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Motivation

• Quantum	information	transfer	between	photon	and	nuclear	spin
• Quantum	Communication	->	Quantum	Repeater
• Quantum	Computation	->	Node	Connection								𝑘2# → 2%#
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Properties	of	NV	System

• Optical	~ 100THz	
• Orbital	of	electron

• MW	~	GHz	
• Electron	spin	– zero	field	splitting

• RF	~	MHz	
• Nuclear	spin	- Nitrogen-14	

quadruple	spliitting/hyperfine	
interaction

• Magnetic	field

Level	structure	of	NV.	D	=	2.877GHz	is	the	electron	spin	zero	field	splitting;	Q	=	4.946MHz	is	the	Nitrogen-14	
nuclear	spin	quadruple;	A	=	2.2MHz	is	the	hyperfine	interaction.	
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Elements	in	the	experiment

• Photon
• Electron	spin	in	NV	– interface	of	transfer
• Nuclear	spin	of	nitrogen-14	in	NV
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Scheme

• Initialization
• Bell	state	preparation	of	electron-nuclear	spin	system
• Optical	transfer
• Heralding
• Verification
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Scheme:	Initialization

• 𝐴' Pumping	(optical)
• 𝑇 )⨂ 𝑇 # → 0 )⨂ 𝑇 #

• Electron	CNOT	
• 0 ) ±1 # → ±1 ) ±1 #
• 0 ) 0 # → 0 ) 0 #

• Nuclear	CNOT	(RF)
• ±1 ) ±1 # → ±1 ) 0 #
• 0 ) 0 # → 0 ) 0 #

• 𝐴' Pumping	(optical)
• ±1/0 ) 0 # → 0 ) 0 #

𝑇 represents	thermal	state
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Scheme:	Bell	State	Preparation	

• Nuclear	𝜋 Pulse	(RF)
• 0 ) 0 # → 0 ) 𝑏 #

• Electron	CNOT	(MW)
• 0 ) ±1 # → ∓1 ) ±1 #

• Bell	State
• Ψ3 = '

5� 	 −1 ) +1 # + +1 ) −1 #)

Bright	state:	 𝑏 = '
5�
(	 +1 + −1 	)
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Scheme:	Optical	Transfer

• Photon	state	 𝜓 = =
'
5�
( 𝜎3 −

𝑒@A	 𝜎B ) can	only	be	deterministicaly	
absorbed	by	 𝜓 ) =

'
5�
( +1 +

𝑒@A	 −1 ) whose	orthogonal	state,		
denoted	as	 𝜓C ),	can’t	be	absorbed.

• Bell	state	 Ψ3 =	 '
5�
	 𝜓 ) 𝜓 # +

𝜓C ) 𝜓C #)
• 50% probability	of	photon	absorption
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Scheme:	Heralding

• 𝐴' decays	
• Photon	collection	rate	~	2%	à too	low
• Back	to	 0 ) (with	40%	probability)	or	
±1 )	(with	30%	probability	respectively)

• 0 ) → 𝐸E ) transition
• High-fidelity	readout

• Efficiency	=	50%	× 40%	=	20%
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Scheme:	Tomography	for	Verification

• 𝜓 = =
'
5�
	( 𝜎3 + 𝑒@AFGHIHJ 𝜎B )

• RF	Pulse:		 𝜓 # = 	
'
5�
	K +1 # +

𝑒@AJLFMJ −1 #N =
'3)MO

5
	 𝑑 # −	

'B)MO

5
	 𝑏 #

→
1 + 𝑒@A

2 	 𝑑 # −	
1 − 𝑒@A

2 	 0 Q

• Measure	𝑝S =
'3)MO

5

5
and	𝑝T =

'B)MO

5

5
	

by Rabi	Oscillation
• Reconstruct	density	matrix

Zhang	Chuheng	©	2016 Rabi	Oscillation	and	reconstructed	desity	matrix	when
𝜙=VWXW# = 0

𝑏 = '
5�
(	 +1 + −1 	) 𝑑 = '

5�
(	 +1 − −1 	)



Result:	Fidelity
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Comparison	between	the	phase	of	the	nuclear	spin	and	the	phase	of	optical	photons.	
Shaded	areas	in	the	plots	mark	95%	confidence	intervals.	Error	bars	indicate	the	errors	
from	fitting.	

Average	Fidelity	:	98%



Result:	Measurement	of	Coherent	Time
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(a) Nuclear	spin	Hahn	measurements	for	spin	coherence	between	state	 𝑒 ) +1 # and	state	 0 ) −1 #.	
(b) Nuclear	spin	Hahn	measurements	for	spin	coherence	between	state	 ±1 ) ∓1 #	and	state	 ±1 ) 0 #.

Coherent	Time	𝑇5 exceeds	10s	when	𝑚Z = 0



Conclusion

• Realization	of	storage of	a	photon	polarization	state	in	a	solid	nuclear	
spin	with	high	fidelity	(~98%)	and	a	long	storage	time	(𝑇5>10s).
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Thanks!
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Question:	Is	NV	excited	by	single	photon?

• Due	to	the	low	efficiency	of	photon	absorption,	thousands	of	photon	
is	exposed	to	NV	in	a	pulse,	but	the	NV	is	excited	by	a	single	photon	at	
a	time	in	a	large	probability	(~97.5%).		
• NV	is	excited	by	a	12ns	laser	pulse	with	a	peak	power	of	20mW,	
containing	a	few	thousands	photons.	Considering	the	absorption	rate	
of	approximately	0.1%,	it	can	be	regarded	that	only	one	photon	is	
absorbed	at	a	time.	The	absorption	of	absorbing	more	than	one	
photon	due	to	re-excitation	is	only	about	0.025.
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Question:	Dose	nuclear	spin	preserve	
coherence	after	heralding?
• When	 𝐴' ) ⨂[

'
5�
( +1 # − 𝑒@A −1 #)]	�

� decays,	

it	drops	back	to	 0 ) ⨂ ] '
5�
K +1 # −�

�

𝑒@A −1 #N^ = 0 ) ⨂ cos A
5
	 𝑏 # 	− 𝑖 sin

A
5
𝑑 # 		�

�
with	40%	probability.	When	RF	pi	pulse	applied,	it	
becomes	 0 ) ⨂ cos A

5
	 0 # 	− 𝑖 sin

A
5
𝑑 #

�
� .	

• The	red-line	transition	 0 ) ↔ 𝐸E ) is	between	
all	the	three	possible	states	in	the	red	dashed	
circle	and	 𝐸E ),	but	not	only	zero-zero	state.
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Question:	Dose	nuclear	spin	preserve	
coherence	after	heralding?
• Nuclear	spin	still	preserve	the	information	
even	it	suffers	from	dephasing	in	the	
transition	 0 ) ↔ 𝐸E ),	since	the	information	
is	transferred	into	the	population	of	 0 # from	
relative	phase	between		 +1 # and	 −1 #.	
• Nuclear	spin	state	after	heralding	is	the	
mixture	of	 0 #,	 +1 # and	 −1 #,	whose	
proportions	of	population	are	cos5 A

5
,	'
5
sin5 A

5
and	'

5
sin5 A

5
,	respectively.
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Question:	Dose	nuclear	spin	preserve	
coherence	after	heralding?
• The	state	after	heralding	carries	information	
of	the	original	phase	of	photon	polarization,	
but	does	not	remain	coherent.	This	state	can	
be	utilized	for	measurement	for	the	relative	
phase	of		 +1 # and	 −1 # before	heralding	
by	applying	Rabi	oscillation	conditioned	on	
the	nuclear	spin	state	 0 # and	 ±1 #.
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Question:	Why applying	a	pi	pulse	before	
heralding?
• Before	applying	a	pi	pulse,	the	information	is	
stored	in	the	relative	phase	between	 +1 #
and	 −1 # (or,	say	between	 𝑑 # and	 𝑏 #).	
There	may	be	dephasing	in	the	process	of	
0 ) ↔ 𝐸E ) transition.	

• By	applying	a	pi	pulse,	 '
5�
( +1 # − 𝑒@A −1 #)

becomes	cos A
5
	 0 # 	− 𝑖 sin

A
5
𝑑 #,	and	the	

information	is	transferred	from	relative	phase	
between	 +1 # and	 −1 # to	the	population	
of	 0 #,	thus	increasing	the	fidelity.
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