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Coherent Landau states with gauge invariance’
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Coherent states for the Landau system (planar charged particle moving in a uniform magnetic field) are developed.

It is convenient to use these states to describe the circular motion of the charged particle. The results obtained do not

depend on gauges.
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1. Introduction

The Landau system is a very important two-
dimensional quantum mechanical system. The study
of the system has attracted considerable interest
in both quantum mechanics and condensed matter
physics. Apart from its intrinsic mathematical in-
terest, this problem has attracted much attention
because it related with many applications, such as
cyclotron, quantum Hall effect, mass-spectrometer,
Though the Landau sys-

tem’s quantum level structure is similar to that of

magnetic resonance, etc.

the two-dimensional harmonic oscillator, the Landau
system (Osc(1) dynamical degeneracy group) is al-
gebraically, geometrically and physically richer than
the two-dimensional harmonic oscillator (SUs dynam-
ical degeneracy group).[175] The canonical momen-
tum or canonical angular momentum is used to de-
scribe the Landau system in the general quantum
references,[®=12] but both the canonical momentum
and the canonical angular momentum are dependent
on gauges. Recently, we have introduced the centre
coordinate operators and initial mechanical momen-
tum operator which are all invariants with the gauge
invariance, and obtained four kinds of raising and low-
ering operators of the Landau system and phase Lan-

dau states.[13—16]

In this paper, we introduce coherent
states for the Landau system by using the centre co-
ordinate operators and initial mechanical momentum
operators. The results obtained do not depend on

gauges.

2.Two pairs of raising and lower-
ing operators

Taking a uniform magnetic field with a magnetic
induction B(B > 0) in the Z-axis direction, the me-
chanical momentum operator and the Hamiltonian of

a planar charged particle are then

Tg = Pz — qAL, Ty = Py _qua (1)
1 2 1 2
H= ﬂwm + ﬂwy, (2)

where p, g are the mass and charge of the particle

respectively and A = A,e; + Ayes is the potential

A Ay
vector satisfying B = o4, — 9 e3. Note that
oz dy
[m,wz] = [y”’ry] = ih, (3)
[y, my] = ihgB. (4)

The Heisenberg equation of motion is

dz 1 1
— = Flz, H| = -7y,
a g Al= T
dmy 1
el E[’rrm,H] = Wy,
dy 1 1 ()
o -l H = s
dm, 1
—2 = —[my, H] = —wm,.
| dt inY
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Its solution can be written as!3]

1 1 .
T =T, — —5Tyo COSwWl + — Ty SInwt,

qB qB

1 1
Y=Y+ q—Bﬂ'zo cos wt + q—Bﬂ'yo sin wt,

(6)

Ty = g0 COS Wi + myo sin wt,

Ty = Ty COS Wt — Ty SIn wt,

q . .
where w = —; z. is the centre z-coordinate opera-

tor; y. is the centre y-coordinate operator; m,q is the
z-component of the initial mechanical operator; myg
is the y-component of the initial momentum operator.
Zc, Yo, Tzo and myo are all invariants with the gauge

invariance. Their relationships can be written as

. h
[Tc, Y] = et (7)
[0, Tyo] = 1hgB, (8)

[-'L'c:ﬂ'zo] = [xc: 7ry0] = [yc;ﬂ'mo] = [yc;ﬂ'yo] =0. (9)
Two pairs of lowering and raising operators can

be introduced by use of z., y. 750 and o as follows:
|q|3>1/2< g )
A= | —— yc+1_mc )
' ( 2h lql
B\ 1/2 q
Ab = (1418 e — iz 10
1 < 2% Y. 1|q|1‘l ) ( )
1/2
1 q
Ay = | —— MTgo +1—T ),
’ <2hlq|B) < © el

A+: # 2 Wzo—iiﬂ'o . (11)
> \2n/qB lq|

We have the following relations among them:
[A1, Af]=[42, A7] =1, (12)
[A1, A2] = [Af, Aj] =[A1, A]]=[A], A5] =0,
(13)
H= <A;A2 + %) hw.
(14)

1\ 2h

2 2 _ A-l-A [
i T < 1 1+2 |q|B’
3. Coherent Landau states

We are interested in common eigenstates |a1, as2)
of A; and A, and call them coherent Landau states.

We have results for the state |ay, as)

<z >= < a1, a2|zc|ar, ag >

1/2
.q(_h *

< Yo >= < o1, aolyelon, an >

=(#)1/2<a; ), (16)

< Ty >= < al,a2|7ry0|a1,a2 >
1/2
. q hIqIB> ,
i L (MABY e a7
4(M9E) e aa) 1)

< z2+yl>=<ay, a2l +yllar,a >

1\ 2h
2
=(|ay +—>—, 18
(P +3) 75 (18)
9 1
< E>=< (11,(12|H|O£1,(12 >= |a2| +5 h|w|,
(19)
<z>=< o, az|a,an >
1
=<mc>—q—B<7ry0>coswt
+ L o> sinwt (20)
B Tpo > sinwt,

<y>=< ag,oslyla,ay >

1
=< Yo > +—= < Ty > coswi

qB
1 .
+ 4B < myo > sinwt, (21)
d<z> d<y>
r o= T 1. =, 292
< Ty > a < Ty > & ( )
h
AmC2:AC2:—7 23
(8a? = (Mw)? = g7 (23)
h|q|B
(Ama0)? = (Amy0)? = (A, = () = OB
(24)
(A2)? = (Ap)* = (25)
lg| B’
B\ B \1> HlqB
|:A<7rz— %y)] = |:A<7ry—|—q7a:>:| — |i| ’
(26)
4h2
[A(mf + yf)]2 = |a1|2q2?7
(AE)? = |ag|*h?w?, (27)
(Azo)(Bwe) = o (28)
z)(Ay) = ——,
2|q|B
hlg|B
(Am,0)(Bmy0) = (Am)(m,) = MIB - (a9)

O PN ) N B
(30)

These results describe the circular motion of
charged particles in a uniform magnetic field. Because

T, Y, T, Yoi Mo, Ty, Tgo and myg are all real physical
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quantities satisfying the gauge transformation rule, re-

sults (15)—(30) do not depend on gauges. In coherent

Landau states |a1, as), we achieve the minimum un-

certainty relations (29) and (30). In some applica-

tions such as in a cyclotron (where the centre position

of circular motion for particles is known) or a mass-

spectrometer (where initial mechanical momentum of

circular motion for particles is known), it is convenient

to use the coherent Landau states.
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