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Motivation for Boson coherent states

m Eigenvectors of annihilation operator useful for second

quantisation
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Motivation for Boson coherent states

m Eigenvectors of annihilation operator useful for second

quantisation

m Coherent states are important for a path integral

formalism of many particle systems
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Coherent states in 1D harmonic oscillator

n

p? 1 2 9 T 1 .
m H =24 imw’q® = hw(b'b +3), eigenstates |n)

b= 25 (/52a+ 75=p)
m [¢) = exp (¢b7)[0),
blg) = ¢|p), Vo € C
m [p(z)? = |(z])|? ~ e~ (@mV2R

m Minimal uncertainty /Var(z)Var(p), = 2
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m Fock space F spanned by basis |n;...n;...)
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m Fock space F spanned by basis |n;...n;...)
nF=HOH® - =D, H,

m F is not restricted to IV particles

5/19



Second quantisation for Bosons

m Definitions

with
Ay = bibi, [bi, b]] = 8y, [bi, 0] = [b],b]] =0, i = 1... 00
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Creation operators blT
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Creation operators bIT

btnl bT"i
mngom. ) =G0 B o)

m Eigenvectors 7

ni.nj...

|ny...n;...) with lowest n; cannot be reproduced!

m Fock space: vectors without hightest n; possible
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Annihilation operators b;

m [b;,b;] = 0 = common eigenbasis
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Annihilation operators b;

m [b;,b;] = 0 = common eigenbasis

m Constructing eigenvectors

ni...nj...

= ¢icn1..,ni—1.., = V1iCny..m;...» Vbz

_ 4ng 1 _ n; 1
= Cnl...ni... - ¢z mcnl...oi...nj... - Hz sz WCO..,O..,
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Boson coherent states

m Eigenvectors for all b;
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Boson coherent states

m Eigenvectors for all b;

T\n;
9= 3 oo T 0
l

ni.nj...

= Co..0... €Xp ( Z (blb;) 10)
!

with Co...0

m b;|®) = ¢;|d), Vb, {di}iz1..00 sequence in C

m For every single sequence {¢;}i—1. o ~ |¢) we can

construct a coherent state!

= 1 for simplicity

9/19



Boson coherent states: properties

m (|b] = (¢|¢7F, trivial calculation of (¢|H|0) in second

quantisation
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m (|b] = (¢|¢7F, trivial calculation of (¢|H|0) in second

quantisation

m (9]0) = (0] exp (32, ¢70i)10) = exp (32, ¢;6)) Q@,

1
— not orthogonal (linearly dependent), not normalized

(here normalisation (0|6) = 1)

m Demand |[¢[|> = (¢|¢) = exp Y, [¢i]* < 00 =
Y10l < oo, & {¢}s € 12
= (¢]0) < oo (with Cauchy-Schwarz inequality)
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m Fock space
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Overcompleteness

m Set of complete states ) |n)(n| =1y

m Fock space

/Cooﬁ <%d(§R¢Z) (Ses > exp ( Z |6il*)6) (&
b=pe” / f_‘o[ (Zapiatiexp (—2)) (H exp (d’kbb)
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Overcompleteness: calculate i-th integral
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Overcompleteness

m Fock space

/ﬁH(%d(%@) (30)) exp - S IPlolo
= 3 eni Mg ne | = 15

m Why overcomplete? Linearly dependent!
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Trace
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Boson coherent states: properties

m Coherent state representation (b;, b) — (Ogr, 07)

Dy, |0) = @HZ ¢b*”l|o
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l#i ny
= bl|¢)
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Boson coherent states: properties

m Coherent state representation (b;, b) — — (Ogs, &7)

Dy, |0) = @HZ ¢b*”l|o
(i) (1)

l#i ny
= bl|¢)

m (z]2[Y) = 2y (x), (2|0:|¢) = 0utp(z), (z[Y) = P(z)
m (o|f) = f(¢) the p—component of (not coherent) state f

(GBI f) = oL f(8) . (Blbil f) = Do: ()
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Boson coherent states: properties

m Schrddinger equation

H({b], )W) = B|W) — H{¢},04:})¥(9) = EV(9)
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Boson coherent states: properties

m P m. = ](ml coomy .| B))?
e | Sy TL6 Al P2
=11, |¢Z statlstlcally mdependent Poisson

dlstrlbutlons with expectation value/variance |¢;|?
m (V) = (3, bfb) = S = 37, o
2
w0 = UV (N2 - Y i

= Relative width -2 — 1 M=, 0
(N) (N)
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Poisson distribution for fixed ¢
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m Found eigenvectors for b;, left handed eigenvectors for b
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m Found eigenvectors for b;, left handed eigenvectors for b
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m Found eigenvectors for b;, left handed eigenvectors for b

m [¢) ~ {¢i}; € £2

/ WHCT (Ri)d <»‘¢z)exp — 2 loPleiel = 15

tea= [ TT(Farenase) e -I6f) (61410

i=1
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