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Z�akladn�a ot�azka | Newtonova mechanika

FS: hmotn�y bod

~F (t; ~r;~v), m

&

stav

~r0, ~v0

.

~F = m
d2~r

d t2

#

~r(t)
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Z�akony zachovania

Teor�em E. Noether (1915): spojit�a symetria ) z�akon zachovania

TRAFO: zachov�ava sa:

posunutia v priestore ) ...hybnost'

rot�acie v priestore ) ...moment hybnosti

posunutia v �case ) ...energia
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Emmy Noether (1882-1935)

Einstein wrote to Hilbert (1918):

\Yesterday I received from Miss

Noether a very interesting paper on

invariants. I'm impressed that such

things can be understood in such a

general way. The old guard at

G�ottingen should take some lessons

from Miss Noether! She seems to

know her stu�."

Mikul�a�s Gintner Katedra fyziky �ZU Higgsov boz�on



Symetrie vo fyzike
�Standardn�y model

Higgsov boz�on
LHC: stroj na Higgsa

Pr��beh neutr��na

H. Bequerel, 1896:

(A;Z)! (A;Z + 1) + e�

14
6C !

14
7N + e�

o�cak�avanie:

Ekin
e =M(A;Z)c

2 �M(A;Z+1)c
2 �mec

2

Lise Meitner and

Otto Hahn, 1911:
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Liebe Radioaktive Damen und Herren!

W. Pauli 1930:

ZZE ) neutrino:

� = l'ahk�a �castica (� 0:01mp) bez elektrick�eho n�aboja

(A;Z)! (A;Z + 1) + e� + �

Ekin
e + Ekin

� =M(A;Z)c
2 �M(A;Z+1)c

2 �mec
2 �m�c

2
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�Casticov�a ZOO

fermi�ony:

I II III q=qp

�e ? �� ? �� ? 0

e� 0:0005 �� 0:1 �� 1:8 �1

u 0:003 c 1:2 t 172 + 2

3

d 0:006 s 0:1 b 4:2 � 1

3

boz�ony:

�castica hmotnost' q=qp interakcia

8 glu�onov 0 0 siln�a
fot�on 0 0 elmag
W+ 80:3 +1
W� 80:3 �1 slab�a
Z 91:2 0

gravit�on 0 0 gravita�cn�a
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Z�akladn�a ot�azka | Kvantov�a mechanika

FS: �castice

Hamiltonov oper�ator Ĥ,

hmotnost', spin, ...

&

stav

normovan�e vektory j i
Hilbertovho priestoru

.

i
@j i

@t
= Ĥj i

#

j i(t)
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Higgsov boz�on
LHC: stroj na Higgsa

Symetria v te�orii �cast��c

spojit�a symetria te�orie $ Lieova grupa

j i 2 b�azov�y priestor irrep

Lorentzova symetria �= SU(2)� SU(2):

reprezent�acia dim spin �castica

skal�ar 1 0 Higgs ?
R,L-spinor 2 1/2 lept�ony, kvarky
4-vektor 4 1 fot�on, glu�on, W�, Z
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Symetrie �Standardn�eho modelu

intern�a symetria: SU(3)� SU(2)� U(1)

kalibra�cn�a: glob�alna! lok�alna

kalibra�cn�e boz�ony: glu�ony, fot�on, W�, Z

tvar interakci��: ferm-KB, KB-KB

oper�acia parity � zrkadlenie

sila P je symetria

gravita�cn�a �ano

elmag �ano

siln�a �ano

slab�a nie
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Testovanie kalibra�cnej symetrie
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Higgsov boz�on
LHC: stroj na Higgsa

Probl�em hmotnost��

kalibra�cn�a symetria ) 8 KB bez hmotnosti

KS + naru�senie parity ) 8 fermi�ony bez hmotnosti

nulov�a hmotnost': fot�on, glu�ony, �e (mo�zno)
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Higgsov boz�on
LHC: stroj na Higgsa

Mo�zn�e rie�senie: Higgsovo pole

SU(2) doublet komplexn�ych skal�arov: Higgsovo pole

symetria te�orie nenaru�sen�a

men�sia symetria v�akua: spont�anne naru�senie symetrie

SU(3)� SU(2)� U(1)! SU(3)� U(1)0

) hmotnosti!!!

Higgsovo pole \kladie odpor" pohybu bezhmotn�ych �cast��c
+

�castice efekt��vne z��skavaj�u hmotnost'

Higgsov skal�arny boz�on

: NEOBJAVEN�Y, mH vol'n�y parameter
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Priame experiment�alne limity

energia ur�ychl'ova�ca ) max hmotnost' �castice

LEP (1989{2000): � 208 GeV, e+e�

X

Tevatron (1987{): � 1:96 TeV, p�p

X

LHC (jese�n 2009{): � 14 TeV, pp

vyl�u�cen�e hodnoty mH :

�114:4 GeV a (160; 170) GeV pri 95% C.L.
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Nepriame experiment�alne limity

nepriamy limit (68% C.L.):

mH = 90+36
�27 GeV

priamy + nepriamy (95% C.L.):

mH < 191 GeV
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10030 300
mH [GeV]

∆χ
2

Excluded Preliminary

∆αhad =∆α(5)

0.02758±0.00035
0.02749±0.00012
incl. low Q2 data

Theory uncertainty
March 2009 mLimit = 163 GeV
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Poznatel'nost' sveta per partes
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Probl�emy s Higgsom: te�oria

�SM nezah�r�na gravit�aciu

gravita�cn�a �sk�ala: MPlanck =
p
~c=G � 1017MW
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Probl�emy s Higgsom: te�oria

�SM nezah�r�na gravit�aciu

gravita�cn�a �sk�ala: MPlanck =
p
~c=G � 1017MW

mH !MPlanck
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Probl�emy s Higgsom: experiment

MH   [GeV]

March 2009

*preliminary

ΓZΓZ
σhadσ0

RlR0

AfbA0,l

Al(Pτ)Al(Pτ)
RbR0

RcR0

AfbA0,b

AfbA0,c

AbAb
AcAc
Al(SLD)Al(SLD)
sin2θeffsin2θlept(Qfb)
mW*mW
ΓW*ΓW

QW(Cs)QW(Cs)
sin2θ−−(e−e−)sin2θMS
sin2θW(νN)sin2θW(νN)
gL(νN)g2

gR(νN)g2

0

24

10 10 2 10 3

�t v�setk�ych �SM pozorovatel'n�ych:

15%

�t mH -najcitlivej�s��ch �SM

pozorovatel'n�ych:

< 2%
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Dva n�azory za v�setk�ych...

\Several people believe, and I share this view, that the Higgs

scheme is a convenient parameterization of our ignorance

concerning the dynamics of spontaneous symmetry breaking,

and elementary scalar particles do not exist."

Jean Iliopoulos

\A claim that scalar elementary particles were unlikely to

occur in elementary particle physics at currently measurable

energies...makes no sense."

Ed Wilson
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...and Sep 19, 2008
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Conclusions...

...NOT YET!

LHC restart: September 2009
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