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* Harmonic osclllator: / A
NI

phase space description

oscillators: phase space

* Ensemble of harmonic -
probability density: W(X, P) -

NY

» Repeated measurement of X; marginal distribution pr(X)

* Relate marginal to density: pr(X) = J WX, P)YdP  pr(P) = [ W(X, P)dX
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» Marginals reconstructed as before

» Uniquely defines state W, < p

- Not a probabllity - can be negative!
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OPTICAL HOMODYNE TOMOGRAPHY

» How to obtain W(X, P) (or p)

» Strategy: measure marginals and | - local
reconstruct (c.f. medical tomography) oscillator

homodyne

detector piezo

+ How to measure X?
Optical homodyne detection i(f) o< X(¥)

* Reconstruct a complex temporal mode via:

. Jw(t)i(t)dt
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* [hird order nonlinear process

« Energy: 20, = 0.+ ;
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MacRae et al PRL (2012)
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- Narrowband single photon:
Aw =~ 2n X 10MHz

/. Qin, et al LSA (2015)
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Joward full quantum state engineering

* Seed process with weak coherent state:

) = |0). +all),

|¥)=100)+al|ll)—iy/A|10)
Where did Photon originate! Rl tes
» Condition on signal channel photon:

<1S\‘P>=a|0>—%\1> From | @) Then [w) = |0)

From 4WM? Then |y) = | 1)

Brannan et al. Opt Lett (2014)
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Joward full quantum state engineering

* Seed process with weak coherent state:

Homodyne
) ©
la) = |0),+ all), A

|¥)=100)+al|ll)—iy/A|10)
oscillator
» Condition on signal channel photon:

<1S\T>=a\0>—%u>

* o and y experimentally accessible

Brannan et al. Opt Lett (2014)
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Can this be extended?
» YES! Use multiple photon subtraction

» Each box is a low-reflectivity beam splitfer
with coherent state at input:

» Condition at |0) at output:

[y > = <0\H a, + 7,8,) Hyung 0,0,)

N

= (0, | Z ba!|nn,) = Z Cal 1g)
n=0

n=0
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* Perform partial photon subtraction of stokes (idler) channel: CSE engineering
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ldler

WRITE

READ

» Read out CSE state into optical Hilbert space



