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What it tells us about the
Universe?
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THE HIGGS MECHANISM /




THE HIGGS MECHANISM




HOW TO GIVE MASS TO PARTICLES?

Imagine a particle interacting with a scalar field in CM:

Loy = —mix — gop(t, x)

2
L . . 0p(t, x)
Plugging it in the Euler-Lagrange equation we get: mx = — g r
X
If we switch to the STR, the free particle Lagrangian becomes:
E—
¥,
) X

Lo = — mc \ I_Z

How can we couple it to a scalar field?

2
X
Option Lepr = — [mc* + go(t, x)]\ | — — reduces to L~y in the limitv << c.
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HOW TO GIVE MASS TO PARTICLES?

* |[f we again plug itin the Euler-Lagrange equation, we get:
SR

d (m+gp(t,x)x oP(t, x) X

_ 12
dt /1 — 2/2 5 0X \ c?

e orinthe limit of v<<c

d oQ(t,
—[(m + gp(t,x))x] = — g USL)
dt OX

* A very interesting and beautiful thing happens if the scalar field is constant
P(t,x) = C:
(m+ g1, x))X =0

e A particle of mass m interacting with the constant scalar field ¢ moves like a

free particle of massm + ¢ !



IT 1S NOT THAT SIMPLE!

Symmetries:
Global Poincare

Local SURB) ® SUR2) ® U(1)

*Simply adding the mass term
in the Lagrangian completely destroys
the symmetries and in turn laws
of conservation!
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SPONTANEOUS SYMMETRY BREAKING
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(a) The ferromagnet for T > T..
I'he global rotational symmetry
is unbroken.

(b) The ferromagnet for T < T..
The global rotational symmetry
is spontaneouslv broken.




SOLUTION TO THE PROBLEM 10
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Now It Is time to checK If the
nature is really like that!
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COLLIDING PROTONS
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o(pp — H+X) [pb]

HIGGS BOSON PRODUCTION AND DECAY 15

Only one Higgs boson produced in 1.000.000.000 pp collisions!
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... and it decays almost immediately!



HOW DO WE LOOK FOR IT?

P,+P +P +P
= E2 - p2c?
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THE COMPACT MUON SOLENOID DETECTOR

Preshower Superconducting solenoid
Silicon strips, 16 m?, | Niobium titanium coil carrying 18000 A
I 137000 channels

Silicon tracker
Pixel: 100x150 um2, 65 M channels

Microstrips: 80x150 um?2, 9.6 M channels

ECAL
Cylindrical barrel (EB), D-shaped endcap (EE)

Made of lead tungstate (PbWQOy,) crystals

///, ///,/ / ,,
:
N Muon chambers

N\ Barrel: 250 Drift Tubes, 480 Resistive Plate Chambers
\ Endcaps: 468 Cathode Strips, 432 Resistive Plate Chambers
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Standalone muon pair Tracker muon pair CMS TRIGGER

Reconstructed also in the tracker

Muons reconstructed only in . _
the muon detectors Hybrid muon pair

u

One muon of each type
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ELECTRON RECONSTRUCTION 20
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MUON RECONSTRUCTION

Om m 2
Key: "
Muon
Electron
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-~ = — - Neutral Hadron (e.g. Neutron)

« = = =« =« Photon

Silicon
Tracker

- Electromagnetic ~_
i )l” Calorimeter

Hadron
Calorimeter
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D Bamaey, CERN, Febry 2004









WHAT WE MEASURED

24
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MEASURED + EXPECTED
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p-value

0.159
0.023
1.35E-03

3.17E-05

2.87E-07

WE HAVE ALL AGREED...

Significance (o)

1

Agreement

0<2=-> normal

2<0<3-2 Interesting

3<0<5—-> evidence

o>5 > discovery




Discovery
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A POWERFUL TOOL - BLIND ANALYSIS
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SOMETHING IS THERE!
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P-VALUE SCAN
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ATLAS RESULTS 3
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CMS H—’)/]/ 33
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CMS COMBINATION
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ATLAS COMBINATION
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Physics Letters B

Volume 716, Issue 1, 17 September 2012, Pages 30-61
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Observation of a new boson at a mass of 125 GeV with the CMS
experiment at the LHC *

This paper is dedicated to the memory of our colleagues who worked on CMS but have since passed away. In recognition of

their many contributions to the achievement of this observation.
CMS Collaboration*
S. Chatrchyan, V. Khachatryan, A.M. Sirunyan, A. Tumasyan

W. Adam, E. Aguilo, T. Bergauer, M. Dragicevic, J. Ero, C. Fabjan’, M. Fried|, R. Frihwirth!, V.M. Ghete, J.
Hammer, M. Hoch, N. Hérmann, J. Hrubec, M. Jeitler', W. Kiesenhofer, V. Kniinz, M. Krammer’, .
Kratschmer, D. Liko, W. Majerotto, |. Mikulec, M. Pernicka’, B. Rahbaran, C. Rohringer, H. Rohringer, R.
Schaofbeck, J. Strauss,

5 Show more

doi:10.1016/j.physletb.2012.08.021 4J Getrights and content

Open Access

Abstract

Results are presented from searches for the standard model Higgs boson in proton—proton collisions at
Vs = 7 and 8 TeV in the Compact Muon Solenoid experiment at the LHC, using data samples corresponding
to integrated luminosities of upto 5.1 fo " at 7 TeV and 5.3 fb™" at 8 TeV. The search is performed in five decay
modes: yy ,ZZ, W W~ ,1%1~, and bb. An excess of events is observed above the expected background,
with a local significance of 5.0 standard deviations, at a mass near 125 GeV, signalling the production of a
new particle. The expected significance for a standard model Higgs boson of that mass is 5.8 standard
deviations. The excess is most significant in the two decay modes with the best mass resolution, yy and ZZ,
a fit to these signals gives a mass of 125.3+0.4(stat.)+0.5(syst.) GeV . The decay to two photons
indicates that the new particle is a boson with spin different from one.
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Physics Letters B

Volume 716, Issue 1, 17 September 2012, Pages 1-29

‘Observation of a new particle in the search for the Standard Model A
Higgs boson with the ATLAS detector at the LHC * )

This paper is dedicated to the memory of our ATLAS colleagues who did not live to see the full impact and significance of their

contributions to the experiment.

ATLAS Collaboration™*

G. Aad*®, T. Abajyan?', B. Abbott''!, J. Abdallah'?, S. Abdel Khalek''®, A.A. Abdelalim*®, O. Abdinov'!, R.
Aben's, B. Abi''?, M. Abolins®®, O.S. AbouZeid'*®, H. Abramowicz'®*, H. Abreu'®¢, B.S. Acharya'54s. 154,
L. Adamczyk®, D.L. Adams?®, T.N. Addy™®, J. Adelman'™®, S. Adomeit®®, P. Adragna’™, T. Adye'?*, S.
Aefsky?, J.A. Aguilar-Saavedra'?*®- 2, M. Agustoni'’, M. Aharrouche®!, S.P. Ahlen??, F. Ahles*®, A.
Ahmad'*®, M. Ahsan?!, G. Aielli'®*- ¥ T Akdogan'®,

, Show more

doi:10.1016/j.physletb.2012.08.020 4 Get rights and content
Open Access

Abstract

A search for the Standard Model Higgs boson in proton—proton collisions with the ATLAS detector at the LHC
is presented. The datasets used correspond to integrated luminosities of approximately 4.8 fb~" collected at
Vs=7TeV in 2011 and 58 ™' at /s=8TeV in 2012. Individual searches in the channels
HoZZ*) 54 ¢, H-yy and H>WW &) Sevpv in the 8 TeV data are combined with previously
published results of searches for H-)ZZ(*), WW(*). bb and t* 1t~ in the 7 TeV data and results from
improved analyses of the H—»ZZ*) >4 ¢ and H—yYy channels in the 7 TeV data. Clear evidence for the
production of a neutral boson with a measured mass of 126.0 £ 0.4 (stat) £ 0.4 (sys) GeV is presented.
This observation, which has a significance of 5.9 standard deviations, corresponding to a background
fluctuation probability of 1.7 %1 0~7, is compatible with the production and decay of the Standard Model
Higgs boson.



ALL MEASURED PROPERTIES AGREE WITH THE
PREDICTIONS FOR THE SM HIGGS BOSON!

* What are the charge, spin and parity of particle X? What is the mass?
* Is the new particle produced as predicted for the SM Higgs boson? o
* Does it decay as predicted for the SM Higgs boson? 4

* Does particle X interact with other known elementary particles as
oredicted for the SM Higgs boson?

\



PRESSMEDDELANDE

Press release

8 October 2013

The Nobel Prize in Physics 2013

The Royal Swedish Academy of Sciences has decided to award the Nobel Prize in Physics for 2013 to

Francois Englert Peter W. Higgs

Universite Libre de Bruxelles, Brussels, Belgium University of Edinburgh, UK

“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”
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 CERN Masterclass radionica na jedan dan
ucenike srednijih skola pretvara u

znanstvenike koji tragaju za Higgsovim
bozonom

* CERN Teacher Programme ugosduje
nastavnike na nekoliko dana i uci ih o fizici
elementarnin Cestica gdje zajedno
pripremaju materijale koje oni kasnije mogu
iskoristiti u nastavi
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