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three generations of matter

Standard Model of Elementary Particles

interactions / force carriers

(fermions) (bosons)
| I 1
mass | %2.16 MeV/c? %1.273 GeV/c? %172.57 GeV/c* [ %125.2 GeV/c?
charge | % % % ] 0
@O |®|@ |- H
l up L charm Jl top gluon J higgs
v g \
~4.7 MeV/c? ~93.5 MeV/c? %4183 GeV/c? 0
- -% -% 0
‘'@ O |0 || @
( down L strangeJ ( bottom photon
o’ o’
%0.511 MeV/c? %105.66 MeV/c* ~1.77693 GeV/c* ~91.188 GeV/c?
-1 -1 -1 0 [%2]
@ (|® (@ | @ |2
| electron muon | tau Z boson J 23]
7)) \ J\ J‘ 7 \ OO
Z <0.8 eV/c* <0.17 MeV/c? <18.2 MeV/c? #80.3692 GeV/c? 58
0 0 0 1 a
cr® @ (-® @ [Ss
o [
electron muon tau <O
3 | neutrino )| neutrino || neutrino kW boson J oS
(\D,‘ - : \ o [ \ “\ \ p.
VO-(or \ 2o | oy VA Lores (T.ob\\)o\c>
A\
é < VA < 0
‘\ \ 1 \ \ — \\ 1
EERAYEREL d y T
/ - / ) /
. b)
d‘:’z - . L] L] - )‘ /z -
- > ® L]
J”‘ - 'S . )"}"L - e e
J:O b ,;-l‘ e d
= =L -1 » | 2
™




) €5 me/e(o/ M s Ccute(o:
VoY ey stmi-tate (o MBS Sewn— €N X< o

1) , \ = 7

Iy /(1
To(enge %t vy eV de J oy \J% U‘JW\)

Yo degpn s & 0\0’YQJ\N AL eUs vcando Je 9J-.
\

( _ 7 . .
* L 65 e \V (/O\rrébfomék&/\*éb < J\gﬁf/\{@

e.\/. o0 o (’(’Ojo./\ald,g. (Q&(a\ OQe

FleCw, Tian o5 )

v / - | ( \/ : N (((
N WY ™ \\K,J/W\):C)”O

( 8\‘@W\@(‘€, fPOlQ\N\Ob éﬁtaqc\( e\ e \/

V}O(W\d\\\%cﬁko ).

—

@\YI o 65\,\\L€¢V)'D‘> 4t J_t | kJ VV\> es e. \V

o[& Jl Y JZ Con [=4VE's T"z)'()_fd Y ]lﬁ‘(mil)

S'\v\ oumbeC(go  |no s jJS’f(MT& te—er Unoo eﬂprfs?g‘”
I

N
d+);<d My = &]#J MLl >

“Q\cu\aMQB {A Nol w~ o 56 \T+‘\K/j/U\A>

=y (J0t0) = (1)

o T S T By ey [ 60,217




/\7&@\ eskon L:OL%:

. -

<‘<\JW\ !( \J,M 7:5“(/&'

LLL \k) MX\C\; w\ = 1L

M \\ k‘ kk& v\(,\))

2
ya) X
\/\6 rﬁS&A’\’QC\QV\ vv\i\(r\am\ Ae J \) J 3_/,\) J/k)
/7' \
<X\ \X /W\ \KJJ/W\7:L)(JM> 6\@5}"?&%«'
A9 W\ o \M\or 5 in '\W\P@«(’\‘u( v y

QY‘\ J'\\‘\ I"‘"\ \ 62\ (IJ/W\W ?%\Mgw‘bi\{\\bmm‘

No  dejonte o ¥ gers 4 ] ('u/\él(taj(w»@\f%\,




El)e,l/'/\(\os.

Comve X o aftie a0 estoctora

\/\/\-AX\! N o \o \ ng‘Ofokr{/\/"@%-

Cie. 9ocemos o loage |J/W\7>

-\\) ;):’O —> Mm=90 ——~>T50475-' QD\J:OJV"‘:"}

EQ‘OC)\_C.\‘D U\/\.\ é\ f\/\CV\S‘l own UL\

W\ 32 = et 5 = B g el
=% (1 o
A WY,
(TN k(o M\ J ?E(D,i\
\U ¥/ \O 5 ) ~ r T\
/
(3 =47 2) (MR
PN S AR
K ) C\‘)L\ \6\ )
2>\
evetals of ([ o D,
Matrices de /(‘)“01“\
A5+ 1 (-3 1=%=\1 o)
0y = Oy — . ~
e/uald(’_§ 11 ‘/l\ /f ‘,{ \
os=c,=(_ |
‘ 9 = J, =
Diseoki ¢ g\fem-@er\m\\. \0 -1/

<= é<@/@y)ﬁg>.



1.2. Experimento de Stern-Gerlach

Referencia Sakurai 1.1

Un experimento seminal de la Mecdnica Cudntica fue el realizado por Otto Stern y
Walther Gerlach en 1922. En éste un haz de atomos de plata pasa por un campo magnéti-

co inhomogéneo.
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Silver in the periodic table

o

palladium « silver » cadmium

-t — Atomic number (2) 47
Group group 11
| Period period 5
Block @ d-block
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FIGURE 1.1. The Stern-Gerlach experiment.

La energia de interaccion entre un momento magnético g y un campo magnético B es
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por lo que la fuerza en la direccién Z es

ad JB,
F.=—(p-B)=p.
dz 0z
si ‘{%— > 0, un atomo con p. > 0 sera sometido a una fuerza positiva mientras que si

- < 0, F. < 0. De este modo el aparato de SG mide la componete Z del momento

magnético del dtomo que lo atraviesa.

(a) ®)

FIGURE 1.2, Beams from the SG apparatus: (3) is expeciad from classical physics, while (b)
is actwally observed.

Los dtomos del horno son aleatorios asi que cldsicamente esperamos (a) pero obtenemos
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