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Symetrie
�Standardn�y model

Higgsov boz�on

Prel�udium

Higgsov boz�on - najhl'adanej�sia �castica dne�sn�ych dn��!

Pre�co ho hl'ad�ame?

Ako sme pokro�cili?

�Co ak ho nen�ajdeme?

LHC = najv�a�c�sie a najdrah�sie experiment�alne zariadenie sveta

(Leto 2008?)
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Geometrick�e symetrie

transform�acia:

π

symetria:

2π/3
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Symetrie vo fyzike

Chicago Bulls vs. Los Angeles Lakers

Chicago
~F = m~a
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Chicago Bulls vs. Los Angeles Lakers

Chicago
~F = m~a

L.A.

?
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Symetrie v �casticovej fyzike

�st�udium z�akonov v

makrosvete:

F

r

z�akladn�a

experiment�alna

met�oda �casticovej

fyziky:

zr�a�zky �cast��c �! pozorovanie produktov

D�ATA �! SYMETRIE �! TE�ORIA

�casopriestorov�e symetrie

intern�e symetrie
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Intern�e symetrie
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Parita

P
$

fermi�ony: e�, ��, ��,
kvarky

boz�ony: fot�on, glu�ony, W�,

Z, Higgsov boz�on

l'av�y fermi�on
P
$ prav�y fermi�on
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Naru�senie parity

interakcia P je symetria

gravita�cn�a �ano

elmag �ano

siln�a �ano

slab�a nie

slabo interaguj�u len l'av�e fermi�ony a prav�e antifermi�ony (Lee, Yang, Wu)

µL

L
ν

eL

ν
R

W
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Kalibra�cn�a symetria

predpoved�a existenciu kalibra�cn�ych boz�onov (fot�on, glu�ony,

W�, Z)

predpoved�a tvar interakci��
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Princ��py v�ystavby

maxim�alne naru�senie parity slab�ymi interakciami

kalibra�cn�a symetria

+

�Standardn�y model siln�ych a elektroslab�ych interakci��:

25 �cast��c (24 objaven�ych)

18 parametrov (zmeran�ych 17)
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�Standardn�y model

Higgsov boz�on

Testovanie �SM: Miln��ky

neutral current interactions,
1973, neutrino-nucleon scatt.

W , Z discovery, 1983,
p�p-collisions at CERN

Z-peak high-precision
measurements, the 90s,
e+e� LEP(89-95), SLC

top quark discovery, 1995,
Tevatron, p�p at 2 TeV

LEP2 � 208 GeV, 1996-2000,
W+W� production

LHC, 2008?, pp at 14 TeV
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Fitovanie �SM 2007

Experiment�alne ohrani�cenia �SM:

(zima 2007)

�tovan�e hodnoty parametrov �SM

~p = (p1; : : : ; p18) minimalizuj�u

funkciu:

�2(~p) =
nX

k=1

[X
(exp)
k �X

(th)
k (~p)]2

�2k

Measurement Fit |Omeas−Ofit|/σmeas

0 1 2 3

0 1 2 3

∆αhad(mZ)∆α(5) 0.02758 ± 0.00035 0.02768
mZ [GeV]mZ [GeV] 91.1875 ± 0.0021 91.1875
ΓZ [GeV]ΓZ [GeV] 2.4952 ± 0.0023 2.4957
σhad [nb]σ0 41.540 ± 0.037 41.477
RlRl 20.767 ± 0.025 20.744
AfbA0,l 0.01714 ± 0.00095 0.01645
Al(Pτ)Al(Pτ) 0.1465 ± 0.0032 0.1481
RbRb 0.21629 ± 0.00066 0.21586
RcRc 0.1721 ± 0.0030 0.1722
AfbA0,b 0.0992 ± 0.0016 0.1038
AfbA0,c 0.0707 ± 0.0035 0.0742
AbAb 0.923 ± 0.020 0.935
AcAc 0.670 ± 0.027 0.668
Al(SLD)Al(SLD) 0.1513 ± 0.0021 0.1481
sin2θeffsin2θlept(Qfb) 0.2324 ± 0.0012 0.2314
mW [GeV]mW [GeV] 80.398 ± 0.025 80.374
ΓW [GeV]ΓW [GeV] 2.140 ± 0.060 2.091
mt [GeV]mt [GeV] 170.9 ± 1.8 171.3

Mikul�a�s Gintner Higgsol�ogia pre za�ciato�cn��kov



Symetrie
�Standardn�y model

Higgsov boz�on

Outline

1 Symetrie

2 �Standardn�y model

3 Higgsov boz�on

Mikul�a�s Gintner Higgsol�ogia pre za�ciato�cn��kov



Symetrie
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Higgsov boz�on

PROBL�EM S HMOTNOS�TAMI

te�oria:

kalibra�cn�a symetria ) 8 kalib. boz�ony bez hmotnosti

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

realita: bez hmotnosti s�u iba

kalibra�cn�e boz�ony: photon, glu�ony

fermi�ony: e-neutrino(?)

PDG 2007 world average: m2
�e

= (�1:1� 2:4)eV2 [3H �-rozpad]
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Higgsovo pole

bezhmotn�e �castice

+

vesm��r vyplnen�y pol'om

Higgsov�ych boz�onov

Higgsovo pole \kladie odpor"

pohybu �cast��c

+

�castice efekt��vne z��skavaj�u

hmotnost'
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Hmotnost' Higgsovho boz�onu

te�oria nepredpoved�a MH

experiment zatial' Higgsa neobjavil

priamy doln�y limit:

MH > 114 GeV

nepriamy limit:

MH = 76+33
�24 GeV

priamy + nepriamy:

MH < 182 GeV @ 95% C.L.

\teoretick�y" limit:

125 GeV < MH < 175 GeV
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2
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∆αhad =∆α(5)

0.02758±0.00035
0.02749±0.00012
incl. low Q2 data

Theory uncertainty
mLimit = 144 GeV
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Probl�emy s Higgsom

�SM nezah�r�na gravit�aciu ) nie je to TOE

fundament�alna �sk�ala gravit�acie | Planckova hmotnost':

~; c; G ) MP =
q

~c
G
� 1019 GeV � 1017MZ � blcha=103

�SM experiment�alne overen�y po E � 200 GeV

\nov�a fyzika" nad touto �sk�alou modi�kuje MH :

M2
H = (M

(0)
H )2 +�; � � �2

NP

gravit�acia:

� �M2
P � 1038 GeV2; M2

H = 104 GeV2 ) �ne-tuning problem
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Mo�zn�e rie�senia

...nov�a fyzika, ale...

ak�akol'vek modi�k�acia �SM Higgsa

+

amplit�udy typu e+e� !W+W� diverguj�u pri E � 1 TeV

hypot�ezy:

Higgsovo pole bez Higgsa ) �NP � 1 TeV

Supersymetrie = vel'a Higgsov + vel'a nov�ych �cast��c

m � 1 TeV

Higgs + extra priestorov�e dimenzie �G ! 1 TeV

atd'.
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LHC: stroj na Higgsa

proton + proton, E = 14 TeV

leto 2008 ?
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Zhrnutie

Higgsov boz�on je najhl'adanej�sia �castica

(skoro u�z \po z�aruke")

HB rie�si ot�azku hmotnost�� �cast��c pri zachovan�� KS

teoretick�e probl�emy so �SM HB: nov�a fyzika?

LHC to rozhodne!
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