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Quantum	correlaCons	vs.	thermodynamics	

•  Enhance	efficiency	of	thermal	machines		
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•  Generate	entanglement	using	thermal	resources	
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Quantum	correlaCons	vs.	thermodynamics	

•  InvesCgate	the	thermodynamic	cost	of	creaCng	Q.	correlaCons	
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Resource	theory	approach	
ConnecCon	with	Circuit	QED	exp.	

•  Energy	as	an	entanglement	witness	

Thermal	state	entanglement	in	harmonic	lahces	
Non-interacCng	bosonic	gas	
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Entanglement	generaCon	and	cerCficaCon	for	QIP	

•  Logical	two-qubit	gates	

•  Measurement-induced	entanglement	
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Parity	measurement	:	History	
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•  DeterminisCc	way	to	generate	entanglement	

•  Solid-state	proposals	with	double-quantum	dot	charge	qubits	
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•  Entanglement	genesis	from	conCnuous	measurements	

•  Cavity	QED	proposals	
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Parity	measurement	

�!
1

2
(|eei+ |egi+ |gei+ |ggi)H⌦2

�!
1p
2
(|egi+ |gei)|ggi

P̂1/2

|eei

|ggi

•  Weak	conCnuous	measurements	
•  Generates	separable	and	entangled	states	
•  Time-resolved	measurement	outcome	at	the	level	of	a	single	trajectory	

Roch	et	al.,	PRL	112	(2014)		
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•  Weak	conCnuous	measurements	
•  Generates	separable	and	entangled	states	
•  Time-resolved	measurement	outcome	at	the	level	of	a	single	trajectory	

EnergeCc	counterpart	of	measurement-induced	entanglement	genesis?	
Can	we	derive	energeCc	witnesses,	an	alternaCve	to	tomography?	

Roch	et	al.,	PRL	112	(2014)		



Outline	

EnergeCc	counterpart	of	measurement-induced	entanglement	genesis?	
Can	we	derive	energeCc	witnesses,	an	alternaCve	to	tomography?	

I.  DerivaCon	of	quantum	trajectories	induced	by	a	half-parity	measurement	

II.  ApplicaCon	of	stochasCc	thermodynamics	

III.  Beyond	average	stochasCc	quanCCes	->	fluctuaCons!		
	
IV.  EnergeCc	bounds	for	the	entanglement	genesis	rate	and	energeCc	witnesses		



Quantum	trajectories	in	a	half-parity	meas.	
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•  Measurement	record:	

•  Measurement	outcome:	

•  		

•  				

� :	measurement-induced	dephasing	rate	

:	Wiener	increment	(stochasCc	variable)	dW�(t)
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Assuming	the	iniCal	state	is	pure,	each	trajectory						is	made	of	a	sequence	of	pure	states		�

Quantum	trajectories	in	a	half-parity	meas.	
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•  StochasCc	Schrödinger	equaCon	can	be	solved	at	any	Cme					
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EnergeCc	counterpart	of	measurement-induced	entanglement	genesis?	
Can	we	derive	energeCc	witnesses,	an	alternaCve	to	tomography?	

I.  DerivaCon	of	quantum	trajectories	induced	by	a	half-parity	measurement	

II.  ApplicaCon	of	stochasCc	thermodynamics	

III.  Need	to	go	beyond	average	stochasCc	quanCCes	->	fluctuaCons!		

IV.  EnergeCc	bounds	for	the	entanglement	genesis	rate	and	energeCc	witnesses		
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Talks	by	Cyril	and	Alexia		
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Comparison	with	concurrence	

•  Internal	energy	of	two	qubits	along	a	given	trajectory		�

U�(t) = h �(t)|Ĥs| �(t)i.
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IV.  EnergeCc	bounds	for	the	entanglement	genesis	rate	and	energeCc	witnesses		



Single-trajectory	energeCc	bounds	
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•  EnergeCc	bounds	for	a	given	trajectory		�
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EnergeCc	witness	from	the	lower	bound	
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Single-shot	energeCc	witness	
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if W > 0, no entanglement

if W < 0, entanglement
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Conclusions	&	Outlooks	
•  Weak	conCnuous	measurement	of	the	parity	is	a	paradigmaCc	setup		
						to	invesCgate	entanglement	genesis	
	
•  Importance	of	the	fluctuaCons	to	witness	genuine	quantum	properCes	

•  Model-dependent	first	evidence	of	an	energeCc	hallmark	of	entanglement	genesis	

•  EnergeCc	witness:	an	alternaCve	to	tomography?	

arXiv:1807.02487	



Conclusions	&	Outlooks	

•  Entropy	consideraCon?	

•  Model-independent	approach?	Resource	theory	approach?	

•  Experiments	

See	talks	from	I.	Siddiqi,	B.	Huard,	K.	Murch,	F.	Giazoko,	….	

•  Weak	conCnuous	measurement	of	the	parity	is	a	paradigmaCc	setup		
						to	invesCgate	entanglement	genesis	
	
•  Importance	of	the	fluctuaCons	to	witness	genuine	quantum	properCes	

•  Model-dependent	first	evidence	of	an	energeCc	hallmark	of	entanglement	genesis	

•  EnergeCc	witness:	an	alternaCve	to	tomography?	





EnergeCc	witness	from	the	lower	bound	
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Quantum	correlaCons	vs.	thermodynamics	
“Thermodynamic	cost	of	creaCng	Q.	correlaCons”		

Huber	et	al.,	NJP	17	(2015)	
Bruschi	et	al.,	PRE	91	(2015)		
Friis	et	al.,	PRE	93	(2016)	

ConnecCon	with	realisCc	implementaCon	of	CPhase	gate	in	Circuit	QED!	

Resource	theory	approach	



Trajectories	and	infinitesimal	heat	exchange	

d| �(t)i =
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•  StochasCc	Schrödinger	equaCon	
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•  Infinitesimal	heat	exchange	increment	during	Cme	interval	dt	

•  SoluCon	
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