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Quantum Phase Transition
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L.D. Landau and E.M. Lifshitz, Quantum Mechanics

§50 Penetration through a potential barrier 177

the level splits into levels E, and E, with wave functions which are symmetric and anti-
symmetric combinations of ¥y(x) and ,(—x):

a(*) = (UV2)[o(®) +do(=x)]  dalx) = (UV2)[Pe(x)—¢o(=2)]. (1)

The quasi-classical function ¥,(x) diminishes exponentially outside the well, and in particular

Ulx)

¥o(0) = J - e@[-éjlﬁl dx f, '(0) =%9-%(0),

27,

where Vg = VI’ [2(U0'—'Eo)/,u-]. Thus

wh .
E,—F, = — r:xpl:---;—i J ¥l dx].




Symmetry Breaking and Degeneracy

Symmetrical Double-Well

potential with an well
o0
A
IL> IR>

ALA

[H, n]=0 m|L>=|R>

nt|R>= [L>
HIL> =g |L>
g =€
HIR> = g5 |R> —

From Modern Quantum Mechanics
by J.J Sakurai, p.p. 256-259

S> = 1\2(|R> + |L>)
IA> =1\2(|R> - [L>)

1|S> = (1)[S>
A|A>=(-1)|A>

Courtesy of T.Koike



Weak Symmetry Breaking

Symmetrical Double-Well
potential with an well

L> R>

H, ©]=0 m|L>=|R>
[H, 7] nt|R>=|L>
H|L>=¢g |L>
H|R> = g5 |[R>
H|S>=Es|S> n|S> = (1)[S>
H|A>=EA|A> m|A>=(-1)|A>
EA>Es

Courtesy of T.Koike



Chirality | o,
[0,H]=0,0=TR () I :
H|R) =& |R),H [L)=¢_|L),
|IR)=0][L),|L) =0|R),

.........................................................................................

1
[ IM +) —ﬁ(lR )+ L)),

RN OFTNN
[ IM —) ﬁ(IR> L)),
HIIM+) =™ |IM 1),
O [IM %) =| IM 1),

gl =g

+

Different from Parity
T: time reversal operator anti-linear

Courtesy of T.Koike



Courtesy of T.Koike

Which candidates are truly chiral?
Experimental confirmation

Bottom line:

Ideally identical and practically very similar characters between chiral pairs > TWINS

Degeneracy
Single particle configuration
— Unique parity (experimentally pure)
— (.p alignment
Collective aspects
— Moment of inertia
— Shape/deformation
Electromagnetic properties (most sensitive to wave
functions)
B(EM;l.+ > 1. +)=B(EM;l.——>1,-)
B(EM;l.+ > 1, -)=~B(EM;l.—>1.+)
Small Coriolis interaction

— Smooth and identical variation of S(I)=[E(l)-
E(I-1)]/2
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