to the Higgs radiation 99



& Eg T Amag Tt TTTTTUH
Search for Microscopic 2 mﬁE'-_ oo oo
= C:I-J B - ' B u+fake .
Black Hole production Uiep T "
C B - — Signal ]
in models wth large 10f Tt 4
B s 5TeV,n=4 3
extra dimensions L _
(Arkani-Hamed, Dimopoulos, Dvali) F 3
E |
2 i
T T U 0 B —— E
U SE—— N E
Decay into many objects a ;
(jets, leptons, photons) Phys Rev D88 (2013) 072001 60
Nlrk
. 107 ¢ CMS \s = 8 TeV L=12.11fb"
Examples: (ATLAS) two same sign muons and - Multiplicity N > 2
TP . = ¢ Data
large multiplicity, (CMS) any three objects g10° " Background
2 T Uncertainty
810° min _
(St = 2P : scalar sum of the E of @ F Mo =1.5TeV, My, =5.5TeV,n =0
. ) - =My =2.0TeV, MB'"::” =50TeV,n=4
the N objects in the event) 10 My =25TeV, M= 45TV, n = 2
o . . o p=3.0TeV,M™ =4.0TeV,n =4
No deviation is seen for events with at ) -
least 3 objects with > 50 GeV pT 107 '
i Fitin,
10 By
Submitted to JHEP g "'—-__I"‘n-.__I
arXiV13035338V1 [hep-eX] 1?\ 1| 11 | 1111 | 1111 | 1111 | L 1111 | 1 | Ll ] I-J_
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Similar results exist from ATLAS
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LHC Schedule and Upgrade

2009 LHC start-up "'s = 900GeV
2010

2011 s = 7TeV rising to 8TeV, .#= 6x10%cm2s-!, bunch spacing 50ns

R | ~20fb-"!
2013

i Go to design energy and nominal luminosity
2014

2015
_— Vs = 13-14TeV, £= 1x10%cm2s-1, bunch spacing 25ns

2m7

>50fb-1

2300fb-1

~3000 b
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Collider options for the high energy frontier

pp colliders

Years Luminosity | Int. Luminosity
10*cm2s1 fb1
1-2 300

Design LHC 2014-21

HL-LHC 2024-30 14 5 3000
HE-LHC >2035  26-33* 2 100-300/y

. o
V-LHC**  »2035  42-100 ng:fﬂ ?L’ﬂ:lﬁ eld

e+e- colliders

BRSNS over optons:

ILC 250 <2030 0.75
ILC 500 500 1.8 ~30 u+u” and yy colliders
ILC 1000 1000 ~50 with similar physics as
CLIC 500 =2030 500 2.3(1.3) ~13 e+e- colliders
CLIC 1400 1400(1500)  3.2(3.7) )7
CLIC 3000 3000 5.9 ~48 LHeC for ep collisions
LEP3 =2024 240 1 LEP/LHC ring
TLEP =2030 240 5 80 (ring)

See European Strategy Briefing Book
TLEP 350 0.65 80 (ring) for references

HU Berlin GK1504, 5.11.13
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Options for preliminary studies at CERN

Pre-Feasibility Studyﬁ'pr an 80-km tunnel at CERN
- John Osborne and Caroline Waaijer

Lake Geneva

For a Very High Energy Hadron Collider ranging from 42 TeV (8.3T LHC magnets) to
100 TeV (20T very high field magnets with HTS), and could house first an e*e collider
TLEP up to 350 GeV

éven better

LEGEND

s LHC tunnel
=4

= : : e et

potential shatt location BTN ”I& oa nw

' : = S0 X PN ok




-

The journey into new physics territory
has just only begun, and for sure, exciting times are
ahead of us!
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Further reading:

The Higgs Boson

ARTICLE

Joumey in the Search for the Higgs S TSy

the YEAR

Boson: The ATLAS and CMS Experiments | & ¥ e HIGGS A
at the Large Hadron Collider Nl 7 Y

M. Della I'I.I+ie|gra,1 P. ]+aart|'|=i,2 1. 5. Virdee'*

The search for the standard model Higgs boson at the Large Hadron Collider (LHC)
started more than two decades ago. Much innovation was reguired and diverse
challenges had to be overcome during the conception and construction of the LHC
and its experiments. The ATLAS and CMS Collaboration experiments at the LHC
have discovered a heavy boson that could complete the standard model of

particle physics.

Journey in the Search for the Higgs Boson: The ATLAS and CMS
Experiments at the Large Hadron Collider
M. Della Negra et al.
Science 338, 1560 (2012);
AVAAAS DOI: 10.1126/science. 1230827

http://www.sciencemag.org/content/338/6114/1560.full.html

HU Berlin GK1504, 5.11.13 .
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Spares
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LHC Accelerator Challenge: Dipole Magnets

| 15-m long

Aux /
us Bar Tuk

“ LHC cryodipole Magnetic Field for Dipoles
s p (TeV) = 0.3 B(T) x R(km)

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

superfluid Helium

HU Berlin GK1504, 5.11.13 .
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Closure of the LHC beam pipe ring

on 16th June 2008
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Total Integrated Luminosity [ub ]

LHC and ATLAS have also been operated very
successfully as Pb-Pb and as p-Pb colliders

220 __I T T T T T T T T T T | T T T T T T | T T T T T ‘.I'._| :\ T T T | T LI T ‘ T T LI | T LI T | T LI T
200F- ATLAS Online Luminosity  \fs,, =2.76 TeV 2 40 ? ATLAS Online Luminosity  \fs,, = 5.0 TeV
180 - [l LHC Delivered (Pb+Pb) = 35 - [l LHC Delivered (p+Pb)
160 - [] ATLAS Recorded @ =[] ATLAS Recorded
= Q -
= = 30
140 Total Delivered: 166 ub” g C  Total Delivered: 31.2 nb™
£ Total Recorded: 158 ub” 3 95 Total Recorded: 29.8 nb™
1201 g -
100F g8 200
80 iC -
- E 15 -
60 = =
- I o
40 = -
20 °F
0= Ot
10/11 17/11 24/11 01/12 08/12 11/01 18/01 25/01 01/02 08/02 15/02
Day in 2011 Day in 2013
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Number of Channels | Approximate Operational Fraction

Pixels

SCT Silicon Str

TRT Transition

LAr EM Calorin FrEk
Tile calorimeter Presl‘?;:zf'
Hadronic endce ECAL Endcap

Forward LAr cz ECAL Barrel
LVL1 Calo trigg HCAL Outer
LVL1 Muon RP JERASaULEIUEIL

LVL1 Muon TG AN Endcap

. HCAL Barrel
MDT Muon Dri muon RPC
CSC Cathode ¢ muon DT

RPC Barrel Mu muon CSC
TGC Endcap M

2N M QR QoL

CMS Operational Status™

40 5o 6o 70 8o 100

HCAL HCAL HCAL m Muon Muon
Endcaps Forw Quter DT CSC RPC

97.1% 97.75% 97.1% 99.2% 98.54% 99.9% 099.96% 99.9% 96.9% 99.1% 97.7%  98.2%

* As of April 15t 2012



Worldwide LHC Computing Grid (WLCG)

Balloon

¥ (30 Km)
WLCG is a worldwide
collaborative effort on | S el T
an unprecedented scale 1 year LHC data!
in terms of storage and (— 20 Km)
CPU requirements, as 2\
well as the software
project’s size

——

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

Mt. Blanc

One CD has ~ 600 Megabytes

(4.8K
1 Petabyte = 10° MB = 10"° Byte m)‘

L

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

HU Berlin GK1504, 5.11.13
P Jenni (Freiburg/CERN)
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The high quality of the WLCG
computing system allows LHC I S G B
experiments to show results from | w =~ <7~ o

B

data taken just few weeks before

Site Reliability: CERN + Tier 1s

Data preparation (ATLAS):

First-pass reconstruction at Tier-0

within ~2 days . pﬁtaﬁ‘-‘_;@ﬂ@" .‘;53:_-.5'-:';;‘? & 58 Iﬁ:"-;ﬁd“w & -_;':“*xx-::‘:‘ Pl g g
- - - o 1:\.1 -,\':" ol L?-_F." - ulY, ‘:"j‘ tb.--\ i ._?'.Q o o "::; t;:x- wa _F‘-'." o &

Calibration good for physics "

analysis on Grid within ~1 week T e

wm
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=]

§ i
i 3
| |
F :
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=

[}
=
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o
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Physics Highlights:

10’
General event properties

10°
Heavy flavour physics

10°
Standard Model physics 5
including QCD jets c 10

b

Higgs searches 10°
Searches for SUSY

10°
Searches for ‘exotic’
new physics

10°

HU Berlin GK1504, 5.11.13
P Jenni (Freiburg/CERN)

LHC Vs=7TeV  L=10%m%’
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- 10°
bb
10°
W
—}Iv-f]. -
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S e e e N S Ul 10°
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particle mass (GeV)
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Total cross-section measurement by TOTEM
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Presented at HCP2012
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The first new particles ‘discovered’ at LHC, December 2011

Xp(3P) 2 Y(1s,2s) v m [x,(3P)] =10.530 + 0.005 (stat) + 0.009 (syst) GeV

ATLAS o Data:Y(18)y —— Fitto Y(1S)y

Jldt _44 fb-1 a Data:T(2S)y —— Fitto Y(2S)y
Background to Y(1S)y

Background to Y(2S)y

IIIIIIIIII

4 Converted Photons

IIIllllI|ll||1]|||||||l|||l||l|l
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Phys. Rev. Lett. 108 (2012) 152001
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Observed bottomonium radiative decays in ATLAS, L =4.4 i

% | ATLAS ]
O 106 Y(48) _ B
— . B-B threshold
R B g ey
(] - . |
®© L
E 104 [ Y(3S) ( —
- L
C o
5] i 3 1
% SiATTNNEe——
z 102 FNC R
L ves) i
10 — i _|
Lo B
r ; %, (1P) worg
98 - ::- : Mass barycentre averagres ]
9.6 ]
ras) f
94 — _|
L JPC = 1 (0’1 ,2)++
92— L= 0 1 _|

O Xo(nP) > Y(1s,28) y > pp y
O X,(1P) m=9.9 GeV and X, (2P)
m= 10.2 GeV states clearly visible
U New structure at 10.5 GeV > X,(3P)
USignificance > 6 o
O As theoretically predicted
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.BR(W*= Iv) [nb]

tot
W

Two examples

11

10

l I ) ) ) I I 1 ) I 1 ) 1 |
- ATLAS d
I_ —
i I Ldt=233-36pb' |
[~ @ Data2010\s=7TeV) mmm total uncertainty =
O MSTwos —@- sta@sys ®acc T
| [ HERAPDF15 uncertainty 1
- /\ ABKMo09 68.3% CL ellipse area
— ¢ JRo9 —
I_ I 1 1 1 | I 1 1 1 ! 1 1 1 ]
0.8 0.9 1

ot . BR(Z/y*— I'T) [nb]
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of confronting the 2010 data with SM theory

T

T

—

i f L dt=233-36pb™

LI i LI T

ATLAS

68.3% CL ellipse area

LI

| B Data2010 (1s=7TeV)

= R,, PDG world average
I R; PDG world average

O Standard Model

| L 1 1 ] 1 1 1 | I 1 1 L 1

T T T T
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0.8 0.9

1

1.1

R, =0, -BR(Z— e'e) /0, - BR(Z- u'p)

Phys Rev D85 (2012) 072004

120




Lepton charge
asymmetry from
W decays in pp
collisions at 7 TeV

Lepton charge asymmetry

ATLAS-CONF-2011-129
LHCb-CONF-2011-039
CMS-EWK-10-006 (aXiv:1103.3407)

HU Berlin GK1504, 5.11.13
P Jenni (Freiburg/CERN)

Al =

de/dnp(W"™ = fTv) —de/dy(W™ — £ v)

 de/dp(Wt = i) +defdyg(W— —= £ ¢)

0.3 \'s=7 TeV

ATLAS (extrapol

LA

LHCb (W— pv)

'0.3_|||||||||||||||

Lt

Zu

. -t
SRR

CMS (W— uv) 36 pb™

MSTWO08 prediction (MC@NLO, 90% C.L.)
FEEEE CTEQ66 prediction (MC@NLO, 90% C.L.)
S22 HERA1.0 prediction (MC@NLO, 90% C.L.)

ated data, W — Iv) 35 pb™

36 pb’
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0O 0.5 1 15 2 25 3 35 4
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W - tv signal

pile-up

¥ Ll
Count # tracks Isolation
in core cone annulus
subtract fram 0.2
isolation annulus 0.4
%—I—I—l—t

HU Berlin GK1504, 5.11.13
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(7]
g 250— CMS Preliminary 2010
W | ys=7TeV,L=324pb’

» Data
—— EXxpectation

[ W=7tV
[ ]1QCD

[]Z2—=17
[ IW—oev

+ EW-—npnv
s :*:I*
60 80 100 120 140
m,/GeV
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ATLAS Preliminary
\s=8 TeV L=20.3 fb’

Events

30000

tt — production with ® Data2012 -
b-tagged e-u events 25000 [ tt Powheg+PY —
Wt -
 Z+jets Z
20000 [ Diboson .
Bl Fake lepton 7
15000 — Powheg+PY -
— MC@NLO+HW
e -
10000F Alpgen+HW _
5000 -
Og. ' . Z
% 1.2F

S e —

ATLAS-CONF-2013-097 g s e —— e
0.8F -

0 1 2 3 4
Nb—tag
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;..EXPERIMENT

Run 166466 Event 26227945
Time 2010-10-07 22:16:39 UTC

LHC roadmap 1o the Higgs
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Higgs production cross-sections at 8 TeV, and branching fractions

10°

o(pp — H+X) [pb]
=

107

I 1 I I I I I I I 1 I I I I 1 I I I I I I I 1
Js=8TeV %

e

I I I I Ihl_]| I I I I I I 1 —— I I | J—

LHC HIBGES XS W0 30§
LWD WIGES X5 WG T

Higgs BR + Total Uncert [%)]
=

=
£

- Zy

oy [ U N N NN T M A MO M M Y L
1080100 120 140 160

| S0 08 0 0 L |
180 200 107100 120 140 160 180 200
M, [GeV] My [GeV]

LHC Higgs cross-section working group, arXiv: 1101.0593 and 1201.3084
(the theoretical uncertainties are indicated by the width of the curves)
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H 9 ZZ(*) 9 41 (de, 4p, 2e2p)

U Rare process, small cross section: o ~ 2-5 fb
O However: pure:S/B~1
O 4 leptons:
O Main background: Zz1") (irreducible)
In addition: Zbb, Z+jets, tt with two leptons from b-quarks or jets
CMS prehmmary
o g omorion ATLAS > [ -
B F T met2escevi L o O 30p Dt F=7TeV:L= 61f6" o
8 0 [eagounazzzr (T th: el o | U EQH*-ZQB &V (5=8TeV:L=196f"
= C [ Background Z+jets, ff vas le e =~ |:’ I
30 % syst.Unc. % B z+
25:— 93 [
E M 20 = ) -
20F 14
C @
15 i
e 10f -
10F I
5F |
- \I||| ”
of 100 150 200 250 0 ‘EI‘ l""'!"'l""" ik
m, [GeV] 100 200 400 800
ATLAS-CONF-2013-013 and Phys. Lett. B 726 (2013) 88-119 CMS-PAS-HIG-13-002 m, [GeV]
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Birth and evolution of a signal: H=2 yy

Vs =7 TeV j Ldt=0.021b "' Apr 18,2011

Events / GeV

_+_Data ATLAS Preliminary

H—vyy channel
— Background-only
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Two of the by now historical plots from
the July 2012 discovery announcement

QO e T U 1CMS
= . ATLAS 2011 -2012 g I,
w10 ==X X\___—"7 —
8 10 ‘:?10.2—5 "G 20
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10—3 z N e hremers o 10 E \\\7/ 345
o'E 1] 1s=7Tev: Lt =46481" - 1OSE ---------- \"’:’ / %
5 l' """""""""""""""""""""""""""" e 6
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107 |l g 50 0 T et toramn| e
e ‘.. --- Sig. Expected e 10 _Hiw ---. 160
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Observed data compared to the probability that the background fluctuates
to fake the observed excess of events, and what is expected from a SM Higgs
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A dream becoming true much
faster than anticipated long ago

-I | 1 | | |_
L ATLAS Internal 2011 + 2012 Data -
10— Obs ls=7TeV: [Lot=4648 1"
- B Is=8TeV: [Lot=58591" 1

Local Significance
oo
T T T I T T T I T

Z * H— 47 + WHUHH(H = 17) ;’ '
® ttH (H — bh) ' N
s H 22" 5 4 b K '
B H - W™ o wiv

H'II- T H = ZZ — llw

= * H = WW - Nij

E = Total signdflcimnce

&

T dt = 100 b

koo S e
= 100 200 300 400 500 600
my, (GeV) m, [GeV]
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H search in the bb channel

CMS Preliminary

180~ ys= 7Tev,L=5.0fb"

Vs= 8TeV, L=19.0 fb"
1801 pp — VH: H— bB
140

weighted entries / 15

Data/MC

+ b

+u|€|si:.g

W-udBeq

i

— g‘mgle top
—— VH (125 GeV)
Vv

60—

weighted entries 7 15

.~ CMS Preliminary
80 [~ -1
L ys= 7TeV,L=5.01fb
- ys= 8TeV,L=19.0 fb"’
" pp— VH: H— bb

® Data —

- VH (125 GeV) ]
I w N

—— Sub. MC stat. uncert. |

"""" Visible MC stat. uncert’|
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From F Gianotti

Mass measurement

From high-resolution m,, (combined) =125.5 GeV £0.2 (stat) 7 (syst) GeV
H-> yy and H-> 4l channels

ATLAS —o(st  Total uncertainty

—ol(sys) . :
my=125.5GeV | e, | floonu Signal production strength

+0.23 arXivi1307.1427

H— Y -0.22

033 013 | — , , , :
w=155"7" o i | - M = measured signal production rate in a given
Ho 775 a1 |om| *morie final state normalized to SM Higgs expectation

+0.20

1= 1.43§O.40 :g:?

-0.35|-0.10

Ho WW* & Ivly | oar| “reome From di-boson final states (yy, 41, WW) :

W =0.997" 103 M=1.33%0.20

+0.15
0.28 |~ 009 j ,

Combined +013[ " arXivif307.1427
R 22 W 143 | Including preliminary results from fermionic

+0.21 |- 013

u=133 " |on o | | final states (bb, t7):
p=1.23%0.18

WZH-—> bE +0.5 : S-CONF-2013-079
) =V . '
Preliminary : |
; !
A1 ] |

+0.7
M=0'2—0.6<O_1

Ho 1t (8TeV: 13 fb) ATlif\S—CONF—2012—1 60

Preliminar : A - . E
M": 0.7°%7 : : Note: similar contributions from statistical and

| systematic uncertainties to total error and from theory

...
1 1.5 2 and experimental uncertainties to total systematic
\s =8 TeV [Ldt = 13-20.7 fb” Signal strength (u) error

+0.4

—in agreement with SM expectation




From F Gianotti

Constraining production modes and couplings (examples ...)

g q q qr W/Z g t
-- H -- H \ -- H
AY
\
\
) q q q H g r
(a)gg— H (b) VBF (c) VH (d) tH

Ratios of vector-boson (VBH, VH) to
top-quark (ggF, ttH) induced processes

L L

ATLAS
\s =7 TeV [Ldt = 4.6-4.8 b x Best fit
\s = 8 TeV [Ldt = 20.7 ib” —822;0 gt
Combined H—yy, ZZ*, WW* °

ATLAS +0§S‘“‘)’ Total uncertainty
c(sys
my = 125.5 GeV o(theo) + 16 + 26

+0.4
-0.4

H—-yy

+0.7
u -0.4
_vBEvH _ { {109
l'lgantH *-0.5 :82

1.04 £ 0.14
1.20 £ 0.15

+1.3

H— ZZ" — 4l 08

+2.0
-04

Hygrivn _ +2.4 .
ugantH - 0'6—0-9 +0.3 [\
- 0.2 NG

|1II|IIIWII1|IIIIITIIIII|II[[ITI 71

© O
o o

+0.8

H— WW* = vy [ 8

+ 2.0
0.7

:\J_I'JllllI|Jll}lllllllllllllll|l|IllJlllIT

O
ool
—

e

!JVBF-NH _ 2 0+2.2

Mo gF st -1.0 [+ 0.5

P e TR - — O > 3o significance for non-vanishing VBF

Hopy, 22, W | o O new particle couples to W and Z as expected
Mgean _ 4 go07[ 4 - first “fingerprint” of a Higgs boson (to do its job
H - '+T-05|+0.2 : ! Ve : : . =
o o1 [ g | A e - EWSB/Higgs mechanism)

(s=7TeV [Ldt= 4648 1b" O No significant New Physics contributions

\s=8TeV JLdt=20.7 o MeeLavh / I-ngF THH (within present uncertainty)




g 7 7
i“> ’ Z ’
g q q

(a) gg = H (b) VBF c)V (d) ftH

ATLAS Total uncertainty
m, = 125.5 GeV + 16 + 26

k| ... and many others ...

L R L Main conclusions:
[ No assumption O measurements at the 10-20% level
only U couplings to W, Z as expected from
EWSB mechanism
No assumption |\ | / U couplings to fermions at > 50 observed
a

on ky indirectly (mainly through ggF loop)
no evidence for new physics within
present uncertainty

KY

-1 0 From F Gianotti

\s=7TeV [Ldt = 4.6-4.8 b Parameter value
\s=8TeV [Ldt=20.7b" Combined H — yy, ZZ*, WW* 133




From F Gianotti

2nd “fingerprint” of a Higgs boson: spin zero

U Spin information from angular and kinematic distributions of decay products
O H- yy, H> 4l and H- Ivilv channels combined
O Fits to data test JP=0* hypothesis (SM) against JP=0-,1*,1-, 2*

H-> yy: distribution of polar angle 8* of yy system for events in signal peak region

250lIlI}iIITIITIIITIIT[IITIl |||||||||||| [rrrrprrrT

‘_. [~ Ip + T 250 L T Trrr '| Trrr I T rr l LA l TrTr Vl IIIIIIIIIIIII
o L — = o .
e = T e
= C \S= e = . = 1 C -1 P = 2" _|
% 200* BKg. syst. uncertainty - "E 200 \s=8TeV J-L dt=20.7 fb ©J 2" Data
Lﬁ - 7] o C Bkg. syst. uncertamty .
C ] 3 C
150:_ + B 150 (f, _0%) =
R G . C .
100——] — | Data (after bckg o =
C . 100 R - .
sob —l_ 1 | subtraction) VS C — —— | -
- . i N ]
- - 1 | JP=0* (left) S0F 4 .
- L ——
oF _+=_ JP=2* (right) ok — =T ' -
C b0 ] | @XPectations - i
0 01 02 03 04 05 06 07 08 09 1 R B R e

0 01 02 03 04 05 06 07 08 09

—

|cos 67| |cos 6%

Hypothesis Rejection (C.L.)

97.8% First elementary (likely) scalar observed
99.97% = consequences also for Universe evolution
99.7% (inflation triggered by a scalar field)

99.9%




Detailed studies of the production and decay properties have started in order
to characterize the new particle

It will be important to understand with great precision if it is the only scalar
boson of the Standard Model ‘Brout-Englert-Higgs’ mechanism to break the
electroweak symmetry, or if it is only part of a broader physics picture going
Beyond the Standard Model

These studies will be among the most central ones in the decades to come
both at the LHC and at possible other future colliders

For the experts:

Couplings
Production modes
Spin-parity

all support at the 2-3 o
level the SM Higgs with
present limited statistics

x B/Bg,,

L'L\.’BF+VH

L) LR SR I TN PN L L L Y

T i TT1rrr I TT7T

10r - ATLAS .
R \s=7TeV [Ldt=46481" -
8 \s=8TeV [Ldt=207fb"
; —H-oyy _
6 - —H > ZZ" - 4] -
- — H - WW" > v -
4 I + Standard Model ]
B x Bestfit ]
= — 68% CL =
2 . --- 95%CL —
. 5 .
[ my=1255GeV T 7

_2 i I Ll L1 | I | i | I 1 1 I Ll i ‘ 1 ] - I L 1l | 1

0 05 1 1.5 2 25 3 3.5 4

l~l'ggFH'(H X B/BSM

ATLAS, Phys. Lett. B 726 (2013) 88-119 and 120-144
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Recall the Happy End of Higgs-Chapter-1 from last month ...

2013 NOBEL PRIZE IN PHYSICS
Francois Englert

Peter W. Higgs

“for the theoretical discovery of a
mechanism that contributes to our
understanding of the origin of mass
of subatomic particles, and which
recently was confirmed through

the discovery of the predicted
fundamental particle, by the

ATLAS and CMS experiments at
CERN'’s Large Hadron Collider”

HU Berlin GK1504, 5.11.13
P Jenni (Freiburg/CERN)
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Outlook for HL-LHC on the Higgs physics (I)

ATLAS Preliminary (Simulation) ATLAS Preliminary (Simulation)
(s =14 TeV: [Ldi=300 "' ; [Ldt=3000 fb” (s =14 TeV: [Ldt=300 " ; [Ldt=3000 b
| Lett=300 i extrapolated from 7+8 TeV JLdt=300 5" extrapolated from 7+8 Tel
H—pp H r,/T,
ttH, H—puu 5 ' ‘
r,/T,
VBF H—1t
H— 272 rr / I'—|.l
VBF H—= WW r,/T,
H—s WW
VH,H—=yy I/T;
ttH,H—yy I/ T>
VBF,H—
Tj" r,/T,
H—yy (+)
H—7y fofz /T g
7 02 04 06 08 0 02 04 06 08
ATLAS NOTE Au AT JT,) Al k)
ATL-PHYS-PUB-2012-004 ™ T, 2 e,

October 15, 2012

HU Berlin GK1504, 5.11.13 |
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Events / GeV

Outlook for HL-LHC on the Higgs physics (ll)

ATLA$ Preliminary (Simulation) l:lttH
1s =14 TeV - %

[ Ldt = 3000 fb —

=

[ |

[

130

140
diphoton mass [GeV]

ttH with H > yy for 3000 fb-"

150

ATLAS NOTE
ATL-PHYS-PUB-2012-004
October 15, 2012
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Events / 0.5 GeV
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H > up for 3000 fb-!

L L AL L S L AL B
10" ATLAS Preliminary (Simulation)
Is =14 TeV

9 —Z
10°E" [ Lt = 3000 1" T
1 08 - tt — pvX pvX
— WW- pvpy

107
10°

- 99— H— pp, mH=1 25 GeV
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10°

103
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g-g production, g— tfszs, \s=8TeV Status: LHCP 2013

S 1 |
%1 000 | 95% CL limits. 5" not included. -
) O-lepton, 7- = 10jets ~ [L =203 fp" ~~~ Expected il
ATLAS-CONF-2013-054 int === Observed
1o ---- Expected B
O-lepton, = 3 b-jets L =128 fb™] |
ATLAS-CONF-2012-145 A— gbserveéi
800 | 3 1eptons, = 4 jets L =128f" ~°7 Ajeele ]
ATLAS-CONF-2012-151 = Observed |
. : - Expected |
2-SS-leptons, O - = 3 b-jets[L._ =20.7 b
ATLAS-COFI)\IF-201 3-007 j ol Observed i
600 — _

[ \\ —

N, S ——
_— -
— -

400

200

|
1
I
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I
|
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Summary of dedicated searches for top squark pair production for some
theoretically preferred models with relatively light 39 generation squarks

t.t, production Status: March 26, 2013
11

-—l600|||||||||||||||||||||||||||||||||||||||||||||||||||||||I
S ~ T T ~
() L ATLAS Preliminary Ly = 13-21 fb™' 1s=8 TeV =47 1s=7 TeV
(@) = = oL T-t% OL ATLAS-CONF-2013-024 0L [1208.1447) -
=l = o =="""h >t % 1L ATLAS-CONF-2013-037 1L [1208.2590] -
I 500 | == Observed limits B 2L, t—>1" » 2L [1209.4186] =
E = & v I OL m = rh"0+ 5 Gev 0L ATLAS-CONF-2012-171 =
mLLLELE] Observed I|m|tS (-1Otheo) - 1 2L t = l'.)-i‘-i¢ ITI =106 GeV 2L [1208.4305], 1-2L [1209.2102] |
s . _;1Lt—>b+i‘m %150 Gev A TLAS.CONF-2015. g
[ - .. Expected iimits T MO Im 1066V o icconranr | :
400 = 2'— t — b+, ’h =2x 'T‘—° 1L ATLAS-CONF-2013-037 1-2L [1209.2102] ]

L= b, 7 —> Wy, Gt

300

200

100
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Lower mass limits, at 95% CL, for various Z’ and W’ like objects

c B [pb]

C preliminary, 20 fb'1, 2012, {s=8TeV
1 E LI NT 1 | LR | | S S ) I L I e B | LI g -Q. E 1_:..\{ 1T Dbsewed 950'4] CL Ilmlt
F - oF &= A S Observed 95% CL limit W' — ev
¥ ATLAS Preliminary Expected limit - 0 R — — — Observed 95% CL limit W' — uv
K '[S - 8 TeV . 104 = [ bble] mmm———— Expected 95% CL limit
10k , W Expectedtic | o = .| DI Expected 95% CL limit 1o
3 - Expecledt2s § b - % | [ Expected 95% CLlimit+2g¢
” F SE Y [ OR— SSM W' NNLO
. — Observed limit ] [0S — [ PDF uncertainty
, S R — W, With 1 = 10 TeV NNLO
102k W Ly - R - W, with p = 0.05 TeV NNLO
E —Z’x § B "‘ "‘-—i_' s | miss | miss *
| R B e
10-3 E = }
- ; 10 [ Ny g :
4l 3 I S U T B N R e
10 Eee,up:det:QOfb'1 3 [ -
10‘5 IIIIIllIIllIIIlIlIlllI]lIlIIllJ TIIIIIiIIIIilII‘I"‘JIIII|IIIIiIIIIiIIII_
05 1 15 2 25 3 35 500 1000 1500 2000 2500 3000 3500 4000
M. [TeV] M, [GeV
7 w [GeV]
ATLAS-CONF-2013-017
S-CO 013-0 CMS-EXO-12-060
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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

CMs3 F'relimina_ry
ys=8TeV,L=196 ft’
<25, lAnl<13

m, > 890 Gel/ , Wide Jets

.
!
o,
= | oF
}

[0 LI B T T T T LI B — L LB L
g ~ ATLAS Preliminary - > 7 | R
T 10° = -~ Data E g y
- — Background - -g_ 1o
10*E \s =8TeV E = B N~ e .
E j Ldt = 13.0 fb_1 E ;-% 102 JES Uncertainty
10° E 3 10°
102;_ ?’ 104
: ] 10% . A/C (36 TeV) B
10|§— E o

Significance
A%} (=] N ==

(0 a.1a.-F|1:|f.:1lm

2000 3000 4000 == :
Reconstructed n‘]jJ [GeV] 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500

Dijet Mass (GeV)

ATLAS-CONF-2012-148 CMS-EX0-12-059
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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

S 1 03 ; T T I T T T T I T T T T ] T T T T 3 _— 104 T | TTTT | TTTT | TTTT | TTTT | TTTTTTTTT | TTTT | TTTT | TTTT | Ig
o - ] - =u=u string 3
— C ——— qg*MC12 i = 10° CMS Preliminary - -- Excited Quark _|
< 102k —e— Observed 95% CL upper limit | < ., \S=8TeV,L=1061b" g:igi';'j;f“*’mni
>l’:<> E Expected 95% CL upper limit X 102 "‘-,‘__‘I'nl <25, 1A | <13 oo S8 -
- s 68% and 95% bands - @ F .0 o w ]
L g\\ _§ é 10 = ‘P"':f\ "“-..,.\ RS Graviton E
E Sy i S L . N
1¢ B8 ATLAS Preliminary = S ok ‘ s
- Y [Lar=13.0f07 - n 10'F E
. ™ - : : 3
1015 \s =8 TeV E %10_25_ S _
E ] O E 3
r = — o _
- - ] @) 103 — 95% CL Upper Limit v, L =
10 3 3 - —=— Gluon-Gluon e, ey ooRg0880 3
- e, 104~ —*— Quark-Gluon ‘?:"‘»‘. R =
1 0_3 I I R PR I Y T N A \I | re———— £ === Quark-Quark \‘\.. .f et =
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Search for direct Dark Matter (DM) particles

In pair-production

q DM A single photon

(150 GeV) or jet

q DM plus ETmiss

CMS Experiment at LHC, CERN

1
Cm\s\ §|  Run/Event: 177783 / 442962676

Data recorded: Tue Oct 4 02:50:32 2011 CEST

“\\ g Lumi section: 273
=
- == S,
]
i 1
B n Z
E .
= !
||
1 |
ATLAS-CONF-2012-085 CMS: Sub. to Phys. Rev. Lett.

arXiv:1210.4491v1[hep-ex]

arXiv:1206.5663[hep-ex]

HU Berlin GK1504, 5.11.13

arXiv:1204.0821v1[hep-ex]

P Jenni (Freiburg/CERN)
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ATLAS 95% CL limits

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: May 2013)

Large ED (ADD) : monojet + E; ..
Large ED (ADD) : monophoton + E, ..
Large ED (ADD) : diphoton & dilepton, m,_
UED : diphoton + E, ...
8'/z, ED : dilepton, m,
RS1 : dilepton, m,
R31 : WW rescnance, my .,
Bulk RS : ZZ resonance, m,,
RS g — tf (BR=0.925) : tf — I+jets. m
ADD BH {My,, /M,=3) : SS dimuon, N, .,
ADD BH (M., /M _=3) : leptons + jets, Zp
Quantum black hole : dijet, F_(m

Z' (S8M) :m.,
Z' (leptophobic topcolor) : tf— I+jets, m_
W' (SSM) imy
W {—tg, g =1) m,,
B W (= th, LRBM) :m,
Scalar LQ pair (5=1) : kin. vars. in eejj, ev]]
Scalar LQ pair (#=1) : kin. vars. in ppjj, pvj
R Scalar LQ pair (B=1) : kin. vars. in 7, Tv)j
. 4" generation : 't — WbWb
4th generation : b'b" — S5 dilepton + jets + E 2L
Vector-like quark : TT— Hi+X
Vector-like quark : CC,m
Excited quarks : y-jet resonance, m
Excited quarks : dijet resonance, Fﬁ:
Excited b quark : W-t resonance, m,,

Excited leptons : |-y resonance, m
S Te é’éh’ﬁilhéd'r'ahé'{'Léﬁj'j":"d'll’éb’i-’:’:'ﬁ;ﬁi;_,;;:"'

Techni-hadrons (LSTC) : WZ resonance {t-.wl[],mw2
Major. neutr. (LRSM, no mixing) : 2-lep + jets

Heavy I?’%tknn N (type lll seesaw) : Z-| resonance, My,
(DY prod., BR{Hii—:-II]:H .85 ee I:].Lj.l;],m"

Color octet scalar : dijet resonance, m,

Multi-charged particles (DY prod.) : highly ionizing tracks

V{

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

(5=2)
ATLAS

Preliminary

I
My

M, (5=2)

M. (HLZ 3=3, NLO)
Compact. scale R
. My =R’
: W Graviton mass (k/M; = 0.1)
Graviton mass (k/My = 0.1)
Graviton mass (k/M,, = 1.0)

2.07 g,, mass
My, (5=6)
My, (5=6)

Iuﬂ =(1-20) "
fs=7,8TeV

M, (6=6)
TETeN. A

. eV A (consiructive int.)
Jev. A (C=1)
286 TeM 7' mass

L=20 v, 8 TeV [ATLAS-COMF-2013-017]

L=4.7 ", T TeV [1210.6604] 14Te¥ Z' mass
L=14.3fb", 8 TeV [ATLAS-CONF-2013-052] 1BTeV 7 mass

L=4.7 b7, T TeW [1209.4446] 255TeV W' mass
L=4.7 th", 7 TeV [1209.6503] 430 6GeV W' mass

1.4 TeM W' mass
880 Gev T gen. LQ mass
e85 Gev 2" gen. LQ mass

1=14.3 fb", 8 Tel [ATLAS-COMF-2013-050]
L=1.01b", T Te¥ [1112.4626]
L=1.0 b7, T TeV [1203.3172)

L=4.7 1", T TeV [1303.0526] 534 Ge¥ 3" gen. LQ mass

P=4.7 b7, 7 TeV [1210.5468] E56 GeV | ' mass

L=14.3 15", 8 Te [ATLAS-CONF-2013-051] 720 GaV D' mass

L=14.3 fh”, 8 Tav [ATLAS CONF-2013-018] 790 GeV_ T mass (isospin doublet)

L=4.61h", 7 TeW [ATLAS-CONF-2012-137] {charge -1/3, coupling x, = v/mg}

1427V VLOQ mass

g* mass
¥ g mass
b* mass {left-handed coupling)
23T7e¥ . 1" mass (A =m(l*))
pfo mass (mip fog-mir) =M )
p, mass (mip ) = mix,) + m,, mia )= 1.1m{p))
N mass (m(W_) = 2 TeV)
N* mass {|V | = 0.055, V| =0.063, |V|=0)
H* mass (limit at 388 GeV for uu)
Scalar resonance mass

Ia.

mass (|g| = 4e)
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Indirect indications for physics BSM, like SUSY, could come from rare
decays showing rates deviating from the SM expectations

31.5.2012 15:02:43
Run 117084 Event 741317777 bld 78
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ILi ﬁ‘ CibH The search for Bs (d)9 [V 1} arXiv:1211.2674v1[hep-ex]

Candidates / (50 MeV/c?)

Very rare decay sensitive to New Physics b MSSM u*
(in particular to models with high tan /)

Precise predictions in SM: H/A°

BR(B,> pp) =3.5%0.2 107
BR(By> up) =1.1%0.2 1010

Very clean experimental signature s tan®s w
W HCP2012 ° E With 2011+2012 data (2.1/fb)
- LHCb 1 first evidence of
ul 10 6 (7TTeV) +1.1 ' (8TeV) | _ .
121 sro07 | Bs? pupdecayat~3.5c
10 F+- - .
s 1 BEA—pE) = (32415-12)%107
61 - - in agreement with SM.
aF = Potential impact on models
2 4--.1 + +~1: Also best limiton B, >
P S T S, NN P e
5000 5500 6000 | B(BO—p*UT) < 9.4x10°10 at 95% CL
HU Berlin GK1504, 5.11.13 m,. - [MeV/c?)
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Phasell L3

Consolidation

ATLAS has devised a 3 stages program to optimise the physics reach at each Phase |

¢ New Insertable pixel b-layer (IBL) [|® New Small Wheel (nSW) e All new Tracking

T e for the forward mucn Detector
Spectrometer _ _
* New pixel services Hoh B o o Calorimeter electronics
® High Precision Calorimeter
- - upgrades

* New evaporative cooling plant Trigzer at Level-| 24
¢ (Consolidation of detector ) L Upgrade part of the

elements (e.g. calorimeter power || ® Fast TracKing (FTK) for the muon system

supplies) Level-2 trigger

¢ Add specific neutron shielding Possible Level-| track

Topological Level-1 trigger .
¢ Finish installation of EE muon processors trigger

chambers staged in 2003 o New forward diffractive  ||® Possible changes to the

¢ Upgrade magnet cryogenics physics detectors (AFP) forward calorimeters

HU Berlin GK1504, 5.11.13
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