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Hamiltonian is a sum of hermitian 
and anti-hermitian parts 

It can be diagonalized by “canonical” transformation:   

Canonical transformations preserve the form of Hamilton’s equations in classical mechanics

Analytical solution if 𝐵 = constant, e. g. = 0  inside absorber 

Initial condition at the entrance to absorber  Ψ 0 =
1
0

Without loss of generality, the matrix 𝑆 can be taken as unimodular, with 𝐷𝑒𝑡 𝑆 = 1



Eigenvalues are complex

Rotation in Hilbert space for complex angle



Zurab’s formulas for passing the absorber from initial state Ψ 0 = 1,0 𝑇

After passing 3.5 mm Cd absorber 

If no oscillations  𝜖 = 𝜃0 = 0. 𝑃𝑛𝑛 = 7.937 × 10−40

∆𝑚 = 300 𝑛𝑒𝑉, 𝜃0 = 0.01 𝑃𝑛𝑛 = 2.351 × 10−8, 𝑃𝑛𝑛′ = 1.522 × 10−4

∆𝑚 = 300 𝑛𝑒𝑉, 𝜃0 = 0.001 𝑃𝑛𝑛 = 2.386 × 10−12, 𝑃𝑛𝑛′ = 1.544 × 10−6

After passing 32 mm B4C absorber 

If no oscillations  𝜖 = 𝜃0 = 0. 𝑃𝑛𝑛 = 2.06 × 10−259

∆𝑚 = 300 𝑛𝑒𝑉, 𝜃0 = 0.01 𝑃𝑛𝑛 = 4.586 × 10−7, 𝑃𝑛𝑛′ = 5.211 × 10−4

∆𝑚 = 300 𝑛𝑒𝑉, 𝜃0 = 0.001 𝑃𝑛𝑛 = 7.747 × 10−11, 𝑃𝑛𝑛′ = 8.778 × 10−6



𝑃𝑛𝑛 = 7.937 × 10−40

Exp(-3500/39)=1.06 × 10−39

No previous oscillations in 
the vacuum before absorber

Cd 3.5 mm

𝜌 − evolution calculation



Analytical solution (Zurab) 



Analytical solution (Zurab) 



Density matrix evolution Analytical solution (Zurab) 

Initial state: average density matrix 𝜌 0 in vacuum Initial state Ψ 0 = 1,0 𝑇



Initial state Ψ 0 = 1,0 𝑇

Analytical solution (Zurab)  for  𝑚𝑛 > 𝑚𝑛′



max Τ𝜋 4



3.5 mm Cd , 1000 m/s



What is so far missing in analytical solution:

Need to use initial conditions for Ψ 0 coming from the previous motion of the system in vacuum or in air 

In vacuum for small 𝜃0 In air with absorption

Like we used for the density matrix evolution:

• Meaning of the average density matrix is repeating itself      𝐸 ҧ𝜌 = ҧ𝜌 (makes sense for non-absorptive H)



Re/Im parts of some absorbers


