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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 more than 25 years ago
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There Is a fourth, essential element: the constant

i driving motivation from our theory colleagues, and "\ P
Chris is one of the pioneers promotlng LHC physrcs "
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Itis a great prrvrlege and pleasure
to present now first physrcs results
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How the LHC came to be ...

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

Some early key dates

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

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

1983 The early 1980s were crucial:

Chris on an SPC Visit
to UA2 in June 1981

The real belief that a ‘dirty’ hadron collider
can actually do great discovery physics came
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’

A very early Z - ee online display
from one of the detectors (UA2)

CERN, 20-Nov-2012

P Jenni (CERN) LHC experiments and results




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

P Desins

ECFA 84/85
CERN 84-10
5 September 1984

CHAPTER 1
THE PHYSICS CASE

Physics with a Multi-TeV Hadron Cellider
O H, Liewellun Swith

11, SuUMHMARY AND CONCLUSIONGS

A theoretical consensus is emerging that new phenomena will be discovered at or below
1 TeV. There is no consensus about the nature of these phenomena but it is interesting
that many of the ideas which have been suggested can be lested in expeviments at an LHC.
Aithough many,if not all, of these ideas will doubtless have been discarded, disproved ox
established by the time an LHC is built, this demonstrates the potential virtues of such a

machine,

DP




1984 For the community it all started

with the CERN — ECFA Workshop o ismed
In Lausanne on the feasibility of Py
a hadron collider in the future

LEP tunnel

- 543 -

HEAVY VECTOR BOSONS AND SUPER COLLIDERS

C.H. Llewellyn Smith and J.F. Wheatex

Deparwment of Theoretical Physics, 1 Keble Road, Oxford 0X1 3NP, England.

R.J.M. Phillips

OLLIDER
NNEL

Rutherford Appleton Laberatory, Chilton, Dideot, Oxfordshire 0X11 0QX, EZngland.

PROCEEDINGS OF THE ECFA-CERN WORKSHOP

held at Lausanne and Geneva,
21-27 March 1984

CERN, 20-Nov-2012
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ATLAS and CMS were born with Letters of Intent
(Lol), submitted on 15t October 1992, 20 years ago
CERN, 20-Nov-2012

Spokesperson Fabiola Gianotti,
celebrating 20 years of ATLAS
on 1st October 2012

P Jenni (CERN) LHC experiments and results




1991 December CERN Council: S
‘LHC is the right machine for Cmbaa
advance of the subject and the July/ August 1991)
future of CERN'’ (thanks to the

great push by DG C Rubbia)

1993 December proposal of LHC
with commissioning in 2002

CERN, 20-Nov-2012
P Jenni (CERN)
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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

CERN, 20-Nov-2012
P Jenni (CERN)

Search for new, heavy, gauge bosons
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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
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Delivery of the last dipole for the LHC injection lines from
Russia (15t June 2001), with L Maiani and A Skrinsky in the

centre
CERN, 20-Nov-2012

P Jenni (CERN) LHC experiments and results 10



Here two more ‘souvenir pictures’ from these times...

Daruma doll ceremony to mark the start of the
Japanese — CERN LHC cooperation), June 1995

(K Yosano — Minister, Japan, H Curien — Council
President, C Llewellyn Smith — CERN DG)

Signature of the US-CERN agreement in
December 1997

(R Eisenstein — NSF, C Llewellyn Smith — CERN
DG, M Krebs — DOE)

Y

Thank you, Chris, for having made the LHC become areality! | |
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For the experiments it was a
long way convincing the LHCC,
but finally, on 16" November
1995, our referees were happy,
and Hugh Montgomery, ATLAS
main referee at that time, gave
us the following ‘official leak’
from the committee...

The LHCC recommendations
meant in particular that
ATLAS and CMS could now
proceed in developing their
series of Technical Design
Reports

CERN, 20-Nov-2012
P Jenni (CERN)
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The formal construction approval
was then given with the approval

of the first TDRs

CERN, 20-Nov-2012
P Jenni (CERN)

LHC expe

ORGANISATION EUROPEENNE POUR LA RECHERCHE NUCLEAIRE
EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH
‘ Laboratoire Européen pour la Physique des Particules
— ) European Laboratory for Particle Physics
Professor C H Llewellyn Smith Dr Peter Jenni
Director General PPE Division
CH - 1211 Geneva 23, Switzerland CERN

Telephone  Direct: (41.22) 767 23 00
Secretary: (41.22) 767 35 96

Fax: (4122) 767 89 95
E-mail: Christopher.Llewell h ch

Our Ref. DG/mnd /2540 Geneva, Ist July 1997
Dear Peter,

Following the thorough discussion of the status of ATLAS and CMS by Council and
its Committees two weeks ago, the way is now open for construction to begin. Iam
therefore pleased to inform you that I have decided to i) set the cost ceiling for
ATLAS at 475 MCHF (1995 prices), and ii) approve the TDR of the ATLAS
calorimeters on the following basis formulated by the LHCC and endorsed by the
Research Board at its meeting on 12th June:

“The LHCC recommends general approval of the ATLAS Calorimetry Technical
Design Report describing design, performance, construction, and installation in 2004.
The review identified some concerns in limited areas, which require resolution
(LHCC 97-27). The LHCC considers that the schedules and milestones given in the
TDR are reasonable, and these will be used by the committee to measure and
regulate the future progress of the project.”

Yours sincerely,

iy

Chris Llewellyn Smith

cc: LFoa
E larocci

iments and results
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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

CERN, 20-Nov-2012
P Jenni (CERN)

he Horld of CERN

~ | LHCb
i 730 Physicists
s % 54 Institutions
A | 15countries
75 MCHF

- | ATLAS
_‘J 3000 Physicists
. 176 Institutions
38 countries
550 MCHF
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~ ALICE @68)

CERN, 20-Nov-2012
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Exploded View of CMS

Plus Side Minus Side

M Pixels

B Tracker

B ECAL

B HCAL

B MUON Dets.

B Superconducting
Solenoid

Total weight: 12500 t
Overall diameter: 15 m
Overall length: 21.6 m
Magnetic field : 4 Tesla

LHC experiments and results

http://cms.cern.ch
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Chris enjoying the CMS design, Dec 1997




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







The Underground
Cavern at Point-1 for
the ATLAS Detector

Length =55m
Width =32m
Height =35m
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Chris and Lyn inspecting civil engineering progress

CERN, 20-Nov-2012
P Jenni (CERN)
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Hector Berlioz, “Les Troyens”, opera in five acts
Valencia, Palau de les Arts Reina Sofia, 31 October -12 November 2009
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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




A WeII 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)




Number of Channels | Approximate Operational Fraction

Pixels

BeTSlicnist CMS Operational Status™

TRT Transition

LAr EM Calorin Pixels
Strips

. Preshower
Hadronic endcz ECAL Endcap
Forward LAr ce ECAL Barrel

Tile calorimeter

LVL1 Calo trigg HCAL Outer
LVL1 Muon RP IRl M1 VET(

HCAL Endcap
HCAL Barrel
muon RPC
CSC Cathode ¢ muon DT

RPC Barrel Mu muon CSC |

TGC Endcap M - o

LVL1 Muon TG
MDT Muon Dri

Pixe Strip Presh. ECAL EC
Tracker Tracker Barre E

97.1% 97.75% 97.1% 90.2% 98.54% 099.9% 99.96% 099.9%  926.9% 099.1% 9/.7% 98.2%

* As of April 15t 2012




Delivered integrated luminosity (fb™")

The LHC and experiments performances are simply
again fantastic this year

LHC 2012 RUN (4 TeV/beam)

25 T T T T T T T T T ,'Fl 30_1 I I B I B B gy
—o— ATLAS 21.603 fb” Q - ATLAS Online Luminosity  \s=8Tev i
—A— CMS 21.242 fp™' = - . g

20 l—— LHCb 1.997 b~ | %‘ 25— [ LHC Delivered -
—o— ALICE 8.153 b’ 0 - [_] ATLAS Recorded ]
PRELIMINARY = -

€ 20 Total Delivered: 21.7 6 1
15¢ | 2 [ TotalRecorded: 204 " -
3 - ]
< 15~ —
or | 8 B 7
= 10¢ .
g 3 ]
o 1 ¢ o b
Mar Apr | " p t Dv L AN T T NN T T T N A KA A S |_
Month in 2012 27/03 25/05 24/07 21/09 20/11
[generated 2012-11-19 08:23 including fill 3300) Day in 2012
The experiments record typically 94% of the stably delivered luminosity,
and use up to 90% of the LHC luminosity in the final analyses!
CERN, 20-Nov-2012 LHC experiments and results 31
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Delivered Luminosity [fb ‘1]
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The Worldwide LHC Computing Grid (WLCG)

Tier-2 Centres

Tier-1 Centres
- == =10 Gbits links

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

reconstruction
*Data distribution

SARA-NIKHEF

v e are tertter o v e

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

INFN - CNAF ,"?UM\F,

tobogra wh

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

» Simulation

» End-user analysis

CERN, 20-Nov-2012
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The high quality of the WLCG
computing system allows LHC
experiments to show results from
data taken just few weeks before

Data preparation (ATLAS):

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

Calibration good for physics
analysis on Grid within ~1 week
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Physics Highlights e

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

vSe-1 (2102) 1/9} £ I0A € SHILLT T SOISAH

S+B) Weighted Events / 1.5 GeV

The other experiments, ALICE, LHCb, LHCf, and
TOTEM total another 150 journal publications :
together -

%
j:

ATLAS 2011-12 fs=7-8TeV ‘
fv‘l A VAAV A
| i

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

150 200 300 400 500

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

AFASSTH

‘http:/jwww elsevier.com/locate/physleth

Performance
Measurements
M Searches

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?In=en

ATLAS

0
Apr Jun Aug Oct Dec Feb Apr Jun Aug Oct Dec Feb Apr Jun Aug Oct
MarMay Jul Sep Nov Jan Mar May Jul Sep Nov Jan MarMay Jul Sep



http://cdsweb.cern.ch/collection/LHC Experiments?ln=en

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

CERN, 20-Nov-2012
P Jenni (CERN)
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General Event Properties and Resonances

\ ; T 7/, 7/ /,» /;-: . y
CMS Experiment at the LHC, CERN

\ \
Datenesorded: 2010-Jul-08.02:25:58.839811 GMT(04:25(68 CEST

779 1 499419¢

un / E

CERN, 20-Nov-2012
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Total cross-section measurement by TOTEM

Example: Roman Pots at 147 m from interaction point

CERN, 20-Nov-2012

P Jenni (CERN) LHC experiments and results
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Total cross-section measurement by TOTEM
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Presented at HCP2012
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Point 1

e LHCf 7 TeV #°signal
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Presented at HCP2012




Charged hadron multiplicities at
the three different s

Average charged particle density
for the central n region (pp and pp)
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Candidates / 2 MeV/c?

Strange particle production
spectra

x10°
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% CP violation in B, mixing (¢, and AT',)

Measure relative phase difference between B¢ e oy

“two legs” of B> J/y ¢ decay \

Looking for effects of NP in ¢, (~0 in SM) \ /r J/p X
§SO -¢p

> [ T | T T T T T T T B ﬂ'l B'I B’
() — LHCb 1.0fb™ +CDF 96~ +D@ 8
E2500: —|—data b Bse \]/\II ¢ L 0.25 __|_ T T T ] : LI L Y L I L L L L B I L L L =
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L ] ) - DE ™. HFAG B
‘\92000__ —— bkg. component ] Jﬁi » "\ ]
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% CP violation in B mixing (semileptonic decay asymmetries)

Measured by DO (FNAL) with semileptonic events (u and di-p)
A= (-0.79 £ 0.20 )% (mix of adand a ) ~ 4 o tension (in SM ~0)
Difficult to reconcile with ¢, LHCb data
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Events/GeV

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

E

= p![” ¢' J.‘flp >
10°E Y(1,2,39) E
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= {dd% [ss] |
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102 é—  proton I'T

= CMS Preliminary
10

= = _ _ 1

b \s=7Tev, L, =40pb 1983

1 2
! 10 !.I+M'EI'T1ESS (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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The di-muon spectrum recalls a long period of particle physics:
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The first new particles ‘discovered’ at LHC

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

Observed bottomonium radiative decays in ATLAS, L = 4.4 f&
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QSignificance > 6 o
U As theoretically predicted
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CMS Experiment at LHC, CERN

CMS Run 136087 Event 39967482
Y Lumi section: 314
Standard Model

Muon p;= 27.3, 20.5 GeV/c
Inv. mass = 85.5 GeV/c?

Physics —

R— G
_—_)
_EER |
Candidate Z 2 p'w
\f: : ".- _', -

W - ev candidate

P
,Q\\ : Run Number: 152409, Event Number: 5966801
\\d;,’ Date: 2010-04-05 06:54:50 CEST

1A EXPERIMENT

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

100M W= hv, ev events
10M Z - JM, ee events

W-ev candidate in

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

E ™ = 26 GeV after all selection cuts

M, = 57 GeV
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o
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o
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number of events / 1 GeV

Z peak (di-lepton pair mass distributions,

can be extracted essentially background-free)

CERN, 20-Nov-2012
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Z and W production

36 pb’' at \s=7 TeV
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Events / 1 GeV

JHEP 10 (2011) 132
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https://twiki.cern.ch/twiki/pub/CMSPublic/EWK-10-005/Zee_mass_Linear_corrected.pdf
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/FastPerformancePlots/W2010/fig_01b.png

Cross section measurements
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oi% - BR(W*— Iv) [nb]

Two examples of confronting the 2010 data with SM theory
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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)

CERN, 20-Nov-2012
P Jenni (CERN)
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] Run Number: 209580, Event Number: 179229707

Date: 2012-08-31 20:24:29 CEST

325 ET (GeV)
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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
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Another view on QCD: Pb - Pb collisions

LHC 2011 HI RUN (3.5 Z TeV/beam)

—o— ATLAS 167.6 pb™!
l—a— CMS 149.7 ub™!
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Jet quenching was observed right away in the first
Pb-Pb run of the LHC in 2010

ATLAS

Run: 169045
- Event: 1914004
Calorimeter Date:  2010-11-12

: Towers Time: 04:11:44 CET

I

60 P [GeV]

X Tracks
30

Phys. Rev. Lett. 105 (2010) 252303

CERN, 20-Nov-2012 _
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The Di-jet imbalance has since be studied in great
details by ATLAS and CMS

substantial imbalance in central Pb-Pb... ...but no visible angular decorrelation
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In-medium energy loss

* Nuclear Modification Factor Ry,:

in the absence of nuclear modifications,
Neor scaling 2 Ry, =1

no suppression in p-Pb (very recent
test run in preparation for 2013
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Suppression of Quarkonia

J/Y: less suppressed than at RHIC

+ very weak centrality dependence...
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- Data 2011 Pb+Pb

dN/ dm [GeV ]
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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, 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 ),
E Miss, jjbb (37.9%)

« di-lepton (ee, pu or ep),
E Miss, bb (6.5%)

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

CERN, 20-Nov-2012
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tt candidate event e+p+2jets (b-tagged) +ETmiss
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Events

Example of top signals in the case of di-lepton channels
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tt pair production
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:_DApprox. N

¥ Single-lepton 179+ 12 pb

| [JApprox. NNLO (pp) A Dilepton 173 :1: pb

O All-hadronic 167 + 81 pb

—_ - _—— i

el

_ mCDF

— ¢ DO

Preliminary LHC 6 ; combination, \'s = 7 TeV - September 2012

ATLAS, di-lepton (ee, ey, uu)
L =0.7 1o

ATLAS, l+jets
L. =071"

ATLAS, all jets

L,=07f"-11f"
HATHOR theory prediction

L,=1.01"

ATLAS combined
CMS, di-lepton (ee, ep, pp)

L,=1.11"
CMS, p+7,,44

L. =111"
CMS, l+jets

L. =08-111

CMS, all jets

ity

]

Ly =1.11"

CMS combined

LHC combined

1t:JrI m1=172.5 GeV .

+ 16
173+ 6 * 33

179+ 4+ 11
167+ 18+ 78
177+ 3 * 1]
170+ 4+ 18
149+ 24+ 28
164+ 3+ 14

136+ 20 £ 41

165.8+2.2+13.2

173.3+2.3+9.8
+ (stat.) = (syst.)

cross-sections

CERN, 20-Nov-2012
P Jenni (CERN)

50 100

150 200

250

300

ATLAS-CONF-2012-134
CMS-PAS-TOP-12-003

LHC experiments and results

69

350

Oy [PP]



Top mass measurements

ATLAS-CONF-2012-095
CMS-PAS-TOP-12-001

LHC Miop combination - June 2012, L_ =35 pb'-4.91b"
ATLAS + CMS PreliminaryNs = 7 TeV

ATLAS 2010, |+jets
Ly = 35 pb™, (& CR, UE syst.)
ATLAS 2011, |+jets

L. =1fb"

int

ATLAS 2011, all jets
L =2fb", (& CR, UE syst.)

int

CMS 2010, di-lepton
L, =36 pb’, (® CR syst)
CMS 2010, l+jets
Lix =36 pb™, (® CR syst.)
CMS 2011, di-lepton

L. =23f", (& CR, UE syst.)

CMS 2011, u+jets

L, =4.9fb", (®CR, UE syst.)

LHC June 2012

Tevatron July 2011
I

I ——
_
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— —
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H@H
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1726+ 04+t 1.5
173.3+£ 0.5+ 1.3
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+ (stallt.) + (syst.)
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%ATLAS
EXPERIMENT

Run 166466 Event 26227945
Time 2010-10-07 22:16:39 UTC
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A summary of Standard Model measurements

Mov 2012 CM S
= = = ' .
Qo — W ; : & 7 TeV CMS measurement (stat®syst)]
_ : | —
5 ! ; [ 8 TeV CMS measurement (stat®syst)
. 10°k ———  Z * e =
'CJE = ; ! = 7 TeV Theory prediction =
: 1 H . > e :
| :21J 5 - | —_— 8 TeV Theory prediction _
-~ 1 : . !
s 10 = 1 5o g Similar beautiful results from ATLAS | 3
B . = T : ! —
o ! — ' >2 I : , —
<) I . i i - I
D107 >3] o= Wy : ; =
: 1 _??_ . | — : | . . ' | :
g — i < 4.5 >3 i_'._. Zy i | | | i -
[ =4 e : : - —
S 102k = - | —o—wwwz, WW | ]
= —=— >4 i —_—— : =
— ! : ! ! —r WS I
- — 1 J_ I I . : i I ]
',.2 — : et | ) : : o . 77 : ]
O 10_: Ef > 30 GeV II El>15GeV | i L
- = ot | I o =
o = In* <24 | AR(Y.)>07 3
O — | | - -
1 | | |
n- 1 =3 : : : -1 9 -1 _1: =
= L o 50f" 49f’ 497 S
= 36, 19 pb | - i 35! 1 531"
JHEP10(2011)132 CMS EWK_11-009 CMS-PAS-EWK-11-010 (WZ)
JHEPD1 (2012010 CMS-PAS-SMP-12-005 (WWT),
CMS-PAS-SMP-12-011 (W/Z 8 TeV) DOT{ZZ7). 0130WWE), 014(ZZ8), 015(WV)

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

9 ! HO

t
t

g g fusion

WW, ZZ fusion =9

CERN, 20-Nov-2012
P Jenni (CERN)
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SM H boson production cross
sections times observable decay
branching ratios at 7 TeV

S = 7TeV

22 1w
T~

27 — I |
l=e,u :

"||_r — "||_FE;||_FP;||_FT
ZH—I'Tbb Q= udsch
q_ | | | |
10700 200 300 400 500
Higgs boson mass (GeV/c?)
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@ATLAS

EXPERIMENT
http://atlas.ch

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

The Higgs(-like) boson

Results shown are based on the
two simultaneous publications
from ATLAS and CMS plus their
partial updates as they were
presented last week at the

HCP 2012 conference in Kyoto

Candidate event for H 2 yy




Two of the by now historical plots from
the July 2012 discovery announcement

© AT AN T CMS [5=7TeV,L=511" {s=8TeV,L=53f'
ATLAS 2011-2012 @ 'j% =M
1 e 2
' L 10
e alr \ W L2
©
(P N[ g 8 10* \\:7/ iﬁ
10 (5= 7TeV: |Lot= 46480 1OSE ---------- \‘ / 3
031 =t e 6
0°F 4 \s=8Tev: Lot=58591" 1o 10_? 20
10°F | 10 B
-7 !.- ------------------------------------------------ 10‘3 == Combined obs. ...
10_8 y - Sig. Expected a7 00 10° :E"f’f}f}f“"’rsm'* -------- 6
10_9 u i+ — Qbserved 10710 — -2z
1-010 e 60 10—11 :::;,}:‘;W CMS
10 s Y: H— bb . . . . 376
110 150 200 300 400 500 -10 E 1T 1T 1T 1T 1 1T 17 1T 1 T 1T 1T 11T 1T T 1T 1T 1T 17 1T 1T 1T 1T 1 1T 71 -
GeV] 116 118 120 122 124 126 128 130
my | m,, (GeV)

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

CERN, 20-Nov-2012
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H->vyy

L Small cross-section: ¢ ~ 40 fb 3 3500 ATLAS ¢ oDaa | E
O Expected S/B ~ 0.02 % 3000E- —— Sig+Bkg Fit (m =126.5GeV) 3
O Simple final state: two high-p; isolated photons ‘E, 25005_ -------- Bkg (4th order polynomial) 3
L0 Main background: yy continuum (irreducible) - B 3
and fake y from yj and jj events (reducible) 1800 o7 1oy, Lttt E
1000 (._ _ 4 -
CMS Vs=7TeV,L=51fb"fs=8TeV,L=53f T fusent E
> _I T | T T T T | """"""" ] 5005 (a) E
@ i > ' ' i 2 2005 ' ' ' =
Q) i o i D 100 ‘
Lo _ 01500 _ 2 o .
1500 Z - & 100
- 1 o 2005 7 ,
@ i S & 4 Data S/B Weighted .
- | N 100 —— Sig+Bkg Fit (m =126.5 GeV) ]
g ) %’ 80:— -------- Bkg (4th order polynomial)
L1000 ERE :
o W 60— —
{D C ted n
e [ —
i | 40— ]
f=) - .
O ¢ Data 20— ]
= 900 _qigrit S - - e
— | ===-== B Fit Component 2 8 ' ' 3
o I s PE T d 2 E
(dp) N B 20 | S 2
: D | | | | | | | | | | | | | | | | | | 1 1 | | | | | :;: '-8 ) ) ) ) .
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Phys. Lett. B 716 (2012) 30 m,, (GeV) Phys. Lett. B 716 (2012) 1
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H 9 ZZ(*) 9 41 (4e, 4, 2e2p)

cooo

Rare process, small cross section: o ~ 2-5 fb

However: pure:S/B~ 1
4 leptons:
Main background: ZZ) (irreducible)

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

CMS preliminary Vs=7TeV,L=51f"yYs=8TeV,L=1221b"

%} EIIIIlIIII|IIII|IIII|IIII|IIII|IIII: %40:_
O 40 s Data ] O
e .t 1 2350
= 35F 4 .Z+X - E N
(2] C 7 = C
£ o Oerzz | 5300
> - =126 GeV - W _r
L0 - L eV 3 25
250 | . i
20 = 201
15 E 15F
10 = 100

3

4 11

Updated: CMS-PAS-HIG-12-041
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ATLAS

¢ Data )
B Background zz"

[ Signal (m =125 GeV
I Signal (mH=190 GeV
B Signal (mH=360 GeV
% Syst.unc.

H—szZ"' 54

B Background Z+jets, i

\s = 7 TeV: |Ldt = 4.8 fb
\s =8TeV: |Ldt = 5.8 fb'

i
)
)
)

200 400 600
m,, [GeV]
Phys. Lett. B 716 (2012) 1
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H 9 ZZ(*) 9 41 (4e, 4, 2e2p)

L Rare process, small cross section: ¢ ~ 2-5 fb
U However: pure:S/B~1
U 4 leptons:
O Main background: Zz") (irreducible)
In addition: Zbb, Z+jets, tt with two leptons from b-quarks or jets
CMS preliminary Ns=7TeV,L=51f"\s=8TeV,L=12.2fb"
> 25 —T | T T T | T T T | T T T | T T T | T T T —'— > B T | T T T T | T T T T I T T T T ]
O B ¢ Data . @® | e Data ATLA ]
0] - i S, __r () i
- - . 74X . 025 B Background 77 Hoz70 g ]
o 20 | l:lz — o -g - B Background Z+jets, tf .
c _ . " _ O _ t [[]Signal (m =125 GeV) .
4 - [ |m=126Gev 0120 " B
i 150 ; . " % Syst.Unc. §
I ! ] {51s =7 TeV:|Ldt = 4.8 fo" ]
105 N s =8TeV:/Ldt=5.81b" ]
5 C ]
L 5_—
Q== 0:
m,, (GeV) m,, [GeV]

Updated: CMS-PAS-HIG-12-041

CERN, 20-Nov-2012
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H 9 WW(*) 9 Ivlv (evev, pvpv, evuy)

O Very sensitive channel over ~ 125-180 GeV (¢ ~ 200 fb)
O Challenging: 2v = no mass reconstruction/peak = “counting channel”
U 2isolated opposite-sign leptons, use evuv only for 2012 data, large E,;™s
O Main backgrounds: WW, top, Z+jets, W+jets
U Topological cuts against “irreducible” WW background
N ——— (Just two example distributions from several
S 1601~ ] categories used in both experiments)
[o5) [~ —* data — my=125 GeV CMS Preliminary
O 440 M H125 Wjets fs=8TeV,L=12.1fb"—
2 : - W TOp : % : | T T T T | T T T T I T T T T I T T T T | T T T T :
u 1 s ‘mi “4 SM (sys @ -
o 120 N caesyst 4 © 450 ATLAS Preliminary g2 oee = 0o =
S - 1 2  40F \s-8TeV,|Ldt=13.0f' [J&  [JSndeTop
a 100 [— CMS ] ~ C ) ) B Z+iets [[] W+jets ]
- (0 jet) . % 35 HHWW ‘—evuv (1 jet) BB H25Gey]
801 ] 9] - ]
B ’ > - 3
B - LL : -
6o E = =
40 :_ ﬂ * _: é_ _E
20 |— E = E
ok = — E
o 28 = E
2 - 3
= 15 \¢¢ t . - -
ﬁ . ; \ Wumfmp‘l’% N\ 250 300
%0 250 mr [GeV]
e Updated: ATLAS-CONF-2012-158
. m; ! [GeV/ic?
Updated: CMS-PAS-HIG-12-046
CERN ZO_NOV_2012 mr = \/(EU + EIIUHH) (Pl“l“ + PIIUHH)
: 79
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120:— ATLAS Preliminary —+— Bkg. subtracted data
- \s=8TeV,| Ldt=130f" [_] Hl125Gev]

To get a feeling for the
number of events, and of

Events /10 GeV

100 *
the background-subtracted H->WW" —evuvivev (0/1 jets)
distributions 80
(example ATLAYS) 60

40

20

III|III|III|III|III|
_+_
_+_
III|III|III|III|III‘Illll

PR T S N
250 300
my [GeV]

NI R B ST R
50 100 150 200

Signal WWw WZIZZ Wy it (Wit figh Zlv" +qets W gets Total Bkg,  Ohs.

H+0Ojet [ 459 242+32 26:4 162 11+2 43 34417 334428 | 423

H+1-jet | 186 40+22 10+2 3713 13+7 2+1 11+6 114+ 18 141

Updated: ATLAS-CONF-2012-158
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Many more analyses are progressing, and a wealth of
results can be expected from the full 7+8 TeV data sets...

Just two examples:
CMS, Preliminary, H— 11, L=17 fb™

> | 1 I I 1 1 |. |. | 1 T 1 1 ‘ I I I I ‘ I 1 I T | % 5.0 - b I d l ! I ' '
— — f —e— observe : 5
8 400: ATLAS PI‘_:ellmlnaI’y .WZ+ZZ . ...g 4.5 ;_ expected ............................................ .................
g K JLdt:‘I&Ofb » 15 =8TeV .WH 125GeV : g 4.0 E_ - * 1o expected ............................................ .................
g 0 J Ldt=4.716", \s=7TeV B = E [ 1+ 20 expected |
5 - ’ .ZH 125GeV 1 g T — —
> . 0,1,2 lepton 7] = -
W 200 -+-Data-Bkgd — 3
B _ =2
_ i re)
100~ + + ; o
oF .
100~ + .
i ] | 1 1 ] 1 | 1 ] 1 1 ‘ ] I ] I ‘ I 1 ] ] i 0_0 - 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
50 100 150 200 250 110 120 130 140
m, [GeV] my, [GeV]
VH production with H - bb Summary of all =t channels

(including VH)

Updated: CMS-PAS-HIG-12-051
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Properties, as far as known with the limited statistics...

background only hypothesis
SM Higgs hypothesis

= '
i1l
— O

| | | |
ATLAS Preliminary
W,ZH — bb

Vs = 7 TeV: [Ldt= 4.7 o

| |
imH=126GeV mH: 1258 GEV
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H— 1t
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H- wWwW S viv

Vs =8TeV: |Ldt= 13"

H— vy
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Vs = 8 TeV: ILcit ~591"

H— 77" = 41

\s=7TeV: [Ldt= 481"
\s=8TeV: |Ldt=581b"
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Updated: CMS-PAS-HIG-12-045
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A dream becoming true much
faster than anticipated long ago

_I | I | | I_
ATLAS Intemal 2011 + 2012 Data -
o § T N, 10 ~Obs. ls=7TeV: [Ldt=46-481" -

'''''

Local Significance
(@]
T T T I T T T I T T

JLdt=100 "
(no K-factors)

100 200 300 400 500 600
m,[GeV

LHC experiments and results 83

10°
m,, (GeV)




Searches Beyond’th‘e Standard I\/Rfd,el
(only very'few exarﬂples out oi many ) *

7.

- ' 0'—.4‘“
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5 ‘Supersymmetric’ particles ?

e . e Atoms
S H R Al . 4.6%

s Tt S Dark
' §  Matter
23%



In practice SUSY searches at LHC are rather complicated

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

Missing
Transverse
Energy
- 10°E
£ -
o "
% n
O 104:—
3 -
5
« Focus on signatures covering large " 10’F
classes of models while strongly B
rejecting SM background 10
- Ia_rge missing Ey _ - Standard Model
— High transverse momentum jets -
! | L | 1 | 1 | 1
— Leptons 19, 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

CERN, 20-Nov-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 | :
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DATA/ SM
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ATLAS-CONF-2012-033, 037, and 041
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A control region where no signal is expected
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(gaugino)  m_ ,, [GeV]
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Interpretation of the results
Consider phenomenological MSSM models containing only squarks
of 1stand 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 | ] | _]
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=.2600 [ £ -
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on — S e o SUSY .
(7 2000 = A\ ., — Observed limit (+1 crthew) =
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1800 — \ i o . —]
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1600 [— e e —e =
1400 [— T s ]
1200 —
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Expected production cross-sections at LHC

10 | IPmsp'}nUZ.l

"o, [pb]: pp — SUSY VS=7TeV
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Summary of five dedicated searches for top squark pair production for
theoretically preferred models with relatively light 34 generation squarks

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

— T T T T T T T —— T T — T TR T T
S T | | T T T T B ; 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) _
DIX‘_ [ o 1/2-leptons + b-jets (m =2xm o)
E - Status: September 2012 All limits at 95% CL5 1
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SUSY I Imits ATLAS SUSY Searches* - 95% CL Lower Limits (Status: HCP 2012)

"""""""""""""" MSUGRAICMSSM: 0lep + 5 4 E, . [(s8815aevATIAScoNP.ot2ciber b ke G=gmass or
MSUGRA/CMSSM : 1 lep +j's + Er'm5 L=581b", 8 Tl [ATLAS-COMF-2012-104] 1.24 Tev E g mass
- Pheno model : 0 lep +'s + Er'ms L=5.81b", 8 TeV [ATLAS-CONF-2012-108] 148TeV § mass {mi@) = 2 Tev, Ilghtx 3 ATLAS
z Pheno model : 0 lep +j's + Er'm5 L=5.81b", 8 TeV [ATLAS-CONF-2012-109] 138TeV  § mass {mi@) < 2 TaV, Irght;( ] Preliminary
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o 9 _mx (vlrtualt) Slep +js +E, | . |L=12015"8 TeV ATLAS-CONF-2012451] B60 Gev| g mass m(i) < 300 Gev] = =R
B3 g_’ﬂx.d;-"'"“a' 1} 0 lep + multi-'s + E, .. |[E=58078TaV ATLAS.CONF-2012-103] 1007ev g mass {m{_‘,{ ) < 300 GeV) _
5§l (virtuall) 0 lep + 3b's +Ey ., [ESTRRTETAVIATLAS CON 201214 AR G Mass (i) <200 Gev)
" bb b —)bx1 Dlep+2b—Jets+E,m5 b mass {m{;cJHSUGa"-']
= 3 - bb, b _“11 3 Iep +s+E, | . [L=13.0157 8 TeV [ATLAS-CONF-2012-151] 405 GaV b mass (mi)) = Zm{_',( 0
$8 tt (very I|ght] t—}bx 2lep+E, T mass (mi, < T0GeV) . . ) .
338 i it (light), t—=bjy* _0'1 12 lep + b-jet + Er miss |L=4TM877TeV [12002102) 123167 RN f mass {21{1 ) =55 Gev) Very Simi I ar I ImiIts
g ?} ﬂL[nedlum} l—){x_‘ 2lep + b-jet + ErmE|5 L=47 1", 7 TeV [1209.4186) 298-305 Gav | L mass {m{;( i = ]
5% it (heavy), otz - 1lep + bjet + E, . [t=t7 1", 7 Tev [1208.2500) 25ANEaW t mass (i 1=0) come from CMS
&S (hgaw} ‘—“K :0lep + b-jet + E, . |L=4710".7 TeV [1208.1447) 370-465 GV Tmass {m& y=10]
....................... if (natural GMSB] ' Z(— I f..!%‘..!ﬁt...t.ﬁ., S e tmass (15<miz} <230 Gav)
N R 2|ep+E,m5 L=4.7 16", 7 TeW [1208.2684) EsHEsEE | mass {m{;( =0)
B 44;1 —)Iv (V)>Ivi, s 2lep + E; . |L=471".7 TeV [1208.2664] [ 110340 GeV | x ma:-s:-s_t {mii,) < 10 eV, m{lvn -{m{x )+ mig )
W= _} | \,r| | h.rl | \_r\_r :3lep + Er s L=13.0fb”, 8 TeV [ATLAS-COMF-2012-154] mrh\r Vi mass {m{_‘,{_}D m{_‘,{ it m[x ]- 0, m{lv)as abovea)
___________________________________________________ I ;___1 ....3..'.!3‘9..?‘..5.:;1._9!.. 1=13.0 10", & TaV [ATLAS-CONF-2012-154) 140-295 GeV x mMass (mig,)=mig,) miz,)=0, Slepians decoupied)
- D|ret:tx p%lr prod. { AMSE&} long-lived y x mass {1 =iy 3: 10 ns)
23 Stable gR—hadmns low B, By (full detecmri g mass
%2 Stable t R-hadrons : low B, By (full detector) tmass
_EJ a GMSBE : stable T Tmass (5= tanfi < 20) ) )
............... x, .ﬁ..!ilq}.t..LB.E’.‘.\".'l..}.t..f'..h.ﬁ&'.-.’k’..@i.l.S-.F?.|E!13.E53.|..!E.F.TE?F... QmMass {0.3107 <k, <1.5107, 1 mm <1 < 1 m,g decoupled)
L PPV _+X, V_—e+|L resonance V., Mass (i, =0.10,4,,.=0.05)
LF\.-’ PV +X, v —)E{J.L)*t resonance ‘-’ mass {(i,,=0104, =005
a BIlII‘IEEr RF’V CMé Tlep+7js+E, L. q g mass {67, < 1 mm)
e v ﬁ Wx a—)eev euv_ tdlep + B, |L=130157 8 TeV [ATLAS-CONF-2012-453] 700 GeV  f mass {(mig )= 300 Ga'u" Ol = 0)
|L|L,| _;.|x T, —eev, epv “dlep + E, . |L=13017 8 Tev [ATLAS-CONF-2012-153) 4306ev| | mass {m{',{ ) > 100 GaV, m{u-m{u-m{n hepgy Oy = 0)
............................................. g.:}...q.qq...._Srle...r.e.sqnan.n;a..pa!r.. g mass
_ ) Scalargluon 2- JEt resonance pair |L=461", 7 TeV [1210.4626) PEEETEE sgluon MAass (incl. limit from 1110.2693)
WIMP interaction (D5, Dirac y) “'monojet’ + E_ Fanes |L=105 M7 8 Tey mrmw-mz.rm 704 Gev | M* fcale {m, < BO GeV, Ilmlinfec EBT Ge‘u’ rra;
................................................................................................... . | [T | o | | | Ly
10" 1 10
*Only a selection of the available mass limits on new states or phenomena shown. MESS SC&'E [TEV]

Al limits quoted are observed minus 1a theoretical signal cross section uncertainty.



Indirect indications for physics BSM, like SUSY, could come from rare

decays showing rates deviating from the SM expectations

J
/

P ]

o

31.5.2012 15:02:43
Run 117084 Event 741317777 bld 78



Submitted to Phys. Rev. Lett.

Lﬁ‘ C 1‘7 The search for B s (d)9 [TV} 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 f)

Precise predictions in SM: H/A®

BR(B;> pp) =3.5+0.210°
BR(By=> pp) =1.1+0.210710

Very clean experimental signature s tan%s 1y
uE HCP2012 ° E With 2011+2012 data (2.1/fb)
- B LHCb 1 first evidence of

121 e ey | Bs>mppdecayat~35¢
10 4 = .
sf 1 - BB ) = (32715-12)x107
61 - - in agreement with SM.
af = Potential impact on models
2— L + +~|: Also bestlimiton By = pp
0 TN i SN S W A B T

5000 5500 6000 |B(BO—p*uT) < 9.4x10'° at 95% CL
CERN, 20-Nov-2012 m, - [MeV/c?]
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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

108 ATLAS Preliminary ~ « Data 2012
Z' — ee Search Oz
10° -1 |:|Diboson
Ldt=5.91fb -
10 | W
\s=8TeV []Dijet & W-Jets
10° []Z/(1500 GeV)
10? []Z(2000 GeV)
10E
F
10"
10'2 : | ‘ 1 | | | | l ‘
100 200 300 1000 2000
Mee [GeV]

ATLAS-CONF-2012-129

CERN, 20-Nov-2012
P Jenni (CERN)

Events / 20 GeV

a4 A o =
o
QLI 3

I N §
S S

= = A A -
o o -
L2 a2

W’: Lepton + ETmiss

LHC experiments and results

T T T T
CLHS 2012 Pralummary - Diboson
i
L dt=3.67 fb" - DY
= ge

— W=ty
B (f + single top
= acp
E=wsev

* Data
— W' - ev M=1.3 TeV
— W' > ev M=2.3 TeV

Ns =8 TeV

W' — ev

£
K=
=
o
=
=K1
>
H O

500 1000 1500 2000 250
M, [GeV]
CMS-EXO-12-010
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Lower mass limits, at 95% CL, for various Z’ and W’ like objects

g T T T T T T I T T T T | T T T T I T T T T I T T T T _| e 104 95% Observed L|m|t 75
= T ATLAS Preliminary e | mmmemeaa 95% Expected Limit :
m 4L 58 TeV . Expected limit | E I Expected+ 10
b E = Expectedt 16 3 [ ]| Expected+2c
B Z = Expectedi 2% 4 g 103 mmmnnnnnnn Theoretical Cross Section NNLO
B . [ | PDF uncertainty
ne — Observed limit | o R R Theoretical Cross Section for W', 1 =10 TeV |
10 § — Z,SSM § (- COCOC OO Theoretical Cross Section for W', 1 =0.05 TeV L
= — 7, . _g ) i CMS preliminary |
Ll —z, I SRS “. " Combinede+yu 2012-
102 - 0 - [Ldt=3.7 "
al s 8 10 =
107E ee:JLdt:S.be'1 =
E uu:JLdt:GJ fo N il R
.4 L 1 Il | Il L 1 L I L 1 Il 1 | L 1 L 1 I 1 Il 1 Il I 1 1 L 1 = “_‘ < =
10 0.5 i 15 2 25 3 E .
T T T S S Y N O M N W
MZ’ [TeV] 1000 1500 2000 2500 3000 3500 4000
M, / GeV
ATLAS-CONF-2012-129 CMS-EX0-12-010
CERN, 20-Nov-2012 LHC experiments and results 96
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New particles decaying into two photons

G Y 9 . Y
Example for a search of >i: :}ﬁ:
extra dimension signals a

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

c T T T T
-_5 - L] T I T T T T I I T T T ' T T T T ]
@ 10° ATLAS _I- Ldt=491ft" ﬁ- ATLAS — Observed limit |
= ‘ -
o Ns=7TeV = ‘, --- Expected limit
5 107 = § 1 \s=7TeV I Expected + 1675
E Gontrol region = - G— ee/nWWyy Expected+ 2¢
10 3 - w— /M, =01 7]
-e- 2011 data 2 i WM, =0.05 |
1 = |:|Total Background S 10" = — /M, = 0.03 =
10" L T~ "Reducible Background ':; = — /M ,, = 0.01 3
; syst @ stat (total) [5) o ee'J- Ldt=49f" |
1 0'2 E syst @ stat (reducible) i . . 7
X = [ IRS, kM, =01,m,=15TeV 107 = uuerdt=5-0fb"—5
10 - = 3
E []ADD, GRW, M =2.5 TeV = - YYZILdt=4-9fb'1 .
2 B i
3 10° E
2 C | | ! -
@« 200 300 400 1000 2000 30C mg [TeV]
My [GeV]
Submitted to Phys. Lett. B
arXiv:1210.8389v1[hep-eX]
CERN, 20-Nov-2012 :
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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

ﬂ T T T | T T T T ) I .\ T T E
S ATLAS Preliminary -
5
o 10°F -e-Data
— Background
10° \s =8TeV
- | Ldt=13.01b"
108 3
102

10

Significance
N o n -

1 1 1 1 1 1 | 1 1
2000 3000

I I | I I I
4000

Reconstructed m [GeV]

ATLAS-CONF-2012-148

CERN, 20-Nov-2012
P Jenni (CERN)

do/dm {pb/GeV)

Residuals

Vs=8TeV
M <25, |An < 1.3

Wide Jets

LI | L | L | L | T T T T \E

—e— CMS Preliminary (4.0 fb™) =

Fit E

------- QCD Pythia T

Jet Energy Scale Uncertainty ;

W’ (1.5 TeV) 3
k1 _

E; diquark (3.5 TeV)

AT T TTTIMT T T I T TT T T T 1T T TTTIm T T T
yl
[}

~1000 1500 2000

5500 3000 3500 4000 4500
Dijet Mass (GeV)

CMS-EXO-12-016
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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

E ‘\'|'\‘\'I'I'“\‘I'I'\“‘I'I'I‘\‘ B _II|IIII|||||||||| T 17T IIII:-i-IIIII T T
=, \s=8 TeV, [ Ldr = 13.0 fb - S w5 Tev o i
E 4 e [Cata-fit] /i i W 4mWil.5Tev) ]
. —_—
o | e g* PYTHIA 8 (1500) i h— L i
© - g* PYTHIA 8 (2500) LL | |
T - q* PYTHIA 8 (3000) i 8 2 -
- q* PYTHIA 8 (3750) I S [ |
I i 0f-
i oo A m # ] L |
- @MAAM&-—@- & @ — -2__ . B
_+_ + | CMS Preliminary (4.0 fo")
- . T Ns=8Tev E; diquark (3.5 TeV) |
i | < 2.5, |An| < 1.3 ]
ATLAS Prellmlnary i 4 T‘u’ide Jets ! N
| | 1 1 l | | l | | l [ =
[ 1 | L1 11 | L 111 | L 111 | L 111 | L 111 | L 111 | L 111
7600 2000 3000 4000 5000 1000 1500 2000 2500 3000 3500 4000 4500
Reconstructed m; [GeV] Dijet Mass (GeV)
Dijet Mass (Gev)
ATLAS-CONF-2012-148 CMS-EXO-12-016
CERN, 20-Nov-2012 LHC experiments and results 99

P Jenni (CERN)




Search for direct Dark Matter (DM) particles

In pair-production

LHC experiments and results

=T T T T | T T T T | T T T T | LI T T | T T T T | T T T T | T T T T
E C —e— Data 2011 s =7 TeV) ]
. - —_— [ Z{—wv)+y |
q DM A single photon ;1025 ATLAS Preliminary = Wiz =
. t cor . —1 +je -
(150 GEV) or jet § B J Ldt=46ft B iop, y+jet, multi-jet, diboson 7]
w 10 Total background =
i . ———- ADD, n=2"M_=1.0 TeV =
q DI\“I plUS ETmiss Eo----- | e WIMP, D5, m =10 GeV, M =400 GeV
. PPy S ’ .
1% g L i —
E * oA =
e e e e | —
10—1: 4 S —:
| CcMSs Experiment at LHC, CERN = T E
ChiS Bt i o o - 1 | s
—\\ ; Lumi section: 273 B ]
1y, e 107 . -
T 3
N =2 —
- = rmee) 10—3 1 I 11 1 1 1 1 1 1 | 1 1 1 1 I 1 1 1 1
150 200 250 300 350 400 450 500
1 E?lss [GEV]
i 1
-" A || 1 T T T T T T T TTTT T T T T T T T TTTTIT T T T TTTTT
' !, \‘. "g 1 &10% ;"90% CL, Spin Dependent I 90% CL, Spin Independent |_§
! O,10%f  SIMPLE — Picasso = XENON100 — CDMS 4
o ) S, 04355_ - - CDF, D8, q@— j6X),,, . CoGeNT - - CDF, D5, a7 j(X),,
T aof — CMS (5107, D8, 6810, CMS (5 fb"), D5, g5 v (G0,
=i 3 10 . — ATLAS, D5, i~ 100, A
_ 1 sl 210k
O oL p
3
©10%k .
> -41E 3
<, 10"F __ ATLAS, D8, @100, 3
1072 ---- ATLAS, D9, o100,
ATLAS-CONF-2012-085 CMS: Sub. to Phys. Rev. Lett. 10°F 57 Tev,det=4_efb" ............... 1
arXiv:1210.4491v1[hep-ex] arXiv:1204.0821v1[hep-ex] 10%E s Prelminary £ el 3
XIV.1206 5663[hep-eX] 10‘45' |AT|L‘|4| ..F.’.r.?“m.m.aw‘...l Tl Lol Lol Lol
CERN, 20-Nov-2012 A 22> 1 o 10F 107 1 o e
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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 experiments and results radiation 102

CERN, 20-Nov-2012
P Jenni (CERN)



> St ;g;EEgLWS:?TeV)'
Search for Microscopic 210E  Jrazronw = 5
Black Hole production & 10° L s S svpomat

In models wth large . S

extra dimensions
(Arkani-Hamed, Dimopoulos, Dvali)

ATLAS

IIII‘ I\IIIIII‘ Ii:IIIII_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 Eq of ) P [GeV]
the N objects in the event

gmi_ 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% F ~ bocground  MWesem
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

ST

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

- - II|IIII|I\\\‘\I\Illllllll\l‘\l\
CERN, 20-Nov-2012 1500 2000 2500 3000 3500 4000 4500 5000 5580
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Z'SSMI

b’ = tW, (31, 2I) + b-jet

2’ S5M tau tau .
Z', ttbar, hadronic, width=1.2% q’, b'/t’ degenerate, Vib=1
7, dijet b’ = tW, l+jets

', ttbar, lep+jet, width=1.2%
Z°38M Il (fob=0.2)
G, dijet

it
[

B’ = bZ (100%)
T = 7 (100%)

G, ttbar, hadronic t' = bW (100%), l+jets

G 'mgi m - g'f 1 = bW (1009%), 1+
G, Z(l)Z(gq), kM=0.1

W:n W gluino, Stopped Gluino

w _,Iﬁ stop, HSCP

W — WZ(leptonic) stop, Stopped Gluino

WR' — tb stau, HSCP, GMSB

WR, MNR=MWR/2 hyper-K, hyper-p=1.2 TeV

WKK p=10 TeV fractional charge, g=2/3e

pTG, nTC > 700 GeV fractional charge, g=1/3e

String Ball M, MD=2.1, Ms=1.7, gs=0.4
String Resonances (qg)

s8 Resonance (gg)

s8 Resonance (gg/bb), fbb=1

LA

multiple charge, g=2e
multiple charge, g=3e

neutralino, ctau=25cm, ECAL time

4th
Generation

E6 diguarks (gg)
Axigluon/Coloron (ggbar)
gluino, 3jet, RPYV La1, p=0.5
0 1 2 3 4 5 6 LQ1, p=1.0
9" (qg), dijet -y gjg LeptoQuarks
q: aw LQ3, (bbnunu) Br(LQ — bvt) = 1
. d {qZ? LQ3, (btau) p=1.0
:1 , dijet pair stop (btau)
g, boosted Z s s 4 s
e h=2TeV .
A2 TV Compositeness (TeV)

=
-
[

3 4 5 6

CMS 95% CL limits

(TeV)




ATLAS 95% CL limits

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: HCP 2012)

Large ED (ADD) : monojet + E
Large ED (ADD) : monophoton + E

T s
T.meEs
@ Large ED (ADD) : diphoton & dilepton, m,,
S UED : diphoton + £, .
2 S'z, ED : dilepton, m,
g RS1 : diphoton & dilepton, m,,
5 RS1 : ZZ resonance, m,,
© RS1: WW resonance, my
s RSg —tt (BR=0.925): tt — I+jets,m
e KK : it boosied
Y ADD BH (M,,, /M,=3) : SS dimuon, N .
ADD BH (M,,, /M,=3) : leptons + jets, £p
Quantum black hole : dijet, F (m,
qqll Cl : ee &y, rﬁu
uutt Cl : SS dilepton + jets + E

Mg (5=2)

Compact. scale R

M. (HLZ 5=3, NLO) ATLAS

Preliminary

Graviton mass (k/Mg = 0.1)

Graviton mass (k/M., = 0.1)
Graviton mass (k/Mg = 0.1)
g,, mass

M, (D=8)
My (B=6)

A

L=5.9-6.1 ", & TeV [ATLAS-CONF-2012-129)

Z'(SSM) i m_, |L=47 ", 7 TeV [1210.6804]
S W' (SSM) My, |L=AT T TV [1209.4446)
W (=1, g _=1) :m,, |L=a7m 7 Tev 1200.6503)
Wy (— th, SSM) M (L=t 7 TeV [1205.1018]
___________________________________________________________________________________________________ Wi, |77 eV 2084k
Scalar LQ pair {f=1) : kin. vars. in eegjj, evjj [Lt=10m",7 Tev[1112.4528)
__G_I Scalar LQ pair (5=1) : kin. vars. in Ljj, wvjj [L=t1.0f”, 7 Tev [1203.3172)
Scalar LQ pair {p=1) : kin. vars. in t1jj, Tvj] [L=4.7 "7 Tev [Preliminary]

4" generation : t't'— WhWh |L=47 67,7 TeV [1210.5070)

14Te¥ 7 mass

255Tev W' mass

430 GeV . W' mass
1143 Te¥ W' mass

242Tev . W* mass

se0Gev T gen. LQ mass
s85Gev 2™ gen. LQ mass

538Gev 3" gen. LQ mass
656 GeV ' mass

4" generation : b'b'(T_ T,.)— WIWE |L=47 b7, 7 Tev [ATLAS-CONF-2012-130] 670Gev D' (T, ) mass

5]
=
S New quark b’ : b'B'— Zb+X, m__ |ieafs 7 vav {12044265)
g Top partner : TT — tt + A A, (dilepton, M "} - |iag7 7 fev 1260 41se
D
=

Vector-like quark : CC,m,,,

Excited quarks y-jet resonance, im

Excited quarks : dijet resonance, .
Excited lepton : I-y resonance, m

Techni-hadrons (LSTC) - dilepton, m_,
Techni-hadrons (LSTC) : WZ resonance (vlll.m

5 Major. neutr. (LRSM, no mixing) : 2-lep + jets
< W, (LRSM, no mixing) : 2-lep + jets
O H™ (DY prod., BR{H =Il)=1) : SS ee (uu),m
H™ (DY prod., BR{H"—eu)=1) : SS ey, me:

Color octet scal"ar . di]El resgnance, m‘

Excit.
ferm

L=46fb", 7 TeV [ATLAS-COMF-2012-137]
Vectordike quark : NC,m, | {=481b",7 TeV [ATLAS-CONF-2012-137]

400 Ge¥ = b' mass

4836ev. T mass (m{A ) <100 GeV)

142Tev  VLQ mass (charge -1/3, coupling ko = v/mg}

108Tev VLQ mass (charge 2/3, coupling x_; = vim)
q" mass

H* mass

248 TeV 7' mass

I* mass (A = mi{l*))

p foy mass (mip o) -min) =M )
p_mass (mip ) =mix,) +m,. m(a)=1.1mip })

N mass (m(W_) =2 TeV)

Wy mass (m(N) < 1.4 TeV)
H;* mass (limit at 398 GeV/ for uu)

Scalar resonance mas

J.Ldf = (1.0 - 13.0) fo’

Is=7, 8TeV

A {constructive int.)

CERN, 20-Nov-2012 10
P Jenni (CERN)

*Only a selection of the available mass limits on new states or phenomena shown
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And thanks so much for having launched us on a discovery journey
Into ne ics!
g ! > \‘
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CERN, 20-Nov-2012
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LHC Schedule Assumptions

2009 LHC start-up /s = 900GeV
2010
2011 s = 7TeV rising to 8TeV, .£= 6x103*cm2s-!, bunch spacing 50ns
2012 ~20fb-"
2013 2 < x z
ik Go to design energy and nominal luminosity
2015
Vs = 13-14TeV, £= 1x10%cm-2s-, bunch spacing 25ns
2017 250fb-1

2018
2019

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

2020 s = 14TeV, .£= 2-3x10%cm2s-, bunch spacing 25ns

2021

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

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

CERN, 20-Nov-2012
P Jenni (CERN)

2023

8
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Uncorrected p; of

Pb-Pb event with jets each jet ~160 GeV

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

ATLAS

A EXPERIMENT

Heauylor Collision Eventwith:2.dets




Evolution of the excess with time
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Signal strength (u)
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H%WW(*)eevuv/uvev
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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.
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