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The contents:

1. Basic features of the SM
- In prize of the SM

2. Three sectors of the SM
- gauge (force)
- matter
- symmetry breaking

3. Reasons for going BSM
- In the past
- today
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1. The basic facts on
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MODEL

® the most complete
moth. THEORY
ever d_eveﬁoped

® encompasses "all o}
chemistry and most of
PM\‘{;SiCS ¥ (DIRAC om G.M)
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Nobel prizes in physics since 1957 related to the Standard Model.

_—

Year

Recipient(s)

Subject

1957
1960
1965

1963
1969
1976
1979
1980
1982
1984

198

oo

1990

1992
1995

1 999

2 00

T. D. Lee and C. N. Yang
D. A. Glaser

R. P. Feynman, J. S. Schwinger,

and S. I. Tomonaga
L. W. Alvarez
M. Gell-Mann
B. Richter and S. C. C. Ting
S. L. Glashow, A. Salam,
and S. Weinberg
J. W. Cronin and V. L. Fitch
K. G. Wilson
C'. Rubbia and
S. Van Der Meer
L. M. Lederman, M. Schwartz,
and J. Steinberger
J. I. Friedman, H. W. Kendall,
and R. E. Taylor
G. Charpak
M. L. Perl
['. Reines
(. 't Hooft and
AL J. G. Veltman

2 B.Danvsis

M. Kosthiba

Parity violation
Bubble chamber

Quantum electrodynamics
Discovery of resonances
Particle classification

J /v discovery

Electroweak unification

CP violation

Critical phenomena

W and Z discovery via
SppS collider

Discovery that
Yy F Ve

Deep inelastic electron
scattering

Particle detectors

7 lepton

Neutrino detection

Electroweals interactions

Coswmic newdniuno
Actectvown

D. Gwoss , D. Politzer , F. Wilczek Tiscover as FM""
2004 ? ‘};::Aon Eﬁ,lgg:,% fovea



Physics beyond the SM

The list at
ICHEP’06
(Kazakov)

Not found so far ...






2. The ingredients of the SM

2.1 The force sector
2.2 The matter sector
2.3 The SB sector



2.1 The force (gauge) aspect

Gauge-theory prehistory (the point
sources of the forces)

QED ideal
EW unification



"THE FUN.!;IIEST éUOK : - - THE GOD PARTICLE Looking for the Atom - 103

. ABOUT PHYSICS EVER WRITTEN.”
" _DALLAS MORNING NEWS
= ' . THE DALMATIAN PROPHET

d Rk P :

- A final note on this first stage, the age of mechanics, the great era of
classical physics. The phrase “ahead of his time” is overused. I'm
going to use it anyway. I'm not referring to Galileo or Newton. Both

were definitely right on time, neither late nor early. Gravity, experi-

;. mentation, measurement, mathematical proofs . . . all these things
PN g were in the air. Galileo, Kepler, Brahe, and Newton were accepted —
~LEDERMAN 1S THE MOST heralded! — in their own time, because they came up with ideas that
ENGAGING PHYSICIST SINCE . the scientific community was ready to accept. Not everyone 1s sO
THE LALE, MUCH-MISSED fortunate. ) _ _—
: R A AR nger ]osepl'_l Boscovich, a native 9f Dubrovn}k who spent much
\_ AR ERANCISCO EXAMINER of his career in Rome, was born in 1711, sixteen years before
‘.

", . THE ; Newton’s death. Boscovich was a great supporter of Newton’s theo-

ries, but he had some problems with the law of gravitation. He called

it a “classical limit,” an adequate approximation where distances are

| large. He said that it was “very nearly correct but that differences

from the law of inverse squares do exist even though they are very

i slight.” He speculated that this classical law must break down alto-

. gether at the atomic scale, where the forces of attraction are replaced

j ' by an oscillation between attractive and repulsive forces. An amazing
thought for a scientist in the eighteenth century.

Boscovich also struggled with the old action-at-a-distance problem.

Being a geometer more than anything else, he came up with the idea

. of fields of force to explain how forces exert control over objects at
a distance. But wait, there’s more!

IF THE Boscovich had this other idea, one that was real crazy for the eigh-
teenth century (or perhaps any century). Matter is composed of invis-
UNIVERSE ible, indivisible a-toms, he said. Nothing particularly new there. Leu-

IS THE cippus, Democritus, Galileo, Newton, and others would have agreed
ANSWER, with him. Here’s the good part: Boscovich said these particles had no
WHAT IS THE size; that is, they were geometrical points. (.:]early, as Wlth_ so many
ideas in science, there were precursors to this — probably in ancient

QUESTION? Greece, not to mention hints in Galileo’s works. As you may recall
from high school geometry, a point is just a place; it has no dimen-

L E l] " sions. And here’s Boscovich putting forth the proposition that matter

L E n E H " H n is composed of particles that have no dimensions! We found a particle

VATH just a couple of decades ago that fits such a description. It’s called a

DICK TERESI anark,

We’ll ger back to Mr. Boscovich later.
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Involved “old” principles
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+ the local (gauge) symmetry
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Two distinct & related components

m Electromagnetiem

e\..mﬂq / q
/7 \

e q
e’ \/ e’

Electroweak
Weak
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The electroweak unification
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Generalises the Maxwell’'s unification
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Renormalizability
of the SM proven
by ‘t Hooft &
Veltman
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SU(2)®U(1) ELECTROWEAK MODEL

STANDARD MODEL
at
TREE-LEVEL

JJ

(a)

SU (2) ® U (1) ELECTROWEAK THEORY

STANDARD MODEL
at
TREE-LEVEL

plus

ONE-LOOP
QUANTUM
CORRECTS.

GAUGE INVARIANCE
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CORRECTIONS
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LE P Data on fihdamental electroweak parameters \n 1990. There was broad

consistency with minimal SU(2) x U (1), but little sensitivity to radiative corrections.
/ 1 \

1 \
l.Of— — i P
2000 sin8ylaily ",

U=0 Constraiot _ Fid ”
o5k . e e

-1.0 ot ) s
AFTER—'LO -0.6 [éo 0.6 1.0

LE P Data on fundamental electroweal parameters in 2000. Careful inclusion of

the radiative corrections, including loops containing both W and Z bosons and (he
color gluons of QCD, is necessary to do justice to the data. One can discriminate

the effects of the top quark mass and the Higgs boson mass.
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Global fit to ew precision data

Measurement Fit dﬂ”‘efs—{]f"lr."}ﬁmm

3
v2/dof=17.8/13 (16.6%) '
m, [GeV] 911875400021 91.1874
r,[GeV] 24952400023 24957
ol Inb]  41540+0037 41477

R, 2076740025  20.744
A 0.01714 + 0.00095 0.01640

) R, 0.21629+ 0.00066 021585

Largest pull is from LEP R, 0.1721+0.0030 01722
b-quark forward/backward > AL 0.0992+ 0.0016  0.1037
asymmetry. Ale 0.0707 + 0.0035  0.0741
A, 0923+£0020 0935

A 0670£0027 0668

A(SLD) 0.1513+ 0.00291 0.1479

m,, [GeV] 80.392+ 0.029 80371

Mw(GeVl 2,147+ 0.060 2.091
m, [GeV] 1714+ 2.1 171.7




2.2 The matter sector

New d.o.f.
Anomaly cancelation
Origin of texture



The quark-lepton spectrum
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SM charge content enabling anomaly cancellation
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fortuitous anomaly cancellation
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2.3 The symmetry breaking sector

The least constrained sector of SM
Vacuum stability vs. triviality
Hierarchy problem of scales



Higgs mass bounds (GeV)
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Theoretical bounds
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Quant. Fluct. destabilise Higgs
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fine-tuning keeps the Higgs light

tree loops

-

(200 GeV) ~

top| gauge higgs




Naturalness problem of the

Higgs sector
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3. Reasons for going BSM

m 3.1 Observational
m 3.2 Theoretical



3.1 Observational reasons
to go BSM

New d.o.f. because of non-observations
& Unitarity violations

Neutrino masses and the “New SM”

A tension when comparing to SM of
cosmology
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Unitarity violation & "the then BSM’
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EW theory requlated by the
weakly coupled Higgs

EW theory
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The pattern of neutrino masses and
mixings call for an explanation
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Neutrino Oscilations & Mixing

(Pontecorvo-Maki-Nakagawa-Sakata)
LFV as first tangible BSM
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Cosmological
tension

= Non-baryonic

matter
= BAU

= SM Higgs can not
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3.2 Theoretical reasons
to go BSM

= Unification
= Flavour problem
= Hierarchy problem




The BSM Routes

GUT chalins

SuSy GUTs

AGUT (family replicated gauge group
model - Bennett, Nielsen &P PLB’88)
Lorentz noninvariance

H.B. Nielsen & collaborators, early 80’s

A. Kostelecky & collab.’s SME
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Hierarchy & SuSy
SUSY Mﬂdels
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Little hierarchy & Little Higgs

= Vector-like SUSY Versus Little Higgs
T q Uark BBalyaty
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Multiple Point Principle
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From a tension to the synergy

of the PP & Cosmological SMs
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