HIiGGSOLOGIA PRE ZACIATOCNIKOV

Mikuld$ Gintner

Prirodovedné kolokvium, UMB

22.2.2008

Mikuld¥ Gintner Higgsolégia pre zatiatoZnikov



PRELUDIUM

Higgsov bozdn - najhladanejSia Castica dnesnych dnil!
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@ Preco ho hl'adame?
@ Ako sme pokrotili?

o Co ak ho nendjdeme?

LHC = najva&sie a najdrahsie experimentdlne zariadenie sveta
(Leto 20087)
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OUTLINE

@ SYMETRIE

© STANDARDNY MODEL

@ Hicasov BOzZON
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Symetrie

OUTLINE

@ SYMETRIE
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Symetrie

GEOMETRICKE SYMETRIE

A~
A"
—_—

transformacia:

symetria:

2m/3
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Symetrie

SYMETRIE VO FYZIKE

Chicago Bulls vs. Los Angeles Lakers

[ —

Chicago
F=ma
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Symetrie

SYMETRIE VO FYZIKE

Chicago Bulls vs. Los Angeles Lakers

Chicago
F = md’ ?
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Symetrie

SYMETRIE VO FYZIKE

Chicago Bulls vs. Los Angeles Lakers

RS e seotiation

Chicago
F=ma
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Symetrie

SYMETRIE V CASTICOVEJ FYZIKE

$tudium zdkonov v
makrosvete:
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Symetrie

SYMETRIE V CASTICOVEJ FYZIKE

$tidium zdkonov v
makrosvete:

N f
zékladna zrazky €astic — pozorovanie produktov
experimentdlna DATA — SYMETRIE — TEORIA
metdda Zasticovej o tasopriestorové symetrie
fyziky:

@ interné symetrie
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Symetrie

INTERNE SYMETRIE
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Symetrie

INTERNE SYMETRIE
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Symetrie

INTERNE SYMETRIE
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Symetrie

INTERNE SYMETRIE

transformacie &astic:
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Symetrie

PARITA
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Symetrie

PARITA

o fermidny: e, u—, 77,
kvarky

e bozény: fotén, gluény, W=,
Z, Higgsov bozdn

" P , L
lavy fermién < pravy fermidn
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Standardny model

OUTLINE

© STANDARDNY MODEL

Mikuld¥ Gintner Higgsolégia pre zatiatoZnikov



Standardny model

NARUSENIE PARITY

interakcia | P je symetria

gravita¢na ano
elmag ano
silnd ano
slaba nie

slabo interaguji len I'avé fermidny a pravé antifermiény (Lee, Yang, Wu)
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Standardny model

NARUSENIE PARITY

interakcia | P je symetria

gravita¢na ano
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Standardny model

NARUSENIE PARITY
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elmag ano
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Standardny model

KALIBRACNA SYMETRIA

@ predpoveda existenciu kalibra&nych bozénov (fotén, gludny,
W+, 7)

@ predpovedad tvar interakcii

kil
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Standardny model

PRINCIPY VYSTAVBY

maximalne naruSenie parity slabymi interakciami

kalibraéna symetria

Standardny model silnych a elektroslabych interakeii:

25 Eastic (24 objavenych)

(]

18 parametrov (zmeranych 17)
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Standardny model

TESTOVANIE SM: MILNTKY

@ neutral current interactions,
1973, neutrino-nucleon scatt.

e W, Z discovery, 1983,
pp-collisions at CERN

¢'e —hadrons

Cross-section (pb)

@ Z-peak high-precision i
measurements, the 90s, w0k \
ete” LEP(89-95), SLC

@ top quark discovery, 1995, ‘
TRETAY - SLLC

Tevatron, pp at 2 TeV [ ban SLi X
YE ! ! ! IFJEPLI | ! LFP lxl I 3
o LEP2 S 208 Gev, 1996_2000, 0 20 40 60 80 100 120 140 160 180 200 220
W+W7 production Centre-of-mass energy (GeV)

e LHC, 20087, pp at 14 TeV
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Standardny model

FITOVANIE SM 2007

Measurement Fit Aomeas—oﬁ'l/c"‘eas
Experimentdlne ohrani€enia SM: i
(zima 2007) m,[GeV] 91.1875+0.0021 91.1875
I,[GeV]  2.4952+0.0023 24957 m
O [nb]  41.540£0.037  41.477 ——
R, 20.767 £ 0.025 20.744 |j—
AY 0.01714£0.00095 0.01645 fmmm
fitované hodnoty parametrov SM R, 0.21629+0.00066 0.21586 fmm
- . . .y R, 0.1721+0.0030  0.1722
b= (pla cee 7p18) mmlmallzu]u AP 0.0992+0.0016  0.1038 m—————
funkciu: Ade 0.0707 00035  0.0742
A, 0.923 +0.020 0.935 jmm
n (exp) (th) 9 A, 0.670 +0.027 0.668
2( —») — [ch Xk: (m] A(SLD) 0.1513+0.0021  0.1481 |—
X \p) = 2
k=1 k my[GeVl  80.398+0.025  80.374 |mmmm
I, [GeVl  2.140+0.060 2,091
m, [GeV] 170.9+ 1.8 1713 m
0o 1 2 3
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Higgsov bozén

OUTLINE

@ Hiccsov BOzON
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Higgsov bozén

PROBLEM S HMOTNOSTAMI

tedria:
o kalibra¢nd symetria = V kalib. bozény bez hmotnosti

@ KS + narusenie parity = V fermiény bez hmotnosti

realita: bez hmotnosti su iba

o kalibra¢né bozdny: photon, gludny
e fermidny: e-neutrino(?)
PDG 2007 world average: m? = (—1.1+2.4)eV> [*H B-rozpad]
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Higgsov bozén

HicGsovo POLE

bezhmotné Castice
+
vesmir vyplneny polom
Higgsovych bozénov

Higgsovo pole “kladie odpor”
pohybu &astic
\
Castice efektivne ziskavaju
hmotnost’
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Higgsov bozén

HicGsovo POLE

e oW
bezhmotné Castice .
el
+ ,
) L 20,4 L
vesmir vyplneny polom e Lo

Higgsovych bozénov

Higgsovo pole “kladie odpor” AN W
pohybu &astic
\
Castice efektivne ziskavaju
hmotnost’
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Higgsov bozén

HicGsovo POLE

€ oW
bezhmotné Castice .
el
AR za h
vesmir vyplneny polom e Lo
Higgsovych bozénov
"
NN, W
v,
Higgsovo pole “kladie odpor” NN W
v s er
pohybu &astic
. l,Jr ; y e W
Castice efektivne ziskavaj ﬁ
hmotnost H “,
et = wr
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Higgsov bozén

HmoTNOST HIGGSOVHO BOZONU

tedria nepredpovedd Mg
experiment zatial' Higgsa neobjavil

(5)
Ao =
— 0.02758+0.00035

----0.02749+0.00012

priamy dolny limit:

My > 114 GeV

mwm: 144 GeV

4 -+ incl. low Q® data -

nepriamy limit: o 1
= 3 -

. 133 < |

My = 7675, GeV

2, -

priamy + nepriamy: ] 1
I < 182 GeV | e 9s% c.L. 0 | Excluded \:: Preliminary |

30

“teoreticky” limit:

125 GeV < My < 175 GeV

Mikuld¥ Gintner Higgsolégia pre zatiatotnikov

300




Higgsov bozén

PROBLEMY S HIGGSOM

SM nezahfiia gravitaciu = nie je to TOE
fundamentalna $kala gravitdcie — Planckova hmotnost”:

he,G = |Mp= /"% ~10'" GeV|~ 10'"M; ~ blcha/10

SM experimentélne overeny po E = 200 GeV
“nova fyzika” nad touto $kadlou modifikuje Mps:

M = (M +4A,  A~Akp

gravitdcia:
A~ M2 ~10% GeV?, M% =10* GeV? = fine-tuning problem
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Higgsov bozén

MOZNE RIESENIA

...nova fyzika, ale...

akédkolvek modifikicia SM Higgsa

¢

amplitidy typu ete™ — WTW— diverguji pri E ~ 1 TeV

hypotézy:
o Higgsovo pole bez Higgsa = Anxp = 1 TeV

@ Supersymetrie = vel'a Higgsov + vel'a novych &astic
m~1 TeV

e Higgs + extra priestorové dimenzie Ag — 1 TeV
o atd'.
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Higgsov bozén

LHC: sTROJ NA HIGGSA

proton + proton, £ =14 TeV
leto 2008 7
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Higgsov bozén

LHC: sTROJ NA HIGGSA
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Higgsov bozén

LHC: sTROJ NA HIGGSA
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Higgsov bozén

ZHRNUTIE

(]

Higgsov bozdn je najhl'adanejSia ¢astica
(skoro uz “po zdruke")

@ HB riesi otdzku hmotnosti €astic pri zachovani KS
teoretické problémy so SM HB: novd fyzika?
o LHC to rozhodne!
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