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Higgs—Mechanismus

Masse durch das Vakuum

‘spontane Symmetriebrechung’ bekannt

symmetrisches Vakuum mit Kennzahl v =0 l6st v = —v
unsymetrisches Vakuum mit Kennzahl v = 246

Masse m=g-v

m = 0 im symmetrischen Vakuum
m = 246 - g im unsymmetrischen Vakuum
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Temperatur als Kennzahl
rund 20° in Heidelberg im Durchschnitt

ab 30° am Philosophenweg gefiihlt schwer
Kopplung m = g - T individuell verschieden
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— Temperatur als Kennzahl

rund 20° in Heidelberg im Durchschnitt
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— kiihle Brise

Temperaturveranderung klar fihlbar
Quantenmechanik: v-Welle = Higgs—Teilchen
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— Namensgebung

Materieteilchen = Fermionen
Rest = Bosonen
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Shoulders of Giants

Massive Austauschteilchen

Fermi 1934: Zerfalls des Neutrons
erste Beschreibung von Elementarteilchen-Kraften

Yukawa 1935: Krafte endlicher Reichweite
Grundlage fiir Theorie des Atomkerns

— Tomonaga, Schwinger 1942-1948: Quantenelektrodynamik
Quantentheorie der elektrischen Ladung

Glashow, Salam, Weinberg 1961-1968: schwache Kernkraft
Symmetriestruktur des sogenannten Standardmodells

— 't Hooft, Veltman 1971: mathematische Konsistenz
vom Urknall zum LHC zum Kernkraftwerk
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Zwei Probleme der Elementarteilchenphysik

1 Goldstone-Theorem:
spontane Symmetriebrechung experimentell ausgeschlossen
2 Licht—Polarisationen und 3 # 2
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Higgs—Boson

Zwei Probleme der Elementarteilchenphysik

1 Goldstone-Theorem:

spontane Symmetriebrechung experimentell ausgeschlossen
2 Licht—Polarisationen und 3 # 2

Peter Higgs  (Brout & Englert; Guralnik, Hagen, Kibble]

— 1964: zwei Probleme mit einer L6sung
Vorume 13, Numser 16 PHYSICAL REVIEW LETTERS 19 Ocroner 1964

BROKEN SYMMETRIES AND THE MASSES OF GAUGE BOSONS

Peter W. Higgs
Tait Institute of Mathematical Physics, University of Edinburgh, Edinburgh, Scotland
(Received 31 August 1964)

In a recent note' it was shown that the Gold- about the “vacuum” solution ¢,(x) =0, @,(x) = ¢,:
stone theorem,? that Lorentz-covariant field
theories in which spontaneous breakdown of a“(ay(Awll-s'qu “} =0, (2a)

symmetry under an internal Lie group occurs
contain zero-mass particles, fails if and only if

the conserved currents associated with the in- {0"-40g?V" (95 (80a) =0, (2b)
ternal group are coupled to gauge fields. The

purpose of the present note is to report that, 8VFW :ewo{H“(Awl)-ewoA“}. (2¢)
as a of this the spi

quanta of some of the gauge fields acquire mass; Equation (2b) describes waves whose quanta have

the longitudinal degrees of freedom of these par- (bare) mass 2¢o{V""(¢,*)}*'*; Eqs. (2a) and (2¢)
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Zwei Probleme der Elementarteilchenphysik

1 Goldstone—Theorem:
spontane Symmetriebrechung experimentell ausgeschlossen
2 Licht—Polarisationen und 3 # 2

Peter HIggS [Brout & Englert; Guralnik, Hagen, Kibble]

— 1964: zwei Probleme mit einer Lésung
Vorume 13, Numser 16 PHYSICAL REVIEW LETTERS 19 Ocroner 1964

BROKEN SYMMETRIES AND THE MASSES OF GAUGE BOSONS

Peter W. Higgs
Tait Institute of Mathematical Physics, University of Edinburgh, Edinburgh, Scotland
(Received 31 August 1964)

- - - : Co s bout the * » soluti )=0, = go!
A detailed discussion of these questions will be about the “vacuum' solution ¢,(x al¥) = 0o

presented elsewhere. ) (A‘“l"wo" }=0, (2a)

It is worth noting that an essential feature of “ *
the type of theory wl?ich has l?een described hll {#-d0 Vo agy) =0, (@b)
this note is the prediction of incomplete multi-

s 14 s

plets of scalar af;d vector b950ns. Itis to.be 2 FY ep ‘ay(w J-eo A }. (2¢)
expected that this feature will appear also in v 0 1 07 g
theories in which the symmetry-breaking scalar Equation (2b) describes waves whose quanta have
fields are not elementary dynamic variables but (bare) mass 2¢6{V""(¢,")}"'*; Eqs. (2a) and (2c)

bilinear combinations of Fermi fields.”

'P. W. Higgs, to be published.
%J. Goldstone, Nuovo Cimento 19, 154 (1961);
J. Goldstone, A. Salam, and S. Weinberg, Phys. Rev.

207 OLt 1686
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Zwei Probleme der Elementarteilchenphysik

1 Goldstone-Theorem:

spontane Symmetriebrechung experimentell ausgeschlossen
2 Licht—Polarisationen und 3 # 2

Peter HIggS [Brout & Englert; Guralnik, Hagen, Kibble]

— 1964: zwei Probleme
— 1966: Eigenschaften

PHYSICAL REVIEW

mit einer Losung
des Higgs—Teilchens

VOLUME 145, NUMBER 4

< Rreal P Macel

Y y Bosons*

Perer W. Hicost
Department of Physics, Unisersity of Nertk Carclina, Chapel Hill, North Carolina
(Received 27 December 1965)

We examine a simple relativistic theory of two scalar fields, first discussed by Goldstone, in which as a
result of spontancous breakdown of U/(1) symmetry one of the scalar bosons is massless, in conformity with
the Goldstone theorem. When the symmetry group of the Lagrangian is extended from global to local U (1)
transformations by the introduction of coupling with  vector gauge ficld, the Goldstone boson becomes the
longitudinal state of a massive vector boson whose transverse states are the quanta of the transverse gauge
ficld. A perturbative treatment of the model is developed in which the major features of these phenomena are
present in zero order. Transition amplitudes for decay and scattering luated in lowest order,
and it is shown that they may be obtained more directly from an equivalent Lagrangian in which the original
symmetry is no longer manifest. When the system is coupled to other systems in a U(1) invariant La-
grangian, the other systems display an induced symmetry breakdown, associated with a partially conserved
Current which intcracts with itsclf via the massive vector boson.

27 MAY 1966

L. INTRODUCTION

HE idea that the apparently approximate nature

of the internal symmetries of elementary-particle
physics is the result of asymmetries in the stable solu-
tions of exactly symmetric dynamical equations, rather
than an indicati, of in the ical

appear have been used by Coleman and Glashow® to
account for the observed pattern of deviations from
SU(3) symmetry.

The study of field theoretical models which display
spontaneous breakdown of symmetry under an internal
Lie group was initiated by Nambu,* who had noticed®
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II. THE MODE!

The Lagrangian density from which we shall work

is given by®
L£=—1gg"F ol u—1g"V 2.V %0

+imd®Da—§ f(@aDa).

In Eq. (1) the metric tensor g¥=—1 (u=»=0),
+1 (u=»#0) or 0 (u¥»), Greek indices run from 0
to 3 and Latin indices from 1 to 2. The U(1)-covariant
derivatives F,, and V@, are given by

Fr=0,4,—,4,,

2 4

Perer W. Hicost

Department of Physics, Unisersity of Nertk Carclina, Chapel Hill, North Carolina
(Received 27 December 1965)
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Perer W. Hicost
Department of Physics, Unisersity of Nertk Carclina, Chapel Hill, North Carolina

[ i. Decay of a Scalar Boson into Two
II. THE MODEL Vector Bosons
The Lagrangian density from which we shall v  The process occurs in first order (four of the five
is given by® cubic vertices contribute), provided that me> 2m,. Let
# be the incoming and k;, k: the outgoing momenta.
L=—1gg"F ol o— 18"V 2.V B, Then

MDD~ f*(BaPa)?.

I Ro () tho met .Ht . ',”’ (1 @) M= i{e[ 0% (k) (— ik )6* (k) +a%#(ks) (— ks, )8* ()]
n Eq. e metric tensor g¥=—1 (p=»: —eli 5 * *5(b.)&*
+1 (u=»#0) or 0 (u7»), Greek indices run fro ‘(’P‘)[;m(k'zt (k’.)j—: (k)¢ £k2] *(k
to 3 and Latin indices from 1 to 2. The U(1)-covar —2ema,* (k1)a*# (k) — fmed* (R)¢* (k2)} .
derivatives F,, and V&, are given by By using Eq. (15), conservation of momentum, and

Fo=0,4,— 3,4 the transversality (k.b*(k)=0) of the vector wave

ol - functions we reduce this to the form
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Peter HIggS [Brout & Englert; Guralnik, Hagen, Kibble]

— 1964: zwei Probleme mit einer Lésung
— 1966: Eigenschaften des Higgs—Teilchens
— seit 1976: Higgs—Suchen an Teilchenbeschleunigern

A PHENOMENOLOGICAL PROFILE OF THE HIGGS BOSON

John ELLIS, Mary K. GAILLARD * and D.V. NANOPOULOS **
CERN, Geneva

Received 7 November 1975

A discussion is given of the production, decay and observability of the scalar Higgs
boson H expected in gauge theories of the weak and electromagnetic interactions such as
the Weinberg-Salam model. After reviewing previous experimental limits on the mass of
the Higgs boson, we give a speculative cosmological argument for a small mass. If its mass
is similar to that of the pion, the Higgs boson may be visible in the reactions » "p — Hn or
4p — Hp near threshold. If its mass is <300 MeV, the Higgs boson may be present in the
decays of kaons with a branching ratio O(10-7), or in the decays of one of the new par-
<4 GeV, the Higgs
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334 J. Ellis et al. | Higgs boson

We should perhaps finish with an apology and a caution. We apologize to ex-
perimentalists for having no idea what is the mass of the Higgs boson, unlike the Higgs
case with charm [3,4] and for not being sure of its couplings to other particles, except s such as
that they are probably all very small. For these reasons we do not want to encourage oy "_f
big experimental searches for the Higgs boson, but we do feel that people performing ;lf‘;:ﬁr
experiments vulnerable to the Higgs boson should know how it may turn up. ntin the
aecays 01 Kaons with a DIANCIINE ratio UiV 7 ), OT In ¢ aecays of one oI e new par-

ticles: 3.7 = 3.1 + H with a branching ratio O(10~%). I its mass is <4 GeV, the Higgs
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Mathematische Formulierung

V=—12¢P + Ngl*

Minimum bei ¢ = v

V2
oV > > vZi 2
=- 2X = — ==
FITE B+ 2X[¢] 2 = o
. v+ H
Variation =
=
&V
2 _ 2
my, Y =2\

Minimum
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1. Higgs—Eigenschaften?

— Psychologie: Higgs—Suche findet Higgs—Teilchen

— Skalar erwartet
‘schweres Photon’ unwahrscheinlich
‘Graviton’ extrem unwahrscheinlich
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‘schweres Photon’ unwahrscheinlich
‘Graviton’ extrem unwahrscheinlich

2. Kopplung an andere Elementarteilchen?

— zentrale Higgs—Vorhersage
— m = g - 246 fir alle Teilchen?
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1. Higgs—Eigenschaften?

— Psychologie: Higgs—Suche findet Higgs—Teilchen

— Skalar erwartet
‘schweres Photon’ unwahrscheinlich
‘Graviton’ extrem unwahrscheinlich

2. Kopplung an andere Elementarteilchen?

— zentrale Higgs—Vorhersage
— m = g - 246 fir alle Teilchen?

3. Und weiter?
— erstes skalares Elementarteilchen!
— stabiles Higgs—Potential?
— dunkle Materie?
— Theorien bei hohen Energieskalen?
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Aufregende Zeiten...

Tilman Plehn
Sy ...far LHC—Physikerlnnen
Higgs-Mechanismus — Higgs—Entdeckung nach 50 Jahren, Fermi~Theorie geldst
jj:::”om — Untersuchung des ‘Higgs—Bosons’ am Anfang
- — LHC—-Analysen gerade warmgelaufen

= junge, kluge Kdpfe gefragt!

Lectures on LHC Physics, Springer, arXiv:0910.4182 oder www . thphys.uni-heidelberg.de/~plehn/
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