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Outline of the lecture

* What is the Higgs boson
* How to search for the Higgs boson

 Discovery of the Higgs boson in 2011-12 data

J. Varela, The Higgs boson, 2013 2



What in the world
is a Higgs boson?
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What is a Higgs boson?

what is the higgs boson

9.42 million answers

Search

Wikipedia:

The Higgs boson or Higgs particle is an elementary
particle in the Standard Model of particle physics.

The Higgs field is a quantum field with a non-zero

strength that fills all of space, and explains why
fundamental particles such as quarks and electrons have

mass.



What is a Higgs Boson?

Standard Model answer:

It's the quantum of Higgs field.
Higgs field:

1) Allows the W and Z bosons to have mass,
and thus

2) Makes possible the unified theory of the
electromagnetic and weak forces.

3) Gives mass to the quarks and leptons
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20th century: SM of Elementary Particles

From X-rays and radioactivity to the Higgs boson
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The Standard Model

Theory describing the elementary particles and their interaction
Amazing agreement with ALL experimental data

Ordinary matter

1 Missing Element: Higgs

FERMIONS® BOSONS
‘ First Second Third l Measurement Fit  10Mmeas_QM/gmeas
10 Generation [Generation Generation | | 0 2 3
[
Top quark
m,[GeV] 91.1875=0.0021 91.1874
14 —
A I,[GeV]  2.4952:0.0023 2.4959
" o,[Nb]  41540+0.037  41.479
10 | PasoR SN R, 20767 +0.025  20.742
Charm quark X Ay 0.01714 = 0.00095 0.01645
Tau A(P) 0.1465 = 0.0032  0.1481
0 ﬁ Shrange querk R, 0.21629 = 0.00066 0.21579
g 10" R, 0.1721+0.0030  0.1723
s g™ AP 0.0992 = 0.0016  0.1038
2 AY° 0.0707 = 0.0035  0.0742
: A, 0923:0020 0935
3
C A, 0.670 = 0.027 0.668
; A(SLD) 0.1513 = 0.0021  0.1481
_ sin“0lr (Q,,) 0.2324 +0.0012  0.2314
m,, [GeV] 80.399-0.023  80.379
S N MASSLESS wlGeV]
BOSONS T, [Gev]  2.085=0.042 2.092
then. D m, [GeV] 1733 = 1.1 1734
neutrino Tau- _J Photon .
0‘ newtring July 2010 0 1 2 3
. Gluon

Confirmed at sub 1% level!
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What is mass?

Mass is a basic property of particles:

Since Newton, mass is a measure of inertia:
F=m.a

Mass is also source of gravitation force.

Without mass there would be no atoms, stars, galaxies, 1 GeV

Universe. =
1.78 1027 Kg

Mass is energy:
Particle at rest:
E=mc? mass energy (c = speed of light)

Moving particle:
E2 = (m02)2 + (|C)C)2 mass energy + kinetic energy

Particles with zero mass (m=0) move at speed of light
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Higgs: particle or field?

Basic principle of Quantum Mechanics:
Every particle has an associated field

Einstein Nobel Prize:
Light waves are composed quanta of energy called photons

More generally, the electromagnetic field (radio waves,
microwaves, light, X-rays, gamma rays) is made of photons

The Higgs field is composed of Higgs particles
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Fermions and bosons

Fermions:

e spin is semi-integer

» only one fermion can occupy a particular quantum state at any
given time

» particles of matter

« Examples: electron, muons, quark, neutrino (spin 2)

Bosons:

* spin integer

 more than one boson can occupy the same quantum state
* mediators of forces

 Examples: photon, W boson, Z boson , gluon (spin 1)

Higgs boson has spin 0

It is the first elementary scalar observed in Nature!
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Spin variables

Particles of spin 1, like the electroweak bosons, have
three spin variables which are related to the oscillations of
the field:

« 1 oscillation mode along the direction of motion

« 2 oscillation modes transverse to the motion

Massless particles, such as the photon, cannot oscillate
along the direction of motion

Massive particles can.
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Yang-Mills theories

Fundamental interactions are derived from a principle of
symmetry (local gauge invariance)

Yang—Mills theories describe the behavior of elementary
particles:

* Unification of the Electromagnetic and Weak forces: U(1) x SU(2)
Quantum Chromodynamics (Strong force): SU(3)

It forms the basis of our current understanding
of particle physics, the Standard Model.
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Electroweak unification

Weak forces: radioactivity, neutrinos, Sun
Electromagnetic and weak forces have

the same origin L= L P
The electroweak theory is based in a - ¥ PW the ]
underlying symmetry between the two 4 T Ry hp
interactions +Rgf -V
The equations of this theory imply
that all particles have zero mass
BUT:
Electromagnetic interaction: _
Photon m=0 Different masses of

v, Wand Z

Weak interaction: breaks the symmetry

Bosces WeZ m~80-90 GeV
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How the electroweak model is built?

Start with two abstract forces:

W force: 3 massless quanta . ‘ . SU(2)

B force: 1 massless quantum u(1)

Let the observed physical quanta with no
electrical charge be mixtures!

ohoton | T  77% BY, 23% WP

20 77% WO, 23% B°
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Electroweak bosons

There are then four force quanta for the
combined “electroweak force™:
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These are the modern quanta, except THEY WOULD BE ALL
MASSLESS.
And the FORCES’ STRENGTHS WOULD BE ABOUT EQUAL.

Reality: W* are massive and associated force appears to be
weak!

The Z° boson is the intermediate of the “neutral current”
neutrino events discovered at CERN (Gargamelle)
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Who got the idea?

Breakthrough ideas to allow non-zero masses, known
as the “Higgs mechanism”, came from many directions

in the 1960’s:

Englert-Brout, Higgs
Guralnik-Hagen-Kibble

We use “Higgs™ as a composite
person (partly Peter Higgs).

It all started from nothing: the vacuum!
In classical physics, a vacuum exists in a volume where

you remove all matter.
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The Higgs exists in the vacuum

Key postulate of the "Higgs mechanism”™:
A new force field, the Higgs field, has an

average value in the vacuum that became
non-zero as the early universe cooled.

J. Varela, The Higgs boson, 2013 17



The Higgs mechanism

Spontaneous
symmetry breaking

Higgs field in the equations:

= The Higgs field fills the space of the whole Universe

* The field has a non-zero value in the energy minimum

= Symmetry is broken when the field is at a minimum

= W and Z particles get mass through the interaction with
the Higgs field

J. Varela, The Higgs boson, 2013 18



Glashow-Weinberg-Salam model

1967-68: Steven Weinberg and Abdus Salam
took Glashow’s theory and added:

A Higgs field with four
components, related in a
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Then they introduced the non- +RIF VP |

zero average value of the Higgs
field and looked at the
consequences
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Goldstone bosons?

The four components became:
one massive Higgs boson @

and three new massless bosons called
“Goldstone” bosons.

Now we have In total:

four massless force quanta and three massless
Goldstone bosons

J. Varela, The Higgs boson, 2013 20



A math miracle happens

The three variables describing Goldstone bosons
become the description of the oscillations of the
W+ W-, and Z° in their directions of motion!

There was not a fourth Goldstone boson to the
same to the photon, so it stayed massless.

The colloquial way to say it:

“The W*, W-, and Z° eat the

Goldstone bosons and acquire a ©©
mass” e
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Added bonus

Non-zero average value of the Higgs field can also give
masses to the quarks, electrons and muons — to all

point-like particles.

Old theoretical problem affecting the quantum theory of
the weak force :
the probability of two W's interacting becomes
larger than 1 at high energies (> 1 TeV).

This is solved by the Higgs field!

lim A o E? lim A o const.
FE—oo E—o0o
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There was just one little loose end...

In spite of decades of attempts, there was
no direct experimental confirmation or
falsification of the Higgs field or the Higgs
Boson!

J. Varela, The Higgs boson, 2013 23



How to search for
the Higgs boson?

J. Varela, The Higgs boson, 2013
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Proton collisions at LHC

6 LHC Vs=14TeV L=10cm’s’ EventRate
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The LHC energy scale

Standard Model does not work at high energy without the
Higgs particle or alternative "new physics”

Based on the understanding of the theory and on the
experimental observations, we expected the Higgs or
"new physics" to appear at an energy around:

1 Tera electronVolt (TeV) = 102 electronVolt

accessible for the first time.

J. Varela, The Higgs boson, 2013 26



LHC accelerator
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World-wide collaborations

%<’ 38 Nations
~3500 physicist

J. Varela, The Higgs boson, 2013
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A CMS ZZ* event with both
Z's decaying to muons.

This is a "candidate” for Higgs

decay at low mass. Muon 3, pt: 58.4 GeV

Muon 1, pt: 5.4 GeV|

Muon 0, pt: 5.7 GeV

Muon 2, pt: 34.6 GeV




Rediscovery of the Standard Model at LHC
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CMS Preliminary,\'s=7 TeV
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= Fabulous agreement

= Lots of data

... on to the Higgs...
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...and many more physics results
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How do we analyze the data”

J. Varela, The Higgs boson, 2013
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Mass spectrum of muon pairs

Events with two muons:
Search for particles X decaying in two muons
Compute m(X) from the energy-momentum of the two muons

il

E p,(!) ¢ J/W %10007 n_ CMS Preliminag,\;§3=17p1$1\l
#10° n ' Y(1,2,3 S g0l 5= 70 MeVIc?
g 3 I ' <1
> g
w10° 5 s00-
104 400? |
200 . ;
10° I-muon ; St
d S \Ué""s.ls”"sla“'é.ls'”'15"’1‘(;1.5"‘111'_"54.5(;‘;‘\’;52
102 p*p mass (GeVic
CMS Preliminary
10 Mass spectrum:
1 Ns=7TeV, L =40 pb! number of events
‘h as a function of mass
III 1 1 1 1 L1l II 1 1 1 1 L1 1 II |
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H 2> ZZ - 4 leptons

Mass spectrum of 4 leptons

2 e |

O 16F o e a) { Rare process with

2 4k B 2.x ] low statistics

8 W zz .

o my = 140 GeV 3 Requires

(Ll 10F = =20 Ge¥ 1 sophisticated
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signal from
background
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Experimental limits

Limits on the cross section (probability) of Higgs production
and decay in the channel H - ZZ - 4 leptons

CMS Ns=7TeV L=4.7 b _ _
b% J Cross section relative to the
10 E——romo= SM predicted cross section
S U1 WOSNRNUNNRN A WU . e o o o e o o O
2 = 1 means that with 95% probability
& > " 3 o the cross section is equal or smaller
. [——— than the SM prediction
' ===Expected + 10| |
= m m Expected + 20| |
110 200 300 400 500 600
my [GeV]
observed limit, measured experimentally
---------- expected limit, computed from simulation data
I uncertainty bands on the expected limit (1 e 2 standard deviations)
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Higgs limits in 2011

All channels combined
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Higgs boson excluded in 127.5 - 600 GeV
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Discovery of the Higgs boson
in 2011-12 data



LHC performance: 2010-2011-2012

Total Integrated Luminosity (fb')

CMS Total Integrated Luminosity, p-p

2010,Vs =7 TeV
2011,Vs =7 TeV
2012, \s =8 TeV

AP
T
-
AN
N

02/05

02/07 01/09
Time in year

0

J. Varela, The Higgs boson, 2013

Stellar performance
of the LHC enables
all experiments to
produce significant
physics results

Many thanks to the
LHC teams and the
many others who

made this possible!
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Higgs, top quark and W masses

In the Standard Model, the Higgs, top and W masses are interdependent
Precise measurements of top and W mass allow to predict Higgs mass

t

W o "OV Vv W Tevatron Preliminary March 2012
80-5_""I""I""I""I""I""I""I""_
b | (O LEPEWWG (2011) 68% CL (excluding m. mm&direct Higgs exclusion) -
H - og% gtgarea; m, 23?2; m_ . 60\\ _
/"‘\\ 8045 — " - L\Q; —
W ANk AR B i
(w;a'.uxg_“ ; — ]
W o 804+ —
&) - .
As of March 2012 E; - ]
= M=173.18 £ 0.94 GeV 80.35 — 4
= M,,=80.385 £ 0.015 GeV - -
> M,<158GeV at95% CcL 803 ~
-, 1 | | -

e e by by b v b ey by by
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« M,>114 GeV Myep (GEV)

J. Varela, The Higgs boson, 2013 42



Higgs boson production

Higgs production rates are predicted by the : o
Standard Model as a function of the Higgs T P
mass
1025 r ' ' ' EEEE:
2 F \s= 8 TeV Eg
T 10 4
Tk -
& . q
T 1 = Wz L
§ E j HO
10" :_ _: W, Z bremsstrahlung
- S t
107 | T
80 100 200 300 400 1000
M, [GeV] t t fusion
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Five Higgs decay modes were exploited

i gg
<
cC
] yy &y
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Low mass region is
very rich but also very

challenging:

* High sensitivity, high

resolution: ZZ, yy

* High sensitivity, low
resolution: WW

* Low sensitivity, low
resolution: bb, tt

J. Varela, The Higgs boson, 2013
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Datasets

Channel mu range data set Data used My
[GeV/c? [fb1] CMS [fb] resolution
1) H-yy 110-150 5+5/fb 2011+12 1-2%
2) H — tau tau 110-145 S5+12/fb 2011+12 15%
3) H—bb 110-135 S5+12/fb 2011+12 10%

Data collected in 2011 and until September 2012

J. Varela, The Higgs boson, 2013
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Higgs expected sensitivity

p-values o CMS Preliminary {s=7TeV,L<5.1fb"' Vs=8TeV,L<12.2fb"
Probability that s |

background fluctuates to o

give an excess as large as §

the signal size expected — g0

for a SM Higgs.

107°

= Combined
H— bb

—H =TT

Discovery:
50 (sigma) = probability of

Onein3mi”ion F o o T o W v b b 1|:
110 115 120 125 130 135 140 145

my, (GeV)

— H-=vy
— H— WW

10%°

T

Expected sensitivity at 126 GeV: 7.8 sigma
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CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14.621490 GMT ]
Run/Event: 194108 / 564224000 F

S/ from H—yy

. o

¢
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Photon energy calibration

Single electron energy scale (E/p) stability Z—ee invariant mass distribution for
in barrel measured with W —ev events electrons measured in the barrel
CMS 2012 Preliminary, Ys= 8 TeV, L = 2.4 fb
o 1.03¢ : e —
o C|{[|S 2012 Pre"mmary : +wnh LM correcflon i Mean 1 c:\ 25001' rrorrrrTre T e e
8 1. 02 — g 8TeV L= 395 fb ---------- ------ ;é"—"'Wﬂh'(jut'[_'[\]['(';'(jﬁ"e"(jﬁ'o'h”';”'_: rl RMS 0.0019 ¥ RS - ECAL Barrel
&1, 01: : | Ave  o.0068 | o
L; 1Ew d | — O 20001 Electrons with
% 0. 99; & low or no
€ 0.98 T g = 15001 Bremsstrahlung
0.97F iy % = F
E ® 1000F
0.96 i
0.95F- : : : : : = 5000
O 94 _ECAL Baffel Pmmp.t ReCU ..... ............ ............ .. ............ _i J N
0.93%7752 19}04 26I/O4 03/Io5 10/05 17/05 24/05 31/05 07/06 0 50700 0= 90 100 110

date (day/month) M, [ GeV/c?]

W-—ev E/p: Stable E scale during 2012 run after light monitoring
corrections:

— ECAL Barrel (EB): RMS stability after corrections 0.19%

Z—ee: Good resolution with preliminary energy calibration for 2012:

— Instrumental resolution: 1.0 GeV in ECAL Barrel (~1%)
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Di-photon mass spectra

Events/ (1 GeV)

Events/ (1 GeV)

Combined fit of signal and background to all 11 categories
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Results from H—oyy

1.67 GeV

vents /

Weighted E

Q)

— — )k

o NN B O O O
o O O O O O
o O O O O o

Di-photon mass distribution

Sum of mass distributions for each event class, weighted by S/B

- CMS Preliminary
— 1s=7TeV,L=5.11b"
C 1s=8TeV,L=531b"

o
o

—e— S/B Weighted Data
S+B Fit

------ Bkg Fit Component
IRESE
[ +20

| I |
120
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| | |
140

In the yy mass distribution
there is an excess of events
above background, at a
mass near 125 GeV.

The observation of the
two-photon final state implies
that the new particle is a
boson, not a fermion, and
that it cannot be a “spin 1”
particle.

There is no other
. fundamental particle with
m, (GeV) these properties

o0



H—yy signal strength

Best fit signal strength Dijetloose | . leo7 1oV L1
consistent between PN | b
different classes Untagged3|  “@y It S
B I— 016y = 1.5620.43
Untagged 2
- 00
Untagged 1
Combined best fit signal  untaggedo|
strength (m =125 GeV): pijet| 0w
GIGSM — 1.5610.43 X SM Untagged3_ >
Untagged2_ d)
=
Untagged 1 N
Untagged 0 | I I | I I

-4 -2 0 2 4 6 8 10
Best Fit G/GSM
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CMS Experiment at the LHC, CERN &,
Data recorded: 2012-May-27 23:35:47.2 30 GMT

vz
= Results from H—2Z—41 (I=e,u)

’

J. Varela, The Higgs boson, 2013




ZZ background models

 lIrreducible background ZZ — 4]

— Estimated using simulation - ]° 1N il
— Phenomenological shape models o [ \N99 P ZZ 24l
— Corrected for data/simulation scale s 5

— Reducible backgrounds estimated from data

— Extrapolation from control samples enriched with misidentified leptons

: ~ENO . : :
— Total uncertainty ~50% Validation in data
S 250 e ST TS0 S B e SIS0
(O] B ) 7 [} B
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S 200F [ 1zz,zy . o °f . : . =
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Four lepton mass spectrum

CMS Preliminary Vs=7TeV,L=5.05f";Ns=8TeV,L=5.26 fb"

> of o s e Mass distribution for the
O RRERE four leptons (two pairs of
paln F e electrons, or two pairs of muons,
S forz or the pair of electrons and the
gt | |m=126 Gev pair of muons).

6

% Accounting also for the decay

angle characteristics, it yields
an excess of 3.1 sigma
rf s  wi— . .=.. above background at a

T et = =T w5 mass of 125.6 GeV.
80 100 120 140 160 180

m, [GeV]
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ZZ—4| angular distributions

Matrix Element Likelihood Analysis:
uses kinematic inputs for
signal to background discrimination
{m;,m,,0,,6,,0%,®,0,}

KD _ 1_|_P}’kg(ml’m2701792,(I),Q*,(bllmu) -1
Psig(ml,m2,91,027(1)’9*’q)1’m4€)
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K, versus m, distributions

CMS preliminary ¥s=7TeV,L=51fb" ys=8TeV,L=122fb"

Kp discriminant versus m,, <

— Data points shown with per- o 0
event mass uncertainties 0.6 0.6
0.5
* Top: Data w.r.t. background .. 0.4
expectation 0-3
0.2 0.2
 Bottom: Data w.rt 126 GeV o+ e
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< 1
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0.2 0.2
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H—-> WW — 2| 2v

Signature
— 2 opposite charged leptons

— 2 neutrinos = missing
transverse energy (MET)

Analysis challenges

— understand backgrounds:
WW, W+jets, top, DY

J. Varela, The Higgs boson, 2013

u: 32 GeVig—/———
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H—-WW analysis

e-J mass in the 0-jet category e-J mass in the 1-jet category
(l) :I LI I LI B | | LI I LI I LI L L I LI l: (l) _l LI l LI L L I LI L L I LI I LI I LI I_
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Results from H—->WW analysis

I

For a mass of 125 GeV:

LI lllllll

* QObserved signal
significance: 3.1 sigma

Hl

I

o‘L-

 Signal strength a/ag),:

=

== observed
--- median expected

expected + 1o
expected + 2¢

CMS preliminary-
H— WW — 212v
L=4.9f?* (7 Tev) + 12.1 b (8 TeV)

— signal injection mH=125 GeV + 2¢ (stat.)

95% CL limit on o/o

0.74+0.25

LI

|

=
Q
=

N I I I I | I ] IllIIllIlllllIIllllllllllllllllllllllt‘

=
= |
(@)
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Results from H — Tt analysis

7/ and 8 TeV data; all categories combined

CMS, Preliminary, H — 11, L=17 fb”

= 5.0 |
o f —e— observed
= 45F
© TYE —— expected
S 4.0 E_ [ + 1o expected
a = [ ]+ 20 expected
£ 3.5
3 C
o 3.0 :
O\O -
To)
o

0-0 i TR T R | I T T | I T T | 1]
110 120 130 140
m, [GeV]

Mild excess at low mass ~ 1.5 sigma
Combined o/og,, at my = 125 GeV: 0.7+0.5
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Results from VH — Vbb analysis

95% Asymptotic CL Limit on o/cg,,
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At 125 GeV:

* The significance of the excessis 2.2 o
« Combined signal strength: 1.3 *0-7 .
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Higgs combined results

Combination of 5 channels: "0, Tv, WW, ZZ, vy

Local p-value

CMS Preliminary s = 7TeV L<5 1fb’ \s 8TeV L< 122fb CMS Prehmlnary is= 7TeV L<5 1 fb F 8TeV L<122fb
1 T === = | i T
107 26 b(/) i —a— Observed |
36 B ¥ Expected (68%)
q 46 € 10 S, L Expected (95%)E
10°F. \ v/ 1 2 :
e o E
10-9 B ““ \ / _:60 d i
i ““ E 32 1 ]
- \-/ {70 io :
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Observed significance 6.90 versus 7.80 expected
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Mass of the new resonance

Mass measurement from the two high-resolution
channels: my,=125.8£0.6 GeV

CMS Prehmlnary |s 7TeV.L<51fb' ys=8TeV,L<12.2fb"

- 10' LR T L N LA L — T 7
c H_>YY+ H_>ZZ —— Combined
- o — H—=yy i
cﬁ 8— — H-2Z E
7k £
28 ;
4l E
Ui i
0— E
122 124 126 128

my (GeV)
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Signal strength at m;=125.8 GeV

\s=7TeV,L<5.1fb" \s=8TeV,L<12.2fb"

cms Pre"min?ré MmH=125-SGeV Overall best-fit signal strength
- In the combination:
Ho e ology, = 0.8810.21
H— vy
H—- WW
Ho ZZ
0 0.5 1 2

1.5 2.
Best fit G/GSM

Signal strengths consistent with each other
and with SM
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Couplings to fermions and bosons

Fermion and Vector Boson

Couplings

CMS Preliminary Vs=7TeV,L<51fb" {s=8TeV,L<12.21b"

SM Higgs @ Fermiophobic 4 Bkg. only

Kg (scaling of fermion couplings)
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o
o‘ll(l*  —— —
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K, (scaling of vector boson couplings)
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Custodial Symmetry

A, = K, /K,

CMS Preliminary {s=7TeV,L<51fb' \s=8TeV,L<1221b"

NS P Ak
4.5
4.0}

: IIIIII I IIIIIIIII l&ll’l
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--- Exp. for SM H

-

Couplings look consistent with SM Higgs
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Results from ATLAS

Combination of yy and ZZ channels in 2012

+ all channels in 2011 July 2012

- 1 - - - "'l""l""\'."‘l"'I""l """"""""
27 4°E  ATLAS Preliminary 2011 +2012 Data ATLAS Preliminary 2011 + 2012 Data
3 Vs=7TeV: _[Ldt= 46481 —— Obs. Vs=7TeV: ILdt_ 46-481"
3 Vs=8TeV: [Ldt = 5.8-5.9 fb" -+ Exp. (5=8TeV: [Ldt=58591"

.......................................... - % e S e ™ e . ..
___________________________ 10 0.1
________________________________________________________ T R S
e N Expected | ... :
......................................................... 3 - -

; , 300 ) from SM
-------------------------------- . 4o s TR ] Higgs at [

0. L/ given my
Ao g7 AN e
I_' ........ : '..-:‘..‘ ...................................... &50'9 ------------------ !---------------I-----------\»‘ ---------------------

100 200 300 400 500 600 110 115 120 125 130 135 140 145 150

m, [GeV] my [GeV]

Significance 5 sigma at m= 126.5 GeV
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Both LHC experiments have
observed a new boson with a
mass near 125 GeV
at significance above 5 ¢ !

J. Varela, The Higgs boson, 2013
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Ehe New York Eimes

54 AME]

Wednesday, July 4,2012 Las! Updae

Discovery of
New Particle
Could Redefine
Physical World

By DENNIS OVERBYE
21 mnules ago

The discovery by physicists at
CERN's Large Hadron
Collider, if confirmed to be the
Higgs boson particle, could
lead to a new understanding of
how the universe began.
* The Lede Blog: What in the

World Is a Higgs Boson?

416 AMET

CERN officials held a press conference near Geneva on Wednesday

wyn LENTA'RU e

u:mame Rambler Media Group

04.07. 2012, 12:1302 Bepcmn g novare | EDéy

Physicists discover
a candidate for the
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o TEs

Il Bosone di Higgs esiste, oggi

I'annuncio del Cern a Ginevra
lanty indizi per llf"'ll;l Fisica
quantistica teorizzato ne 4. E° 1T"ultima

partice

la ancora da scoprire

Roma, 4 lug, (TMNews) - L'enigma relativo all'esistenza del "bosone di
Higgs", il “Santo Graal* della fisica delle particelle elementari,
potrebbe essere oramai vicino alla soluzione: la conferenza stampa In
programma 0ggi al Cern potrebbe dissipare gli ultimi dubbi,
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Decouverte
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A new boson was discovered

In praise of charter schools

The Britain's banking scandal spreads
-
ECONOMISt  volkswagen overtakes the rest

A power struggle at the Vatican

- k Parenriconnite SN

When Lonesome George met Nora

-A glant Ieap for
, saence

. Finding the
Higgs boson
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A new boson was discovered

Events/ 1.5 GeV

e

L | [l | P | 1 )
110 120 130 140 150
m., (GeV)

~ 5/(S+B) Weighted

U W B S B R o

s 5
o T
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ATLAS and CMS papers:

Observation of a new patrticle in the
search for the Standard Model Higgs
boson with the ATLAS detector at the
LHC.

“...compatible with the production and
decay of the Standard Model Higgs
boson.”

Observation of a new boson at a
mass of 125 GeV with the CMS
experiment at the LHC
“...consistent, within uncertainties,
with expectations for the standard
model Higgs boson.”
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What is this boson?

We still don’t know exactly what it is!

s there 1 Higgs boson, or more?

s it point-like, or composite?

s it spin O, or not?

Are all probabilities as predicted, or not?

Red answer = “New Physics”!

Beyond the Higgs:
New physics beyond the Standard Model is likely...
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A major discovery in physics

The new boson is either the SM Higgs or a Higgs-like particle

Electroweak symmetry breaking is very likely due to some
kind of Higgs field

The hypothesis that the space is filled with a Higgs field
since the origin of the Universe is a plausible assumption.

A new framework to understand the
Universe. Cosmological models
become more plausible:

« The Universe inflation after the big-bang

« Energy of a Higgs-like field as the source
of all matter in the Universe

J. Varela, The Higgs boson, 2013 72



End of Lecture 4
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