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HW.1

Task 1.2

We can use Slater-Determinant to obtain the the wavefunction for many Fermions:

ψFermions(r⃗1, r⃗2, . . . , r⃗N) =
1√
N !
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ψ1(r⃗1) ψ2(r⃗1) . . . ψN(r⃗1)

ψ1(r⃗2) ψ2(r⃗2) . . . ψN(r⃗2)
...

...
...

...

ψ1(r⃗N) ψ2(r⃗N) . . . ψN(r⃗N)
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For Bosons we can use the same slater-determinant but with no negative signs. In other words, a

permenant :

ψBosons(r⃗1, r⃗2, . . . , r⃗N) =
1√
N !
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ψ1(r⃗1) ψ2(r⃗1) . . . ψN(r⃗1)

ψ1(r⃗2) ψ2(r⃗2) . . . ψN(r⃗2)
...

...
...

...

ψ1(r⃗N) ψ2(r⃗N) . . . ψN(r⃗N)
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Bosons

Task 1.3

For two abelian anyons, their symmetric wavefunction will be the combination of a bosonic and

fermionic ones:

a†r⃗1a
†
r⃗2
|0⟩ = q(r⃗1, r⃗2)a

†
r⃗2
a†r⃗1|0⟩

ψAnyons(r⃗1, r⃗2) = ψq Bosons(r⃗1, r⃗2) + ψq Fermions(r⃗1, r⃗2)

ψq ±(r⃗1, r⃗2) =
1

2
[ψ(r⃗1, r⃗2)± q(r⃗2, r⃗1)ψ(r⃗2, r⃗1)]

Where q(r⃗1, r⃗2) will depends on the difference between r⃗1− r⃗2. Moreover, I found this wavefunction

for many particle abelian anyons, which I do not fully understand:

ψAnyons(z1, . . . , zN) =
∏

1≤i<j≤N

(z⃗i − zj)
n/mP (z1, . . . , zN)e

−
∑N

j=1 |zj |2

Which will give a factor of eiθ, θ = π n
m

whenever we exchange 2 anyons. n, m are relatively

co-prime constant integers, and P (z1, . . . , zN) is the symmetric polynomial.
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Task 2.3

1. c1c
†
2c2c

†
1 =⇒ ⟨01, 02|c1c†2c2c

†
1|01, 02⟩ = ⟨01, 02|c1c†2c2|11, 02⟩ = 0

2. c1c2c
†
2c

†
1 =⇒ ⟨01, 02|c1c2c†2c

†
1|01, 02⟩ = ⟨01, 02|c1c2|11, 12⟩ = ⟨01, 02|01, 02⟩ = 1

3. c1c2 =⇒ ⟨01, 02|c1c2|01, 02⟩ = 0

4. a2a
†
2a

2
1a

†2
1 =⇒ ⟨01, 02|a2a†2a21a

†2
1 |01, 02⟩ = ⟨01, 02|a2a†2a21|21, 02⟩ = ⟨01, 02|a2a†2|01, 02⟩ = 1

5. a2a
†2
2 =⇒ ⟨01, 02|a2a†

2

2 |01, 02⟩ = ⟨01, 02|a2|01, 22⟩ = ⟨01, 02|01, 12⟩ = 0?

6. a1a2 =⇒ ⟨01, 02|a1a2|01, 02⟩ = 0


