
Measuring Quantum Jumps of Ba 

138+ in an Ion Trap
Michael Clancy

Boris Blinov



Layout

I. The Measurement Problem

II. Ion Traps

III. Experimental Setup

IV. Results



Schrodinger’s Equation is deterministic!

iћ
𝑑

𝑑𝑡
𝛹(𝑡) = Ĥ𝛹(𝑡)

One can write:

𝛹 𝑡 = 𝑈 𝑡 𝛹 0

Where U is the (norm-preserving) time evolution 
operator



Thinking about U

• Take Ĥ = −5ћ 0
0 7ћ

, 𝛹 0 = 𝑐1𝜓1 + 𝑐2𝜓2

• Then:
𝛹 𝑡 = 𝑈 𝑡 𝛹 0 = 𝑐1𝜓1 + 𝑐2𝜓2
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Non – Deterministic!!! 
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Deterministic

• Projection is not unitary!!
• What is the time scale Δ𝑡 of collapse?
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Ion Traps
φ(𝑥, 𝑦, 𝑧) = φ0 + 𝑈0 + 𝑉0cos(ω𝑡

𝑥2 + 𝑦2 − 2𝑧2

𝑟2 + 2𝑧2
0



Doppler Cooling (Doppler Effect)

ion

ion

ion
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Doppler Cooling
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Parabolic Mirror Trap



Parabolic Mirror

40% light collection!



Full Trap Setup
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Barium Energy Structure



Shelving

1762 nm



Shelving
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Detection

1762 nm



Superposition Scheme

1762 nm

• Dipole Forbidden (30 s)
• Semiclassical treatment

𝐻 = 𝐻0 +𝐻𝐼
𝐻𝐼 t = e𝐫 ⋅ 𝑬0 cos ω𝑡

Solve SE:



Rabi Oscillations

• 𝛹 𝑡 = 𝑐𝐷(𝑡)  |5𝐷  5 2 + 𝑐𝑆(𝑡)  |6𝑆  1 2
Where, with  𝛹 0 =  |6𝑆  1 2 :

𝑐𝑆(𝑡)
2 = 𝑐𝑜𝑠2

Ω𝑡

2

𝑐𝐷(𝑡)
2 = 𝑠𝑖𝑛2

Ω𝑡

2

Ω =
𝑒 𝑆 𝒓 ⋅ 𝑬0 𝐷

ℏ



Procedure

1. Send barium in
2. Ionize Ba 138
3. Doppler Cool
4. Single Ion
5. Pull Ion into focus
6. Shine 1762
7. Measure Photons
8. Analyze Results
9. (Nobel Prize)
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Deja Vu
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Future Work

• Apply 𝑡𝜃 pulse

• Measure time dependence Δ𝑡 𝜃

𝑡θ
Δ𝑡(𝜃)
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Ion Trap (Full)



Quantum Mechanical Digression

iћ
𝑑

𝑑𝑡
𝛹(𝑡) = Ĥ𝛹(𝑡)

Replace with:

iћ
𝑑

𝑑𝑡
𝑈 = Ĥ𝑈

Where:
𝛹 𝑡 = 𝑈 𝑡 𝛹 0

And U is given by:

𝑈 𝑡 = 𝑒𝑥𝑝
−𝑖Ĥ𝑡

ћ



Ĥ =
𝐸1
𝐸2
⋱
→ 𝑈 𝑡 =

𝑒
−𝑖𝐸1𝑡
ℏ

𝑒
−𝑖𝐸𝑖𝑡
ℏ

⋱

𝑈(𝑡)𝜓 = 

𝑖

𝜓𝑖 𝜓 𝑒
−𝑖𝐸𝑖𝑡
ℏ 𝜓𝑖

Unitary Time Evolution



Thinking about U

• Take Ĥ = −5ћ 0
0 7ћ

, 𝛹 0 = 𝑐−5𝜓−5 + 𝑐7𝜓7

• Then:

𝛹 𝑡 = 𝑈 𝑡 𝛹 0 = 𝑐−5𝑒
𝑖5𝑡𝜓−5 + 𝑐7𝑒

−𝑖7𝑡𝜓7



Apparatus Basis

• Apparatus M yields eigenstates 𝜓1
𝑀 , 𝜓2

𝑀 , … with 

corresponding real eigenvalues 𝑚1, 𝑚2, …

𝜓 = 

𝑖

𝜓𝑖
𝑀 𝜓 𝜓𝑖

𝑀
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