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• Introduction to Quantum Optics:


• Quantum Mechanics:

• qSHO, Uncertainty-relation, Schrodinger/Heisenberg/Interaction pictures


• Quantum Properties of Light:

• Number states, Vacuum States, Coherent States, Squeezed States

• Phase Space, Quantum State Tomography 


• Simple Optical Instrument:

• Beam Splitter, Mach-Zehnder Interferometer

• HBT, Homedyne Detections

• Correlation funcitons

 


Syllabus :

 



4

•Photon-atom interaction:

• Rabi oscillation,  

• Jaynes-Cummings Hamiltonian, 

• Dicke model,  

• Cavity-Quantum Electro-Dynamics (c-QED),  

• Electromagnetically Induced Transparency (EIT), 

• Optical Parametric Oscillator (OPO),   

• Dissipative Systems,  


• Selected Applications:

• Quantum Sensor: Gravitational Wave Detectors

• Test of Quantum Mechanics: Quantum Zeno effect

• Quantum Communication: QKD

• Quantum  Computing: Quantum Photonic Circuit

 


Syllabus :
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Phase space

from	Wiki

wave-nature
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Quantum Simple Harmonic Oscillator (SHO)
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Coherent states

with	Popo	Yang

Popo	Yang,	Ivan	F.	Valtierra,	Andrei	B.	Klimov,	Shin-Tza	Wu,	RKL,		Luis	L.	Sanchez-Soto,	and	Gerd	Leuchs,	
Physica	Scripta	for	the	New	Focus	issue:	Quantum	Optics	and	Beyond	-	in	honour	of	Wolfgang	Schleich.
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Superposition principle

Macroscopic States Macroscopic States

Nature,	455,510	(2008).



9W.	Zurek,	Nature 412,	712	(2001).

Cat states
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Squeezed States
Coherent to Squeezed states

Courtesy: 

Roman Schnabel (2017).

by	Popo	Yang
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Optical Parametric Oscillator, OPO

For the degenerate parametric process, i.e., two-photon process, its Hamil-

tonian is

Ĥ = i~(gâ†2 � g
⇤
â
2
),

where g is a coupling constant. The state of fields generated by this Hamiltonian

is

| (t)i = exp[(gâ
†2 � g

⇤
â
2
)t]|0i.

Then, one can define the unitary squeeze operator

Ŝ(⇠) = exp[
1

2
⇠
⇤
â
2 � 1

2
⇠â

†2
],

where ⇠ = rexp(i✓) is an arbitrary complex number.
<latexit sha1_base64="207+H6priH3zKj/SQtGmVyeAQM4="></latexit>
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Squeezed Operator
• If | i is the vacuum state |0i, then | si state is the squeezed vacuum,

|⇠i = Ŝ(⇠)|0i.

• The variances for squeezed vacuum are

�â21 =
1

4
[cosh2 r + sinh2 r � 2 sinh r cosh r cos ✓],

�â22 =
1

4
[cosh2 r + sinh2 r + 2 sinh r cosh r cos ✓],

• For ✓ = 0, we have

�â21 =
1

4
e�2r, and �â22 =

1

4
e+2r,

and squeezing exists in the â1 quadrature.

• For ✓ = ⇡, the squeezing will appear in the â2 quadrature.
<latexit sha1_base64="S74k2pWYqxcCSdRIgpGezTZs4Ug="></latexit>
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vacuum

anti-squeezed

dark noise

squeezed vacuum noise 

Squeezing angle, Φ Φ-10 dB Squeezed vacuum 

at 3MHz


+20 dB Anti-Squeezed 

at 3MHz


by	Chien-Ming	Wu
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1. State: The properties of a quantum system are completely defined by

specification of its state vector | i. The state vector is an element of a

complex Hilbert space H called the space of states.

2. Observable: With every physical property Â (energy, position, momen-

tum, angular momentum, ...) there exists an associated linear, Hermitian

operator Â (usually called observable), which acts in the space of states

H. The eigenvalues of the operator are the possible values of the physical

properties.

3. Probability:

(a) If | i is the vector representing the state of a system and if |�irepresents

another physical state, there exists a probability p(| i, |�i) of finding
| i in state |�i, which is given by the squared modulus of the scalar

product on H: : p(| i, |�i) = |h |�i|
2
(Born Rule).

(b) If A is an observable with eigenvalues ak and eigenvectors |ki, Â|ki =
ak|ki, given a system in the state | i, the probability of obtaining ak
as the outcome of the measurement of Â is p(ak) = |hk| i|. After the

measurement the system is left in the state projected on the subspace

of the eigenvalue ak (Wave function collapse).

4. Time evolution: The evolution of a closed system is unitary. The state

vector | (t)i at time t is derived from the state vector | (t0)i at time

t0 by applying a unitary operator Û(t, t0), called the evolution operator:

| (t)i = Û(t, t0)| (t0)i.
<latexit sha1_base64="7a8dgjhRaw2ccoBrZebxPq/BMi4="></latexit>

Axioms of Quantum Mechanics

Quantum State

Tomography

Non-Hermitian

QM

Quantum

Measurement


(weak measurement)


Decoherence

Arrow of Time


Entangled-History
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First Exp. 
on FDS,


Freq.-Dep.

Squeezing,


at 100 Hz
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from	Wiki
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Can we see Quantum (state) ?


No-go

theorem
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Textbook and Reference books



