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Rutherford 1911
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Experiments difusió
informen sobre petites distàncies

Microscopi de Heisenberg:

alta energia  < > petita distància

Rutherford 1911
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CERN

Detector Atlas
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Constituents de la matèria

electrons        nuclis

protons neutrons

quarks

Col.lisions

Similars a electró: muó, etc.

Neutrins

Altres quarks

Partícules
elementals
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Forces (Interaccions)

llarg abast

curt abast

- Gravitatòria
- Electromagnètica (em)

- Feble
- Forta

Feble: responsable radioactivitat,
          inici processos fusió

Forta: estabilitat nucli
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Interaccions de la matèria 
amb bescanvi de partícules

Interaccions electromagnètica i feble

Forta:  no rellevant per Higgs
Grav.: encara no hi ha teoria
         completa

Marc teòric: Mecànica Quàntica
                   (Teoria Quàntica de Camps)
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Fotons i Bosons Febles

e

e

A

e

e

W, Z

A=fotó
(int. electromagnètica)

W,Z=bosons febles
(int. feble)
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Principi Gauge
Simetria gauge

e Canvi de propietats
sense efectes físics

e canvi

Wednesday, August 22, 2012



10

Principi Gauge

e canvi

e canvi
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Principi Gauge

e canvi

e canvi
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Unificació electrofeble
Necessari distinció entre 
- A  llarg abast, partícula sense massa
- W,Z curt abast, partícula massiva

Graus de llibertat:

A,W,Z partícules spin =1

A:  2
W,Z:3

Camp de Higgs 4 graus de llibertat

3 -> W+,W-,Z
1-> Bosó de Higgs
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Trencament espontani simetria gauge

Teoria simètrica
Estats no simètrics
Simetria amagada

4 3+1
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Ferromagnetisme
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MODEL ESTANDÀRD
Teoria gauge 

amb trencament espontani simetria

- Matèria

- Mediadors interaccions:
        Fotó (sense massa)
        W,Z (amb massa)

- Bosó de Higgs   Necessari per a la consistència

vàlid a nivell correcciones
quàntiques
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Bosó de Higgs

Bose (1894-1974)

Kibble, Guranik,Hagen
Englert,Brout
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Publicació (1964) Peter Higgs  
VoLUME 1$, NUMBER 16 PHYSICAL REVIEW LETTERS 19OcTQBER 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-
stone theorem, ' that Lorentz-covaria. nt field
theories in which spontaneous breakdown of
symmetry under an internal Lie group occurs
contain zero-mass particles, fails if and only if
the conserved currents associated with the in-
ternal group are coupled to gauge fields. The
purpose of the present note is to report that,
as a consequence of this coupling, the spin-one
quanta of some of the gauge fields acquire mass;
the longitudinal degrees of freedom of these par-
ticles (which would be absent if their mass were
zero) go over into the Goldstone bosons when the
coupling tends to zero. This phenomenon is just
the relativistic analog of the plasmon phenome-
non to which Anderson' has drawn attention:
that the scalar zero-mass excitations of a super-
conducting neutral Fermi gas become longitudi-
nal plasmon modes of finite mass when the gas
is charged.
The simplest theory which exhibits this be-

havior is a gauge-invariant version of a model
used by Goldstone' himself: Two real' scalar
fields y„y, and a real vector field A interact
through the Lagrangian density

2 2
L =-&(&v ) -@'7v )1 2

2 2 ~ JL(,V—V(rp + y ) -P'1 2 P,v

where

V p =~ p -eA
1 jL(, 1 p, 2'

p2 +eA {p1'

F =8 A -BA
PV P, V V

e is a dimensionless coupling constant, and the
metric is taken as -+++. I. is invariant under
simultaneous gauge transformations of the first
kind on y, + iy, and of the second kind on A
Let us suppose that V'(cpa') = 0, V"(&p,') ) 0; then
spontaneous breakdown of U(1) symmetry occurs.
Consider the equations [derived from (1) by
treating ~y„ay„and A & as small quantities]
governing the propagation of small oscillations

about the "vacuum" solution y, (x) =0, y, (x) = y, :
s "(s (np )-ep A )=0,1 0 (2a)

(&'-4e,'V"(y,')f(&y, ) = 0, (2b)

s r"'=eq (s"(c,p, ) ep A-t.
V 0 1 0 p,

(2c)

Pv 2 2
8 B =0, 8 t" +e y 8 =0.

v 0 (4)

Equation (4) describes vector waves whose quanta
have (bare) mass ey, . In the absence of the gauge
field coupling (e =0) the situation is quite differ-
ent: Equations (2a) and (2c) describe zero-mass
scalar and vector bosons, respectively. In pass-
ing, we note that the right-hand side of (2c) is
just the linear approximation to the conserved
current: It is linear in the vector potential,
gauge invariance being maintained by the pres-
ence of the gradient term. '
When one considers theoretical models in

which spontaneous breakdown of symmetry under
a semisimple group occurs, one encounters a
variety of possible situations corresponding to
the various distinct irreducible representations
to which the scalar fields may belong; the gauge
field always belongs to the adjoint representa-
tion. ' The model of the most immediate inter-
est is that in which the scalar fields form an
octet under SU(3): Here one finds the possibil-
ity of two nonvanishing vacuum expectation val-
ues, which may be chosen to be the two Y=0,
I3=0 members of the octet. There are two
massive scalar bosons with just these quantum
numbers; the remaining six components of the
scalar octet combine with the corresponding
components of the gauge-field octet to describe

Equation (2b) describes waves whose quanta have
(bare) mass 2po(V"(yo'))'"; Eqs. (2a) and (2c)
may be transformed, by the introduction of new
var iables

fl =A -(ey ) '8 (n, (p ),
p. 0 p, 1'

G =8 B -BB =F
IL(.V p. V V p, LL(V

into the form
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massive vector bosons. There are two I= ~
vector doublets, degenerate in mass between
F=+1 but with an electromagnetic mass split-
ting between I, =+&, and the I, =+1 components
of a V =0, I=1 triplet whose mass is entirely
electromagnetic. The two Y =0, I=O gauge
fields remain massless: This is associated
with the residual unbroken symmetry under the
Abelian group generated by Y and I,. It may be
expected that when a. further mechanism (pre-
sumably related to the weak interactions) is in-
troduced in order to break Y conservation, one
of these gauge fields will acquire mass, leaving
the photon as the only massless vector particle.
A detailed discussion of these questions will be
presented elsewhere.
It is worth noting that an essential feature of

the type of theory which has been described in
this note is the prediction of incomplete multi-
plets of scalar and vector bosons. It is to be
expected that this feature will appear also in
theories in which the symmetry-breaking scalar
fields are not elementary dynamic variables but
bilinear combinations of Fermi fields. '

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

127, 965 (1962).
P. W. Anderson, Phys. Rev. 130, 439 (1963).

In the present note the model is discussed mainly in
classical terms; nothing is proved about the quantized
theory. It should be understood, therefore, that the
conclusions which are presented concerning the masses
of particles are conjectures based on the quantization
of linearized classical field equations. However, es-
sentially the same conclusions have been reached in-
dependently by F. Englert and R. Brout, Phys. Rev.
Letters 13, 321 (1964): These authors discuss the
same model quantum mechanically in lowest order
perturbation theory about the self-consistent vacuum.
~In the theory of superconductivity such a term arises

from collective excitations of the Fermi gas.
6See, for example, S. L. Glashow and M. Gell-Mann,

Ann. Phys. {N.Y.) 15, 437 {1961).
These are just the parameters which, if the scalar

octet interacts with baryons and mesons, lead to the
Gell-Mann-Okubo and electromagnetic mass splittings:
See S. Coleman and S. L. Glashow, Phys. Rev. 134,
B671 (1964).
Tentative proposals that incomplete SU(3) octets of

scalar particles exist have been made by a number of
people. Such a role, as an isolated Y = ~1, I =~ state,
was proposed for the K meson (725 MeV) by Y. Nambu
and J. J. Sakurai, Phys. Rev. Letters 11, 42 (1963).
More recently the possibility that the 0 meson (385
MeV) may be the Y=I=O member of an incomplete
octet has been considered by L. M. Brown, Phys. Rev.
Letters 13, 42 (1964).
In the theory of superconductivity the scalar fields

are associated with fermion pairs; the doubly charged
excitation responsible for the quantization of mag-
netic flux is then the surviving member of a U(1) doub-
let.

SPLITTING OF THE 70-PLET OF SU(6)
Mirza A. Baqi Bdg

The Rockefeller Institute, New York, New York

and

Virendra Singh*
Institute for Advanced Study, Princeton, New Jersey

(Received 18 September 1964)

1. In a previous note, ' hereafter called I, we
proposed an expression for the mass operator
responsible for lifting the degeneracies of spin-
unitary spin supermultiplets [Eq. (31)-Ij. The
purpose of the present note is to apply this ex-
pression to the 70-dimensional representation of
SU(6).
The importance of the 70-dimensional represen-

tation has already been underlined by Pais. '
Since

35@56 = 56' 707001134,
it follows that 70 is the natural candidate for ac-
commodating the higher meson-baryon reso-

nances. Furthermore, since the SU(3) CgISU(2)
content is

70= (1, 2)+(8, 2)+(10, 2)+ (8, 4), (2)

we may assume that partial occupancy of the 70
representation has already been established
through the so-called y octet' (32) . Recent ex-
periments appear to indicate that some (';)
states may also be at hand. ' With six masses at
one's disposal, our formulas can predict the
masses of all the other occupants of 70 and also
provide a consistency check on the input. Our
discussion of the 70 representation thus appears
to be of immediate physical interest.
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Generació massa
Higgs al cor de la generació massa W,Z
i també de les altres partícules elementals

e

Higgs x

e

massa

+
e

H

interacció

Interaccions Higgs predites però massa Higgs no

Text
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La paciència com a mare 
de la ciència  

1960’s 2010’s
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La paciència com a mare 
de la ciència  

1960’s 2010’s
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LHC @ CERN 

Atlas
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ATLAS @ CERN        & CMS

Wednesday, August 22, 2012



23

Descoberta Higgs

5.2 H → ZZ 11

!"#$%&γγ'
(() (*) (+) (,) (-).

/".
01
&!2

$3
45
6$
7!
8
9$
:6
;!
/!(
<-
!#
$%

)

-))

()))

(-))

=>6>
.01!?36
1!?36!@A'BA:$:6

σ(±
σ*±

C(!D!E!F$%G!H!D!-<+!IJ;C(!D!K!F$%G!H!D!-<(!IJ;@L.

!"#$%&γγ'
(*) (+)

8
9$
:6
;!
/!(
<-
!#
$%

()))

(-))
M:N$3456$7

Figure 3: The diphoton invariant mass distribution with each event weighted by the S/(S+ B)
value of its category. The lines represent the fitted background and signal, and the coloured

bands represent the ±1 and ±2 standard deviation uncertainties on the background estimate.

The inset shows the central part of the unweighted invariant mass distribution.

Massa m=125 GeV

Propietats consistents
amb Higgs estàndard

Probabilitat fluctuació: 1 entre 3.500.000
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Imatges artístiques
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Alternatives ?

Models més complexos que el model estàndard
que donen també massa a W,Z

Restringits per dades experimentals,
especialment per les dades que s’obtindran
els proper any al CERN

Perquè alternatives ?

H H

cf. supersimetria

Control
correccions
quàntiques
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C. Cuenca Almenar176, T. Cuhadar Donszelmann139, M. Curatolo47, C.J. Curtis18, C. Cuthbert150, P. Cwetanski60,
H. Czirr141, P. Czodrowski44, Z. Czyczula176, S. D’Auria53, M. D’Onofrio73, A. D’Orazio132a,132b,
M.J. Da Cunha Sargedas De Sousa124a, C. Da Via82, W. Dabrowski38, A. Dafinca118, T. Dai87, C. Dallapiccola84,
M. Dam36, M. Dameri50a,50b, D.S. Damiani137, H.O. Danielsson30, V. Dao49, G. Darbo50a, G.L. Darlea26b,
J.A. Dassoulas42, W. Davey21, T. Davidek126, N. Davidson86, R. Davidson71, E. Davies118,c, M. Davies93,
O. Davignon78, A.R. Davison77, Y. Davygora58a, E. Dawe142, I. Dawson139, R.K. Daya-Ishmukhametova23, K. De8,
R. de Asmundis102a, S. De Castro20a,20b, S. De Cecco78, J. de Graat98, N. De Groot104, P. de Jong105,
C. De La Taille115, H. De la Torre80, F. De Lorenzi63, L. de Mora71, L. De Nooij105, D. De Pedis132a, A. De Salvo132a,
U. De Sanctis164a,164c, A. De Santo149, J.B. De Vivie De Regie115, G. De Zorzi132a,132b, W.J. Dearnaley71, R. Debbe25,
C. Debenedetti46, B. Dechenaux55, D.V. Dedovich64, J. Degenhardt120, C. Del Papa164a,164c, J. Del Peso80,
T. Del Prete122a,122b, T. Delemontex55, M. Deliyergiyev74, A. Dell’Acqua30, L. Dell’Asta22, M. Della Pietra102a, j,
D. della Volpe102a,102b, M. Delmastro5, P. Delpierre83, P.A. Delsart55, C. Deluca105, S. Demers176, M. Demichev64,
B. Demirkoz12,l, J. Deng163, S.P. Denisov128, D. Derendarz39, J.E. Derkaoui135d, F. Derue78, P. Dervan73, K. Desch21,
E. Devetak148, P.O. Deviveiros105, A. Dewhurst129, B. DeWilde148, S. Dhaliwal158, R. Dhullipudi25,m,
A. Di Ciaccio133a,133b, L. Di Ciaccio5, C. Di Donato102a,102b, A. Di Girolamo30, B. Di Girolamo30,
S. Di Luise134a,134b, A. Di Mattia173, B. Di Micco30, R. Di Nardo47, A. Di Simone133a,133b, R. Di Sipio20a,20b,
M.A. Diaz32a, E.B. Diehl87, J. Dietrich42, T.A. Dietzsch58a, S. Diglio86, K. Dindar Yagci40, J. Dingfelder21,
F. Dinut26a, C. Dionisi132a,132b, P. Dita26a, S. Dita26a, F. Dittus30, F. Djama83, T. Djobava51b, M.A.B. do Vale24c,
A. Do Valle Wemans124a,n, T.K.O. Doan5, M. Dobbs85, R. Dobinson30,∗, D. Dobos30, E. Dobson30,o, J. Dodd35,
C. Doglioni49, T. Doherty53, Y. Doi65,∗, J. Dolejsi126, I. Dolenc74, Z. Dolezal126, B.A. Dolgoshein96,∗, T. Dohmae155,
M. Donadelli24d, J. Donini34, J. Dopke30, A. Doria102a, A. Dos Anjos173, A. Dotti122a,122b, M.T. Dova70,
J.D. Dowell18, A.D. Doxiadis105, A.T. Doyle53, N. Dressnandt120, M. Dris10, J. Dubbert99, S. Dube15,

26

E. Duchovni172, G. Duckeck98, D. Duda175, A. Dudarev30, F. Dudziak63, M. Dührssen30, I.P. Duerdoth82,
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A. Zemla39, C. Zendler21, O. Zenin128, T. Ženiš144a, Z. Zinonos122a,122b, D. Zerwas115, G. Zevi della Porta57,
D. Zhang33b,ak, H. Zhang88, J. Zhang6, X. Zhang33d, Z. Zhang115, L. Zhao108, Z. Zhao33b, A. Zhemchugov64,
J. Zhong118, B. Zhou87, N. Zhou163, Y. Zhou151, C.G. Zhu33d, H. Zhu42, J. Zhu87, Y. Zhu33b, X. Zhuang98,
V. Zhuravlov99, D. Zieminska60, N.I. Zimin64, R. Zimmermann21, S. Zimmermann21, S. Zimmermann48,

32
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21 Physikalisches Institut, University of Bonn, Bonn, Germany
22 Department of Physics, Boston University, Boston MA, United States of America
23 Department of Physics, Brandeis University, Waltham MA, United States of America
24 (a)Universidade Federal do Rio De Janeiro COPPE/EE/IF, Rio de Janeiro; (b)Federal University of Juiz de Fora
(UFJF), Juiz de Fora; (c)Federal University of Sao Joao del Rei (UFSJ), Sao Joao del Rei; (d)Instituto de Fisica,
Universidade de Sao Paulo, Sao Paulo, Brazil
25 Physics Department, Brookhaven National Laboratory, Upton NY, United States of America
26 (a)National Institute of Physics and Nuclear Engineering, Bucharest; (b)University Politehnica Bucharest,
Bucharest; (c)West University in Timisoara, Timisoara, Romania
27 Departamento de Fı́sica, Universidad de Buenos Aires, Buenos Aires, Argentina
28 Cavendish Laboratory, University of Cambridge, Cambridge, United Kingdom
29 Department of Physics, Carleton University, Ottawa ON, Canada
30 CERN, Geneva, Switzerland
31 Enrico Fermi Institute, University of Chicago, Chicago IL, United States of America
32 (a)Departamento de Fı́sica, Pontificia Universidad Católica de Chile, Santiago; (b)Departamento de Fı́sica,
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135 (a)Faculté des Sciences Ain Chock, Réseau Universitaire de Physique des Hautes Energies - Université Hassan II,
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F. Hoehle, B. Kargoll, T. Kress, Y. Kuessel, A. Nowack, L. Perchalla, O. Pooth, P. Sauerland,
A. Stahl, M.H. Zoeller

Deutsches Elektronen-Synchrotron, Hamburg, Germany
M. Aldaya Martin, J. Behr, W. Behrenhoff, U. Behrens, M. Bergholz17, A. Bethani, K. Borras,
A. Burgmeier, A. Cakir, L. Calligaris, A. Campbell, E. Castro, F. Costanza, D. Dammann, C. Diez
Pardos, G. Eckerlin, D. Eckstein, A. Flossdorf, G. Flucke, A. Geiser, I. Glushkov, P. Goettlicher,
A. Grebenyuk, P. Gunnellini, S. Habib, J. Hauk, G. Hellwig, H. Jung, M. Kasemann, P. Katsas,
C. Kleinwort, H. Kluge, A. Knutsson, M. Krämer, D. Krücker, E. Kuznetsova, W. Lange,
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F. Roederer, A. Sabellek, C. Saout, A. Scheurer, D. Schieferdecker, P. Schieferdecker, F.-
P. Schilling, M. Schmanau, G. Schott, W. Schwerdtfeger, H.J. Simonis, A. Skiba, F.M. Stober,
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CONCLUSIONS

- CERN estiu 2012 
   Descoberta partícula consistent amb propietats del Higgs

- Treball a fer és confirmar (o no) la seva naturalesa

- Comprendre 
          mecanisme trencament de la simetria feble
          control correccions radiatives

Wednesday, August 22, 2012


