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Foreword

a Overview of physics results from run I
0 Ended beginning of this year, so good time for it
O Many many results obtained

o QCD, QGP, EWK, spectroscopy/new particles, heavy flavours, top,
Higgs, Beyond Standard Model

a Will not cover everything

0 Rather illustrate some of the results obtained to give you a flavour of
what has been done and of the most important results

O Apologize in advance for results not shown
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Standard Model of Particle Physics

a The Standard Model is built upon gauge symmetries

O Internal symmetries (extending upon geometrical symmetries)

0 Conserved quantities (quantum numbers): electric charge, colour, spin,..

0 Invariance principles always played a major role in physics (principle of relativity,

electromagnetism, special and general relativity)

3 Gauge symmetries modified are understanding of forces / ...

Interactions

O Gauge invariance naturally leads to interaction terms,
no need to introduce forces between particles

O Interactions consist in the exchange of particles
(vector boson)
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A problem

This picture has been very successful but gauge invariance implies massless vector
bosons, or, equivalently, interactions of infinite range

And it 1s known experimentally that weak interactions are of very short range, the
masses of the carrier of the weak interactions are:

a m,=91.2 GeV and m=80.4 GeV

Thus either it is our picture of the interactions as the exchange of vector bosons
which is wrong or there is a way to preserve this description for short range
interactions (e.g. massive vector bosons)

A possible way is the spontancous symmetry breaking

As a consequence the weak W and Z bosons become massive

and a new scalar neutral particle appears: this 1s the Higgs boson

Re(4)

[t turns out that this mechanism also allows to introduce the fermion (quarks and
leptons) masses
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LHC and LHC experiments

Underground circular tunnel
27 km circumference;-

100 m underground
4 caverns focu.e)(perlments

,kﬁ.
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LHC and LHC experiments

General Purpose:
pp, heavy ions




LHC and LHC experiments -

Physics: Quark-Gluon Plasma ...

Height: 10 m
Length: 20 m
Weight: 5600 t

—

Height: 16 m
Length: 25 m
Weight: 10000 t

LHCb

[Forward Spectrometer]

Physics: Matter/Antimatter-Asymmetry ...
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LHC and LHC experiments
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Data taking Run 1

LHC 2012 RUN (4 TeV/beam)
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ATLAS and CMS

0 Study of the Standard Model
a QCD
O EWK physics, top physics
O Higgs boson
a Search for physics Beyond Standard Model
O Supersymetry
O New resonances

O Anything new..
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Rediscovery of the SM
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New particles
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Standard Model after 7 TeV run

CMS Preliminary,\Ns=7 TeV
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= Lot’s of data

= Impressive agreement



QCD/Jets

O Test of perturbative QCD in a new regime (x,Q?)
3 Tuning of MC generators, PDFs, measurement of alpha s
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= Excellent agreement, over many decades

= Some generator/PDFs describe the data better than others: useful for tuning and
constraining generators and PDFs
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EWK Bosons Production

CMS Preliminary
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Events / 20 GeV
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Dibosons: WW, WZ, ZZ

0 Rare SM processes, only few events at Tevatron

O Path to discovery of new heavy particles, background to Higgs searches (WW, ZZ)

CMS Preliminary \'s = 8 TeV, L = 5.26 fb™
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Dibosons: WW, WZ, ZZ

a  Search for anomalous triple gauge couplings / deviations wrt Standard Model
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Top Physics
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a Precision on top mass close
to Tevatron
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LHC m,, combination - June 2012, L _=35pb"-4.91b"

ATLAS 2010, l+jets
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@ATLAS

EXPERIMENT
http://atlas.ch

<> Very clean, 4 isolated
leptons

<> Two same flavour,
opposite sign pairs
<>Tiny BR => maximum
efficiency required




Higgs:H->ZZ->4leptons

CMS preliminary

> 1 ' ]
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Higgs: H->gammagamma

CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 / 564224000

R

<2 high pT isolated photons

<> Small signal above a
huge background => best

resolution required
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Events / 2 GeV

Events - Fitted bkg

Higgs: H->gammagamma
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Higgs : Low resolution channels

H->WW->lvlv

@ ATLAS Run 214680, Event 271333760
17 Nov 2012 ©7:42:05 CET

A EXPERIMENT

ATLAS 3.70 3.80
CMS 510 4.00
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Higgs: properties
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And many more results’.."so far all consistent with a SM Higgs boson
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Beyond Standard Model
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Large ED (ADD) : monojet + £, _,
Large ED (ADD) : monophoton + £, __
Large ED (ADD) : diphoton & dilepton, m_
UED : diphoton + E,
8'2, ED : dilepton, m,
RS1 : diphoton & dilepton, m,
RS1 : ZZ resonance,m,, ,
RS1: WW resonance, m,
RS g -1t (BR=0.925) : tt - |+jets, m
ADD BH (My, /M,,=3) : SS dimuon, ey san
ADD BH (M, /M ,=3) : leptons + jets, Lp
Quantum black hole : dijet, F (m,)
qqaq contact interaction : Z(m )
qqiiCl:ee & uu.t’i
uutt CI - SS dilopton + jots + £,
2'(SSM) m,,,
2' (SSM) i m,,
W' (SSM):m,
W (=1q,9 =1):m,
W (= tb, SEM):m |
W om,,
Scalar LQ pair (#=1) : kin. vars. in oofj, ov))
Scalar LQ pair (f=1) : kin, vars. in puj, pvy
Scalar LQ pair (§=1) : kin, vars. in ), v
4" '
4" gonaralm"!.:"(‘fm Yr: ‘)-.wm
New quark b’ bﬁ’—o ZbeX. m
Top partner . TT < 1t + AOA‘; (dilepton, M”
Vector-like quark : CC.m,
Vector-like quark : NC,m,
; Excited quarks . y-jet msonanoo.mm
E Excited quarks : dijet resonance, m,
- Excited lepton : l-y resonance, m
Techni-hadrons (LSTC) : dilepton, m,,,.”
Techni-hadrons (LSTC) : WZ resonance (vil),m
Major. neutr. (LRSM, no mixing) : 2-lep + jets
W, (LRSM, no mixing) : 2-lep + jets
H" (DY prod., BR(H" —ll)=1) : SS ee (), m
H* (DY prod., BR{H"—ep)=1): SS ep.m '
Color octet scalar ; dijet resonance, m,

Extra dimensions

v

Lo

Excit. New quarks

Other

Beyond Standard Model

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

T T T TTTT T T T T TT1T7T

Graviton mass (k/M,, = 0.1)

o S f5=7,8TeV
M, (6=6)
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A
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Lo 7 10,7 Yo (1200 4903 400 W' mass
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Lo 07 Tev (1124000
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M, (5%2)
z M, (HLZ 53, NLO) ATLAS
Compact, scale R’ Prekminary
M. ~R"

Graviton mass (k/M, = 0.1)

Gravilon mass (k/M,, = 0.1) Ldf = (1.0-13.0) o

* Searches by ATLAS and CMS

for new phenomena are
probing the TeV scale

e The SM has proved

incredibly resilient

— Searches at the LHC have not
found evidence for BSM
physics...yet!
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q", boosted Z
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B' = bZ (100%) :
12 (100%) Generation

1" = bW (1009%), l+jets
t' = bW (100%), k!

=]
-




ALICE
(+CMS+ATLAS)

a Study the Quark Gluon Plasma
0 Charged particle production, soft QCD
a Jet quenching
a Elliptic flow

0 Quarkonia
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a Volume: ~4800 fm3 (2x RHIC)

a Temperature: ~300 MeV(1.3x

RHIC)
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t, (fm/c)

a Energy density: ~8 GeV/fm3 (3x

RHIC)

a Lifetime: ~10 fm/c (1.2x RHIC)
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Particle correlations, jet quenching

3 Strong di-jet imbalance observed in Pb-Pb ATLAS
O increase with centrality consistent with jet

quenching
0 Long range correlations

2< Pry <4 GoVic p-Pb | 5, = 5.02 TeV
1 <Py e <2 G0VI0 0-20% —
, Leading jet
100 pT:gios.1 GeVic
ALICE - |
60 ! Subleading jet
'; a0 pr: 700 GeVc
® 14 e
3| <o . .
23 Near-side
L -
Z\5 1.2 Away-side
TIT
2
L
2 1.0
2

3

1 2
0 Lgued
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Events/ (0.1 GeV/c?)

Color screening in QGP

a J/Psiand Y suppression for
central collisions due to color
screening 1s one of the original
predictions for QGP

a At LHC less suppression than

at RHIC: re-generation?

Sos8H
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S R e e S — .
50 1 1
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m ALICE Preliminary, 2.76 TeV Pb+Pb, 2.5<|y|<4
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Transport Model | (Y.-P. Liu et al), LHC
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LHCb

3 Studying the heavy flavour sector
O Observe the rarest decays

0 Understand CP violation, matter/anti-matter asymmetry
0 Find indirect evidence for new physics at very high scale (if any)

O Discover new particles
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Candidates / (50 MeV/c?)
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LHCb: Bs->mumu

Extremely rare decay recently
observed by LHCb

Branching fraction: few 10~
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B candidate:
¢ my=5353.4 MeV/c? BDT=0.826
[mm] Pr=4077.4 MeV/c t=2.84ps

BR = (3.2*1%.1, (stat) *9° 3 (syst))x10?

SM expectation
(3.54+0.30)x10°°



LHCb: CP violation

B.~>J/Wd: Results

— 0.2

& o18F LHCb —eancL 0 First measurement of the CP-violating phase in
% 0.16fF Preliminary e gnCL 3
0.14 E_ ............... 95%C.L. _E * _
PIE T St hadronic B->¢¢ decays
0.1F E
0.08 =
0.06 F- 3 T F | — , E
0.04 E E 10 .
0.02F 3 = 120F -
ba -ol.z (') 0?2 074 E 100 -
0, [rad] s T :
’ g 80 =
© o =
> 'N ) 405— _E
+r—| = 200 -
S%J/LIJT[ I 2 n 0 S i i i ta St Nt e A -‘-
£ 5100 5200 5300 5400 5500 5600
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w
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d Most accurate measurements of CP violation in the B, system



Conclusions and Outlook

a The 2010-2012 run has been a very exciting period
0 The machine and detectors have been working very well
O Plenty of physics results and major discovery of the awaited Higgs boson
3 A new period will start in 2015 after LS1
O Precise measurement of the Higgs boson properties
1 Already started but will benefit from much more statistics
3 Is it the Standard Model Higgs boson?
O Search for Beyond Standard Model physics

1 How to stabilize the Higgs mass? Unification at high energy?
Supersymmetry? Reasons for 3 families? ..?)

a More on QGP, heavy flavour and CP violation
a Much more luminosity, much more pileup

a New Challenge for the computing and the Grid
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The Higgs mechanism

0 The way to reconcile gauge symmetry and the existence of massive vector
bosons is called the spontaneous symmetry breaking

0 In the Higgs mechanism, the potential has a rotational symmetry but the ground

state do not have that symmetry
O Mexican hat shape of the potential

a As the a consequence the weak W and Z
bosons become massive and a new scalar
neutral particle appears: this 1s the Higgs boson

a It turns out that this mechanism also allows to

introduce mass for fermions (quarks and leptons) Re($)

O Implying that the mass of the fermions 1s proportional to their coupling to
the Higgs field

a This is why we often say that the Higgs field “generates™ or “gives® masses

Overview of LHC physics, LCG-France meeting, may 2013



Tracking performances
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Photons and electrons
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Jets and MET

5 -
% & Inclusive Jet Production —#— Data 20010 Vi = 7 TeV
= =
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E d
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a Excellent understanding of the
detectors thanks to detailed

simulations

Overview of LHC physics, LCG-France meeting, may 2013

>

Missing Transverse Energy

.
ATLAS Preliminary

’l.. \s=7TeV
.!...’ [ - zz?mm
*_ Calorimeter
:‘.’ I

T, . |
UL TRTIRE

number of events / 15 GeV

10 15 20 25 30 35 40 45 50
ET™ [GeV]

CMS Preliminary 2012

107 T l UL I L | L I L I UL
11.5fb'at \s=8 TeV
6 B
10 Bz
. B W-Iiv(i=en7)
b B Z-i(l=euwT)
[ top
10* ] QCD multijets
—o— data (before 2012 cleaning)
10° —— data (after 2012 cleaning)
102

Ll I | I Ll 1l
2000 2500 3000

E; [GeV]

Ll
0 500 1000 1500



Particle ID in LHCb and ALICE

TPC dE/dx (arb. units)

ML
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PERFORMANCE

500 | 05/03/2013 -
\% p-Pb {s=5.02TeV -

KN\ ]
400 .,- \1 A ]
200 N\ E

e \ X,

100 - e TN . a —
— = - e —

xS
%2 0304 1 2 3 4 5678910

p (GeV/c)

0 RICH particle ID in LHCb:
~95% efficiency for 5% n-K
contamination
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a ALICE particle ID: Si tracker, TPS, TOF

a Tracking down to very low momentum
(~100 MeV)
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Rediscovery of resonances
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QCD/direct photons
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=First and very precise measurement at the TeV scale.

QCD/Jets

T
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=> Dijet angular correlations:
g00d agreement between data

and theory
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Events/ (0.1 GeV/c?)
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QGP

a Lead-lead collisions also performed at LHC

O  Aim at studying new state of matter: QGP, properties of hot/dense matter
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3 Quarkonium suppression
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QGP

a Lead-lead collisions also performed at LHC

O Aim at studying new state of matter: QGP, properties of hot/dense matter
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Top mass
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= Maybe (much) more
important than previously
thought!




Higgs: properties

ATLAS 1.30+-0.13 (stat.) +- 0.14 (syst.)
S N
; 14 \ ATLAS Preliminary =
o _ : \s=7TeV: [Ldt=46481" _ _
12 a8 Tev: lLan 18007 0" : CMS 0.80 +- 0.14 (stat.+syst.)
"o ey - 30- _ Is=7TeV,L<5.1fb" \s=8TeV,L<19.6 fb"
8f- profiled u,, - o S50+ 014 | CMS Preliminary m, = 125.7 GeV
- — combined -7 H—bb (VHtag) | z2=6.2 (p,, =094)
6F g H - bb (ttH tag)
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All observations compatible with a SM Higgs boson so far *~ % @)
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