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XIl. Novi standardni model

MASE FERMIONA i SM NAKON OTKRICA
OSCILACIJA NEUTRINA | POTVRDE HIGGSA

= MASE FERMIONA
= MASE NEUTRINA

= CAROLIJA i ENIGMA
HIGGSOVOG SEKTORA
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Obitelj fermiona realizirana s
pet reprezentacija SM-a
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Feynmanovo pravile — _;, _,,
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= Odrazava afinitet fermiona na higgs
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MASE KVARKOVA - (7~ 1u0/v2)
donjih i gornjih, za _
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Top Quark
175 GeV

Charm Quark
1.25 GeV/

Up Quark
~0.002 GeV

For reference;

Down Quark Strange Quark Bottom Quark
~ 0.005 GeV ~ (0.095 GeV 4.2 GeV
These are relative masses not size — they have no e size |
Electron Muon Tau
0.0005 GeV 0.105 GeV 1.78 GeV
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Tau Neutrino
~0

Electron MNeutrino

Muon Neutrino ‘
~

~0

Proton
0.938 GeV

Originally thought to be
massless but now not
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Raspad Higgsovog bozona na
fermionsko-antiferminski par

= Invarijantna amplituda
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Cije kvadriranje, sumiranje po polarizacijama (i
bojama) i integracija po 2-cesticnom faznom
prostoru, daje parcijalnu Sirinu raspada:
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Mijesanje kvarkovskih
generacija  Qu. um. dm. =123
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BAZA KVARKOVSKIH MASA -

dijagonalizacijom biunitarnim transform. v-! —uv?
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CKM mijesanje u nabijenoj struji
& okusno dijagonalna neutralna

dq d d
T = (ay.ds. u3) " ( do ) = (u,c,t); Uh*"*DL ( s ) = (u,e,t); YV ( s )
ds J , b ), b ).

T —
CKM matrica (UL—DL :L@

.I.
ie unitarna Vv =(u'D,) (UlD,) =DlU,UID, =1
J L L L L

= Univerzalno vezanje fotona i Z bozona: @
GIM i granasta odsutnost FCNC (T% - s3,Q)

uj u U
(@ g, i) A" | we | = (@ED UNUL | ¢ | =(@el) | c
us I 1 I t .



" JE—
Za vise obitelji (generacija)
-opcenito Yukawin lagrangian
nije dijagonalan u okusu
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Pogodan je odabir slabe baze u kojoj
su gornji kvarkovi masena stanja.
Izospinski dubleti tada imaju zapis

/ 5 / 5 4
d ’ s" ). b ’

= gdje je u prostoru generacija

d’ d
s' =V | s .
bf L b L



" J
"STANDARDNA" PARAMETRIZACIJA -
POGODNA ZA POOPCENJE NA n>3
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POSAO FIZIKE OKUSA
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Mijesanje leptona
(Pontecorvo-Maki-Nakagawa-Sakata)
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OSCI\LACIIA NEUTRINA

prva opipljiva naznaka fizike izvan
standardnog modela
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Kao za kvarkove, moguc je odabir

slabe baze u kojoj su nabijeni leptoni
masena stanja. Izospinski dubleti

tada imaju zapis
(0), (), (),

= tako da PMNS matrica povezuje okusna
stanja neutrina s masenim (1,2,3)
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CKM vs. PMNS

CKM PMNS

d S b 1!1 "\!'E "*.!'3

LI [] - V, . O
c N : v, || .
¢ : v. [ .

Area ~V?

Why these values? Are the two related? Are they related to masses?




0.73-0.89 0.44-066 <0.24
Urgp| = | 0.23-0.66 0.24—0.75 051087)

0.06 - 0.57 0.40=0.82 0.48-0.85
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* To date, results on neutrino oscillations only determine

‘Am%i = |m3 _mzz|
* Two distinct and very different mass scales:
« Atmospheric neutrino oscillations : |Am2|atmos ~2.5%x 1077 3V2
» Solar neutrino oscillations: |Am? |so1ar ~ 8 X 107 eV?
Two possible assignments of mass hierarchy:
Normal Inverted
t 3 A orar § 4 m
Amgtmos
Amgtmos
Amgolalr t %% v ms

-In both cases: Am%1 ~ 8% 10 2eV? (solar)
|Am3, | ~ |Am3,| ~ 2.5 x 1073eV? (atmospheric)
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NORMALNA I INVERZNA
HIJERARHIJA MASA
NEUTRINA

II Vp V3 1“- 1Vl-l - V2

5 Am2=0.8-10"5 eV

z Am? =0.8-107° eV?
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Kvarkovi Leptoni
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Neutrinske mase kao opipljivo
odstupanje od SM-a Fig.Murayama'08

fermion masses
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PERIODICKA TABLICA SM-a

Three Generations
of Matter (Fermions) spin %z

mass —
charge —

name —

Quarks

Bosons (Forces) spin 1

neutripo
h 105.7 Mev 1.777 GeV spin 0
5 -1 -1
=
= 4 T
¥
- muon tau
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NAKON OTKRICA HIGGSA

3 parametra Higgsovog potencijala

V = const. + my |H|* + N\ H|*

= Problem kozmoloske konstante
= Problem prirodnosti higgsa
m Problem vakuumske stabilnosti
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Diracove mase neutrina ukoliko
postoje i desni neutrini vsi (i =1.23)

Lyukawa O UL»VR(I)TLL + h.c.
3

E{’rukawa — Z Z [Uz; (I)TLL:; + UUE)RE(I)TLLJ} -+ h.c.
=1 5=1

= PMNS mijesanje okusnih i Ve 7
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Wemgergov operator dim 5,

generiran Cesticama nove fizike skale
A, daje Majoraninu masu neutrina
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= nakon SSB, iz korektno napisanog
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COUNTING the SM s
FREE PARAMETERS
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