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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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Fyzika mikrosveta

formalizmus:

QTP = QM + �STR + bodov�e �castice (interakcie)

experiment:

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

D�ATA �! SYMETRIE �! TE�ORIA
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�Standardn�y model

QTP pre interakcie

1 elmag

2 siln�e

3 slab�e

reprezent�acia spin �castica

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

veri�kovan�a platnost':

LEP: e+e�,
p
s = 209 GeV

Tevatron: p�p,
p
s = 2 TeV

Mikul�a�s Gintner Katedra fyziky �ZU Higgsol�ogia v predve�cer LHC



Higgs v �Standardnom modeli
Experiment�alne limity pre SM Higgsa

Ak (ne)objav��me SM Higgsa
Zhrnutie

�Standardn�y model

QTP pre interakcie

1 elmag

2 siln�e

3 slab�e

reprezent�acia spin �castica

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

veri�kovan�a platnost':

LEP: e+e�,
p
s = 209 GeV

Tevatron: p�p,
p
s = 2 TeV

Mikul�a�s Gintner Katedra fyziky �ZU Higgsol�ogia v predve�cer LHC



Higgs v �Standardnom modeli
Experiment�alne limity pre SM Higgsa

Ak (ne)objav��me SM Higgsa
Zhrnutie

�Standardn�y model

QTP pre interakcie

1 elmag

2 siln�e

3 slab�e

reprezent�acia spin �castica

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

veri�kovan�a platnost':

LEP: e+e�,
p
s = 209 GeV

Tevatron: p�p,
p
s = 2 TeV

Mikul�a�s Gintner Katedra fyziky �ZU Higgsol�ogia v predve�cer LHC



Higgs v �Standardnom modeli
Experiment�alne limity pre SM Higgsa

Ak (ne)objav��me SM Higgsa
Zhrnutie

Parita

P$

l'av�y fermi�on
P$ prav�y fermi�on

skal�ar
P
! �skal�ar

4-vektor
P
! (1;�1;�1;�1)4-vektor
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Naru�senie parity

interakcia P je symetria

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)
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Intern�e symetrie

interakcie fermi�onov (d�ata):

f1 ! f2 + f3 ; f1 + f2 ! f3 + f4 ; : : :

symetrie:

SU(3)C � SU(2)L � U(1)Y

Lagrangi�an (te�oria):

Lf = K(f) + aIa(f) +
b

�
Ib(f) + : : :

platnost': E � �
presnost' / po�cet �clenov

Fermi

Mikul�a�s Gintner Katedra fyziky �ZU Higgsol�ogia v predve�cer LHC
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Kalibra�cn�a symetria

SU(3)C � SU(2)L � U(1)Y

glob�alna �! lok�alna

+

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

tvar interakci�� (f-KB, KB-KB)

kone�cn�y L pre 8E a l'ubovol'n�u presnost'

L = K(f) +K(KB) + gI(f;KB) + J(KB;KB; g)
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Probl�em s hmotnost'ami

kalibra�cn�a symetria ) 8 KB bez hmotnosti

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

L ! L+ hmotnostn�e �cleny ) platnost' E < O(1) TeV
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Testovanie kalibra�cnej symetrie
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Fitovanie SM 2008

Experiment�alne ohrani�cenia SM:

(marec 2008)

�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 0.02767
mZ [GeV]mZ [GeV] 91.1875 ± 0.0021 91.1874
ΓZ [GeV]ΓZ [GeV] 2.4952 ± 0.0023 2.4959
σhad [nb]σ0 41.540 ± 0.037 41.478
RlRl 20.767 ± 0.025 20.743
AfbA0,l 0.01714 ± 0.00095 0.01643
Al(Pτ)Al(Pτ) 0.1465 ± 0.0032 0.1480
RbRb 0.21629 ± 0.00066 0.21581
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 0.1480
sin2θeffsin2θlept(Qfb) 0.2324 ± 0.0012 0.2314
mW [GeV]mW [GeV] 80.398 ± 0.025 80.377
ΓW [GeV]ΓW [GeV] 2.097 ± 0.048 2.092
mt [GeV]mt [GeV] 172.6 ± 1.4 172.8

March 2008
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Spont�anne naru�senie symetrie

G je symmetriou L( 1;  2):

U j0i = j0i; 8U 2 G
U :  1 !  2

�
) m1 = m2

U 2 G :  1 !  2
m1 6= m2

�
) U j0i 6= j0i

SU(2)L je symetriou SM:

�
�e
e

�
: : : SU(2)Ldoublet

me 6= m�e

9=
;) SM v�akuum nem�a SU(2)L symetriu
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Higgsov boz�on

symetria L(f;KB)-v�akua = symetria L(f;KB)

L(f;KB) ! L(f;KB) + LH(h; �1; �2; �3; f;KB)
symetria L(f;KB) = symetria LH > symetria LH -v�akua

SU(2)L � U(1)Y ! U(1)em

+

hmotnosti pre f, KB

�1; �2; �3 s�u nefyzik�alne

h ... Higgsov boz�on, mH > 0 je vol'n�y parameter SM

platnost' pre 8E, ak mH < 1 TeV
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�1; �2; �3 s�u nefyzik�alne

h ... Higgsov boz�on, mH > 0 je vol'n�y parameter SM

platnost' pre 8E, ak mH < 1 TeV
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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 = 87+36
�27 GeV

priamy + nepriamy:

mH < 160 GeV @ 95% C.L.

\teoretick�y" limit:

125 GeV < mH < 175 GeV

0

1

2

3

4

5

6

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 2008 mLimit = 160 GeV
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mH limits from various observables

MH   [GeV]

March 2008

*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

Higgs mass values extracted from
di�erent EW observables. The

average is shown as a green band.

�t of all SM observables: 15%

�t of the SM observables most
sensitive to MH : < 2%
[P.Gambino, Proceedings of the EPS 2007

Conference at Manchester]

LEP Electroweak Working Group, http://lepewwg.web.cern.ch/LEPEWWG/plots/winter2007/
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mH vs. Mass of Top Quark

direct CDF/D0 measurement:

mt = 172:6� 1:4 GeV

EW precision data (w/o direct
Tevatron measurements):

mt = 178:9+11:7
�8:6 GeV

the overall SM �t down to 15%

(�2=dof = 18=13)

160

180

200

10 10 2 10 3

mH  [GeV]
m

t  
[G

eV
]

Excluded

High Q2 except mt
68% CL

mt (Tevatron)

March 2008

LEP Electroweak Working Group, http://lepewwg.web.cern.ch/LEPEWWG/plots/winter2008/
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mH vs. Mass of W boson

direct measurement:

Mworld

W
= 80:398� 0:025 GeV

EW precision data (Z-peak + mt

measurements):

MW = 80:361� 0:020 GeV

+

mH < direct limit 80.3

80.4

80.5

10 10 2 10 3

mH  [GeV]

m
W

  [
G

eV
]

Excluded

High Q2 except mW/ΓW
68% CL

mW (LEP2, Tevatron)

March 2008

LEP Electroweak Working Group, http://lepewwg.web.cern.ch/LEPEWWG/plots/winter2008/
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mH vs. sin
2
�W

2 most precise measurements of sin2 �W di�er by more than 3�:

ALEPFB (b�b)! large sin2 �W ! heavy Higgs:

mH = 420+420
�190 GeV

ASLDLR (lepton) � ALEPLR (lepton)!low sin2 �W ! light Higgs:

mH = 31+33
�19 GeV
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Ak objav��me SM Higgsa

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

SM nezah�r�na gravit�aciu!

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

~; c; G ) MP =
q

~c

G
� 1019 GeV � 1017MZ � blcha=103

� �M2
P
� 1038 GeV2; m2

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

... pri zachovan�� minim�alneho vzorca spont�anneho naru�senia

symetrie:

1 zn���zit' �sk�alu novej fyziky ) �NP ! 1 TeV

2 modi�kovat' Higgs ) �NP ! 1 TeV
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Alternat��vne scen�are

�ziaden Higgs
- neline�arna realiz�acia elslabej symetrie v LH , ESM < 1 TeV

kompozitn�y Higgs
- viazan�y stav nov�ych �cast��c a interakci��, �NP � 1 TeV

SUSY Higgsy
- chir�alne superpole ! fkvarky; lept�ony;Higgsyg, �SUSY � 1 TeV

fundament�alnost' elslabej �sk�aly
- extra-priestorov�e dimenzie ) �G ! 1 TeV
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Efekt��vny opis ESB

minim�alne symetrie:

glob�alna G! H: dimG=H � 3

SU(2)L � U(1)Y � G, U(1)em � H
) dimG � 4, dimH � 1

charged current
neutral current

� 1 ) SU(2)V � H ) dimH � 3

absencia vol'n�ych NGB ) dimG=H = 3

G = SU(2)L � SU(2)R; H = SU(2)V

) efekt��vny Lagrangi�an
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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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