
Creation and Annihilation Operators: 
"Second Quantization"

'Second quantization' (grandiose name, nothing new)

   * Designed for few-body interactions

   * Good for interactions between otherwise free particles

   * Links to Greens functions, propagators, density matrices

Change to Fock space = Occupation Number space

Landau & Lifschitz, Quantum Mechanics, section 64

How to cope w/many bosons, fermions

   - Laser, lots of photons

   - Metal, lots of electrons

   - Superfluid, lots of He4 bosons

Change to occupation number basis (Fock Space)



Warning: I permute over particles. Everyone else 
permutes over single-particle WFs. Relation below.



Q: How many copies are repeated for | N1, N2, ... >?

What is the normalization in the standard notation?

This is tidier (fewer copies of same state), but less general 
(doesn't work for WFs that aren't single-particle products).

Back to second quantization. How to write one-body V(x) in 
occupation number basis?

Note: Actually always want sum_i V(x_i): identical particles 
have identical interactions.

Others permute over 'distinct' relabelings of single-particle 
states:

Q: What is <2,1| V(x1) |2, 1>? <2,1| sum_i V(x_i) |2,1>?



Only terms with P1 = P2 contribute...

Q: What is <2,0| V(x1) |0,2>?

A: Zero. V(x1) can't keep psi_1(x2) psi_2(x2) from giving zero.

Q: What is <2,0| V(x1) |1,1>?   [N1 -= 1, N2 += 1]

One-body operator allows one number swap. In the end...

Useful annihilation operator:

annihilates one particle in state k.

Big matrix in k-sector, only one non-zero entry:



Hermitian conjugate is creation operator:

Uses of creation and annihilation operators:

  * Can write one-body operators







  * Can write two-body operators







   * Can write Hamiltonians







   * Interactions scatter particles from        to        with 
amplitude 


