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e osnovni gradniki snovi
* sile med njimi

Empedoklej (= 450 pr.n.s.):
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na . IIIb  I¥b Wb WIb VIIb
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IIIa** IVa Va VIa VIla|s—— VIIIa—= 11
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[[] alkali metals [[] other metals [Jnoble gases VICI'Ib
alkaline earth metals [C] other nonmetals []lanthanides 13 14 15 16 17 [2
2 [[] transition metals [[]halegens [[] actinides ig: ;3: 32 _3%: :g: He
5 5 [ B |2 |0
B N F |Ne
6 7 8 9 10 13 3 17
Via VIlaje——v VIIIa—| 11 12 Al P

VIib WIIb VIIIb Ib IIb

24 |25 |26 |27 |28 |29 |30 |31

cr Fe [Co [Ni |Cu [zn |Ga
44 |45 |46 |47 |48 |49

76 |77 [ |79 [80 |81

Mn

437 |44 45 |4 .
Tc |Ru [Rh (Pd |Ag |Cd |In
— ;

Re [0s (Ir |Pt (Au |Hg [TI

o7 (108 109 (116 [111 [112 [

pravpvpvy pravaegvy peavpeaey pravpesey pravavsvy pravaeses
* % FEIE I | 3600 | 3233 | N 33X

62 |63 |64 [65 [66 |67 |68 [69 [70 |71
Pm (Sm |Eu [6d |Tb [Dy |Ho [Er |Tm |¥b (Lu

54 |95 |96 |97 (98 [99 [100 (101 [102 [103

Np |[Pu |am [Cm [Bk [cf [Es |Fm [Md [No |Lr
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Rutherford, Geiger,
Marsden

16/03/26

Rutherford’s a-Particle Scattering Experiment

Lead box

a-particle source s ]
—Zinc sulfide screen

positioned to detect
« particles bouncing
back from foil

\ Faint flashes from

T'hin gold foil—" . /u particles scattered
at wide angles

Zinc sulfide
Screen Expected fuzzy
main spol
Copyright & 2000 Benjamin/Cummings, an imprint of Addison Wesley Longman, Inc.
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[[] alkati metals [] other metals [Jnoble gases |
alkaline earth metals [[]other nonmetals []lanthanides| 13 14 15 16 17

;H: [ transition metals [[Jhatogens [ actinides }gg }32 g: “;}: gg:
: S O A e £
e B lc [ o |
= Bz 4 5 6 7 8 9 10 15 [14 |15 [T

Na IIIa** IVa WVa VIa VIla VIlla 11 12 Al Si

'8 |mopssx 1vb Vb VIb  VIIb |=—— VIIb—| Ib IIb
121 22 |23 |24 |25 |26 |27 |28 |29 |30 |31 |32

Sc |Ti |[¥ |Cr |Mn |Fe |[Co |Ni |Cu (Zn |Ga |Ge
135 [40 [41 [42 |43 |44 |45 (46 |47 |48 |49 |50
¥ |zr [Nb |Mo |Tc [Ru [Rh [Pd |Ag |Cd [In |[Sn
157 (72 [73 |74 |75 |7 |77 |7 |72 |80 |81 |8z
[La |Hf [Ta |W |[Re |Os [Ir |Pt |Au [Hg |T1 [Pb
[85 [104 [105 [106 [107 [108 [109 (110 [111 [112 [

A' ettt ek ool bk ot ok b

58 |52 |60 |61 |62 |63 |64 [e5 |66 |67 |ee [62 |70 |71 |
Ce [Pr [Nd [Pm |Sm |Eu |6d |[Tb [Dy (Ho |Er |Tm |¥Yb |Lu |
[so f31 32 |93 [94 [95 |[%e [97 [98 [92 [100 [101 [102 [103
N| Cm (B : Fm |Md [No |Lr

oni res osnovni gradniki?




u: g =+2/3 g,
d: ¢ =-1/3¢g,
s: ¢g=-1/3 g,
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Dekuplet
Monet barionov (J=3/2):

§=-2 — A
. W as--sus g k0
§ = -3
........................................ 9
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* mehurcna celica

* D. Glaser (N.n. 1960)
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Rutherford’s a-Particle Scattering Experiment

Lead box

Zinc sulfide screen
positioned to detect
« particles bouncing
back from foil

Faint flashes from
« particles scattered
at wide angles

Zinc sulfide
Screen Expected fuzzy
main spot

Copyright @ 2000 Benjamin/Cummings, an imprint of Addison Wesley Longman, Inc.




Stanford, Kalifornija:
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Taylor, Kendall, Friedman (N.n. 1990)
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* P. Dirac
(N.n. 1933)

* C. Anderson
(N.n. 19306) — :
* meglicna celica
« C. Wilson (N.n.
1927)
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kvarkl
nab|t| leptoni,
~« antidelci,

t‘/_,

-*-"-50 nevtralni leptoni
== (nevtrlnl)

OSnovnl gradniki:
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- nevtralni leptoni
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CERN (1983): trkalnik SpS; detektorja UA1 in UA2

tosa Jiois | ele 4
m | yeV
(600 /222 T
ma 454 a6 GeV
3433/ 100! ete”

w ~ 93 GeY

b P TR T WA BT
m~ 48 CeV

Invariantna masa ee* =
masa delca (Z°), iz katerega sta nastala

’ . 7" ,.m(: ‘;p
m,c; =~ \[2E_E_(1-cos) y
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* C. Rubbia, S. van der Meer
(N.n. 1984)
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Zakaj Higgsov delec:
e racuni fizikalnih procesov se dobro ujemajo z
Izmerjenimi vrednostmi, Ce osnovni gradniki in nosilci
sil nimajo mase

* racuni podivjajo (posamezni Cleni; vrste ne konvergirajo),
ce imajo nosilci sil / gradniki maso

* racuni ne podivjajo, ce do mase delcev pripelje Higgsov
mehanizem
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Zakaj Higgsov delec:
e racuni fizikalnih procesov se dobro ujemajo z
Izmerjenimi vrednostmi, Ce osnovni gradniki in nosilci
sil nimajo mase

* racuni podivjajo (posamezni Cleni; vrste ne konvergirajo),
ce imajo nosilci sil / gradniki maso

* racuni ne podivjajo, ce do mase delcev pripelje Higgsov
mehanizem (v resnici podivjajo, samo nekoliko manj . )

16/03/26 63



Prispodoba za Higgsov mehanizem: kondenzacija
vodnih par

* drobni prasni delci (kondenzacijska jedra) prispodoba za
brezmasne gradnike in nosilce interakcij

» vodne pare prispodoba za Higgsovo polje

» kondenzirane pare - vodne kapljice okoli kondenzacijskih
jeder prispodoba za masivne gradnike in nosilce interakcij

» kondenzirane pare - vodne kapljice brez kondenzacijskih
jeder prispodoba za Higgsove bozone (kondenzate
Higgsovega polja)
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LHC:
e 27 km

*E =4 TeV
* krizanje gru€ na 25 ns

« 1600 magnetov
== 271°C
*B=4T
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H—vyy

S ATLAS

EEXPERIMENT

* 10 in vecC trkov pri
vsakem Kkrizanju
gruc

* en razpad H —» yyna
100.000.000.000 trkov
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Higgsov bozon:
* CERN, 2012

F. Englert, P. Higgs (R. Brout):

* napoved (1964)
* N.n. 2013
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Dve (komplementarni) paradigmi:

a) velika energija E za tvorbo novih (tezjin) delcev:

m=E/c’

b) veliko stevilo trkov in natancna meritev produktov:

 Iskanje redkih procesov

 natancne meritve lastnosti procesov

16/03/26
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KEK Tsukuba
Campus
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Primer: asimetrija med snovjo in antisnovjo

» ob Velikem poku enako snovi
kot antisnovi

» 0,000.000.001 delez snovi
prezivel

 drugacni zakoni za snov kot
antisnov (krsitev simetrij)

* Opazena Krsitev simetrij premajhna,
da bi razlozila prevlado snovi nad antisnovjo
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Primer: obodna hitrost v galaksijah

v(kmls)

Observed 4]1/”(‘
a)v = > p R

from
luminous disk

— 1
10 R(kpc) b) Yy = KM —
M33 Rotation Curve \/E

16/03/26 76



L

ol |||m
nn =~ 101

Primer: obodna hitrost v galaksijah

v(kmls)

Observed 4]1/”(‘
a)v = > p R

Expected
from
luminous disk

— 1
10 R(kpc) b) Yy = KM —
M33 Rotation Curve \/E

Temna snov: do sedaj Se neodkriti osnovni delci?
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