First Physics Results from LHC and
expectations for the near future
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Why everything is so com

‘We are trying to solve some of the main puzzles of nature

- What is the origin of mass: Higgs Scalar Field?

- What is the dark matter that keeps together the clusters of galaxies:
Gas of Heavy Neutralinos?

* What is the origin of the large asymmetry between matter and anti-
matter in the Universe: New Generation of Quarks? Large CP
violating effects?

» What was the state of matter in the very first instants after the Big-
Bang: Quark Gluon Plasma?

* Why gravity is so weak: Extradimensions?

*The answer to some of these questions is probably hidden in
the so far un-explored multi-TeV region made accessible by LHC
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Quark- Gluon Plasma produced at

CMS Experiment at LHC, CERN

2 Data recorded: Mon Nov 8 11:30:53 2010 CEST
G umi secl

ata recorded: Mol
Run/Event: 150431 / 630470
Lumi section: 173

|
« Lead lons Collisions in LHC
(November10)

« Compress a large amount of energy in
a very small volume.

 Thousand of particles produced per
event.

Pb-Pb@+/s,,,=2.76TeV

Pb+Pb @ sqrt(s) = 2.76 ATeV

2010-11-08 11:29:42
Fill : 1482

Run : 137124

Event : 0x00000000271EC693
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Basic ldea Pb“ll_

» produce a “fireball” of hot matter:
« temperature O(1072 K)
— ~10° x T at centre of Sun
— ~ T of universe @ ~10us after Big Bang

14 fm

* how does matter behave under such extreme
conditions?

BEp

->QCD predicts state of deconfined quarks 'ffi '
and gluons (Quark-Gluon Plasma) o
‘i:.-::-':.'%‘}-;%f;—'?{f'

- Look at the new state of matter in full detail
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A new, fluid state of matter

- Large mean free path
— particles stream out isotropically, no memory of the asymmetry
— extreme: ideal gas (infinite mean free path)

Reacﬁonf

- Small mean free path plane
— larger density gradient -> larger pressure gradient -> larger momentum
— extreme: ideal liquid (zero mean free path, hydrodynamic limit "

Alver, Gombeaud, Luzum & Ollitrault, Phys. Rev. C82 034813 (2010)
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Jet-quenching

''''

R=0.4 0 p+p Dala

First direct evidence of strong jet
quenching observed in LHC HI
collisions by ATLAS and CMS.

- Data récorded: Sun Nov 14 19:31:30 2010 CEST
- Run/Event 151076 1 13288
Lum| section’ 249

e
4 Centrality 40-60% + rentrality 60-80% 4

Jet0, p,: 205.1 GeV/c

L6

P !

| 1 ! .
02 04 06 08
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PR S Y 1
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.’ CMS, |oms Ewmumm.c#:ﬂ o

A, ‘
Jetl, p,:70.0 GeV/c N

Indirect evidence of strong jet quenching measured
at RHIC in single particle spectra and particle
correlations.

The momentum difference in di-jet is balanced by
low p; tracks.
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accepted by PRL

Y'(2S+3S) production relative to Y'(1S) in pp and PbPb
Compare pp and PbPb through a simultaneous fit

G. Tonelli, CERN/INFN/UNIPI ICALEPCS_2011_Grenoble October 10 2011 9



ATLAS 4.398 fb~!
—— CMS 4.459 fb~!
—o— LHCb 1.023 fb™!
—o— ALICE 3.702 pb™'

. PRELIMINARY

Energy per beam: 3.5 TeV
Interbunch spacing 50ns -
Bunches/beam: 1380

Bunch population: 1.25x101
B*="1m '

0.0 Loetri —3-‘.?‘. — T p——
Mar Apr May Jun Jul Aug Sep Oct

Max luminosity 3.3 x1033cm-2s™! ' —

Good perspeptiyés to achieve, by November the goal for
integrated luminosity that'was set for November
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The challenge of 2011 data taking

20 reconstructed
vertlces K '
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The path to discovery III.

Use “standard candles” for calibration purposes.
trigger paths

%106—; 2011 Run, L = 1.1 b -
E E un, L=1. JIp By
- 1 CMS \s=7TeV mJ/y
g 10 _g Bs — M+M-
7 ] Y
T 10 o i low p_ double muon
:>j 3 high p double muon

10°

Z
102
10
1
10"

1 10 10?
dimuon mass [GeV]

Dimuon mass distribution obtained from overlapping several trigger paths.
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to discovery

Understand W, Z, top and measure processes with tiny cross
— sectlons ATLAS Prellmlnary
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Search for bumps in the m.. spectrum
Examples: g*, axigluon, co]lour octet scalar
models
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Why Extradimensions are attrm-

There are strong indications that the strenght of major
interactions run with the available energy... but gravity is

not yet in the picture. It is by far too weak

Great idea some years ago.
Gravity is NOT weak, it appears weak ...................... S i
to us because we observe it in a 4- "
dimensional world. If we assume that
our universe can really evolve in
5-10 dimensions, immediately gravity
becomes much stronger than the -
simple 4-dimensional projection that we [
are used to deal with.

The Great Unification of Forces can I |

|

be proven at lower energies. (1mmy 18 M Mpianck
eV

Strength of Forces
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Extradimensions

The additional dimensions were not accessible to us
since we didn’t have so far enough energy.

.They are warped, compactified with very small radii

‘ of curvature.
w The energy of LHC might allow us to access these

extra-degrees of freedom.

If the theory is correct we expect a full spectrum of
new, massive particles populating.the TeV
region.




Looking for massive extra-bgﬂ.

\ Z'IGy ' The high mass tail of the Z is studied in great detail. Spectra are
consistent with known SM processes and 95% CL limits are

extracted
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CMS-PAS-EXO-11-019.

1940 GeV for the Sequential Standard Model Z'g,,,

1620 GeV for Super-String inspired models, Z°,,.
1450-1780 GeV for RS Kaluza-Klein Gravitons for (k/Mp,) 0.05-0.1.
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Monojet: Jet + E- =S

High-p- jet opposite ~no activity

Standard Model: Z—vv > W e
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Run Number: 180309, Event Number: 36060682
Date: 2011-04-27 02:33:15 CEST

u
A high-p. monojet event - SM interpretation Z — vv + jet
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Search of microscopic black holes signaWN_

Events with large total transverse energy are analyzed for the presence of multiple
high-energy jets, leptons, and photons, typical signal expected from a microscopic BH.

>106 > Tl T T 1 T < [T I L L
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Good agreement with the expected standard model backgrounds, dominated by QCD
multijet production, is observed for various final-state multiplicities. Limits on the
minimum black hole mass are set, in the range 4-5 TeV, for a variety of parameters in
models with large extra dimensions.

arXiv:1012.3375; CMS-PAS-EXO-11-071;
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Spectacular even

Data recorded: Sat Agr 23 080538 2011 EL =
Run/Event: 163332 / 196371106 =

: CMS Expedment s AHC, CERN
: “4  Datarsoorded: St Acx 2308 05,38 2011 EDT
E cm RunEvent 163332 /1963711086 |,

)
EE/EEEF JEEEEEFIEEES. B8 .
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“Normal Matter”
4%

Dark Matter
23%
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SUSY could provide good DM candidates

dark matter

SUSY particles
Ll
luminous matter 0 ‘/ 0
’ o~
5 ’ g reszenn

~ ~ ~ . ~
v Voo W Z
0 4 .. R~

e p T W

) Fooe purtcn o) Swceces SUSY toece parkcies

Each SM particle could have a super-symmetric (SUSY) partner with spin 1/2
difference. In super-matter the carriers of the interactions are fermions and the
particles are bosons. Elegant and nice symmetry of nature (similar to matter-
antimatter where the spin plays the role of the charge).
The Lightest SUSY particle, the neutralino, could be stable and a gas of heavy
neutralinos could be responsible of the dark matter that keeps together the
clusters of galaxies
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Entries / 100 GeV

DATA/MC

SUSY in 0-lepton channel I“III.

Strong production: gg, g9, qq q
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Within the constrained SSM models we have crossed the border of excluding

gluinos and squarks up to 1TeV and beyond. More conclusive results for the
winter conferences.
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B,2uw

Indirect sensitivity to new physics. Very rare process in Standard
Model B.—p+u- = (3.2+0.2)x10-* Any excess would indicate new physics.

CMS 2011, 1. 14fb Prellmmary CMS 2011, 1. 14fb Prellmlnary

s 0 LT eV 3 .l T sk TeY ] Combination of LHCb+CMS:
§_ I 7/ B! signal window - § I 7/ B?signal window - B 9“ - < 1.08x1078
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: ” I 08 :- = QObserved .
I §§§/ 1™ i ] 06 [ - (Et)a?celgf:u:J:SM) -
F-2 et 5s os 5 52 54 56 58 04 | .
m,, [GeV] m,, [GeV] [ ]
Events observed in the unblinded windows 02 - -
consistent with background plus SM IR i
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BR(BI —pp) [10°]
CMS limit: B,—pp—<1.9x10-8 (95% CL) M
LHCDb limit: B, pu*u-< 1.5%x10-8 CMS PAS-BPH-11-002 | 1x10? @ 95% CL
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Search for the Higgs qu-

The bare SM could be consistent with massless particles but matter
particles range from almost 0 to about 170GeV while force particles
range from 0 to about 90GeV.

How can it be that a massless photon can carry the same
electroweak interaction of a 80-90 GeV W or Z?

The simplest solution (Higgs, Kibble, Brout, Englert 1960’s)

All particles are massless !!
A new scalar field pervades the universe.

Particles interacting with this field acquire mass: the stronger
the interaction the larger the mass.
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The theory is elegant, coherent, and consistent with all observations..... but nobody
has been able so far to identify this new particle.

Unfortunately the theory does not constrain significantly the mass of the boson. M,
can be considered as a free parameter. The SM Higgs boson can live anywhere
between ~100GeV and ~1000GeV.

A definitive answer can come only from careful experiments.
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“Bringing together many drop/ets of Water to make an ocean”

— Comblned observed
102 _____ QMS Pre“mmary’ \S - 7 TeV """"" SIETTLTIITY Combined expected
o || =— H—Dbb (1.1 fb)
o | =——— H—11 (1 1 1o
T VO A = H—yy 7)1
—_— H—->WW 57
L N e He 77 o a1 e

95% CL limit on o/og,,
S

CMS PAS-HIG-11-011

100 200 300 400 500 600
Higgs boson mass (GeV/c?)
ATLAS and CMS are looking for the Higgs boson in a very wide mass range
combining together many different decay channels.
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SM Higgs 95% CL exclusion
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In the low mass part (114-145 GeV) we see a couple of interesting regions
showing some excess. Further study with the new data we are collecting will
hopefully tell us if we are seing a background fluctuation or the first hints of the
presence of a Higgs boson.
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Prospects for the SM Higgs observatlﬁw.

With 5fb-1 and the combination of the
two major LHC experiments the
discovery reach is almost everywhere
in the range from 114 to 600GeV.

Alternatively, we could start ruling out

the SM Higgs.

Before the end of 2012 we’ll know the

Significance of Observation (o)
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SM Higgs Search Prospects (Mass in GeV)
ATLAS + CMS 95% CL exclusion 3 o sensitivity 5 o sensitivity
1 fb1 120 - 530 135 -475 152 -175
2 fb! 114 - 585 120 - 545 140 - 200
5 fb1 114 - 600 114 - 600 128 - 482
10 fb1 114 - 600 114 - 600 117 - 535
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Conclusion JIIII_

« LHC operations are proceeding very well. Plenty of new physics results are
being published by all LHC experiments.

« Unfortunately no evidence for physics beyond the Standard Model so far.

» Good expectations to be able to discover the SM Higgs boson or to exclude it
fully by the end of 2012.

- Surprises and signals of new physics might appear any moment in LHC data.

* Many thanks to:

* the LHC team for the outstanding performance of the machine.
- the Conference Organizers for their kind invitation.
 you for your attention.
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