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4 luglio 2012: 

scoperta al CERN una nuova particella 

chiamata BOSONE DI HIGGS
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Cos’è questo bosone di Higgs?

Vi sarete chiesti:

…se avete cercato su wikipedia avete letto:

Il bosone di Higgs è un bosone scalare, elementare e massivo associato al campo di Higgs, 

che svolge un ruolo fondamentale nel Modello Standard

conferendo la massa alle particelle elementari

tramite il fenomeno della rottura spontanea di simmetria. […]
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Cos’è questo bosone di Higgs?

Vi sarete chiesti:

dopodomani lezione (tecnica)
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…e quanto ci è costato?

A cosa serve scoprire il bosone?

Vi sarete chiesti:

Come l’hanno scoperto? E ora?

Perché e da quando si cercava?
Ha fornito indizi su altro da scoprire?

Cos’è questo bosone di Higgs?
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INDAGHIAMO LA STORIA DELLE

PARTICELLE ELEMENTARI (PE)

Perché e da quando si cercava?
Ha fornito indizi su altro da scoprire?
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oggetti INDIVISIBILI
(o meglio, ritenuti tali al momento) 

Atomismo:

Atomi = indivisibili e immutabili   

in moto nel Vuoto

Sono particelle “alla Democrito” (460-370 a.C.)?

INDAGHIAMO LA STORIA DELLE

PARTICELLE ELEMENTARI (PE)

…almeno partiamo da fine ‘800!
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1865

Maxwell  

Elettroma-

gnetismo 

OK

1869

Mendeleev 

elementi chimici = ATOMI alla Democrito

e-
J.J. Thomson 

1897-99

→ gli atomi di Mendeleev

non sono indivisibili!

elettromagnetismo
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1865

Maxwell  

Elettroma-

gnetismo 

OK

ONDE

PARTICELLE ELEMENTARI

e-
J.J. Thomson 

1897-99

e-

atomo 

«a panettone»

CORPUSCOLI

elettromagnetismo
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A) I primi 50 anni del 900

B) Gli ultimi 50 anni del 900: la corsa agli acceleratori

D) Indizi per il futuro?

C) Dal 90 al 12: la caccia al bosone
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Sopra: scoperte sperimentali

Sotto: teorieThomson atomo 

«a panettone»

1900

ONDE CORPUSCOLI

PARTICELLE ELEMENTARI

e-
elettromagnetismo
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PARTICELLE ELEMENTARI

p

n=(p-e-)

E. Rutherford

1917-19

1911

Thomson atomo 

«a panettone»

e-

ONDE CORPUSCOLI

elettromagnetismo

1920

E. Rutherford

p=H+ Particelle 

Rutherford

«planetario»
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elettromagnetismo

PARTICELLE ELEMENTARI

p 

A. Compton natura 

corpuscolare
(ipotesi Planck, Einstein)

1917-19 1923

1911

e- p

ONDE CORPUSCOLI

n=(p-e-)
1920

E. Rutherford

E. Rutherford

Particelle 

Rutherford

«planetario»
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PARTICELLE ELEMENTARI

p 

A. Compton natura 

corpuscolare
(ipotesi Planck, Einstein)

1917-19 1923

1911

e- p

Einstein

Gravità 

OK 

relatività generale

1916-1919

ONDE CORPUSCOLI

n=(p-e-)
1920

E. Rutherford
Rutherford

«planetario»

E. Rutherford

Particelle 
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PARTICELLE ELEMENTARI

p 

A. Compton natura 

corpuscolare
(ipotesi Planck, Einstein)

1917-19 1923

1911 1924

de Broglie: tutte PE 

sia onde che corpuscoli 

e- p

1916-1919

ONDE ONDE E CORPUSCOLI

relatività generale

Einstein

Gravità 

OK 

n=(p-e-)
1920

E. Rutherford
Rutherford

«planetario»

E. Rutherford

Particelle 
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e+

1925-1926

MQ 

non  rel

eq. d’onda
(spin, statistica Fermi)

Rutherford

«planetario»
Atomo Schroedinger

1928

MQ  rel

Dirac anti-e

Forze nucleari? 

Si studiano i decadimenti   

 spettro continuo (Bohr: energia non conservata?)

e- 

p

PARTICELLE ELEMENTARIITP 07/10/2024 - I.Masina 16

1927: Davisson-Germer

Natura ondulatoria 

materia



1930

“neutrone” 

di Pauli per 

PARTICELLE ELEMENTARI

e+e- 

p

nP
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

1930

1932

PARTICELLE ELEMENTARI

J. Chadwick

n

e+e- 

p

n

“neutrone” 

di Pauli per 

«neutrino»

Amaldi-Fermi

nP

costituenti del nucleo
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1930 1933

1932

PARTICELLE ELEMENTARI

J. Chadwick

n e+

C.D. Anderson 

raggi cosmici

Fermi: forza debole per  

PE si trasformano le une 

nelle altre 

PE non «alla 

Democrito»!



e- 

p

n

e+

n→ p e- 

“neutrino” 

di Pauli per 
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+−

W-

C.D. Anderson raggi cosmici 

per 10 anni scambiato per  

+−

1938

PARTICELLE ELEMENTARI

Klein: PE-forza 

massive per int deboli

1937



e- 

p

n

e+ +−

W+

1935

Yukawa: PE-forza 

massive per int forti

+− W+−
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W-

1947

C.D. Anderson raggi cosmici 

per 10 anni scambiato per  

+−

1938

PARTICELLE ELEMENTARI

Klein: PE-forza 

massive per int deboli

1937

C.Powell, 

C.Lattes 

G.Occhialini 

+−

1948

Lawrence

sicrociclotrone



e- 

p

n

e+ +−

W+

1935

Yukawa: PE-forza 

massive per int forti

+− W+−

+−



1950

 raggi cosmici → 



+−





−
+



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I CICLOTRONI DI LAWRENCE

1930:

Ciclotrone da 5 pollici 

(costava 25 dollari)
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I CICLOTRONI DI LAWRENCE

1930:

Ciclotrone da 5 pollici 

(costava 25 dollari)

1932:

Ciclotrone da 27 pollici 
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1930:

Ciclotrone da 5 pollici 

(costava 25 dollari)

1942: progetto 

Manhattan: ciclotrone 

da 184 pollici per produrre

Uranio (usato per bomba 

Hiroshima del 1945)

I CICLOTRONI DI LAWRENCE

1932:

Ciclotrone da 27 pollici 

1946: upgrade del ciclotrone da 184 pollici che diventa un  sincrociclotrone

1948: arriva a 200 MeV e produce muoni e pioni che osserva con camere a nebbia, 

          come erano stati osservati 1 anno prima nei raggi cosmici

NASCE LA FISICA DELLE ALTE ENERGIE
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A) I primi 50 anni del 900: perché Democrito è superato

B) Dagli anni 50 ai 90: la corsa agli acceleratori

D) Indizi per il futuro?

C) Dal 90 ad 12: la caccia al bosone
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Vengono costruiti dappertutto SINCROTRONI
(evoluzione del sincrociclotrone)

1950: Bevatron, negli USA. Energia di 6.3 GeV

1959: Il Proton Synchrotron (PS) del CERN. 

           Energia di 28 GeV (628 m circ)

Dopo la II guerra mondiale si sentì il bisogno di 

fondare un centro europeo per la ricerca. Nel 1952, 

12 Paesi europei riuniscono un consiglio di scienziati, 

il Consiglio Europeo per la Ricerca Nucleare 

(CERN). Il segretario generale è Edoardo Amaldi.

L’accordo è firmato nel 1954. 

1957: Il Synchro-cyclotron (SC) del CERN. 

           Energia di 600 MeV (15.7 m circ)

Maria Cervasi e Giuseppe Fidecaro

1976: Il Super Proton Synchrotron (SPS) del CERN. 

           Energia di 400 GeV (7 km  circ) Ugo Amaldi
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Adaptation of Livingston plot: "Energy of colliders is plotted in terms of 
the laboratory energy of particles colliding with a proton at rest to reach 

the same center of mass energy." Using these units, the energy of 

collisions at the Large Hadron Collider is nearly 100,000 TeV.

Il primo a Frascati 

(B. Touschek)

Ciclotroni 

Sincrociclotroni 

Sincrotroni (p) 

ILC

Collisori (e) 

Collisori (p) 
LHC

PS

SC

SPS

LEP

Bevatron
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1950 1960

p
_

Particelle scoperte con il sicrotrone Bevatron, LBNL 

n
_

PARTICELLE ELEMENTARI

Segrè-Chamberlain

1955

Cork

1956

W-


e- 

p

n

e+ +−

W+

+−p
_

n
_



−
+



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1950 1960

Particelle “strane” (ri)scoperte con sicrotroni (raggi cosmici)

+−+−  

PARTICELLE ELEMENTARI

1955 1956

W-


e- 

p

n

e+ +−

W+

+−

n
_

p
_

+

−
+

  etc

se io potessi ricordare 

il nome di tutte queste 

particelle sarei un botanico!



−

etc

ITP 07/10/2024 - I.Masina 29



1950 1960

e


Finalmente (26 anni) anche i neutrini! (camera a bolle)

PARTICELLE ELEMENTARI

1956

Cowan

Reines

1962

W-

e- 

p

n

e+ +−

W+

+−

n
_


etc

e e

_

Lederman

Schwartz

Steinberger

Pontecorvo 

oscillazioni 

p
_

 

_

Wu int deboli 

violano P

1957


−

+
 +− 
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1950 1960

e


Finalmente (26 anni) anche i neutrini! (camera a bolle)

PARTICELLE ELEMENTARI

1956 1962

W-

e- 

p

n

e+ +−

W+

+−

n
_

  etc

e e

_

Lederman

Schwartz

Steinberger

1957

Pontecorvo 

oscillazioni 

p
_

 

_

Wu int deboli 

violano P

Glashow: SU(2)xU(1) 

Z e correnti neutre

Z0

+

−
+

  etc−

Cowan

Reines
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1960 1970

Cabibbo (aff  CERN) 

angolo per transizioni 

“strane” delle int deboli

PARTICELLE ELEMENTARI

1963

W-

e- 

p

n

e+ +−

W+

+−

n
_

  etc

e e

_

p
_

 

_
Z0

M.Gell-Mann Zweig 

(Sakata) modello a quark 

(u d s) e gluoni (g)

1964

1969

SLAC conferma 

modello quark
LBN: -

(sss)

Greenberg Han 

Nambu: SU(3) colore

+

−
+


 −
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1960 1970

Cabibbo (aff  CERN) 

angolo per transizioni 

“strane” delle int deboli

PARTICELLE ELEMENTARI

1963

W-

e- 
e+ +−

W+
e e

_
 

_
Z0

M.Gell-Mann Zweig 

(Sakata) modello a quark 

(u d s) e gluoni (g)

1964

1969

SLAC conferma 

modello quark
LBN: -

(sss)

Greenberg Han 

Nambu: SU(3) colore

u

d s

u
_

d
_

s
_ g

1965

Glashow 

Bjorken

c c
_

c
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1964Fino al ‘64 si pensava (“teorema di Goldstone”) 

non ci fosse modo di costruire teorie 

con portatori della forza  massivi
(senza rompere esplicitamente le simmetrie di gauge) 

PARTICELLE ELEMENTARI

W-

e- 
e+ +−

W+
e e

_
 

_
Z0

u

d sd
_

s
_ gc Massa 

nulla

Massa 

non nulla

P. Higgs smentisce questo teorema: possono essere 

massivi se esiste un ”campo di Higgs” (che rompe 

spontaneamente la simmetria). Ciò implica

1) un bosone (s=0) elementare, noto come “bosone di Higgs”

2) dare la massa alle particelle di materia 

H

c
_

1967

Modello Standard

mod Glashow+mecc Higgs

(Glashow Weinberg Salam)

u
_
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PARTICELLE ELEMENTARI

W-

e- 
e+ +−

W+
e e

_
 

_
Z0

u

d sd
_

s
_ gc

H

c
_

u
_

1973

Kobayashi Maskawa

serve 3x3 per viol di CP

1970
altra pred di c

(Glashow 

Iliopolous 

Maiani)

Correnti neutre da Z

Gargamelle

(CERN)
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
PARTICELLE ELEMENTARI

W-

e- 
e+ +−

W+
e e

_
 

_
Z0

u

d sd
_

s
_ gc

H

c
_

u
_

1973

Kobayashi Maskawa

serve 3x3 per viol di CP

1970
altra pred di c

(Glashow 

Iliopolous 

Maiani)

1974

J/psi

→ c

Correnti neutre da Z

Gargamelle

(CERN)

 

1975

→ predizione t e 

1977

b Fermilab

b b
_

− +

t t
_



_
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
PARTICELLE ELEMENTARI

W-

e- 
e+ +−

W+
e e

_
 

_
Z0

u

d sd
_

s
_ gc

H

c
_

u
_

1973

Kobayashi Maskawa

serve 3x3 per viol di CP

1970
altra pred di c

(Glashow 

Iliopolous 

Maiani)

1974

J/psi

→ c

Correnti neutre da Z

Gargamelle

(CERN)

 

1975

→ predizione t e 

gluoni 

(DESY)

19791977

b Fermilab

b b
_

− +

t t
_



_
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W- W+ Z0

1983

C. Rubbia e 

S. van der 

Meeer 

(SPS,CERN)

PARTICELLE ELEMENTARI

e- 
e+ +−

e e

_
 

_

u

d sd
_

s
_ g

H

u
_

W e Z

c c
_



b b
_

− +

t



_

t
_

I valori delle masse di W e 

Z erano predetti dal MS!

Non per H!

Ing. G. Brianti: SPS, LEP, LHC, CNAO, … 

Inizio LEP

(CERN)

1989

1995

Anti-H (CERN)
t Fermilab 
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1983

C. Rubbia e 

S. van der 

Meeer 

(SPS,CERN)

1995 2000

Anti-H (CERN)

Ing. G. Brianti: SPS, LEP, LHC, CNAO, … 

ChiusuraLEP

PARTICELLE ELEMENTARI

e- 
e+ +−

e e

_
 

_

u

d sd
_

s
_ g

H

u
_

Inizio LEP

(CERN)
t Fermilab  Fermilab 

W e Z

c c
_

b b
_

− +

t

W- W+ Z0

1989

t
_

 

_

I valori delle masse di W e 

Z erano predetti dal MS!

Non per H!
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A) I primi 50 anni del 900: perché Democrito è superato

B) Dagli anni 50 ai 90: la corsa agli acceleratori

D) Indizi per il futuro?

C) Dal ‘90 al ‘12: la caccia al bosone
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EXP 

A.D.2000

9

We now turn to the determinat ion of the points in the plane [mH , mt (mt )] allowing for

the existence of a second minimum degenerate with the electroweak one. These points

belong to a line separat ing the stability from the metastability region, see fig. 5: in the

lower part of the plot λ(µ) is always posit ive, while in the upper part it becomes negat ive

before reaching the Planck scale. The configurat ion of a shallow false minimum belongs

to the stability region, but the associated points are so close to the transit ion line that

they could not be dist inguished by eye.
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Α3 mZ 0.1179
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FIG. 5: The solid (black) line marks the points in the plane [mH , mt (mt )] where a second

vacuum, degenerate with the elect roweak one, is obtained just below the Planck scale. The

(red) diagonal arrow shows the effect of varying α3(mZ ) = 0.1196± 0.0017; the (blue) horizontal

one shows the effect of varying µλ (the matching scale of λ) from mZ up to 2mH . The shaded

(yellow) vert ical region is the 2σ ATLAS[1] and CMS[2] combined range, mH = 125.65 ± 0.85

GeV; the shaded (green) horizontal region is the range mt (mt ) = 163.3± 2.7GeV, equivalent to

mt = 173.3 ± 2.8 GeV [15].

The transit ion line of fig. 5 was obtained with the input parameter values discussed in

the previous sect ion and by matching the running Higgs quart ic coupling at mH . Clearly,

it is also important to est imate the theoret ical error associated to experimental ranges of

the input parametersand theoneassociated to thematching procedure. To illustrate this,

weconsider in part icular thepoint on the transit ion lineassociated to the valuemH = 126

GeV; for such point , λ and βλ both vanish at a certain scale µβ (see fig. 4). The arrows

show how, if some inputs or the matching scale are changed, the posit ion of this point
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We now turn to the determinat ion of the points in the plane [mH , mt (mt )] allowing for

the existence of a second minimum degenerate with the electroweak one. These points

belong to a line separat ing the stability from the metastability region, see fig. 5: in the

lower part of the plot λ(µ) is always posit ive, while in the upper part it becomes negat ive

before reaching the Planck scale. The configurat ion of a shallow false minimum belongs

to the stability region, but the associated points are so close to the transit ion line that

they could not be dist inguished by eye.
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FIG. 5: The solid (black) line marks the points in the plane [mH , mt (mt )] where a second

vacuum, degenerate with the elect roweak one, is obtained just below the Planck scale. The

(red) diagonal arrow shows the effect of varying α3(mZ ) = 0.1196± 0.0017; the (blue) horizontal

one shows the effect of varying µλ (the matching scale of λ) from mZ up to 2mH . The shaded

(yellow) vert ical region is the 2σ ATLAS[1] and CMS[2] combined range, mH = 125.65 ± 0.85

GeV; the shaded (green) horizontal region is the range mt (mt ) = 163.3± 2.7GeV, equivalent to

mt = 173.3 ± 2.8 GeV [15].

The transit ion line of fig. 5 was obtained with the input parameter values discussed in

the previous sect ion and by matching the running Higgs quart ic coupling at mH . Clearly,

it is also important to est imate the theoret ical error associated to experimental ranges of

the input parametersand theoneassociated to thematching procedure. To illustrate this,

weconsider in part icular thepoint on the transit ion lineassociated to the valuemH = 126

GeV; for such point , λ and βλ both vanish at a certain scale µβ (see fig. 4). The arrows

show how, if some inputs or the matching scale are changed, the posit ion of this point

T
o

p
 m

a
ss

/
G

eV

170

190

150

120 130110 140 150

Excluded by LEP

160

Higgs mass/GeV

Benché un piccolo numero di eventi registrati avrebbero potuto essere 

interpretati come dovuti ai bosoni di Higgs, le prove a disposizione 

erano ancora inconcludenti→ chiusura LEP → campo libero a Tevatron<114.4GeV 

ITP 07/10/2024 - I.Masina 41



EXP 
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We now turn to the determinat ion of the points in the plane [mH , mt (mt )] allowing for

the existence of a second minimum degenerate with the electroweak one. These points

belong to a line separat ing the stability from the metastability region, see fig. 5: in the

lower part of the plot λ(µ) is always posit ive, while in the upper part it becomes negat ive

before reaching the Planck scale. The configurat ion of a shallow false minimum belongs

to the stability region, but the associated points are so close to the transit ion line that

they could not be dist inguished by eye.
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FIG. 5: The solid (black) line marks the points in the plane [mH , mt (mt )] where a second

vacuum, degenerate with the elect roweak one, is obtained just below the Planck scale. The

(red) diagonal arrow shows the effect of varying α3(mZ ) = 0.1196± 0.0017; the (blue) horizontal

one shows the effect of varying µλ (the matching scale of λ) from mZ up to 2mH . The shaded

(yellow) vert ical region is the 2σ ATLAS[1] and CMS[2] combined range, mH = 125.65 ± 0.85

GeV; the shaded (green) horizontal region is the range mt (mt ) = 163.3± 2.7GeV, equivalent to

mt = 173.3 ± 2.8 GeV [15].

The transit ion line of fig. 5 was obtained with the input parameter values discussed in

the previous sect ion and by matching the running Higgs quart ic coupling at mH . Clearly,

it is also important to est imate the theoret ical error associated to experimental ranges of

the input parametersand theoneassociated to thematching procedure. To illustrate this,

weconsider in part icular thepoint on the transit ion lineassociated to the valuemH = 126

GeV; for such point , λ and βλ both vanish at a certain scale µβ (see fig. 4). The arrows

show how, if some inputs or the matching scale are changed, the posit ion of this point
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FIG. 5: The solid (black) line marks the points in the plane [mH , mt (mt )] where a second

vacuum, degenerate with the elect roweak one, is obtained just below the Planck scale. The

(red) diagonal arrow shows the effect of varying α3(mZ ) = 0.1196± 0.0017; the (blue) horizontal

one shows the effect of varying µλ (the matching scale of λ) from mZ up to 2mH . The shaded

(yellow) vert ical region is the 2σ ATLAS[1] and CMS[2] combined range, mH = 125.65 ± 0.85

GeV; the shaded (green) horizontal region is the range mt (mt ) = 163.3± 2.7GeV, equivalent to

mt = 173.3 ± 2.8 GeV [15].

The transit ion line of fig. 5 was obtained with the input parameter values discussed in

the previous sect ion and by matching the running Higgs quart ic coupling at mH . Clearly,

it is also important to est imate the theoret ical error associated to experimental ranges of

the input parametersand theoneassociated to thematching procedure. To illustrate this,

weconsider in part icular thepoint on the transit ion lineassociated to the valuemH = 126

GeV; for such point , λ and βλ both vanish at a certain scale µβ (see fig. 4). The arrows

show how, if some inputs or the matching scale are changed, the posit ion of this point
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Qualche eccesso tra 115 e 140 

GeV, ma non concludente 2

→ campo libero a LHC
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We now turn to the determinat ion of the points in the plane [mH , mt (mt )] allowing for

the existence of a second minimum degenerate with the electroweak one. These points

belong to a line separat ing the stability from the metastability region, see fig. 5: in the

lower part of the plot λ(µ) is always posit ive, while in the upper part it becomes negat ive

before reaching the Planck scale. The configurat ion of a shallow false minimum belongs

to the stability region, but the associated points are so close to the transit ion line that

they could not be dist inguished by eye.
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FIG. 5: The solid (black) line marks the points in the plane [mH , mt (mt )] where a second

vacuum, degenerate with the elect roweak one, is obtained just below the Planck scale. The

(red) diagonal arrow shows the effect of varying α3(mZ ) = 0.1196± 0.0017; the (blue) horizontal

one shows the effect of varying µλ (the matching scale of λ) from mZ up to 2mH . The shaded

(yellow) vert ical region is the 2σ ATLAS[1] and CMS[2] combined range, mH = 125.65 ± 0.85

GeV; the shaded (green) horizontal region is the range mt (mt ) = 163.3± 2.7GeV, equivalent to

mt = 173.3 ± 2.8 GeV [15].

The transit ion line of fig. 5 was obtained with the input parameter values discussed in

the previous sect ion and by matching the running Higgs quart ic coupling at mH . Clearly,

it is also important to est imate the theoret ical error associated to experimental ranges of

the input parametersand theoneassociated to thematching procedure. To illustrate this,

weconsider in part icular thepoint on the transit ion lineassociated to the valuemH = 126

GeV; for such point , λ and βλ both vanish at a certain scale µβ (see fig. 4). The arrows

show how, if some inputs or the matching scale are changed, the posit ion of this point
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FIG. 5: The solid (black) line marks the points in the plane [mH , mt (mt )] where a second

vacuum, degenerate with the elect roweak one, is obtained just below the Planck scale. The

(red) diagonal arrow shows the effect of varying α3(mZ ) = 0.1196± 0.0017; the (blue) horizontal

one shows the effect of varying µλ (the matching scale of λ) from mZ up to 2mH . The shaded

(yellow) vert ical region is the 2σ ATLAS[1] and CMS[2] combined range, mH = 125.65 ± 0.85

GeV; the shaded (green) horizontal region is the range mt (mt ) = 163.3± 2.7GeV, equivalent to

mt = 173.3 ± 2.8 GeV [15].

The transit ion line of fig. 5 was obtained with the input parameter values discussed in

the previous sect ion and by matching the running Higgs quart ic coupling at mH . Clearly,

it is also important to est imate the theoret ical error associated to experimental ranges of

the input parametersand theoneassociated to thematching procedure. To illustrate this,

weconsider in part icular thepoint on the transit ion lineassociated to the valuemH = 126

GeV; for such point , λ and βλ both vanish at a certain scale µβ (see fig. 4). The arrows

show how, if some inputs or the matching scale are changed, the posit ion of this point
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Congratulations, Mr. Higgs

CONCLUSIONI
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A) I primi 50 anni del 900: perché Democrito è superato

B) Dagli anni 50 ai 90: la corsa agli acceleratori

D) Indizi per il futuro?

C) Dal 90 ad 12: la caccia al bosone
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We now turn to the determinat ion of the points in the plane [mH , mt (mt )] allowing for

the existence of a second minimum degenerate with the electroweak one. These points

belong to a line separat ing the stability from the metastability region, see fig. 5: in the

lower part of the plot λ(µ) is always posit ive, while in the upper part it becomes negat ive

before reaching the Planck scale. The configurat ion of a shallow false minimum belongs

to the stability region, but the associated points are so close to the transit ion line that

they could not be dist inguished by eye.
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FIG. 5: The solid (black) line marks the points in the plane [mH , mt (mt )] where a second

vacuum, degenerate with the elect roweak one, is obtained just below the Planck scale. The

(red) diagonal arrow shows the effect of varying α3(mZ ) = 0.1196± 0.0017; the (blue) horizontal

one shows the effect of varying µλ (the matching scale of λ) from mZ up to 2mH . The shaded

(yellow) vert ical region is the 2σ ATLAS[1] and CMS[2] combined range, mH = 125.65 ± 0.85

GeV; the shaded (green) horizontal region is the range mt (mt ) = 163.3± 2.7GeV, equivalent to

mt = 173.3 ± 2.8 GeV [15].

The transit ion line of fig. 5 was obtained with the input parameter values discussed in

the previous sect ion and by matching the running Higgs quart ic coupling at mH . Clearly,

it is also important to est imate the theoret ical error associated to experimental ranges of

the input parametersand theoneassociated to thematching procedure. To illustrate this,

weconsider in part icular thepoint on the transit ion lineassociated to the valuemH = 126

GeV; for such point , λ and βλ both vanish at a certain scale µβ (see fig. 4). The arrows

show how, if some inputs or the matching scale are changed, the posit ion of this point
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FIG. 5: The solid (black) line marks the points in the plane [mH , mt (mt )] where a second

vacuum, degenerate with the elect roweak one, is obtained just below the Planck scale. The

(red) diagonal arrow shows the effect of varying α3(mZ ) = 0.1196± 0.0017; the (blue) horizontal

one shows the effect of varying µλ (the matching scale of λ) from mZ up to 2mH . The shaded

(yellow) vert ical region is the 2σ ATLAS[1] and CMS[2] combined range, mH = 125.65 ± 0.85

GeV; the shaded (green) horizontal region is the range mt (mt ) = 163.3± 2.7GeV, equivalent to

mt = 173.3 ± 2.8 GeV [15].

The transit ion line of fig. 5 was obtained with the input parameter values discussed in

the previous sect ion and by matching the running Higgs quart ic coupling at mH . Clearly,

it is also important to est imate the theoret ical error associated to experimental ranges of

the input parametersand theoneassociated to thematching procedure. To illustrate this,

weconsider in part icular thepoint on the transit ion lineassociated to the valuemH = 126

GeV; for such point , λ and βλ both vanish at a certain scale µβ (see fig. 4). The arrows

show how, if some inputs or the matching scale are changed, the posit ion of this point
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V(H)

H

Un altro vuoto 

degenere ad 

energie altissime?

Forse il bosone di Higgs ha un ruolo «cosmologico»  

nell’inflazione primordiale?

v » 246GeV

Bosone di 

Higgs
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upon conformal transformation to Einstein frame and redefinition of  Higgs field to 

have canonical kinetic term

=non-minimal coupling  of  

Higgs with gravity
[Bezrukov Shaposhnikov 2008]

SM Higgs potential

Higgs potential flattened 



V()

(also including NNLO) 

at

Mikhail Shaposhnikov - 
Wikipedia

Fedor BEZRUKOV | 
Reader | PhD | The 
University of 
Manchester, 
Manchester |  School 
of Physics and 
Astronomy | 
Research profile

https://www.google.com/imgres?q=bezrukov%20shaposhnikov&imgurl=https%3A%2F%2Fupload.wikimedia.org%2Fwikipedia%2Fcommons%2Fthumb%2F5%2F58%2FMikhail_Shaposhnikov_portrait.jpg%2F800px-Mikhail_Shaposhnikov_portrait.jpg&imgrefurl=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FMikhail_Shaposhnikov&docid=eNH8v0EwQw-HUM&tbnid=Xi5iYFs3tpDQ6M&vet=12ahUKEwiqiuib592IAxXWfKQEHcjEJrUQM3oECBEQAA..i&w=800&h=533&hcb=2&ved=2ahUKEwiqiuib592IAxXWfKQEHcjEJrUQM3oECBEQAA
https://www.google.com/imgres?q=bezrukov%20fedor&imgurl=https%3A%2F%2Fi1.rgstatic.net%2Fii%2Fprofile.image%2F277175182872577-1443095121090_Q512%2FFedor-Bezrukov.jpg&imgrefurl=https%3A%2F%2Fwww.researchgate.net%2Fprofile%2FFedor-Bezrukov&docid=Gtjmtutg7zr5NM&tbnid=Pgv71ElEWKvVMM&vet=12ahUKEwiH3uuz592IAxWnTqQEHW2qDUIQM3oECB4QAA..i&w=512&h=512&hcb=2&ved=2ahUKEwiH3uuz592IAxWnTqQEHW2qDUIQM3oECB4QAA


BIG BANG

questa è l’energia 

di LHC!

LHC può produrre particelle che 

esistevano immediatamente dopo il 

Big Bang e che oggi non ci sono più 

perché sono decadute

inflazione primordiale
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ALCUNE DIREZIONI DI RICERCA ATTUALI

→ Misure di precisione del MS

→ Modelli «Oltre» il MS (GUT, SUSY, stringhe, …): 

a) segnature ad acceleratori

b) segnature cosmologiche: 

materia oscura 

energia oscura   

asimmetria materia antimateria

inflazione primordiale

onde gravitazionali/buchi neri

…

→ Riesame dei Fondamenti della meccanica quantistica 
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