
Transformation Ulñ
')=éiñk

'

ñ : real numbers

set of operators GENERATORS OF TRANSF

UᵗU=1 unitary 4-
' =U+

=

UᵗU=(1tiñÉᵗ+ . . _
. ) ( 1- iñÉ+ . . _ . . )

uᵗh=1+iÑ(kᵗ- K ) + . _
_

. . )
-

ñE
be =o for 6+4=1

KEK
,
k hermitian

,
observable



Examples translations Ñ=Ñ (give or take t)
rotations Ñ=
1505pm Ñ= of

-

- Pauli matrices

1-1

symmetry µᵗHU=H]
Operators transform ⑥ → 6+8 u



① TRANSITIONS
a → b

,
Aab = hb I Ñ I e>

Ñ = some operator contains details of interaction
function of H

IAabt = measure of the strength of transition
For decoys , lifetime atIAabP
For scattering ,

cross section ✗ IAabl
"



lol > = Ula> lb
'
> = Ulb>

Aab -- Lb / Ola> = < blutuoutu / a)

=L b' 1h8 utloi >

If h good sym ⇒ → UBU = 60^61=-8

Aab -_ Lb
'
/ Elie'> = Adb '

SAME AMPLITUDE FOR TRANSITION BETWEEN

STATES RELATED BY "
GOOD " SYMM . OPERATION



② [Kitt]=0 if his good synrm
Consider infinitesimal U=1-ia
It invariant → UᵗHU=H

Ctia.AE/Hl1-ixiki)--H
To first order in 2
H + it :( kilt - Hki)=H
But Kiki ⇒ Tki H]=o



③ Conservation laws

Kila> = Kalas if he> eigenstate ofki
kilb)=kblb) if /b) eigenstate ofki )
[Kid ]=o
Lb / [Kio] / a> =o
Lb / KIO - Oki / a) =o Kikki

lkb-knthblola7-oeltherlb.IO/e7--Aab=00RkA=kb-



④ DEGENERACY
Take he> to be eigenstate of H
H K> = Eata>
Take lb> ≠ he>

,

to be eigenstate ofH

Hlb> = Eblb)

Assume
-

Ib) = Ula>←

Ee -Le /HIa) = Lot utHtt / a) = Lb IH lb>=Es
3 <BY Tbs Z



⑤ Continuous sym⇒ Additive Cons Laws

example : momentum

Ap,¥={ ABT •be
singaporean

momenta

initial state Ii > = / pay /pjF
states ofdefinite

find Skete IN =/pie > Ipi > Ipi>
Assume translational invariance

UIÑ) Ii> = e- i£Ñyp⇒ e- iñieiyp;)
r -



1µg
momentum of A ÑA - Momentum operator ofA

e- i£Ña / pin. > = e-" Pia Iifa)

> WII Ii > = e-
"④a-'B) /pi ) / pig> = éiPÑ"/ i>

Ubi ) If> = e-
in Einar If>

Lfl 81 i> = Lf / Ut f u / i > =

'

Lf 10^1 i > = éÉPi ) If /8 / is
either Lf /Eli >⇒ 0£ TÉ=P



⑥ DISCRETE SYM ⇒ MULTIPLICATIVE CONS
. LAW

Can I write parity p=eiÉÉ NI
Because P is discrete symm , notpirouetted
by a continuous quantity
eg rotations poueinethiied by angles
Plain Pola> P2 /a) a /a>
pye) = peplos = Pilot ⇒Pe



<BIG / a> =Lb↓Pᵗ0P↓a> =PaB2b1ÑI
-

PaoPb=1 or < bloke> =o
=

Pe=Pb=l

pé-Pn



GO BACK TO ISOSPIN

proton __ nucleon wilt lsotspin up
neutron = nucleon wilt lsospin down

IP> =L :) In> =L :)
Good sym (G)=→U(%)

A-
"

rotation
"
in

lsospin space

if we do not consider trivial U=% ?)ei✗
Then£ÉI= E- Pauli Matrices





In general rotation R=éi£%h ✓
oud in the case of f-¥ long mom%) 8=5--12

R= e- i£Én- É=¥



- Any mom conserved → Isospin conserved
t ↑
if rotational if only strong
invariance interaction is important

- for any mama we choose born 's states that are
simultaneous eigenstates of -02, Jz
for lsos.p.in , choose eigenstates of IZ and Iz
- In strong interaction processe IT Is conserved
- Matrix elements in dep of Is



We now understand isspin a bit better

the fundamental isospin doublet is made
up of up/down quarks

fly%) Qlut-3.ee Qld) = - kge
almost some moss

,
and sauce strong interactions

p=uIdn=nddIy
' ⊕¥±=E⊕E



I=% states wilt 3 quarks exist

uuu A
"

1% %>

④At 1% %>

udd bi 1%-4 >
ddd D- 1% -%>

Anti quarts 1-
d-1<-15--4-1%+1ñ ← I='z Iz = -Yz



UI 11 1) = It / uñ¥d 1107 v71
ñd = IT

iii.%
_

A third quark _ strange s

(G) → h (G) Approx sym because

strange quark is noticeably

& hearer

mlu)~2 Mellie
Mld)~5 Melli
MCs) ~ 96 MeV/c

'



Triumpof theory
Predicted sss D-



I ⑦ ± Fi ↑↓ ↓↑↓↓

53# ° 0
- I

↑↑ ⇒ Is-1 &I↑↑=É↑↑+É↑↑ -1255.↑↑
w u

↳ ten 54=4%11+1)↑[ 24-21^4=4%+1111^4
-

_ mkllm>

↑↑ F- 1,13--1 I 11 1) items -16*14-2
S
-

↑↑ -1 1107 -_↑↓¥↓↑ lend

1007=1^1*1^42 &


