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MINUTES 

   

1. Welcome by the SC Chair and adoption of the agenda 
 
The members present at the Meeting are: 
 
UniTS A. Bassi, M. Carlesso, G. Gasbarri, L. Asprea, C. Jones, I. Spagnul 

INFN C. Curceanu, M. Bazzi 

UCL P. Barker, A. Rahman, T. Penney 

QUB M. Paternostro, M.M. Marchese 

AU M. Drewsen 

TUD L. Manna, A. Houtepen, J. Mulder, L. De Trizio, F. De Donato 

UoS H. Ulbricht, A. Vinante, M. Toroš 

OEAW A. Belenchia, I. Kull 

 

The chair presents the agenda, with added items with respect to what communicated prior 
to the meeting (see attachment). The agenda was adopted by the SC members. 

 
2. Review of the first of month of activity  

 

The Chair summarizes the main information of the TEQ project and lists the past TEQ SC 
meetings and TEQ official meetings. 

 
 Kick off meeting: 2nd February 2018 (Trieste, IT) 
 WG meeting: 28th March 2018 (London, UK) 
 WG meeting: 22nd June 2018 (Southampton, UK) 
 Workshop + SC meeting: 7th – 8th November 2018 (Delft, NL) 

The next TEQ SC meetings will be on 25th February 2019 in Brussels, the Review Meeting 
will be in Brussels on 26th February 2019. 
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The Chair presents the Dissemination and Communication activities so far implemented by 
the Consortium and described on the TEQ Website. Regarding publications and pre-prints, 
he gives an overview of the differences in numbers between publications and pre-prints on 
the Website, on OpenAire and the EU Participant Portal. 

Irene Spagnul (TEQ’s Administrative Officer) presents the updates of the TEQ’s Website 
(with a focus on Dissemination part and Document part). 

Catalina Curceanu (INFN) presents the draft of the TEQ Dissemination and Exploitation 
Plan (DEP) that has to be delivered by month 12 of the project (December 2018). Discussion 
followed on changes and additions. The draft is updated and partners agree to review once 
more the Deliverable draft once it is ready (preparation by UniTS). 

 

3. Mid-term workshop on the topic of the TEQ 
 

From the GA: …organization of a workshop on the topic of “Redefining the foundations of 
physics in the quantum technology era”, which will be held in Trieste in the second year of 
TEQ’s lifetime. 

The Chair leads the discussion on the possible dates for the workshop. The Week of 
September 16th (September 16-19) is agreed among the partners. The Title of the workshop 
is agreed as written in the GA. The partners agree on the following committees: 

Local Committee: Angelo Bassi, Irene Spagnul 

Programme Committee: Angelo Bassi (chair), Catalina Curceanu, Peter Barker, Mauro 
Paternostro, Michael Drewsen, Liberato Manna, Hendrik Ulbricht, Caslav Brukner, Nils 
Hempler 

The Chair invites the partners to start thinking about the people to invite, being September 
a busy period.  

 
4. Publications – EU policy on open access 

 

Irene Spagnul (UniTS) presents the EU policy on open access for H2020 FETOPEN 
publications (obligations and guidelines). The partners are encouraged to use open access 
publishers or publishers who give less than 6 months’ embargo on publications. Moreover, 
the partners are invited to use the platform Zenodo to deposit and give free access to their 
research dataset (unless they are allowed to do it on their institutional repositories). Partners 
discuss on this topic. 

 
5. Discussion of the deliverables due by the end of the year 

 

The Chair recaps deliverables that were already done and deposited to date. The partners 
discuss on the deliverables that are due by the end of December 2018 (month12). 
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TUD (D2): discussion on the main aspects of the Deliverable D2 among the partners on the 
basis of the draft developed by the corresponding WP lead beneficiary. 

Presentation from UCL (P. Barker) on work done, followed by discussion. 

INFN (D6): discussion on the main aspects of the Deliverable D6 among the partners on 
the basis of the draft developed by the corresponding WP lead beneficiary. 

QUB (D14): discussion on the main aspects of the Deliverable D14 among the partners on 
the basis of the draft developed by the corresponding WP lead beneficiary.  

UoS (D10): discussion on the main aspects of the Deliverable D10 among the partners on 
the basis of the draft developed by the corresponding WP lead beneficiary.  

Presentations from UoS (H. Ulbricht and A. Vinante) on work done followed by discussion. 

The Chair reminds the partners to use the Deliverable template available on the TEQ 
Website (Communication kit).  

 

6. Financial report 

 

The Chair presents a financial sheet with main budget lines for each partner and main 
expenditure per given period (month 1-10) for UniTS. The partners give feedback on their 
expenditure situation at the given moment. No critical issues are raised – expenditures are 
proceeding as planned.  

 

7. Recruitment plan 

 

The Chair presents the Recruitment plan and invites partners to give updates. Discussion 
of the situation on recruitment for each partner. No critical issues are raised. 

Here below the situation by partner:  

 UniTS: delay on recruitment of the administration officer (expected) + recruitment 
procedure of RTDA (senior researcher) ongoing. 

 OEAW: gives the new recruitment plan for the project development. 
 QUB: had to replace the PostDoc. New PostDoc will start on month 13. 
 TUDelft: ok 
 UCL: little delay on recruitment of technician. 
 UoS: ok 
 AU: ok 
 INFN: recruitment of electrical engineer is delayed and temporarily replaced with 

researcher.  

Partners are asked to update the document and send it back to the lead partner as soon 
the possible. 

 



 

Testing the large-scale 

limit of 
quantum mechanics 

8. Preparation of the review meeting (26.02.2019) 
 

The Chair presents the draft agenda and the partners discuss the content of the 
presentation to be done at the review meeting and the setup of the presentations.  

 

9:00 – 9:15 R. Borissov (chair) Introduction, tour du table 

9:15 – 9:45 Overview by the coordinator 

9:45 – 10:30 WP 1 

Coffee (10:30 to 11:00) 

11:00 – 11:45 WP2 

11:45 – 12:30 WP3 

Lunch (12:30 to 13:30) 

13:30 – 14:15 WP4 

14:15 – 14:30 WP5 - Management 

14:30 – 14:45 WP6 - Dissemination 

14:45 – 15:15 Financial data 

15:15 – 15:45 Innovation potential discussion 

15:45 – 16:15 General discussion 

16:15 – 16:45 Assessment preparation by monitors and PO 

16:45 – 17:00 R. Borissov Closing 

 
9. Continuous reporting 

 

Irene Spagnul (UniTS) presents the Continuous reporting sections and contents on the EU 
Participant Portal. The reporting is ongoing and the partners are encouraged to feed the 
reporting with their data through the lead partner UniTS. 

 
10. Milestones 

 

The partners discuss the project milestones, in particular the first one (due at month 12): 
Preparation of NCs (WP1 – lead beneficiary AU). 

 
11. Deliverables for 2019 

 

The Chair gives an overview of the Deliverables due in 2019 (months 13-24). 
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12. Next SC Meeting 
 

The Chair presents the next SC Meetings for 2019: 

Where: Brussels 

When: 25th February 2019 (day before the review meeting, also for the rehearsal) 

Structure: full-day meeting, internal to the consortium. 

 

The Following SC meeting will be in connection to the workshop September 2019 in 
Trieste. 

 
13. AOB 

 
14. Closing 

 

Angelo Bassi, Chair, wraps up the discussion on management issues and thanks everyone 
for the hard work and the fruitful collaboration. 

 

 

ANNEX: Presentation SC Meeting _ Angelo Bassi 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Attachment I. Agenda 
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(added items underlined) 

 

1. Welcome by the SC chair and adoption of agenda 
 

2. Review of the first months of activity 

- Relevant dates 

- Past SC meetings & official meetings 

- Website and information therein 

- Communication and Dissemination activities 
 

3. Mid-term workshop on “Redefining the foundations of physics in the quantum 
technology era” 
 

4. Publications – EU policy on open access 
 

5. Discussion of deliverables due by the end of the year 
 

6. Financial report 

 

7. Recruitment Plan – update 
 

8. Preparation for the review meeting (26.02.2019) 

- Draft Agenda 

- Discussion on how to present in a coordinated way 
 

9. Continuous Reporting 
 

10. Milestones 
 

11. Deliverable (from year 2) 
 

12. Next SC meeting 
 

13. AOB 
 

14. Closing 
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Steering	Committee	Meeting	
Delft	9th	November	2018	

	
Angelo	Bassi	-	Chair	



1.	Welcome	and	adoption	of	agenda	

Angelo	Bassi		-	UniTs	&	chair	
Catalina	Curceanu	–	INFN		
Peter	Barker	–	ULC		
Mauro	Paternostro	–	QUB		
Michael	Drewsen	–	AU	
Liberato	Manna	&	Arjan	Houtepen	–	TUD	&	Local	Host	
Hendrik	Ulbricht	– UoS	
Alessio	Belenchia	(replacing	Caslav	Brukner)	–	OEAW		
	
	
A	warm	welcome	to	Irene	Spagnul,	TEQ’s	Administrative	

Officer	



Agenda	of	SC	Meeting		

AGENDA	
	

1.  Welcome	to	the	SC	members	and	
adoption	of	agenda	

2.  Review	of	the	first	months	of	activity	
•  Relevant	dates	
•  Past	SC	meetings	&	official	

meetings	
•  Website	and	information	therein	
•  Communication	and	

Dissemination	activities	
3.  Mid-term	workshop	on	“Redefining	

the	foundations	of	physics	in	the	
quantum	technology	era”	

4.  Publications	–	EU	policy	on	open	
access	

5.  Discussion	of	deliverables	due	by	the	
end	of	the	year	

6.  Financial	report	
7.  Recruitment	Plan	–	update	
8.  Preparation	for	the	review	meeting	

(26.02.2019)	
•  Draft	Agenda	
•  Discussion	on	how	to	present	in	

a	coordinated	way	
9.  Continuous	reporting	
10. Milestones	
11. Deliverables	(from	year	2)	
12. Next	SC	meeting	
13. AOB	
14. Closing	



2.	Review	of	the	first	months	of	activity	
relevant	dates	

Start	date:	1st	January	2018	
Duration:	48	months	
Budget:	4.371.473,75	Eur	
Total	PMs:	603,80		
Project	Officer:	Dr.	Roumen	Borissov	
	
Next	SC	meeting:	25th	February	in	Brussels	
Review	meeting:	26th	February	in	Brussels	



2.	Review	of	the	first	months	of	activity	
past	SC	meetings	&	official	meetings		

Kick	off	meeting:	2nd	February	2018	(Trieste,	IT)	
	
WG	meeting:	28th	March	2018	(London,	UK)	
	
WG	meeting:	22nd	June	2018	(Southampton,	UK)	
	
Workshop	+	SC	meeting:	7th	–	8th	November	2018	(Delft,	NL)	



2.	Review	of	the	first	months	of	activity	
website	and	information	therein		

www.tequantum.eu	
www.facebook.com/TEQuantum	
www.twitter.com/TEQuantum	



2.	Review	of	the	first	months	of	activity	
communication	and	dissemination	activities		

Irene	Spagnul	(Administrative	Officer	-	UniTs)	
	
Catalina	Curceanu	(Press	Officer	-	INFN)	

Website	 OpenAire	 EU	Portal	

Publications	 13	 11	 Copied	from	
OpenAire	+	manual	Preprints	 27	(13+14)	

Talks	 54	

Press	Releases	 3	

Newsletters	 2	

Press	Articles	 18	

Multimedia	 1	



3.	Mid-term	workshop	

FROM	THE	GA:	…organization	of	a	workshop	on	the	topic	of	
“Redefining	the	foundations	of	physics	in	the	quantum	technology	
era”,	which	will	be	held	in	Trieste	in	the	second	year	of	TEQ’s	
lifetime.	We	will	invite	20	leading	figures	in	the	communities	
relevant	to	TEQ	to	contribute	to	a	4-	day	workshop	open	to	
participants	outside	the	Consortium	and	will	have	two	objectives:	
fostering	new	collaborations	among	the	participants	(mixing	
experimental	and	theoretical	efforts),	leading	to	new	proposals	for	
funding,	increasing	the	visibility	of	the	area	at	the	core	of	TEQ,	and	
identifying	new	directions	and	problems	to	tackle.	Ideally,	this	will	
become	the	1st	of	a	series	of	workshops	on	the	themes	addressed	
by	our	Work	Plan	[…]	The	participation	of	about	100	attendees	is	
estimated,	including	TEQ	members,	their	students,	and	researchers	
external	to	TEQ			



3.	Mid-term	workshop	

Place:	Trieste,	IT	
	
Dates	(4	days):	Week	of	September	16th	2019	
	
Local	Committee:	Angelo	Bassi,	Irene	Spagnul	
	
Programme	Committee:	Angelo	Bassi	(chair),	Catalina	Curceanu,	
Peter	Barker,	Mauro	Paternostro,	Michael	Drewsen,	Liberato	
Manna,	Hendrik	Ulbricht,	Caslav	Brukner,	Nils	Hempler	



4.	Publications		
EU	policy	on	open	access		

	

Irene	Spagnul	(Administrative	Officer	– UniTs)	



5.	Discussion	of	deliverables	due	by	the	
end	of	the	year	



6.	Financial	report	

Direct	Personnel	
costs	

(as	per	MoU)	

Direct	
Personnel	

costs	
(as	of	today)	

Other	Direct	
costs	

	(as	per	MoU)	

Other	Direct	
costs	

	(as	of	today)	

	
Indirect	costs	

	
TOTAL	

UniTs	 417.008,00	 60.785,46	 80.000,00	 2.513,34	 124.252,00	 621.260,00	

INFN	 200.000,00	 107.500,00	 76.875,00	 384.375,00		

UCL	 222.703,00	 192.494,00	 103.799,25		 518.996,25		

QUB	 309.259,00	 44.500,00	 88.439,75		 442.198,75		

AU	 275.000,00	 137.500,00	 103.125,00		 515.625,00	

TUD	 251.572,00	 63.500,00	 78.768,00		 393.840,00		

UoS	 239.997,00	 342.396,00	 145.598,25		 727.991,25	

OEAW	 265.000,00	 32.900,00	 74.475,00		 372.375,00		

M2	 175.000,00	 140.850,00	 78.962,50		 394.812,50		

Total	 2.355.539,00	 1.141.640,00	 874.294,75		 4.371.473,75		



7.	Recruitment	Plan		
update	

First	update	
at	the	kick	off	meeting	
2nd	February	2018	



8.	Preparation	for	the	review	meeting	
draft	agenda	(Brussels,	26th	February	2019)	

9:00	–	9:15		 R.	Borissov	(chair)		 Introduction,	tour	du	table		

9:15	–	9:45		 Overview	by	the	coordinator		

9:45	–	10:30		 WP	1		

Coffee	(10:30	to	11:00)		

11:00	–	11:45		 WP2	

11:45	–	12:30		 WP3	

Lunch	(12:30	to	13:30)		

13:30	–	14:15		 WP4	

14:15	–	14:30		 WP5	-	Management	

14:30	–	14:45		 WP6	-	Dissemination	

14:45	–	15:15		 Financial	data		

15:15	–	15:45		 Innovation	potential	discussion		

15:45	–	16:15		 General	discussion		

16:15	–	16:45		 Assessment	preparation	by	monitors	and	PO		

16:45	–	17:00		 R.	Borissov		 Closing		



8.	Preparation	for	the	review	meeting	
discussion	-	how	to	present	it	in	a	coordinated	way	

Structure	
•  Common	ppt	template	
•  30	minutes	+	15	discussion?	
•  For	each	WP:	Overview	

(units	&	PM	involved,	
objectives,	tasks,	deliver.)	

WP1	–	Trapping	(45’)	
Speaker:	M.	Drewsen	

WP2	–	Cooling	(45’)	
Speaker:	P.	Barker	

Overview	-	coordinator	(30’)		
•  Welcome	
•  Scientific	project		
•  Impact	
•  Consortium	
•  Presentation	of	WPs	
•  Milestones,	deliverables…	

WP3	-		Testing	(45’)	
Speaker:	H.	Ulbricht	

WP4	–	Enabling	(45’)	
Speaker:	M.	Paternostro	

Financial	data		(30’)	
Speaker:	I.	Spagnul	(?)	
•  Overall	budget	
•  Budget	of	each	unit	–	year	1	

WP5	–	Management	(15’)	
Speaker:	A.	Bassi	
•  Meetings	&	activities	
•  CA,	DEP,	DMP,	RP	…	
•  Setup	website		

WP6	–	Dissemination	(15’)	
Speaker:	C.	Curceanu	
•  Overview	-	statistics	
•  Talks	&	interviews	
•  Newsletters	
•  Press	articles	&	releases	
•  Quantum	Cafè	



9.	Continuous	Reporting	

Irene	Spagnul	(Administrative	Officer	– UniTs)	



10.	Milestones	
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11.	Deliverables	(from	year	2)	
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12.	Next	SC	meeting	

Where:	Brussels	
When:	25th	February	2019	(day	before	the	review	meeting,	also	for	the	
rehearsal)	
Structure:	Half-day	meeting,	internal	to	the	consortium.		
	
	
	
	
	
Following	SC	meeting	–	in	connection	to	the	workshop	
September	2019	



13.	AOB	



14.	Closing	

Many	thanks	for	the	collaboration	
See	you	in	Brussels!		



Opto-electric feedback 
cooling in a linear Paul trap

Thomas Penny

UCL Optomechanics
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Introduction



Measuring heating rates from collapse 
models

Particles levitated in Paul Trap are well 
isolated

Need to cool to make the heating rates 
more dominant

Motivation



V 𝑥, 𝑦, 𝑧 = 𝑉0(𝛼′𝑥
2 + 𝛽′𝑦2 + 𝛾′𝑧2)

𝛼′ + 𝛽′ + 𝛾′ = 0

𝑞

4𝑚𝜔𝑑
2 |𝛻𝑉 𝑥, 𝑦, 𝑧 |2

Anti-Trapping Trapping

Dynamic Electric Field



Motion in a Paul Trap

𝑎𝑥 =
4𝑞𝑈0𝛼

𝑚𝜔𝑑
𝑞𝑥 =

2𝑞𝑉0𝛼′

𝑚𝜔𝑑

𝑎𝑥 , 𝑞𝑥
2 ≪ 1

𝛽𝑥 ≈ 𝑎𝑥 + 𝑞𝑥
2/2

𝑥 𝑡 ≈ 2𝐴𝐶0cos(𝛽𝑥
𝜔𝑑𝑡

2
)[1 −

𝑞𝑥
2
cos(𝜔𝑑𝑡)]
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Motion in a Paul Trap
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𝜔𝑦 = (
𝑞𝑉0𝛽′

𝑚𝜔𝑑
)2 −

𝑞𝑈0𝛽

𝑚

𝜔𝑥 = (
𝑞𝑉0𝛼′

𝑚𝜔𝑑
)2 −

𝑞𝑈0𝛼

𝑚

𝜔𝑧 = (
𝑞𝑉0𝛾′

𝑚𝜔𝑑
)2 +

𝑞𝑈0𝛾

𝑚

𝑉0

𝑈0

𝜔𝑑

𝑞

𝑚

RF Voltage Amplitude

DC Voltage Amplitude

Drive Frequency

Charge to mass ratio 
of trapped particle

𝛼′ = 2.7 × 109

𝛽′ = 𝛼′

𝛾′ = 106

𝛼 = 1.2 × 106

𝛽 = −2.6 × 105

𝛾 = 8.5 × 105

Secular Frequency
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Parametric Feedback Cooling



The Experiment



Paul Trap

V0 = 100V − 450V
U0 = 1V − 30V
ωd = 2kHz − 8kHz



DC

Paul Trap

V0 = 100V − 450V
U0 = 1V − 30V
ωd = 2kHz − 8kHz



AC

Paul Trap

V0 = 100V − 450V
U0 = 1V − 30V
ωd = 2kHz − 8kHz



Ground

HV

AC

Paul Trap

V0 = 100V − 450V
U0 = 1V − 30V
ωd = 2kHz − 8kHz



Loading



Detection



Mass Loss



Large Mass Change

𝐏 = 𝟎. 𝟐𝐦𝐛𝐚𝐫



Large Mass Change

𝐏 = 𝟎. 𝟐𝐦𝐛𝐚𝐫



Turbo On Turbo Off

Pressure and Temperature 
Affects

P = 0.2mbar

P = 5 × 10−3mbar



Turbo On Turbo Off

Pressure and Temperature 
Affects

P = 0.2mbar

P = 5 × 10−3mbar

P = 0.2mbar

Laser power reduced from
500μ𝑊 to 40μ𝑊



Parametric Feedback Cooling



PSD/timetrace ZI

𝝎𝒛

𝝎𝒚
𝝎𝒙

Find the Secular Frequency



𝝎𝒛

Cooling to 26mK

𝑇𝑐𝑚 = 𝑇0
Γ0

Γ0 + 𝛿Γ

𝑆𝑥 𝑥

=
Γ0𝑘𝐵𝑇/(𝜋𝑚)

([Ω0

2
+ 𝛿Ω2]2)2 + Ω2[Γ0 + 𝛿Γ]2

Γ0

Ω0

𝛿Γ

𝛿Ω

Environmental Damping

Additional Feedback Damping

Natural Frequency

Frequency Shift from Feedback



𝝎𝒙 𝝎𝒚

Cooling to 26mK



• Mass change significant and detrimental to experiment

• Likely due to contaminants from loading

• Cooling two orders of magnitude lower than previously reported in 
Paul Trap

• Could be improved by lower pressure or better detection

Conclusions

Gerard P. Conangla, Andreas W. Schell, Raúl A. Rica, and Romain Quidant, Nano Letters 2018 18 (6), 3956-3961
Pavel Nagornykh, Joyce E. Coppock, and B. E. Kane , Appl. Phys. Lett. 106, 244102 (2015)



Status of the LNF activities
on electronics

TEQ MEETING

DELFT, November 8 2018



Power Supply Requirements

Due to its ambitious finality, the Particle Trap Power Supply must 
respond to the following specifics:

• Max amplitude 50V

• Typical Bandwidth 10kHz

• Maximum output Noise 22nV/√Hz



Current Power Supply Apparatus

• Raspberry π
microcontroller

• AD5791 DAC

• Custom HV amplifier

• RF DC Mixer



Amplifier Schematic



Power Supply Requirements

Current design has been thoroughly reviewed to check if specifics were 
respected.

DC GAIN = 10 OK

Bandwidth = 300kHz OK

NOISE…

Among all specifics, noise is indeed the most critical. 



Amplifier NOISE measurement

Block diagram of a noise amplifier

Gain x √BW must be in the order of 105÷106



Amplifier NOISE measurement



Amplifier NOISE measurement

Gain 106

BW 10Hz

Special features like 
Utra Low Noise, 
OFFSET and DRIFT 
compensation…



Amplifier NOISE measurement

178nv/√HZ



Amplifier NOISE analysis

NOISE analysis include:

• Identify the main noise sources

• Calculate Noise GAIN for each source

• Output Noise Estimation for each source

• Quadratic Sum of all Noise contibution



Amplifier NOISE analysis

22nV 

7nV 8nV 

3,5nV 

G = 1

G = 10 G = 11

G ≈ 0

MORE THAN 
100nV/√Hz!



Power Supply Adjustements

Current design can be salvaged with a few expedients:
• Reduce resistor values, maintaining DC Gain

• Increase capacitor values, maintaining time constants

• Replace OPA277 with a low noise amplifier 

• AND…  Keep track of all relations to guarantee stability!



Power Supply Adjustements



Power Supply Adjustements

Possible solution is to replace:

• R1=2K5    R7=250R    C1=27pF    C25=2,2nF

• OPA277 replaced with OPA211 (same package, 1nV of noise)

Result is…

20nV/√Hz of noise!



NOISE Measurement Ongoing!



Amplifier NOISE measurement

20nv/√HZ



Drawbacks
Advantages always comes with disadvantages:

• Smaller resistors correspond to higher currents

• With a 5V input, driving current becomes 20mA!

• Feedback current is 20mA as well

20mA



Drawbacks
Advantages always comes with disadvantages:

• A 20mA current is too much for a driving stage

• The heat generated by a single resistor can be too high

(i.e.: the heat genereted by R1 is 1W!)



Solutions

R1 can be replaced with 4 
resistors in parallel of 10k each.

The heat generation is equally 
split.

0.1% tolerance, 10ppm thermal 
drift, 250mW resistors can be 
easily found.

Axial resistor recommended



Solutions
For the driving stage it is necessary to add a block

that provides all the current required
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+
3

-
2

V
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4
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V
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V
+

4
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1
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2

V
+

4
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1
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OUT
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R31

1k

R32
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R33

1k

R34

1k

U15

1

2
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1

2
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2

OUTPUT

INPUT A

INPUT B

INPUT C

INPUT D

+15V



Amplifier NOISE measurement



Solutions
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+
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V
+

4
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-
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OUT
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R31

1k

R32

1k
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1k

R34

1k

U15

1

2

U16

1

2

U17

1

2

OUTPUT

INPUT A

INPUT B

INPUT C

INPUT D

+15V

This block replaces R7.

Low noise stage (≈2nV).

Can give up to 80mA of current.

This buffer can also accept four 
independent inputs.

The combination of four 
uncorrelated identical sources can 
reduce noise of a factor 2 
compared to the single source.



Grazie per l’attenzione!

TEQ MEETING

DELFT, November 8 2018



Macrorealism in optomechanical systems

TEQ Junior Workshop - TUD (Delft)

November 8th, 2018

Marta Maria Marchese



Outline

‣ Formulation of Leggett-Garg inequalities (LGI) to test macroscopic coherence

‣ Protocol to create totally non-classical states in an optomechanical cavity

‣ Leggett-Garg Test on a hybrid optomechanical system



(A1) Macroscopic realism per se:

(A2) Non-invasive measurability at macroscopic level: 

Leggett - Garg postulates1

it is possible, in principle, to determine the states of the system with 

arbitrarily small perturbation on its subsequent dynamics.  

a macroscopic system with two or more macroscopically distinct states 

available to it will at all times be in one or other of these states. 

1A. J. Leggett, Anupam Garg, Quantum mechanics versus macroscopic realism: Is the flux there when nobody looks?, Phys. Rev. Lett. 54, (1985).  



Leggett - Garg function

Q(ti) = Qi = ±1
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Dichotomic observable
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Temporal correlation 
function

�t
<latexit sha1_base64="vwuIvxF4h/hIG6L7TUn1GxJ52Rg="></latexit><latexit sha1_base64="vwuIvxF4h/hIG6L7TUn1GxJ52Rg="></latexit><latexit sha1_base64="vwuIvxF4h/hIG6L7TUn1GxJ52Rg="></latexit><latexit sha1_base64="vwuIvxF4h/hIG6L7TUn1GxJ52Rg="></latexit>

K ⌘ C10 + C21 + C32 � C30
<latexit sha1_base64="MZ0x41Pi88KfuEL4g8wru9bGq4U="></latexit><latexit sha1_base64="MZ0x41Pi88KfuEL4g8wru9bGq4U="></latexit><latexit sha1_base64="MZ0x41Pi88KfuEL4g8wru9bGq4U="></latexit><latexit sha1_base64="MZ0x41Pi88KfuEL4g8wru9bGq4U="></latexit>

Ci,j ⌘ hQi, Qji =
X

Qi,Qj

QiQjPi,j(Qi, Qj)

<latexit sha1_base64="KqYHmhWhAUE/n57nbbitdjKDU0A="></latexit><latexit sha1_base64="KqYHmhWhAUE/n57nbbitdjKDU0A="></latexit><latexit sha1_base64="KqYHmhWhAUE/n57nbbitdjKDU0A="></latexit><latexit sha1_base64="KqYHmhWhAUE/n57nbbitdjKDU0A="></latexit>



Leggett - Garg inequality

K ⌘ |C10 + C21 + C32 � C30|  2
<latexit sha1_base64="jHYRtCCk+KcjYDamOKwaSNDVR8E="></latexit><latexit sha1_base64="jHYRtCCk+KcjYDamOKwaSNDVR8E="></latexit><latexit sha1_base64="jHYRtCCk+KcjYDamOKwaSNDVR8E="></latexit><latexit sha1_base64="jHYRtCCk+KcjYDamOKwaSNDVR8E="></latexit>

"Classical" region
Δτ

-2

2

K

‣ All macrorealist theories fulfil the inequality

‣ Violation: at least one of the two assumptions fails

‣ Quantitative way to discern between Quantum and Classical dynamics



Single    spin1

2
<latexit sha1_base64="3vLPYuk1hYlU5skNP0852beyN/s="></latexit><latexit sha1_base64="3vLPYuk1hYlU5skNP0852beyN/s="></latexit><latexit sha1_base64="3vLPYuk1hYlU5skNP0852beyN/s="></latexit><latexit sha1_base64="3vLPYuk1hYlU5skNP0852beyN/s="></latexit> Ĥ = !�̂

x

<latexit sha1_base64="DngFPDk9q7ydzbby0VdWW699qQM="></latexit><latexit sha1_base64="DngFPDk9q7ydzbby0VdWW699qQM="></latexit><latexit sha1_base64="DngFPDk9q7ydzbby0VdWW699qQM="></latexit><latexit sha1_base64="DngFPDk9q7ydzbby0VdWW699qQM="></latexit>

Dichotomic observable: Q̂ = �̂z
<latexit sha1_base64="yXh76okUZa62+TNZ1HQthz1S4n0="></latexit><latexit sha1_base64="yXh76okUZa62+TNZ1HQthz1S4n0="></latexit><latexit sha1_base64="yXh76okUZa62+TNZ1HQthz1S4n0="></latexit><latexit sha1_base64="yXh76okUZa62+TNZ1HQthz1S4n0="></latexit>

t1
<latexit sha1_base64="dEbT8df8amWEzUWxj/0nXcLpcnM="></latexit><latexit sha1_base64="dEbT8df8amWEzUWxj/0nXcLpcnM="></latexit><latexit sha1_base64="dEbT8df8amWEzUWxj/0nXcLpcnM="></latexit><latexit sha1_base64="dEbT8df8amWEzUWxj/0nXcLpcnM="></latexit>

t0
<latexit sha1_base64="yaMlA/9+CMlDSzQFnUd5/FebJMA="></latexit><latexit sha1_base64="yaMlA/9+CMlDSzQFnUd5/FebJMA="></latexit><latexit sha1_base64="yaMlA/9+CMlDSzQFnUd5/FebJMA="></latexit><latexit sha1_base64="yaMlA/9+CMlDSzQFnUd5/FebJMA="></latexit>

t2
<latexit sha1_base64="wUkgM0uUDGoQzxHEUPudsAJ+xMc="></latexit><latexit sha1_base64="wUkgM0uUDGoQzxHEUPudsAJ+xMc="></latexit><latexit sha1_base64="wUkgM0uUDGoQzxHEUPudsAJ+xMc="></latexit><latexit sha1_base64="wUkgM0uUDGoQzxHEUPudsAJ+xMc="></latexit>

t3
<latexit sha1_base64="9FztXUscB8dHHvdCix3mCI7PIEA="></latexit><latexit sha1_base64="9FztXUscB8dHHvdCix3mCI7PIEA="></latexit><latexit sha1_base64="9FztXUscB8dHHvdCix3mCI7PIEA="></latexit><latexit sha1_base64="9FztXUscB8dHHvdCix3mCI7PIEA="></latexit>

Ci,j = cos(2�⌧)
<latexit sha1_base64="jcPVWJUF2HYIYYypK+PYOQ7qIkk="></latexit><latexit sha1_base64="jcPVWJUF2HYIYYypK+PYOQ7qIkk="></latexit><latexit sha1_base64="jcPVWJUF2HYIYYypK+PYOQ7qIkk="></latexit><latexit sha1_base64="jcPVWJUF2HYIYYypK+PYOQ7qIkk="></latexit>

�⌧
<latexit sha1_base64="yWFjcIIkkEawTx7ZwnCu2u3yJQE="></latexit><latexit sha1_base64="yWFjcIIkkEawTx7ZwnCu2u3yJQE="></latexit><latexit sha1_base64="yWFjcIIkkEawTx7ZwnCu2u3yJQE="></latexit><latexit sha1_base64="yWFjcIIkkEawTx7ZwnCu2u3yJQE="></latexit>

C

| "i, | #i
<latexit sha1_base64="SdDXbB4+epmYZ6tyckiEH773qM4="></latexit><latexit sha1_base64="SdDXbB4+epmYZ6tyckiEH773qM4="></latexit><latexit sha1_base64="SdDXbB4+epmYZ6tyckiEH773qM4="></latexit><latexit sha1_base64="SdDXbB4+epmYZ6tyckiEH773qM4="></latexit>

| "i, | #i
<latexit sha1_base64="SdDXbB4+epmYZ6tyckiEH773qM4="></latexit><latexit sha1_base64="SdDXbB4+epmYZ6tyckiEH773qM4="></latexit><latexit sha1_base64="SdDXbB4+epmYZ6tyckiEH773qM4="></latexit><latexit sha1_base64="SdDXbB4+epmYZ6tyckiEH773qM4="></latexit>

Q = ±1
<latexit sha1_base64="7zMG2sjwy8sIMfaqnaUwX3z+j78="></latexit><latexit sha1_base64="7zMG2sjwy8sIMfaqnaUwX3z+j78="></latexit><latexit sha1_base64="7zMG2sjwy8sIMfaqnaUwX3z+j78="></latexit><latexit sha1_base64="7zMG2sjwy8sIMfaqnaUwX3z+j78="></latexit>

Q = ±1
<latexit sha1_base64="7zMG2sjwy8sIMfaqnaUwX3z+j78="></latexit><latexit sha1_base64="7zMG2sjwy8sIMfaqnaUwX3z+j78="></latexit><latexit sha1_base64="7zMG2sjwy8sIMfaqnaUwX3z+j78="></latexit><latexit sha1_base64="7zMG2sjwy8sIMfaqnaUwX3z+j78="></latexit>

+1

-1
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Δτ

K
K = |3 cos(2�⌧)� cos(6�⌧)| < 2

<latexit sha1_base64="P6hnAz9p20DytInoXEGgL0haLAE="></latexit><latexit sha1_base64="P6hnAz9p20DytInoXEGgL0haLAE="></latexit><latexit sha1_base64="P6hnAz9p20DytInoXEGgL0haLAE="></latexit><latexit sha1_base64="P6hnAz9p20DytInoXEGgL0haLAE="></latexit>



Optomechanical cavity

Ĥ = }!C â
†â+ }!M b̂†b̂�}gâ†â(b̂† + b̂)

<latexit sha1_base64="W7vG/X9OoG4Q0FXWYnbFG+UeMww="></latexit><latexit sha1_base64="W7vG/X9OoG4Q0FXWYnbFG+UeMww="></latexit><latexit sha1_base64="W7vG/X9OoG4Q0FXWYnbFG+UeMww="></latexit><latexit sha1_base64="W7vG/X9OoG4Q0FXWYnbFG+UeMww="></latexit>

Protocol to originate totally non-classical states of the mirror2

2S. Bose, K. Jacobs, P. L. Knight, Preparation of Nonclassical States in Cavities with a Moving Mirror, Phys.Rev. A 56, 4175-4186, (1997) 



Initial state:

Unitary free evolution

| (0)iCM = |↵iC ⌦ |0iM
<latexit sha1_base64="t5otaH8x7JnCRFamLsPSho1KnmM="></latexit><latexit sha1_base64="t5otaH8x7JnCRFamLsPSho1KnmM="></latexit><latexit sha1_base64="t5otaH8x7JnCRFamLsPSho1KnmM="></latexit><latexit sha1_base64="t5otaH8x7JnCRFamLsPSho1KnmM="></latexit>

Evolved state: | (t)iCM = Û(t)| (0)iCM
<latexit sha1_base64="bd0Dpeq5zVPEIlV1It9vT86Xb1c="></latexit><latexit sha1_base64="bd0Dpeq5zVPEIlV1It9vT86Xb1c="></latexit><latexit sha1_base64="bd0Dpeq5zVPEIlV1It9vT86Xb1c="></latexit><latexit sha1_base64="bd0Dpeq5zVPEIlV1It9vT86Xb1c="></latexit>

⇢̂M = e�|↵|2 P1
n

↵2n

n!
|�n(t)ih�n(t)|

<latexit sha1_base64="hwQmTkuvn5ZWQQTvwyBM9T6UAj0="></latexit><latexit sha1_base64="hwQmTkuvn5ZWQQTvwyBM9T6UAj0="></latexit><latexit sha1_base64="hwQmTkuvn5ZWQQTvwyBM9T6UAj0="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="AeIuhJaquniLYyG+F5m9BdTt3XI="></latexit><latexit sha1_base64="AeIuhJaquniLYyG+F5m9BdTt3XI="></latexit><latexit sha1_base64="qGqxN6PHZHSvz8+ikliogobTVeI="></latexit><latexit sha1_base64="hwQmTkuvn5ZWQQTvwyBM9T6UAj0="></latexit><latexit sha1_base64="hwQmTkuvn5ZWQQTvwyBM9T6UAj0="></latexit><latexit sha1_base64="hwQmTkuvn5ZWQQTvwyBM9T6UAj0="></latexit><latexit sha1_base64="hwQmTkuvn5ZWQQTvwyBM9T6UAj0="></latexit><latexit sha1_base64="hwQmTkuvn5ZWQQTvwyBM9T6UAj0="></latexit><latexit sha1_base64="hwQmTkuvn5ZWQQTvwyBM9T6UAj0="></latexit>

Statistical mixture of the mirror states

How can we create totally non-classical states for the mirror?



⇧̂C ⌘ |xihx|
<latexit sha1_base64="fC9gmIGLpxbKVwtkgb/2nb5HIAY="></latexit><latexit sha1_base64="fC9gmIGLpxbKVwtkgb/2nb5HIAY="></latexit><latexit sha1_base64="fC9gmIGLpxbKVwtkgb/2nb5HIAY="></latexit><latexit sha1_base64="fC9gmIGLpxbKVwtkgb/2nb5HIAY="></latexit>

| 0(t)iM =
1X

n=0

�n(t)|�n(t)i
<latexit sha1_base64="S5JFe6xOKZsIG0mjya7cxCmI+SU="></latexit><latexit sha1_base64="S5JFe6xOKZsIG0mjya7cxCmI+SU="></latexit><latexit sha1_base64="S5JFe6xOKZsIG0mjya7cxCmI+SU="></latexit><latexit sha1_base64="S5JFe6xOKZsIG0mjya7cxCmI+SU="></latexit>

Projective measurement on the cavity field

| 0(t)iCM = ⇧̂C | (t)iCM
<latexit sha1_base64="RJZGYT4C7ubxs2AUCotpRZT0jac="></latexit><latexit sha1_base64="RJZGYT4C7ubxs2AUCotpRZT0jac="></latexit><latexit sha1_base64="RJZGYT4C7ubxs2AUCotpRZT0jac="></latexit><latexit sha1_base64="RJZGYT4C7ubxs2AUCotpRZT0jac="></latexit>

Superposition of coherent states



Test of LGI with hybrid optomechanical system

g
Energy

Two-level system Harmonic oscillator

| ۧ1 𝑆

| ۧ0 𝑆

𝜔0

Ĥ = }!0�̂z + }!M b̂†b̂+ }g�̂z(b̂† + b̂)
<latexit sha1_base64="dI47Cypu/k7gaM435VUlIhNEPFg="></latexit><latexit sha1_base64="dI47Cypu/k7gaM435VUlIhNEPFg="></latexit><latexit sha1_base64="dI47Cypu/k7gaM435VUlIhNEPFg="></latexit><latexit sha1_base64="dI47Cypu/k7gaM435VUlIhNEPFg="></latexit>



We want to reproduce with the mirror the dynamic of the spin

Two-level system as ancilla

Test of the LGI for the mirror

Measurements of the coherent states of the 
mechanical oscillator  

t1 t2 t3t0



Time evolution map

| (0)iSM =
(|1iS + |0iS)p

2
⌦ |0iM

<latexit sha1_base64="fdMrEFqd6+SOw4WLya73zuA2Kp4="></latexit><latexit sha1_base64="fdMrEFqd6+SOw4WLya73zuA2Kp4="></latexit><latexit sha1_base64="fdMrEFqd6+SOw4WLya73zuA2Kp4="></latexit><latexit sha1_base64="fdMrEFqd6+SOw4WLya73zuA2Kp4="></latexit>

|'(t)iM =

r
1

2(1 + e�2|G|2)

✓
|iGi+ |� iGi

◆

<latexit sha1_base64="ONaJfca1Hp2iKA3TiBGv8HMekjQ="></latexit><latexit sha1_base64="ONaJfca1Hp2iKA3TiBGv8HMekjQ="></latexit><latexit sha1_base64="ONaJfca1Hp2iKA3TiBGv8HMekjQ="></latexit><latexit sha1_base64="ONaJfca1Hp2iKA3TiBGv8HMekjQ="></latexit>

✏̂(t) = ⇧̂+Û(t)
<latexit sha1_base64="+aMq0PqIlnAlGCaIiXkLgGWPcho="></latexit><latexit sha1_base64="+aMq0PqIlnAlGCaIiXkLgGWPcho="></latexit><latexit sha1_base64="+aMq0PqIlnAlGCaIiXkLgGWPcho="></latexit>



| (0)iSM = |↵iM ⌦ (sin ⌧ |1iS + cos ⌧ |0iS)
<latexit sha1_base64="oqiiI90l5WkzOaAj8TbIihJRYRE="></latexit><latexit sha1_base64="oqiiI90l5WkzOaAj8TbIihJRYRE="></latexit><latexit sha1_base64="oqiiI90l5WkzOaAj8TbIihJRYRE="></latexit><latexit sha1_base64="oqiiI90l5WkzOaAj8TbIihJRYRE="></latexit>

| (t1)iSM =

(sin ⌧e�iG↵|↵� iGiM + cos ⌧ |↵iM )p
2

⌦ |+iS
<latexit sha1_base64="XVUdyamZWeThag938QafiiDu/3I="></latexit><latexit sha1_base64="XVUdyamZWeThag938QafiiDu/3I="></latexit><latexit sha1_base64="XVUdyamZWeThag938QafiiDu/3I="></latexit><latexit sha1_base64="XVUdyamZWeThag938QafiiDu/3I="></latexit>

t1 t2 t3t0

Measurement of |↵i
<latexit sha1_base64="3/X1A4XRM1r6xspmfoK+IHDkDBc="></latexit><latexit sha1_base64="3/X1A4XRM1r6xspmfoK+IHDkDBc="></latexit><latexit sha1_base64="3/X1A4XRM1r6xspmfoK+IHDkDBc="></latexit><latexit sha1_base64="3/X1A4XRM1r6xspmfoK+IHDkDBc="></latexit>



| 0
(t1)iSM =

N1p
2

�
sin ⌧e�iG↵|↵� iGiM + cos ⌧ |↵iM

�

<latexit sha1_base64="8CjY5AgudhAdi47sqmjm9BPt4dU="></latexit><latexit sha1_base64="8CjY5AgudhAdi47sqmjm9BPt4dU="></latexit><latexit sha1_base64="8CjY5AgudhAdi47sqmjm9BPt4dU="></latexit><latexit sha1_base64="8CjY5AgudhAdi47sqmjm9BPt4dU="></latexit>

⌦
�
A⌧ |1iS +B⌧ |0iS

�
<latexit sha1_base64="38kr5+OqM0cWVmBknkTvsAC59hs="></latexit><latexit sha1_base64="38kr5+OqM0cWVmBknkTvsAC59hs="></latexit><latexit sha1_base64="38kr5+OqM0cWVmBknkTvsAC59hs="></latexit><latexit sha1_base64="38kr5+OqM0cWVmBknkTvsAC59hs="></latexit>

t1 t2 t3t0

Reset the state of the ancilla

Measurement of |↵i
<latexit sha1_base64="3/X1A4XRM1r6xspmfoK+IHDkDBc="></latexit><latexit sha1_base64="3/X1A4XRM1r6xspmfoK+IHDkDBc="></latexit><latexit sha1_base64="3/X1A4XRM1r6xspmfoK+IHDkDBc="></latexit><latexit sha1_base64="3/X1A4XRM1r6xspmfoK+IHDkDBc="></latexit>



|↵i�!|0iL
<latexit sha1_base64="QvJ3mumc0QdgxAhtOsKX524SpKA="></latexit><latexit sha1_base64="QvJ3mumc0QdgxAhtOsKX524SpKA="></latexit><latexit sha1_base64="QvJ3mumc0QdgxAhtOsKX524SpKA="></latexit><latexit sha1_base64="QvJ3mumc0QdgxAhtOsKX524SpKA="></latexit>

|↵� iGi�!|1iL
<latexit sha1_base64="aFlUkR0FKrrMVw/213FGtGKGYCM="></latexit><latexit sha1_base64="aFlUkR0FKrrMVw/213FGtGKGYCM="></latexit><latexit sha1_base64="aFlUkR0FKrrMVw/213FGtGKGYCM="></latexit><latexit sha1_base64="aFlUkR0FKrrMVw/213FGtGKGYCM="></latexit>

⇢
|↵� iGi, |↵� 2iGi

�
�!|1iL

<latexit sha1_base64="iigIvXhTGNVDjMU4C1caSHJd1yc="></latexit><latexit sha1_base64="iigIvXhTGNVDjMU4C1caSHJd1yc="></latexit><latexit sha1_base64="iigIvXhTGNVDjMU4C1caSHJd1yc="></latexit><latexit sha1_base64="iigIvXhTGNVDjMU4C1caSHJd1yc="></latexit>

|↵i�!|0iL
<latexit sha1_base64="QvJ3mumc0QdgxAhtOsKX524SpKA="></latexit><latexit sha1_base64="QvJ3mumc0QdgxAhtOsKX524SpKA="></latexit><latexit sha1_base64="QvJ3mumc0QdgxAhtOsKX524SpKA="></latexit><latexit sha1_base64="QvJ3mumc0QdgxAhtOsKX524SpKA="></latexit>

t1
<latexit sha1_base64="4xpPdfldEWxEWLWmYYFaOOdDGgM="></latexit><latexit sha1_base64="4xpPdfldEWxEWLWmYYFaOOdDGgM="></latexit><latexit sha1_base64="4xpPdfldEWxEWLWmYYFaOOdDGgM="></latexit><latexit sha1_base64="4xpPdfldEWxEWLWmYYFaOOdDGgM="></latexit>

t2
<latexit sha1_base64="zA8z9w5PXpm19s0kHCyxYEv5bJw="></latexit><latexit sha1_base64="zA8z9w5PXpm19s0kHCyxYEv5bJw="></latexit><latexit sha1_base64="zA8z9w5PXpm19s0kHCyxYEv5bJw="></latexit><latexit sha1_base64="zA8z9w5PXpm19s0kHCyxYEv5bJw="></latexit>

Dichotomization of the observable 

h↵|↵� iGi = e�
|G|2

2 � i
2 (G↵⇤+G⇤↵) �! 0

<latexit sha1_base64="f5cRJRKk5oOfwR7Zve6E4MyURZc="></latexit><latexit sha1_base64="f5cRJRKk5oOfwR7Zve6E4MyURZc="></latexit><latexit sha1_base64="f5cRJRKk5oOfwR7Zve6E4MyURZc="></latexit><latexit sha1_base64="f5cRJRKk5oOfwR7Zve6E4MyURZc="></latexit>

Orthogonality:

Completeness: ⇧̂0L = |↵ih↵|
<latexit sha1_base64="rX2TLm9elOx/G6/NP1D0g1nX0aE="></latexit><latexit sha1_base64="rX2TLm9elOx/G6/NP1D0g1nX0aE="></latexit><latexit sha1_base64="rX2TLm9elOx/G6/NP1D0g1nX0aE="></latexit><latexit sha1_base64="rX2TLm9elOx/G6/NP1D0g1nX0aE="></latexit>

⇧̂1L = 1̂� |↵ih↵|
<latexit sha1_base64="OBceEqgxearSakyuQWMl3QcOryM="></latexit><latexit sha1_base64="OBceEqgxearSakyuQWMl3QcOryM="></latexit><latexit sha1_base64="OBceEqgxearSakyuQWMl3QcOryM="></latexit><latexit sha1_base64="OBceEqgxearSakyuQWMl3QcOryM="></latexit>

In the limit G ! 1:
<latexit sha1_base64="hr6l5KQbpSLKJjNByOc9o5y4ah0="></latexit><latexit sha1_base64="hr6l5KQbpSLKJjNByOc9o5y4ah0="></latexit><latexit sha1_base64="hr6l5KQbpSLKJjNByOc9o5y4ah0="></latexit><latexit sha1_base64="hr6l5KQbpSLKJjNByOc9o5y4ah0="></latexit>
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Leggett-Garg Violation

At least one of the two assumptions must fail
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Oscillator Spin

‣ Different periods due to small differences in correlation functions 

‣ More similar to the spin case in the limit G ! 1:
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Conclusions

‣ Optomechanical cavities are particularly suitable to test these inequalities, because 

through the coupling with an ancillary system we are able to originate non-classical 

states of the mirror

‣ We studied an hybrid optomechanical system, in which a two-level system is coupled 

to an harmonic oscillator. We found a violation of the Leggett-Garg inequalities, 

meaning that a classical interpretation of the system has to be abandoned

‣ Leggett-Garg inequalities enable us to infer a priori if a system can be treated 

classically or not
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Marko Toroš Optomechanics: detection and control



Outline
Southampton matter-wave group

Southampton levitated optomechanics
Testing a dynamical model

Summary

Southampton matter-wave group

Professor Hendrik Ulbricht

Dr. Muddassar Rashid Dr. Luca Ferialdi Dr. Andrea Vinante

Tiberius Georgescu Ashley Setter Chris Timberlake
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Marko Toroš Optomechanics: detection and control



Outline
Southampton matter-wave group

Southampton levitated optomechanics
Testing a dynamical model

Summary
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Toroš, M., Rashid, M. and Ulbricht, H., 2018. Detection of anisotropic particles in levitated optomechanics.
Physical Review A, 98, p.053803.
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Ro-translational motion

Rashid, M., Toroš, M., Setter, A. and Ulbricht, H., 2018. Precession Motion in Levitated Optomechanics. arXiv
preprint arXiv:1805.08042.
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Estimation and control

state estimation

ro-translational motion

state control

cooling
driving
squeezing
displacement

Setter, A., Toroš, M., Ralph, J.F. and Ulbricht, H., 2018. Real-time Kalman filter: Cooling of an optically levitated
nanoparticle. Physical Review A, 97(3), p.033822.
Timberlake, C., Toroš, M., Hempston, D., Winstone, G., Rashid, M. and Ulbricht, H., 2018. Experimental
demonstration of Fano anti-resonance in levitated optomechanics. arXiv preprint arXiv:1810.12680.
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Testing a model - “inteferometry”

test type “tomography based”

input time-trace Iexp → reconstructed state ρ̂

detection dyne/protocol

visual aid Wigner function

generate non-classicality? preparation protocol

Rashid, M., Toroš, M. and Ulbricht, H., 2017. Wigner function reconstruction in levitated optomechanics.
Quantum Measurements and Quantum Metrology, 4(1), pp.17-25.
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Summary

Testing a model - “time-trace”

test type “tomography based” “dynamical model selection”

input reconstructed state ρ̂ time-trace Iexp

detection protocol dyne

visual aid Wigner function /

generate non-classicality? preparation protocol nonlinearity

Ralph, J.F., Toroš, M., Maskell, S., Jacobs, K., Rashid, M., Setter, A.J. and Ulbricht, H., 2018. Dynamical model
selection near the quantum-classical boundary. Physical Review A, 98(1), p.010102.
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Optomechanical system with Duffing nonlinearity

Ralph, J.F., Toroš, M., Maskell, S., Jacobs, K., Rashid, M., Setter, A.J. and Ulbricht, H., 2018. Dynamical model
selection near the quantum-classical boundary. Physical Review A, 98(1), p.010102.
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Summary

Levitated optomechanics and Southampton experiment

detection and control of ro-translational motion
dynamical model selection

Applications

force and torque sensing
search for quantum features
beyond current theories

Contact

m.toros@soton.ac.uk h.ulbricht@soton.ac.uk
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Role TU Delft in TEQ

• Synthesizing nanoparticles

• TEst the large scale limit of Quantum mechanics

• TU Delft & IIT

Prof. L. Manna - IIT Dr. L. De Trizio - IIT F. De Donato - IIT Dr. A.J. Houtepen -

TUD
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Material requirements

The optimal NC:

• Shape → regular, non-spherical

• Size → 50 nm - 1µm, monodisperse

• Absorption → very low at 1064 and 1550 nm

• Solvent → polar, suitable for electrospray

• Charge → defined for surface

• Optical refrigeration → photon upconversion
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Proposed materials

• CdS

• CdSe

• CdTe

• CdSe@CdS

• ZnSe

• SiO2

• Yb:YLiF4
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Proposed materials

• CdS

• CdSe

• CdTe

• CdSe@CdS

• ZnSe

• SiO2

• Yb:YLiF4

Size difficulties

Spherical

Size and shape fulfil 

requirements in theory
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Synthesis
• Synthesis of trifluoroacetate (TFA) salts

• Cracking of the TFA salts

• Purifying and concentrating the particles
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TEM Imaging samples (Yb : Y)
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Material requirements

The optimal NC:

• Shape → regular, non-spherical

• Size → 50 nm - 1µm, monodisperse

• Absorption → very low at 1064 and 1550 nm

• Solvent → polar, suitable for electrospray

• Charge → defined for surface

• Optical refrigeration → photon upconversion
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Absorption Spectroscopy
• Requirement: very low absorption at 1064 nm and 1550 nm

• Absorption 1100 – 1500 nm related to solvents and organic surfactants:

→ Removing solvent

→ Changing ligands for short, non-absorbing ligands
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Material requirements

The optimal NC:

• Shape → regular, non-spherical

• Size → 50 nm - 1µm, monodisperse

• Absorption → very low at 1064 and 1550 nm

• Solvent → polar, suitable for electrospray

• Charge → defined for surface

• Optical refrigeration → photon upconversion



12

Ligand exchange

• Requirement: defined surface charge

• Removing absorbing ligands (oleate)

• Ligand stripping with NOBF4

DOI: 10.1021/ja108948z
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Absorbance change
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• Phase transfer: hexane → methanol

• Very low absorbance at 1064 and 1550 nm

• Charge-stabilized in MeOH
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Material requirements

The optimal NC:

• Shape → regular, non-spherical

• Size → 50 nm - 1µm, monodisperse

• Absorption → very low at 1064 and 1550 nm

• Solvent → polar, suitable for electrospray

• Charge → defined for surface

• Optical refrigeration → photon upconversion
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Optical refrigeration principle

• Phonon-assisted anti-Stokes photoluminescence

• High quantum yield required for cooling

DOI: 10.1117/12.2080343 

𝐸𝑖𝑛 𝐸𝑜𝑢𝑡
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Emission and excitation spectroscopy

• Excitation at 1010nm, emission peaks at 960nm and 995nm

• Photon upconversion of 64meV (960nm) and 19 meV (995nm)
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Material requirements

The optimal NC:

• Shape → regular, non-spherical

• Size → 50 nm - 1µm, monodisperse

• Absorption → very low at 1064 and 1550 nm

• Solvent → polar, suitable for electrospray

• Charge → defined for surface

• Optical refrigeration → photon upconversion
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Outlook

• Size, shape, solvent and absorption 
parameters meet the requirements

• Charging surface is possible

• More analysis needed for defined charge

• Nanoparticles show upconversion

• Very high purity needed for required QY
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Suggestions and feedback

• Please let me know if:
– Parameters are indeed met

– Parameters are missing

– Particles can be measured to receive 
feedback

• Requests for samples
– J.T.Mulder@tudelft.nl
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Motivation and Background
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Tumulka’s Relativistic Collapse Model
Outlook

Background on Collapse Models and Special Relativity

The original collapse models GRW and CSL are not relativistic

Current experiments explore the low velocity regime

There are some models proposed to be relativistic; Tulmulka’s
model [1], the one of Bedingham et al [2] and Tilloy’s model
[3],

Caitlin Jones TEQ Junior Workshop 2018
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Tumulka’s Relativistic Collapse Model
Outlook

Collapses in Different Frames

Figure: If a collapse occurs on σtc then the state on σ′
0 is not normalised.

Caitlin Jones TEQ Junior Workshop 2018



Motivation and Background
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Tumulka’s Relativistic Collapse Model
Outlook

Agreement with Special Relativity

Conditions for Consistency with Special Relativity

1 Observers in different inertial frames must be able to relate
initial conditions.

2 The dynamics of the system must be Lorentz covariant.

Figure: Initial
conditions in two
different inertial
frames for classical
particles in 1D.

Caitlin Jones TEQ Junior Workshop 2018
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Relativistic Quantum Mechanics without Collapses

U
σ′

0
σ0 = T exp[−i

∫ σ′
0

σ0

d4xHI (x)]

[HI (x),HI (y)] = 0

if x and y are spacelike

|ψ′
σ′

0
(x ′)〉| = |ψσ′

0
(x)〉

= U
σ′

0
σ0 |ψσ0(x)〉
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Quantum Mechanics with Collapses

|ψσ′
0
(x)〉 =

U
σ′

0

σ′
t
L̂(X )U

σ′
t

σ0 |ψσ0(x)〉

|L̂(X )U
σ′
t

σ0 |ψσ0(x)〉|2
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Tumulka’s Relativistic Collapse Model
Outlook

Quantum Mechanics with Spacelike Collapses

The position of all
collapses between
the two
hypersurfaces must
be known.

Caitlin Jones TEQ Junior Workshop 2018
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Tumulka’s Relativistic Collapse Model
Outlook

Relativity for Spontaneous Collapse Models

Figure: For Markovian
collapse models the
initial conditions are a
point of collapse and
state on the constant
time hypersurface
intersecting that
point.

Then the dynamics must satisfy:

P(x |y , |ψσ0〉) = P(x ′|y ′, |ψσ′
0
〉). (3)

Caitlin Jones TEQ Junior Workshop 2018
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Tumulka’s Relativistic Collapse Model
Outlook

Tumulka’s Relativistic Collapse Model

Figure: Here the dashed red line shows the future lightcone of y and the
dotted blue lines show space-like hypersurfaces.

Caitlin Jones TEQ Junior Workshop 2018
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Tulmulka’s model with interacting particles

x

t

y1y2 σ0

σ0'

x

Σ2

Σ1

Figure: In a frame where the two initial points of collapse y1 and y2 are
simultaneous then the state on Σ1 or Σ2 cannot be specified as:

[UΣ2
σ0
, L̂(x)] 6= 0

Caitlin Jones TEQ Junior Workshop 2018
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Tumulka’s Relativistic Collapse Model
Outlook

Indistinguishable extension with time-like collapses

x

t

y

x

Figure: Subsequent collapses, here y then x, will be time-like to each
other, so the indistinguishable extension is relativistic

Caitlin Jones TEQ Junior Workshop 2018
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Failure of indistinguishable extension

Figure: Two indistinguishable particles with one particle initially in a
spatial superposition at y1 and y2.
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Outlook

For models with point like collapses then in order to be
Lorentz invariant then two initial observers must be able to
relate their initial conditions

Tulmulka’s model cannot be extended to realistic particles

I suspect that for a spontaneous collapse model to be
consistent with special relativity the initial condition required
must be a local.

Caitlin Jones TEQ Junior Workshop 2018
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Thank you for listening
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How do you detect a nanoparticle 

in the Paul trap ?

Main Issue: internal heating due to light absorption

 Light or not light?

Light: 

Optical cavity  (UCL)  

Optical “tweezer” = paraboloid mirror (UoS)

Not light ?  Electrical Readout + SQUID (UoS) 

Continuous vs stroboscopic 



Internal heating @ “reasonable” optical power

( fW absorption)

R=200 nm SiO2

Tgas=0.3 K

P=1E-12 mbar

Pabs=3E-15 W

t_on=1 minute

t_off=5000 seconds

Why do we care?

Thermal noise from gas collisions depends on internal temperature !



For realistic 

fixed power !

R=200 nm SiO2

T=0.3 K

Pabs=3E-15 W

Teff=24 K

CSL l=1E-10 Hz

RECOIL

THERMAL

HEATING ISSUE

(optical cavity case) 

1) P<1E-12 mbar  will be achieved ?     GET RID OF THERMAL NOISE (FROM GAS)

2) GET RID OF LIGHT

Alternative solutions



Spectrum (cavity)

R=200 nm SiO2

T=0.3 K

P=5E-13 mbar

Pin=10 uW

Pabs=3E-15 W

Teff=24 K

Laser freq noise

Shot noise

SIMILAR FIGURES FOR OPTICAL TWEEZER (PARABOLOID MIRROR): 

WORK IN PROGRESS



Electrical readout (+ SQUID)



Paul trap + electrical + SQUID readout

Goldwater and Millen, 2015

Advantages:

- no laser, no power dissipation

electrical circuit = cold environment

- Can use particle of any material

Issues:

- Handle big ac bias signal

- Low coupling, need large charge

(1E5-1E6 q0)

- Need big coil 

(L=0.1-1H)

R=200 nm SiO2

P=1E-10 mbar

T=0.3 K

L=0.1H

q=1E6*q0

I(q/r0)v



More realistic charge (1000 e)

R=200 nm SiO2

P=1E-12 mbar

T=0.3 K

L=10 H

q=1E3*q0

f0=1 kHz

ULTRANARROW BANDWIDTH (= very long integration time, require high stability !! )

BUT   ULTRALOW FORCE NOISE:  l<1E-13 Hz  @ rc=1E-7 m  !!!

l<1E-15 Hz  using an osmium particle …

mechanical



Use a LC to increase coupling

1) Mechanical and LC modes hybridize !

2) However: LC thermal noise (Q) is 

much worse than mechanical !

R=200 nm SiO2

P=1E-12 mbar

T=0.3 K

L=10 H

q=1E3*q0

f0=1 kHz

mechanical

Good coupling:

(can see very well the particle)

BUT

Very bad force noise !



Mechanical noise is still dominant 

over a very narrow bandwidth!



Optical Electrical + SQUID

+
Very good position sensitivity (possibly 

close to SQL).

Very flexible: can change parameters, 

coupling, alignment, play with other modes

No heating: potentially achieves 

a better force noise (lower T)

Can work with any materials

(osmium…)  x100 more 

sensitive to CSL

-
Internal heating  higher thermal noise

(need very low pressure <1E-13 mbar) 

Need very specific materials (silica= low r)

Limit for CSL experiments

May be hard to work at low frequency

(cavity locking, frequency noise)

Coupling scales with charge.

Needs at least 1E3 e !

Not very flexible (Cannot change 

coupling on-site)

Needs a bulky superconducting 

coil (L 1 H)

Likely very sensitive to crosstalk 

from bias ac lines



Continuous vs Stroboscopic



Continuous measurement (CM)

Relevant parameters:  

1) Total force noise (Amplitude of lorentzian peak)   Minimum detectable CSL force noise

2) Bandwidth over which mechanical noise overcomes detection noise  Measurement time



Stroboscopic measurement (SM)

(assume detection off during reheating)

Relevant parameters:  

1) Reheating power rate  Minimum detectable CSL force noise

2) Natural time constant   Measurement time



Ideally:

SM has the advantage that you can turn off measurement during 

reheating (Evade BACK-ACTION & RECOIL)

But, in CM you can always (ideally) reduce at will the measurement 

back-action, at the expense of longer measurement time.

It turns out that the time required to resolve a given force noise is 

roughly the same ! 

In Real Life:

Many practical differences between the two implementations !

(CM requires long term stability, SM requires dealing with transients)

WHAT IS BETTER?  



Open issues
1) Cryostat: what pressure P can we reach? (Crucial for optics)

2) Paul trap: how stable can the trap parameters be, upon micromotion

compensation? 

Very important for any continuous optical measurement (Hz bandwidth)

Crucial for a SQUID readout (<mHz bandwidth !!).

3) Optical case: are the general requirements worked out by Antonio realistic? 

(stability of the trap + vibrational noise + feedback cooling + compensation of 

scattering force). 

4) SQUID option: is there a way to implement an electrical readout in the trap 

under design? Voltage cross-talk from the ac bias electrodes?

Maximum charge-on-particle we can realistically expect? 

Other materials?

5) Do we really want to go for a stroboscopic scheme, or better leave this as a later 

option and consider initially only a continuous scheme (and thus optimize for it)?
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A simple question* 

Is gravity quantum as the other fundamental forces?



Superposition of Massive Objects and Quantumness of Gravity

Q1: Can we argue that gravity ought to be quantum?

Quantum superposition of Massive Objects and the Quantization of Gravity 
AB, R. Wald, F. Giacomini, E. Castro-Ruiz, C. Brukner and M. Aspelmeyer 
ArXiv: 1807.07015

A1: Yes if we assume known physics to hold

Take at home message: 

A consistent picture for entanglement of massive objects through gravity 
necessarily requires (linearized) gravity to be quantum  

Q2: How general is the argument?

A2: In order to avoid inconsistencies with known physics gravity must be 
quantum……however the last word is left to experiments



1.A Gedankenexperiment



A gedankenexperiment:

De Palma, Giovannetti, Mari; Scientific Reports 6, 22777 (2016)
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d

R

�x

mA mA mB

|Li+ |Ri |�i

A gedankenexperiment:

De Palma, Giovannetti, Mari; Scientific Reports 6, 22777 (2016)

mBmB

(|Li| "i+ |Ri| #i)⌦ |�Bi ! |Li| "i|�L
Bi+ |Ri| #i|�R

Bi



• Up until now we have used Schrödinger eq. evolution with a Newton/Coulomb potential 

• Implicit assumption: the gravitational/Coulomb potential can entangle the two particles 

• “Weaker” assumption: Bob acquires “which-path” information on Alice

t
<latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit>

??

Guess What Game:



• Up until now we have used Schrödinger eq. evolution with a Newton/Coulomb potential 

• Implicit assumption: the gravitational/Coulomb potential can entangle the two particles 

• “Weaker” assumption: Bob acquires “which-path” information on Alice

Guess What Game:

D
<latexit sha1_base64="NsLos3laW3WlkybC0/eUHSYSJS0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHl2mMyA==</latexit><latexit sha1_base64="NsLos3laW3WlkybC0/eUHSYSJS0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHl2mMyA==</latexit><latexit sha1_base64="NsLos3laW3WlkybC0/eUHSYSJS0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHl2mMyA==</latexit><latexit sha1_base64="NsLos3laW3WlkybC0/eUHSYSJS0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHl2mMyA==</latexit>

t
<latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit>

TB
<latexit sha1_base64="Wda7Uz9NtYp9X1lT26qCU2GFco4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V+wVtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/udJ1Sax7Jppgn6ER1JHnJGjZUem4P6oFxxq+4CZJ14OalAjsag/NUfxiyNUBomqNY9z02Mn1FlOBM4K/VTjQllEzrCnqWSRqj9bHHqjFxYZUjCWNmShizU3xMZjbSeRoHtjKgZ61VvLv7n9VIT3voZl0lqULLlojAVxMRk/jcZcoXMiKkllClubyVsTBVlxqZTsiF4qy+vk/ZV1XOr3sN1pVbP4yjCGZzDJXhwAzW4hwa0gMEInuEV3hzhvDjvzseyteDkM6fwB87nD+6NjY0=</latexit><latexit sha1_base64="Wda7Uz9NtYp9X1lT26qCU2GFco4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V+wVtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/udJ1Sax7Jppgn6ER1JHnJGjZUem4P6oFxxq+4CZJ14OalAjsag/NUfxiyNUBomqNY9z02Mn1FlOBM4K/VTjQllEzrCnqWSRqj9bHHqjFxYZUjCWNmShizU3xMZjbSeRoHtjKgZ61VvLv7n9VIT3voZl0lqULLlojAVxMRk/jcZcoXMiKkllClubyVsTBVlxqZTsiF4qy+vk/ZV1XOr3sN1pVbP4yjCGZzDJXhwAzW4hwa0gMEInuEV3hzhvDjvzseyteDkM6fwB87nD+6NjY0=</latexit><latexit sha1_base64="Wda7Uz9NtYp9X1lT26qCU2GFco4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V+wVtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/udJ1Sax7Jppgn6ER1JHnJGjZUem4P6oFxxq+4CZJ14OalAjsag/NUfxiyNUBomqNY9z02Mn1FlOBM4K/VTjQllEzrCnqWSRqj9bHHqjFxYZUjCWNmShizU3xMZjbSeRoHtjKgZ61VvLv7n9VIT3voZl0lqULLlojAVxMRk/jcZcoXMiKkllClubyVsTBVlxqZTsiF4qy+vk/ZV1XOr3sN1pVbP4yjCGZzDJXhwAzW4hwa0gMEInuEV3hzhvDjvzseyteDkM6fwB87nD+6NjY0=</latexit><latexit sha1_base64="Wda7Uz9NtYp9X1lT26qCU2GFco4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V+wVtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/udJ1Sax7Jppgn6ER1JHnJGjZUem4P6oFxxq+4CZJ14OalAjsag/NUfxiyNUBomqNY9z02Mn1FlOBM4K/VTjQllEzrCnqWSRqj9bHHqjFxYZUjCWNmShizU3xMZjbSeRoHtjKgZ61VvLv7n9VIT3voZl0lqULLlojAVxMRk/jcZcoXMiKkllClubyVsTBVlxqZTsiF4qy+vk/ZV1XOr3sN1pVbP4yjCGZzDJXhwAzW4hwa0gMEInuEV3hzhvDjvzseyteDkM6fwB87nD+6NjY0=</latexit>

TA
<latexit sha1_base64="f3gjuM1vGEX+IvPSWhjZGMhyILA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8eK/YI2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzfz2EyrNY9kwkwT9iA4lDzmjxkqPjf5Nv1xxq+4cZJV4OalAjnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1XOr3sNlpXabx1GEEziFc/DgCmpwD3VoAoMhPMMrvDnCeXHenY9Fa8HJZ47hD5zPH+0JjYw=</latexit><latexit sha1_base64="f3gjuM1vGEX+IvPSWhjZGMhyILA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8eK/YI2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzfz2EyrNY9kwkwT9iA4lDzmjxkqPjf5Nv1xxq+4cZJV4OalAjnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1XOr3sNlpXabx1GEEziFc/DgCmpwD3VoAoMhPMMrvDnCeXHenY9Fa8HJZ47hD5zPH+0JjYw=</latexit><latexit sha1_base64="f3gjuM1vGEX+IvPSWhjZGMhyILA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8eK/YI2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzfz2EyrNY9kwkwT9iA4lDzmjxkqPjf5Nv1xxq+4cZJV4OalAjnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1XOr3sNlpXabx1GEEziFc/DgCmpwD3VoAoMhPMMrvDnCeXHenY9Fa8HJZ47hD5zPH+0JjYw=</latexit><latexit sha1_base64="f3gjuM1vGEX+IvPSWhjZGMhyILA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8eK/YI2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzfz2EyrNY9kwkwT9iA4lDzmjxkqPjf5Nv1xxq+4cZJV4OalAjnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1XOr3sNlpXabx1GEEziFc/DgCmpwD3VoAoMhPMMrvDnCeXHenY9Fa8HJZ47hD5zPH+0JjYw=</latexit>

t = 0
<latexit sha1_base64="Pj97/oRjsD1qdD+YdVO+L070Z6A=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgv2ANpTNdtIu3d2E3Y1QSv+CFw+KePUPefPfmKQ5aOuDgcd7M8zMC2LBjXXdb6e0tr6xuVXeruzs7u0fVA+P2iZKNMMWi0SkuwE1KLjCluVWYDfWSGUgsBNM7jK/84Ta8Eg92mmMvqQjxUPOqM2lG7cyqNbcupuDrBKvIDUo0BxUv/rDiCUSlWWCGtPz3Nj6M6otZwLnlX5iMKZsQkfYS6miEo0/y2+dk7NUGZIw0mkpS3L198SMSmOmMkg7JbVjs+xl4n9eL7HhtT/jKk4sKrZYFCaC2Ihkj5Mh18ismKaEMs3TWwkbU02ZTePJQvCWX14l7Yu659a9h8ta47aIowwncArn4MEVNOAemtACBmN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/BVuNjQ==</latexit><latexit sha1_base64="Pj97/oRjsD1qdD+YdVO+L070Z6A=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgv2ANpTNdtIu3d2E3Y1QSv+CFw+KePUPefPfmKQ5aOuDgcd7M8zMC2LBjXXdb6e0tr6xuVXeruzs7u0fVA+P2iZKNMMWi0SkuwE1KLjCluVWYDfWSGUgsBNM7jK/84Ta8Eg92mmMvqQjxUPOqM2lG7cyqNbcupuDrBKvIDUo0BxUv/rDiCUSlWWCGtPz3Nj6M6otZwLnlX5iMKZsQkfYS6miEo0/y2+dk7NUGZIw0mkpS3L198SMSmOmMkg7JbVjs+xl4n9eL7HhtT/jKk4sKrZYFCaC2Ihkj5Mh18ismKaEMs3TWwkbU02ZTePJQvCWX14l7Yu659a9h8ta47aIowwncArn4MEVNOAemtACBmN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/BVuNjQ==</latexit><latexit sha1_base64="Pj97/oRjsD1qdD+YdVO+L070Z6A=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgv2ANpTNdtIu3d2E3Y1QSv+CFw+KePUPefPfmKQ5aOuDgcd7M8zMC2LBjXXdb6e0tr6xuVXeruzs7u0fVA+P2iZKNMMWi0SkuwE1KLjCluVWYDfWSGUgsBNM7jK/84Ta8Eg92mmMvqQjxUPOqM2lG7cyqNbcupuDrBKvIDUo0BxUv/rDiCUSlWWCGtPz3Nj6M6otZwLnlX5iMKZsQkfYS6miEo0/y2+dk7NUGZIw0mkpS3L198SMSmOmMkg7JbVjs+xl4n9eL7HhtT/jKk4sKrZYFCaC2Ihkj5Mh18ismKaEMs3TWwkbU02ZTePJQvCWX14l7Yu659a9h8ta47aIowwncArn4MEVNOAemtACBmN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/BVuNjQ==</latexit><latexit sha1_base64="Pj97/oRjsD1qdD+YdVO+L070Z6A=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgv2ANpTNdtIu3d2E3Y1QSv+CFw+KePUPefPfmKQ5aOuDgcd7M8zMC2LBjXXdb6e0tr6xuVXeruzs7u0fVA+P2iZKNMMWi0SkuwE1KLjCluVWYDfWSGUgsBNM7jK/84Ta8Eg92mmMvqQjxUPOqM2lG7cyqNbcupuDrBKvIDUo0BxUv/rDiCUSlWWCGtPz3Nj6M6otZwLnlX5iMKZsQkfYS6miEo0/y2+dk7NUGZIw0mkpS3L198SMSmOmMkg7JbVjs+xl4n9eL7HhtT/jKk4sKrZYFCaC2Ihkj5Mh18ismKaEMs3TWwkbU02ZTePJQvCWX14l7Yu659a9h8ta47aIowwncArn4MEVNOAemtACBmN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/BVuNjQ==</latexit>

d
<latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit>

�x
<latexit sha1_base64="QNuUpaHY3p1vc34UfEKgQ5FheDk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAbymYzaZduNnF3I5bQP+HFgyJe/Tve/Ddu2xy09cHA470ZZuYFqeDauO63s7K6tr6xWdoqb+/s7u1XDg5bOskUwyZLRKI6AdUouMSm4UZgJ1VI40BgOxjdTP32IyrNE3lvxin6MR1IHnFGjZU6vRCFoeSpX6m6NXcGsky8glShQKNf+eqFCctilIYJqnXXc1Pj51QZzgROyr1MY0rZiA6wa6mkMWo/n907IadWCUmUKFvSkJn6eyKnsdbjOLCdMTVDvehNxf+8bmaiKz/nMs0MSjZfFGWCmIRMnychV8iMGFtCmeL2VsKGVFFmbERlG4K3+PIyaZ3XPLfm3V1U69dFHCU4hhM4Aw8uoQ630IAmMBDwDK/w5jw4L8678zFvXXGKmSP4A+fzB8bFj8g=</latexit><latexit sha1_base64="QNuUpaHY3p1vc34UfEKgQ5FheDk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAbymYzaZduNnF3I5bQP+HFgyJe/Tve/Ddu2xy09cHA470ZZuYFqeDauO63s7K6tr6xWdoqb+/s7u1XDg5bOskUwyZLRKI6AdUouMSm4UZgJ1VI40BgOxjdTP32IyrNE3lvxin6MR1IHnFGjZU6vRCFoeSpX6m6NXcGsky8glShQKNf+eqFCctilIYJqnXXc1Pj51QZzgROyr1MY0rZiA6wa6mkMWo/n907IadWCUmUKFvSkJn6eyKnsdbjOLCdMTVDvehNxf+8bmaiKz/nMs0MSjZfFGWCmIRMnychV8iMGFtCmeL2VsKGVFFmbERlG4K3+PIyaZ3XPLfm3V1U69dFHCU4hhM4Aw8uoQ630IAmMBDwDK/w5jw4L8678zFvXXGKmSP4A+fzB8bFj8g=</latexit><latexit sha1_base64="QNuUpaHY3p1vc34UfEKgQ5FheDk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAbymYzaZduNnF3I5bQP+HFgyJe/Tve/Ddu2xy09cHA470ZZuYFqeDauO63s7K6tr6xWdoqb+/s7u1XDg5bOskUwyZLRKI6AdUouMSm4UZgJ1VI40BgOxjdTP32IyrNE3lvxin6MR1IHnFGjZU6vRCFoeSpX6m6NXcGsky8glShQKNf+eqFCctilIYJqnXXc1Pj51QZzgROyr1MY0rZiA6wa6mkMWo/n907IadWCUmUKFvSkJn6eyKnsdbjOLCdMTVDvehNxf+8bmaiKz/nMs0MSjZfFGWCmIRMnychV8iMGFtCmeL2VsKGVFFmbERlG4K3+PIyaZ3XPLfm3V1U69dFHCU4hhM4Aw8uoQ630IAmMBDwDK/w5jw4L8678zFvXXGKmSP4A+fzB8bFj8g=</latexit><latexit sha1_base64="QNuUpaHY3p1vc34UfEKgQ5FheDk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAbymYzaZduNnF3I5bQP+HFgyJe/Tve/Ddu2xy09cHA470ZZuYFqeDauO63s7K6tr6xWdoqb+/s7u1XDg5bOskUwyZLRKI6AdUouMSm4UZgJ1VI40BgOxjdTP32IyrNE3lvxin6MR1IHnFGjZU6vRCFoeSpX6m6NXcGsky8glShQKNf+eqFCctilIYJqnXXc1Pj51QZzgROyr1MY0rZiA6wa6mkMWo/n907IadWCUmUKFvSkJn6eyKnsdbjOLCdMTVDvehNxf+8bmaiKz/nMs0MSjZfFGWCmIRMnychV8iMGFtCmeL2VsKGVFFmbERlG4K3+PIyaZ3XPLfm3V1U69dFHCU4hhM4Aw8uoQ630IAmMBDwDK/w5jw4L8678zFvXXGKmSP4A+fzB8bFj8g=</latexit>

TA, TB < D
<latexit sha1_base64="ZctolkWjRRbhCK3gB4aaRbi1kNM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD14qNWDxwr9wjaEzXbTLt1swu5GKKH/wosHRbz6b7z5b9ymOWjrg4HHezPMzPNjzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8ce3M7/zRKVikWjqSUzdEA8FCxjB2kiPTe/mDDW9+vWdV67YVTsDWiZOTiqQo+GVv/qDiCQhFZpwrFTPsWPtplhqRjidlvqJojEmYzykPUMFDqly0+ziKToxygAFkTQlNMrU3xMpDpWahL7pDLEeqUVvJv7n9RIdXLkpE3GiqSDzRUHCkY7Q7H00YJISzSeGYCKZuRWREZaYaBNSyYTgLL68TNrnVceuOg8XlVo9j6MIR3AMp+DAJdTgHhrQAgICnuEV3ixlvVjv1se8tWDlM4fwB9bnD6PMj5M=</latexit><latexit sha1_base64="ZctolkWjRRbhCK3gB4aaRbi1kNM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD14qNWDxwr9wjaEzXbTLt1swu5GKKH/wosHRbz6b7z5b9ymOWjrg4HHezPMzPNjzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8ce3M7/zRKVikWjqSUzdEA8FCxjB2kiPTe/mDDW9+vWdV67YVTsDWiZOTiqQo+GVv/qDiCQhFZpwrFTPsWPtplhqRjidlvqJojEmYzykPUMFDqly0+ziKToxygAFkTQlNMrU3xMpDpWahL7pDLEeqUVvJv7n9RIdXLkpE3GiqSDzRUHCkY7Q7H00YJISzSeGYCKZuRWREZaYaBNSyYTgLL68TNrnVceuOg8XlVo9j6MIR3AMp+DAJdTgHhrQAgICnuEV3ixlvVjv1se8tWDlM4fwB9bnD6PMj5M=</latexit><latexit sha1_base64="ZctolkWjRRbhCK3gB4aaRbi1kNM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD14qNWDxwr9wjaEzXbTLt1swu5GKKH/wosHRbz6b7z5b9ymOWjrg4HHezPMzPNjzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8ce3M7/zRKVikWjqSUzdEA8FCxjB2kiPTe/mDDW9+vWdV67YVTsDWiZOTiqQo+GVv/qDiCQhFZpwrFTPsWPtplhqRjidlvqJojEmYzykPUMFDqly0+ziKToxygAFkTQlNMrU3xMpDpWahL7pDLEeqUVvJv7n9RIdXLkpE3GiqSDzRUHCkY7Q7H00YJISzSeGYCKZuRWREZaYaBNSyYTgLL68TNrnVceuOg8XlVo9j6MIR3AMp+DAJdTgHhrQAgICnuEV3ixlvVjv1se8tWDlM4fwB9bnD6PMj5M=</latexit><latexit sha1_base64="ZctolkWjRRbhCK3gB4aaRbi1kNM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD14qNWDxwr9wjaEzXbTLt1swu5GKKH/wosHRbz6b7z5b9ymOWjrg4HHezPMzPNjzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8ce3M7/zRKVikWjqSUzdEA8FCxjB2kiPTe/mDDW9+vWdV67YVTsDWiZOTiqQo+GVv/qDiCQhFZpwrFTPsWPtplhqRjidlvqJojEmYzykPUMFDqly0+ziKToxygAFkTQlNMrU3xMpDpWahL7pDLEeqUVvJv7n9RIdXLkpE3GiqSDzRUHCkY7Q7H00YJISzSeGYCKZuRWREZaYaBNSyYTgLL68TNrnVceuOg8XlVo9j6MIR3AMp+DAJdTgHhrQAgICnuEV3ixlvVjv1se8tWDlM4fwB9bnD6PMj5M=</latexit>



Causality:
If the two particles get entangled, Alice can discover what Bob did in a time 
less than the light-crossing time

Complementarity:
If  we  assume a priori that causality  has to be respected , we find ourself in 

trouble with complementarity of quantum mechanics



2. EM case revisited



Quantum Vacuum Fluctuations

�x ⇠ q/m
<latexit sha1_base64="STkPkFr3JzkiMj/ahxaT6TNqC3c=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRbBU90VQY9FPXisYD+gu5RsOm1Dk+yaZItl6T/x4kERr/4Tb/4b03YP2vpg4PHeDDPzooQzbTzv2ymsrK6tbxQ3S1vbO7t77v5BQ8epolCnMY9VKyIaOJNQN8xwaCUKiIg4NKPhzdRvjkBpFssHM04gFKQvWY9RYqzUcd3gFrgh+CnQTODHM9Fxy17FmwEvEz8nZZSj1nG/gm5MUwHSUE60bvteYsKMKMMoh0kpSDUkhA5JH9qWSiJAh9ns8gk+sUoX92JlSxo8U39PZERoPRaR7RTEDPSiNxX/89qp6V2FGZNJakDS+aJeyrGJ8TQG3GUKqOFjSwhVzN6K6YAoQo0Nq2RD8BdfXiaN84rvVfz7i3L1Oo+jiI7QMTpFPrpEVXSHaqiOKBqhZ/SK3pzMeXHenY95a8HJZw7RHzifP50bkvs=</latexit><latexit sha1_base64="STkPkFr3JzkiMj/ahxaT6TNqC3c=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRbBU90VQY9FPXisYD+gu5RsOm1Dk+yaZItl6T/x4kERr/4Tb/4b03YP2vpg4PHeDDPzooQzbTzv2ymsrK6tbxQ3S1vbO7t77v5BQ8epolCnMY9VKyIaOJNQN8xwaCUKiIg4NKPhzdRvjkBpFssHM04gFKQvWY9RYqzUcd3gFrgh+CnQTODHM9Fxy17FmwEvEz8nZZSj1nG/gm5MUwHSUE60bvteYsKMKMMoh0kpSDUkhA5JH9qWSiJAh9ns8gk+sUoX92JlSxo8U39PZERoPRaR7RTEDPSiNxX/89qp6V2FGZNJakDS+aJeyrGJ8TQG3GUKqOFjSwhVzN6K6YAoQo0Nq2RD8BdfXiaN84rvVfz7i3L1Oo+jiI7QMTpFPrpEVXSHaqiOKBqhZ/SK3pzMeXHenY95a8HJZw7RHzifP50bkvs=</latexit><latexit sha1_base64="STkPkFr3JzkiMj/ahxaT6TNqC3c=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRbBU90VQY9FPXisYD+gu5RsOm1Dk+yaZItl6T/x4kERr/4Tb/4b03YP2vpg4PHeDDPzooQzbTzv2ymsrK6tbxQ3S1vbO7t77v5BQ8epolCnMY9VKyIaOJNQN8xwaCUKiIg4NKPhzdRvjkBpFssHM04gFKQvWY9RYqzUcd3gFrgh+CnQTODHM9Fxy17FmwEvEz8nZZSj1nG/gm5MUwHSUE60bvteYsKMKMMoh0kpSDUkhA5JH9qWSiJAh9ns8gk+sUoX92JlSxo8U39PZERoPRaR7RTEDPSiNxX/89qp6V2FGZNJakDS+aJeyrGJ8TQG3GUKqOFjSwhVzN6K6YAoQo0Nq2RD8BdfXiaN84rvVfz7i3L1Oo+jiI7QMTpFPrpEVXSHaqiOKBqhZ/SK3pzMeXHenY95a8HJZw7RHzifP50bkvs=</latexit><latexit sha1_base64="STkPkFr3JzkiMj/ahxaT6TNqC3c=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRbBU90VQY9FPXisYD+gu5RsOm1Dk+yaZItl6T/x4kERr/4Tb/4b03YP2vpg4PHeDDPzooQzbTzv2ymsrK6tbxQ3S1vbO7t77v5BQ8epolCnMY9VKyIaOJNQN8xwaCUKiIg4NKPhzdRvjkBpFssHM04gFKQvWY9RYqzUcd3gFrgh+CnQTODHM9Fxy17FmwEvEz8nZZSj1nG/gm5MUwHSUE60bvteYsKMKMMoh0kpSDUkhA5JH9qWSiJAh9ns8gk+sUoX92JlSxo8U39PZERoPRaR7RTEDPSiNxX/89qp6V2FGZNJakDS+aJeyrGJ8TQG3GUKqOFjSwhVzN6K6YAoQo0Nq2RD8BdfXiaN84rvVfz7i3L1Oo+jiI7QMTpFPrpEVXSHaqiOKBqhZ/SK3pzMeXHenY95a8HJZw7RHzifP50bkvs=</latexit>

Limit* on charge localization due to fluctuations of the Electric field:

*more stringent than Compton length localization only for q>1

In order to acquire significant which-path information 

�xB > qB/mB
<latexit sha1_base64="2OrpBeIKfP8YJCtjk7Fsqgia+84=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiYi6EpK3LisYB/QhjCZTNqhM5M4MxFDqb/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7T5gyqrTjfFulldW19Y3yZmVre2d3z94/aKskk5i0cMIS2Q2RIowK0tJUM9JNJUE8ZKQTjq6nfueBSEUTcafzlPgcDQSNKUbaSIFd7UeEaQQfAw9e3QfeKQ+8wK45dWcGuEzcgtRAgWZgf/WjBGecCI0ZUqrnOqn2x0hqihmZVPqZIinCIzQgPUMF4kT549nxE3hslAjGiTQlNJypvyfGiCuV89B0cqSHatGbiv95vUzHl/6YijTTROD5ojhjUCdwmgSMqCRYs9wQhCU1t0I8RBJhbfKqmBDcxZeXSfus7jp19/a81vCKOMrgEByBE+CCC9AAN6AJWgCDHDyDV/BmPVkv1rv1MW8tWcVMFfyB9fkDCW2TtQ==</latexit><latexit sha1_base64="2OrpBeIKfP8YJCtjk7Fsqgia+84=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiYi6EpK3LisYB/QhjCZTNqhM5M4MxFDqb/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7T5gyqrTjfFulldW19Y3yZmVre2d3z94/aKskk5i0cMIS2Q2RIowK0tJUM9JNJUE8ZKQTjq6nfueBSEUTcafzlPgcDQSNKUbaSIFd7UeEaQQfAw9e3QfeKQ+8wK45dWcGuEzcgtRAgWZgf/WjBGecCI0ZUqrnOqn2x0hqihmZVPqZIinCIzQgPUMF4kT549nxE3hslAjGiTQlNJypvyfGiCuV89B0cqSHatGbiv95vUzHl/6YijTTROD5ojhjUCdwmgSMqCRYs9wQhCU1t0I8RBJhbfKqmBDcxZeXSfus7jp19/a81vCKOMrgEByBE+CCC9AAN6AJWgCDHDyDV/BmPVkv1rv1MW8tWcVMFfyB9fkDCW2TtQ==</latexit><latexit sha1_base64="2OrpBeIKfP8YJCtjk7Fsqgia+84=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiYi6EpK3LisYB/QhjCZTNqhM5M4MxFDqb/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7T5gyqrTjfFulldW19Y3yZmVre2d3z94/aKskk5i0cMIS2Q2RIowK0tJUM9JNJUE8ZKQTjq6nfueBSEUTcafzlPgcDQSNKUbaSIFd7UeEaQQfAw9e3QfeKQ+8wK45dWcGuEzcgtRAgWZgf/WjBGecCI0ZUqrnOqn2x0hqihmZVPqZIinCIzQgPUMF4kT549nxE3hslAjGiTQlNJypvyfGiCuV89B0cqSHatGbiv95vUzHl/6YijTTROD5ojhjUCdwmgSMqCRYs9wQhCU1t0I8RBJhbfKqmBDcxZeXSfus7jp19/a81vCKOMrgEByBE+CCC9AAN6AJWgCDHDyDV/BmPVkv1rv1MW8tWcVMFfyB9fkDCW2TtQ==</latexit><latexit sha1_base64="2OrpBeIKfP8YJCtjk7Fsqgia+84=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiYi6EpK3LisYB/QhjCZTNqhM5M4MxFDqb/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7T5gyqrTjfFulldW19Y3yZmVre2d3z94/aKskk5i0cMIS2Q2RIowK0tJUM9JNJUE8ZKQTjq6nfueBSEUTcafzlPgcDQSNKUbaSIFd7UeEaQQfAw9e3QfeKQ+8wK45dWcGuEzcgtRAgWZgf/WjBGecCI0ZUqrnOqn2x0hqihmZVPqZIinCIzQgPUMF4kT549nxE3hslAjGiTQlNJypvyfGiCuV89B0cqSHatGbiv95vUzHl/6YijTTROD5ojhjUCdwmgSMqCRYs9wQhCU1t0I8RBJhbfKqmBDcxZeXSfus7jp19/a81vCKOMrgEByBE+CCC9AAN6AJWgCDHDyDV/BmPVkv1rv1MW8tWcVMFfyB9fkDCW2TtQ==</latexit>



Quantum Vacuum Fluctuations

Quantized E.M. radiation

�x ⇠ q/m
<latexit sha1_base64="STkPkFr3JzkiMj/ahxaT6TNqC3c=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRbBU90VQY9FPXisYD+gu5RsOm1Dk+yaZItl6T/x4kERr/4Tb/4b03YP2vpg4PHeDDPzooQzbTzv2ymsrK6tbxQ3S1vbO7t77v5BQ8epolCnMY9VKyIaOJNQN8xwaCUKiIg4NKPhzdRvjkBpFssHM04gFKQvWY9RYqzUcd3gFrgh+CnQTODHM9Fxy17FmwEvEz8nZZSj1nG/gm5MUwHSUE60bvteYsKMKMMoh0kpSDUkhA5JH9qWSiJAh9ns8gk+sUoX92JlSxo8U39PZERoPRaR7RTEDPSiNxX/89qp6V2FGZNJakDS+aJeyrGJ8TQG3GUKqOFjSwhVzN6K6YAoQo0Nq2RD8BdfXiaN84rvVfz7i3L1Oo+jiI7QMTpFPrpEVXSHaqiOKBqhZ/SK3pzMeXHenY95a8HJZw7RHzifP50bkvs=</latexit><latexit sha1_base64="STkPkFr3JzkiMj/ahxaT6TNqC3c=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRbBU90VQY9FPXisYD+gu5RsOm1Dk+yaZItl6T/x4kERr/4Tb/4b03YP2vpg4PHeDDPzooQzbTzv2ymsrK6tbxQ3S1vbO7t77v5BQ8epolCnMY9VKyIaOJNQN8xwaCUKiIg4NKPhzdRvjkBpFssHM04gFKQvWY9RYqzUcd3gFrgh+CnQTODHM9Fxy17FmwEvEz8nZZSj1nG/gm5MUwHSUE60bvteYsKMKMMoh0kpSDUkhA5JH9qWSiJAh9ns8gk+sUoX92JlSxo8U39PZERoPRaR7RTEDPSiNxX/89qp6V2FGZNJakDS+aJeyrGJ8TQG3GUKqOFjSwhVzN6K6YAoQo0Nq2RD8BdfXiaN84rvVfz7i3L1Oo+jiI7QMTpFPrpEVXSHaqiOKBqhZ/SK3pzMeXHenY95a8HJZw7RHzifP50bkvs=</latexit><latexit sha1_base64="STkPkFr3JzkiMj/ahxaT6TNqC3c=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRbBU90VQY9FPXisYD+gu5RsOm1Dk+yaZItl6T/x4kERr/4Tb/4b03YP2vpg4PHeDDPzooQzbTzv2ymsrK6tbxQ3S1vbO7t77v5BQ8epolCnMY9VKyIaOJNQN8xwaCUKiIg4NKPhzdRvjkBpFssHM04gFKQvWY9RYqzUcd3gFrgh+CnQTODHM9Fxy17FmwEvEz8nZZSj1nG/gm5MUwHSUE60bvteYsKMKMMoh0kpSDUkhA5JH9qWSiJAh9ns8gk+sUoX92JlSxo8U39PZERoPRaR7RTEDPSiNxX/89qp6V2FGZNJakDS+aJeyrGJ8TQG3GUKqOFjSwhVzN6K6YAoQo0Nq2RD8BdfXiaN84rvVfz7i3L1Oo+jiI7QMTpFPrpEVXSHaqiOKBqhZ/SK3pzMeXHenY95a8HJZw7RHzifP50bkvs=</latexit><latexit sha1_base64="STkPkFr3JzkiMj/ahxaT6TNqC3c=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRbBU90VQY9FPXisYD+gu5RsOm1Dk+yaZItl6T/x4kERr/4Tb/4b03YP2vpg4PHeDDPzooQzbTzv2ymsrK6tbxQ3S1vbO7t77v5BQ8epolCnMY9VKyIaOJNQN8xwaCUKiIg4NKPhzdRvjkBpFssHM04gFKQvWY9RYqzUcd3gFrgh+CnQTODHM9Fxy17FmwEvEz8nZZSj1nG/gm5MUwHSUE60bvteYsKMKMMoh0kpSDUkhA5JH9qWSiJAh9ns8gk+sUoX92JlSxo8U39PZERoPRaR7RTEDPSiNxX/89qp6V2FGZNJakDS+aJeyrGJ8TQG3GUKqOFjSwhVzN6K6YAoQo0Nq2RD8BdfXiaN84rvVfz7i3L1Oo+jiI7QMTpFPrpEVXSHaqiOKBqhZ/SK3pzMeXHenY95a8HJZw7RHzifP50bkvs=</latexit>

Limit* on charge localization due to fluctuations of the Electric field:

*more stringent than Compton length localization only for q>1

In order to acquire significant which-path information 

�xB > qB/mB
<latexit sha1_base64="2OrpBeIKfP8YJCtjk7Fsqgia+84=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiYi6EpK3LisYB/QhjCZTNqhM5M4MxFDqb/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7T5gyqrTjfFulldW19Y3yZmVre2d3z94/aKskk5i0cMIS2Q2RIowK0tJUM9JNJUE8ZKQTjq6nfueBSEUTcafzlPgcDQSNKUbaSIFd7UeEaQQfAw9e3QfeKQ+8wK45dWcGuEzcgtRAgWZgf/WjBGecCI0ZUqrnOqn2x0hqihmZVPqZIinCIzQgPUMF4kT549nxE3hslAjGiTQlNJypvyfGiCuV89B0cqSHatGbiv95vUzHl/6YijTTROD5ojhjUCdwmgSMqCRYs9wQhCU1t0I8RBJhbfKqmBDcxZeXSfus7jp19/a81vCKOMrgEByBE+CCC9AAN6AJWgCDHDyDV/BmPVkv1rv1MW8tWcVMFfyB9fkDCW2TtQ==</latexit><latexit sha1_base64="2OrpBeIKfP8YJCtjk7Fsqgia+84=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiYi6EpK3LisYB/QhjCZTNqhM5M4MxFDqb/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7T5gyqrTjfFulldW19Y3yZmVre2d3z94/aKskk5i0cMIS2Q2RIowK0tJUM9JNJUE8ZKQTjq6nfueBSEUTcafzlPgcDQSNKUbaSIFd7UeEaQQfAw9e3QfeKQ+8wK45dWcGuEzcgtRAgWZgf/WjBGecCI0ZUqrnOqn2x0hqihmZVPqZIinCIzQgPUMF4kT549nxE3hslAjGiTQlNJypvyfGiCuV89B0cqSHatGbiv95vUzHl/6YijTTROD5ojhjUCdwmgSMqCRYs9wQhCU1t0I8RBJhbfKqmBDcxZeXSfus7jp19/a81vCKOMrgEByBE+CCC9AAN6AJWgCDHDyDV/BmPVkv1rv1MW8tWcVMFfyB9fkDCW2TtQ==</latexit><latexit sha1_base64="2OrpBeIKfP8YJCtjk7Fsqgia+84=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiYi6EpK3LisYB/QhjCZTNqhM5M4MxFDqb/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7T5gyqrTjfFulldW19Y3yZmVre2d3z94/aKskk5i0cMIS2Q2RIowK0tJUM9JNJUE8ZKQTjq6nfueBSEUTcafzlPgcDQSNKUbaSIFd7UeEaQQfAw9e3QfeKQ+8wK45dWcGuEzcgtRAgWZgf/WjBGecCI0ZUqrnOqn2x0hqihmZVPqZIinCIzQgPUMF4kT549nxE3hslAjGiTQlNJypvyfGiCuV89B0cqSHatGbiv95vUzHl/6YijTTROD5ojhjUCdwmgSMqCRYs9wQhCU1t0I8RBJhbfKqmBDcxZeXSfus7jp19/a81vCKOMrgEByBE+CCC9AAN6AJWgCDHDyDV/BmPVkv1rv1MW8tWcVMFfyB9fkDCW2TtQ==</latexit><latexit sha1_base64="2OrpBeIKfP8YJCtjk7Fsqgia+84=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiYi6EpK3LisYB/QhjCZTNqhM5M4MxFDqb/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7T5gyqrTjfFulldW19Y3yZmVre2d3z94/aKskk5i0cMIS2Q2RIowK0tJUM9JNJUE8ZKQTjq6nfueBSEUTcafzlPgcDQSNKUbaSIFd7UeEaQQfAw9e3QfeKQ+8wK45dWcGuEzcgtRAgWZgf/WjBGecCI0ZUqrnOqn2x0hqihmZVPqZIinCIzQgPUMF4kT549nxE3hslAjGiTQlNJypvyfGiCuV89B0cqSHatGbiv95vUzHl/6YijTTROD5ojhjUCdwmgSMqCRYs9wQhCU1t0I8RBJhbfKqmBDcxZeXSfus7jp19/a81vCKOMrgEByBE+CCC9AAN6AJWgCDHDyDV/BmPVkv1rv1MW8tWcVMFfyB9fkDCW2TtQ==</latexit>

DA = qAd
<latexit sha1_base64="0hp7YRgBXAXXokrKPdqgYwDYcks=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE0I3QqguXFewD2hAmk0k7dPJwZiKUUH/FjQtF3Poh7vwbJ20W2npg4HDOvdwzx0s4k8qyvo3Syura+kZ5s7K1vbO7Z+4fdGScCkLbJOax6HlYUs4i2lZMcdpLBMWhx2nXG1/nfveRCsni6F5NEuqEeBixgBGstOSa1UGI1Yhgnt1M3eblg9tEvmvWrLo1A1omdkFqUKDlml8DPyZpSCNFOJayb1uJcjIsFCOcTiuDVNIEkzEe0r6mEQ6pdLJZ+Ck61oqPgljoFyk0U39vZDiUchJ6ejKPKhe9XPzP66cquHAyFiWpohGZHwpSjlSM8iaQzwQlik80wUQwnRWRERaYKN1XRZdgL355mXRO67ZVt+/Oao2roo4yHMIRnIAN59CAW2hBGwhM4Ble4c14Ml6Md+NjPloyip0q/IHx+QP2fJRN</latexit><latexit sha1_base64="0hp7YRgBXAXXokrKPdqgYwDYcks=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE0I3QqguXFewD2hAmk0k7dPJwZiKUUH/FjQtF3Poh7vwbJ20W2npg4HDOvdwzx0s4k8qyvo3Syura+kZ5s7K1vbO7Z+4fdGScCkLbJOax6HlYUs4i2lZMcdpLBMWhx2nXG1/nfveRCsni6F5NEuqEeBixgBGstOSa1UGI1Yhgnt1M3eblg9tEvmvWrLo1A1omdkFqUKDlml8DPyZpSCNFOJayb1uJcjIsFCOcTiuDVNIEkzEe0r6mEQ6pdLJZ+Ck61oqPgljoFyk0U39vZDiUchJ6ejKPKhe9XPzP66cquHAyFiWpohGZHwpSjlSM8iaQzwQlik80wUQwnRWRERaYKN1XRZdgL355mXRO67ZVt+/Oao2roo4yHMIRnIAN59CAW2hBGwhM4Ble4c14Ml6Md+NjPloyip0q/IHx+QP2fJRN</latexit><latexit sha1_base64="0hp7YRgBXAXXokrKPdqgYwDYcks=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE0I3QqguXFewD2hAmk0k7dPJwZiKUUH/FjQtF3Poh7vwbJ20W2npg4HDOvdwzx0s4k8qyvo3Syura+kZ5s7K1vbO7Z+4fdGScCkLbJOax6HlYUs4i2lZMcdpLBMWhx2nXG1/nfveRCsni6F5NEuqEeBixgBGstOSa1UGI1Yhgnt1M3eblg9tEvmvWrLo1A1omdkFqUKDlml8DPyZpSCNFOJayb1uJcjIsFCOcTiuDVNIEkzEe0r6mEQ6pdLJZ+Ck61oqPgljoFyk0U39vZDiUchJ6ejKPKhe9XPzP66cquHAyFiWpohGZHwpSjlSM8iaQzwQlik80wUQwnRWRERaYKN1XRZdgL355mXRO67ZVt+/Oao2roo4yHMIRnIAN59CAW2hBGwhM4Ble4c14Ml6Md+NjPloyip0q/IHx+QP2fJRN</latexit><latexit sha1_base64="0hp7YRgBXAXXokrKPdqgYwDYcks=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE0I3QqguXFewD2hAmk0k7dPJwZiKUUH/FjQtF3Poh7vwbJ20W2npg4HDOvdwzx0s4k8qyvo3Syura+kZ5s7K1vbO7Z+4fdGScCkLbJOax6HlYUs4i2lZMcdpLBMWhx2nXG1/nfveRCsni6F5NEuqEeBixgBGstOSa1UGI1Yhgnt1M3eblg9tEvmvWrLo1A1omdkFqUKDlml8DPyZpSCNFOJayb1uJcjIsFCOcTiuDVNIEkzEe0r6mEQ6pdLJZ+Ck61oqPgljoFyk0U39vZDiUchJ6ejKPKhe9XPzP66cquHAyFiWpohGZHwpSjlSM8iaQzwQlik80wUQwnRWRERaYKN1XRZdgL355mXRO67ZVt+/Oao2roo4yHMIRnIAN59CAW2hBGwhM4Ble4c14Ml6Md+NjPloyip0q/IHx+QP2fJRN</latexit>

Effective (or fictitious) electric dipole moment of Alice superposition

When Alice perform the interferometric experiment the dipole will reduced to zero in time       
and radiation is emitted by the accelerated trajectory(ies) TA

<latexit sha1_base64="f3gjuM1vGEX+IvPSWhjZGMhyILA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8eK/YI2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzfz2EyrNY9kwkwT9iA4lDzmjxkqPjf5Nv1xxq+4cZJV4OalAjnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1XOr3sNlpXabx1GEEziFc/DgCmpwD3VoAoMhPMMrvDnCeXHenY9Fa8HJZ47hD5zPH+0JjYw=</latexit><latexit sha1_base64="f3gjuM1vGEX+IvPSWhjZGMhyILA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8eK/YI2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzfz2EyrNY9kwkwT9iA4lDzmjxkqPjf5Nv1xxq+4cZJV4OalAjnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1XOr3sNlpXabx1GEEziFc/DgCmpwD3VoAoMhPMMrvDnCeXHenY9Fa8HJZ47hD5zPH+0JjYw=</latexit><latexit sha1_base64="f3gjuM1vGEX+IvPSWhjZGMhyILA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8eK/YI2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzfz2EyrNY9kwkwT9iA4lDzmjxkqPjf5Nv1xxq+4cZJV4OalAjnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1XOr3sNlpXabx1GEEziFc/DgCmpwD3VoAoMhPMMrvDnCeXHenY9Fa8HJZ47hD5zPH+0JjYw=</latexit><latexit sha1_base64="f3gjuM1vGEX+IvPSWhjZGMhyILA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8eK/YI2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzfz2EyrNY9kwkwT9iA4lDzmjxkqPjf5Nv1xxq+4cZJV4OalAjnq//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1XOr3sNlpXabx1GEEziFc/DgCmpwD3VoAoMhPMMrvDnCeXHenY9Fa8HJZ47hD5zPH+0JjYw=</latexit>



�xB > qB/mB
<latexit sha1_base64="2OrpBeIKfP8YJCtjk7Fsqgia+84=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiYi6EpK3LisYB/QhjCZTNqhM5M4MxFDqb/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7T5gyqrTjfFulldW19Y3yZmVre2d3z94/aKskk5i0cMIS2Q2RIowK0tJUM9JNJUE8ZKQTjq6nfueBSEUTcafzlPgcDQSNKUbaSIFd7UeEaQQfAw9e3QfeKQ+8wK45dWcGuEzcgtRAgWZgf/WjBGecCI0ZUqrnOqn2x0hqihmZVPqZIinCIzQgPUMF4kT549nxE3hslAjGiTQlNJypvyfGiCuV89B0cqSHatGbiv95vUzHl/6YijTTROD5ojhjUCdwmgSMqCRYs9wQhCU1t0I8RBJhbfKqmBDcxZeXSfus7jp19/a81vCKOMrgEByBE+CCC9AAN6AJWgCDHDyDV/BmPVkv1rv1MW8tWcVMFfyB9fkDCW2TtQ==</latexit><latexit sha1_base64="2OrpBeIKfP8YJCtjk7Fsqgia+84=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiYi6EpK3LisYB/QhjCZTNqhM5M4MxFDqb/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7T5gyqrTjfFulldW19Y3yZmVre2d3z94/aKskk5i0cMIS2Q2RIowK0tJUM9JNJUE8ZKQTjq6nfueBSEUTcafzlPgcDQSNKUbaSIFd7UeEaQQfAw9e3QfeKQ+8wK45dWcGuEzcgtRAgWZgf/WjBGecCI0ZUqrnOqn2x0hqihmZVPqZIinCIzQgPUMF4kT549nxE3hslAjGiTQlNJypvyfGiCuV89B0cqSHatGbiv95vUzHl/6YijTTROD5ojhjUCdwmgSMqCRYs9wQhCU1t0I8RBJhbfKqmBDcxZeXSfus7jp19/a81vCKOMrgEByBE+CCC9AAN6AJWgCDHDyDV/BmPVkv1rv1MW8tWcVMFfyB9fkDCW2TtQ==</latexit><latexit sha1_base64="2OrpBeIKfP8YJCtjk7Fsqgia+84=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiYi6EpK3LisYB/QhjCZTNqhM5M4MxFDqb/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7T5gyqrTjfFulldW19Y3yZmVre2d3z94/aKskk5i0cMIS2Q2RIowK0tJUM9JNJUE8ZKQTjq6nfueBSEUTcafzlPgcDQSNKUbaSIFd7UeEaQQfAw9e3QfeKQ+8wK45dWcGuEzcgtRAgWZgf/WjBGecCI0ZUqrnOqn2x0hqihmZVPqZIinCIzQgPUMF4kT549nxE3hslAjGiTQlNJypvyfGiCuV89B0cqSHatGbiv95vUzHl/6YijTTROD5ojhjUCdwmgSMqCRYs9wQhCU1t0I8RBJhbfKqmBDcxZeXSfus7jp19/a81vCKOMrgEByBE+CCC9AAN6AJWgCDHDyDV/BmPVkv1rv1MW8tWcVMFfyB9fkDCW2TtQ==</latexit><latexit sha1_base64="2OrpBeIKfP8YJCtjk7Fsqgia+84=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiYi6EpK3LisYB/QhjCZTNqhM5M4MxFDqb/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7T5gyqrTjfFulldW19Y3yZmVre2d3z94/aKskk5i0cMIS2Q2RIowK0tJUM9JNJUE8ZKQTjq6nfueBSEUTcafzlPgcDQSNKUbaSIFd7UeEaQQfAw9e3QfeKQ+8wK45dWcGuEzcgtRAgWZgf/WjBGecCI0ZUqrnOqn2x0hqihmZVPqZIinCIzQgPUMF4kT549nxE3hslAjGiTQlNJypvyfGiCuV89B0cqSHatGbiv95vUzHl/6YijTTROD5ojhjUCdwmgSMqCRYs9wQhCU1t0I8RBJhbfKqmBDcxZeXSfus7jp19/a81vCKOMrgEByBE+CCC9AAN6AJWgCDHDyDV/BmPVkv1rv1MW8tWcVMFfyB9fkDCW2TtQ==</latexit>

�x ⇠ qB
mB

DA

D3
T 2
B

<latexit sha1_base64="YdmZvXgzXtOtqw4pEpHiOyf5Exk="></latexit><latexit sha1_base64="YdmZvXgzXtOtqw4pEpHiOyf5Exk="></latexit><latexit sha1_base64="YdmZvXgzXtOtqw4pEpHiOyf5Exk="></latexit><latexit sha1_base64="YdmZvXgzXtOtqw4pEpHiOyf5Exk="></latexit>

F1 = qBE1 = k
qAqB
D2

<latexit sha1_base64="wCWbdobIXEptWBMT6QbEANKskyY=">AAACCXicbVDJSgNBEK1xjXEb9eilMQiewkwQ9CLEuOAxglkgGYeeTk/SpGdJd48Qhrl68Ve8eFDEq3/gzb+xsxw08UFRj/eq6K7nxZxJZVnfxsLi0vLKam4tv76xubVt7uzWZZQIQmsk4pFoelhSzkJaU0xx2owFxYHHacPrX4z8xgMVkkXhnRrG1AlwN2Q+I1hpyTXRtWufDdwKutK93/YFJunAPUdaytLL+1LmmgWraI2B5ok9JQWYouqaX+1ORJKAhopwLGXLtmLlpFgoRjjN8u1E0hiTPu7SlqYhDqh00vElGTrUSgf5kdAVKjRWf2+kOJByGHh6MsCqJ2e9kfif10qUf+qkLIwTRUMyechPOFIRGsWCOkxQovhQE0wE039FpId1GkqHl9ch2LMnz5N6qWhbRfv2uFCuTOPIwT4cwBHYcAJluIEq1IDAIzzDK7wZT8aL8W58TEYXjOnOHvyB8fkDEZ2YrA==</latexit><latexit sha1_base64="wCWbdobIXEptWBMT6QbEANKskyY=">AAACCXicbVDJSgNBEK1xjXEb9eilMQiewkwQ9CLEuOAxglkgGYeeTk/SpGdJd48Qhrl68Ve8eFDEq3/gzb+xsxw08UFRj/eq6K7nxZxJZVnfxsLi0vLKam4tv76xubVt7uzWZZQIQmsk4pFoelhSzkJaU0xx2owFxYHHacPrX4z8xgMVkkXhnRrG1AlwN2Q+I1hpyTXRtWufDdwKutK93/YFJunAPUdaytLL+1LmmgWraI2B5ok9JQWYouqaX+1ORJKAhopwLGXLtmLlpFgoRjjN8u1E0hiTPu7SlqYhDqh00vElGTrUSgf5kdAVKjRWf2+kOJByGHh6MsCqJ2e9kfif10qUf+qkLIwTRUMyechPOFIRGsWCOkxQovhQE0wE039FpId1GkqHl9ch2LMnz5N6qWhbRfv2uFCuTOPIwT4cwBHYcAJluIEq1IDAIzzDK7wZT8aL8W58TEYXjOnOHvyB8fkDEZ2YrA==</latexit><latexit sha1_base64="wCWbdobIXEptWBMT6QbEANKskyY=">AAACCXicbVDJSgNBEK1xjXEb9eilMQiewkwQ9CLEuOAxglkgGYeeTk/SpGdJd48Qhrl68Ve8eFDEq3/gzb+xsxw08UFRj/eq6K7nxZxJZVnfxsLi0vLKam4tv76xubVt7uzWZZQIQmsk4pFoelhSzkJaU0xx2owFxYHHacPrX4z8xgMVkkXhnRrG1AlwN2Q+I1hpyTXRtWufDdwKutK93/YFJunAPUdaytLL+1LmmgWraI2B5ok9JQWYouqaX+1ORJKAhopwLGXLtmLlpFgoRjjN8u1E0hiTPu7SlqYhDqh00vElGTrUSgf5kdAVKjRWf2+kOJByGHh6MsCqJ2e9kfif10qUf+qkLIwTRUMyechPOFIRGsWCOkxQovhQE0wE039FpId1GkqHl9ch2LMnz5N6qWhbRfv2uFCuTOPIwT4cwBHYcAJluIEq1IDAIzzDK7wZT8aL8W58TEYXjOnOHvyB8fkDEZ2YrA==</latexit><latexit sha1_base64="wCWbdobIXEptWBMT6QbEANKskyY=">AAACCXicbVDJSgNBEK1xjXEb9eilMQiewkwQ9CLEuOAxglkgGYeeTk/SpGdJd48Qhrl68Ve8eFDEq3/gzb+xsxw08UFRj/eq6K7nxZxJZVnfxsLi0vLKam4tv76xubVt7uzWZZQIQmsk4pFoelhSzkJaU0xx2owFxYHHacPrX4z8xgMVkkXhnRrG1AlwN2Q+I1hpyTXRtWufDdwKutK93/YFJunAPUdaytLL+1LmmgWraI2B5ok9JQWYouqaX+1ORJKAhopwLGXLtmLlpFgoRjjN8u1E0hiTPu7SlqYhDqh00vElGTrUSgf5kdAVKjRWf2+kOJByGHh6MsCqJ2e9kfif10qUf+qkLIwTRUMyechPOFIRGsWCOkxQovhQE0wE039FpId1GkqHl9ch2LMnz5N6qWhbRfv2uFCuTOPIwT4cwBHYcAJluIEq1IDAIzzDK7wZT8aL8W58TEYXjOnOHvyB8fkDEZ2YrA==</latexit>

F2 = qBE2 = k
qAqB

(D + d)2
<latexit sha1_base64="Fg9ku2UMiUPD5ihxiBd3izVb2CQ=">AAACDXicbVDLSsNAFJ34rPUVdelmsAoVoSRF0I1Q6wOXFewD2hgmk0k7dPLozEQoIT/gxl9x40IRt+7d+TdO2yy09cDlHs65l5l7nIhRIQ3jW5ubX1hcWs6t5FfX1jc29a3thghjjkkdhyzkLQcJwmhA6pJKRloRJ8h3GGk6/YuR33wgXNAwuJPDiFg+6gbUoxhJJdn6/rVdPhvYVXiler/jcYSTgX0OlZQmxcsj9/C+nNp6wSgZY8BZYmakADLUbP2r44Y49kkgMUNCtE0jklaCuKSYkTTfiQWJEO6jLmkrGiCfCCsZX5PCA6W40Au5qkDCsfp7I0G+EEPfUZM+kj0x7Y3E/7x2LL1TK6FBFEsS4MlDXsygDOEoGuhSTrBkQ0UQ5lT9FeIeUolIFWBehWBOnzxLGuWSaZTM2+NCpZrFkQO7YA8UgQlOQAXcgBqoAwwewTN4BW/ak/aivWsfk9E5LdvZAX+gff4AKBOZtg==</latexit><latexit sha1_base64="Fg9ku2UMiUPD5ihxiBd3izVb2CQ=">AAACDXicbVDLSsNAFJ34rPUVdelmsAoVoSRF0I1Q6wOXFewD2hgmk0k7dPLozEQoIT/gxl9x40IRt+7d+TdO2yy09cDlHs65l5l7nIhRIQ3jW5ubX1hcWs6t5FfX1jc29a3thghjjkkdhyzkLQcJwmhA6pJKRloRJ8h3GGk6/YuR33wgXNAwuJPDiFg+6gbUoxhJJdn6/rVdPhvYVXiler/jcYSTgX0OlZQmxcsj9/C+nNp6wSgZY8BZYmakADLUbP2r44Y49kkgMUNCtE0jklaCuKSYkTTfiQWJEO6jLmkrGiCfCCsZX5PCA6W40Au5qkDCsfp7I0G+EEPfUZM+kj0x7Y3E/7x2LL1TK6FBFEsS4MlDXsygDOEoGuhSTrBkQ0UQ5lT9FeIeUolIFWBehWBOnzxLGuWSaZTM2+NCpZrFkQO7YA8UgQlOQAXcgBqoAwwewTN4BW/ak/aivWsfk9E5LdvZAX+gff4AKBOZtg==</latexit><latexit sha1_base64="Fg9ku2UMiUPD5ihxiBd3izVb2CQ=">AAACDXicbVDLSsNAFJ34rPUVdelmsAoVoSRF0I1Q6wOXFewD2hgmk0k7dPLozEQoIT/gxl9x40IRt+7d+TdO2yy09cDlHs65l5l7nIhRIQ3jW5ubX1hcWs6t5FfX1jc29a3thghjjkkdhyzkLQcJwmhA6pJKRloRJ8h3GGk6/YuR33wgXNAwuJPDiFg+6gbUoxhJJdn6/rVdPhvYVXiler/jcYSTgX0OlZQmxcsj9/C+nNp6wSgZY8BZYmakADLUbP2r44Y49kkgMUNCtE0jklaCuKSYkTTfiQWJEO6jLmkrGiCfCCsZX5PCA6W40Au5qkDCsfp7I0G+EEPfUZM+kj0x7Y3E/7x2LL1TK6FBFEsS4MlDXsygDOEoGuhSTrBkQ0UQ5lT9FeIeUolIFWBehWBOnzxLGuWSaZTM2+NCpZrFkQO7YA8UgQlOQAXcgBqoAwwewTN4BW/ak/aivWsfk9E5LdvZAX+gff4AKBOZtg==</latexit><latexit sha1_base64="Fg9ku2UMiUPD5ihxiBd3izVb2CQ=">AAACDXicbVDLSsNAFJ34rPUVdelmsAoVoSRF0I1Q6wOXFewD2hgmk0k7dPLozEQoIT/gxl9x40IRt+7d+TdO2yy09cDlHs65l5l7nIhRIQ3jW5ubX1hcWs6t5FfX1jc29a3thghjjkkdhyzkLQcJwmhA6pJKRloRJ8h3GGk6/YuR33wgXNAwuJPDiFg+6gbUoxhJJdn6/rVdPhvYVXiler/jcYSTgX0OlZQmxcsj9/C+nNp6wSgZY8BZYmakADLUbP2r44Y49kkgMUNCtE0jklaCuKSYkTTfiQWJEO6jLmkrGiCfCCsZX5PCA6W40Au5qkDCsfp7I0G+EEPfUZM+kj0x7Y3E/7x2LL1TK6FBFEsS4MlDXsygDOEoGuhSTrBkQ0UQ5lT9FeIeUolIFWBehWBOnzxLGuWSaZTM2+NCpZrFkQO7YA8UgQlOQAXcgBqoAwwewTN4BW/ak/aivWsfk9E5LdvZAX+gff4AKBOZtg==</latexit>

qB
<latexit sha1_base64="DUppPXrzOm7KGCIpgo9Fc73rraY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Qe0oWy2k3bpZhN3N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/9iv98sVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1dVmr1PI4inMApnIMHV1CDW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAayo2q</latexit><latexit sha1_base64="DUppPXrzOm7KGCIpgo9Fc73rraY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Qe0oWy2k3bpZhN3N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/9iv98sVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1dVmr1PI4inMApnIMHV1CDW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAayo2q</latexit><latexit sha1_base64="DUppPXrzOm7KGCIpgo9Fc73rraY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Qe0oWy2k3bpZhN3N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/9iv98sVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1dVmr1PI4inMApnIMHV1CDW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAayo2q</latexit><latexit sha1_base64="DUppPXrzOm7KGCIpgo9Fc73rraY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Qe0oWy2k3bpZhN3N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/9iv98sVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1dVmr1PI4inMApnIMHV1CDW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAayo2q</latexit>

Quantum Vacuum Fluctuations

DA

D3
T 2
B > 1

<latexit sha1_base64="OHibI9FuV2uScyNOy+a6eYy54LA=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSlIFXUmtXbis0Bc0bZhMJ+3QySTMTIQSsnXjr7hxoYhb/8Cdf+OkzUJbD1w4nHMv997jRYxKZVnfxsrq2vrGZmGruL2zu7dvHhy2ZRgLTFo4ZKHoekgSRjlpKaoY6UaCoMBjpONNbjO/80CEpCFvqmlE+gEacepTjJSWXBM6vkA4cQKkxhixpJ66N2lSH5ynzUHFrV3brlmyytYMcJnYOSmBHA3X/HKGIY4DwhVmSMqebUWqnyChKGYkLTqxJBHCEzQiPU05CojsJ7NPUniqlSH0Q6GLKzhTf08kKJByGni6M7tYLnqZ+J/Xi5V/1U8oj2JFOJ4v8mMGVQizWOCQCoIVm2qCsKD6VojHSEejdHhFHYK9+PIyaVfKtlW27y9K1VoeRwEcgxNwBmxwCargDjRAC2DwCJ7BK3gznowX4934mLeuGPnMEfgD4/MHvY+Zrg==</latexit><latexit sha1_base64="OHibI9FuV2uScyNOy+a6eYy54LA=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSlIFXUmtXbis0Bc0bZhMJ+3QySTMTIQSsnXjr7hxoYhb/8Cdf+OkzUJbD1w4nHMv997jRYxKZVnfxsrq2vrGZmGruL2zu7dvHhy2ZRgLTFo4ZKHoekgSRjlpKaoY6UaCoMBjpONNbjO/80CEpCFvqmlE+gEacepTjJSWXBM6vkA4cQKkxhixpJ66N2lSH5ynzUHFrV3brlmyytYMcJnYOSmBHA3X/HKGIY4DwhVmSMqebUWqnyChKGYkLTqxJBHCEzQiPU05CojsJ7NPUniqlSH0Q6GLKzhTf08kKJByGni6M7tYLnqZ+J/Xi5V/1U8oj2JFOJ4v8mMGVQizWOCQCoIVm2qCsKD6VojHSEejdHhFHYK9+PIyaVfKtlW27y9K1VoeRwEcgxNwBmxwCargDjRAC2DwCJ7BK3gznowX4934mLeuGPnMEfgD4/MHvY+Zrg==</latexit><latexit sha1_base64="OHibI9FuV2uScyNOy+a6eYy54LA=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSlIFXUmtXbis0Bc0bZhMJ+3QySTMTIQSsnXjr7hxoYhb/8Cdf+OkzUJbD1w4nHMv997jRYxKZVnfxsrq2vrGZmGruL2zu7dvHhy2ZRgLTFo4ZKHoekgSRjlpKaoY6UaCoMBjpONNbjO/80CEpCFvqmlE+gEacepTjJSWXBM6vkA4cQKkxhixpJ66N2lSH5ynzUHFrV3brlmyytYMcJnYOSmBHA3X/HKGIY4DwhVmSMqebUWqnyChKGYkLTqxJBHCEzQiPU05CojsJ7NPUniqlSH0Q6GLKzhTf08kKJByGni6M7tYLnqZ+J/Xi5V/1U8oj2JFOJ4v8mMGVQizWOCQCoIVm2qCsKD6VojHSEejdHhFHYK9+PIyaVfKtlW27y9K1VoeRwEcgxNwBmxwCargDjRAC2DwCJ7BK3gznowX4934mLeuGPnMEfgD4/MHvY+Zrg==</latexit><latexit sha1_base64="OHibI9FuV2uScyNOy+a6eYy54LA=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSlIFXUmtXbis0Bc0bZhMJ+3QySTMTIQSsnXjr7hxoYhb/8Cdf+OkzUJbD1w4nHMv997jRYxKZVnfxsrq2vrGZmGruL2zu7dvHhy2ZRgLTFo4ZKHoekgSRjlpKaoY6UaCoMBjpONNbjO/80CEpCFvqmlE+gEacepTjJSWXBM6vkA4cQKkxhixpJ66N2lSH5ynzUHFrV3brlmyytYMcJnYOSmBHA3X/HKGIY4DwhVmSMqebUWqnyChKGYkLTqxJBHCEzQiPU05CojsJ7NPUniqlSH0Q6GLKzhTf08kKJByGni6M7tYLnqZ+J/Xi5V/1U8oj2JFOJ4v8mMGVQizWOCQCoIVm2qCsKD6VojHSEejdHhFHYK9+PIyaVfKtlW27y9K1VoeRwEcgxNwBmxwCargDjRAC2DwCJ7BK3gznowX4934mLeuGPnMEfgD4/MHvY+Zrg==</latexit>

*

* reintroducing some constant we would have DAT
2
B/D

3 > 1/c2
<latexit sha1_base64="kT5QUOJvX3YKOyrz8PbVtt2Ixjo=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiuGqTKuhKau3CZYXeoE3DZDpph04mYWYilNCVG1/FjQtF3PoM7nwbJ20X2vrDwMd/zmHO+b2IUaks69vIrKyurW9kN3Nb2zu7e+b+QVOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3ug2rbceiJA05HU1jogToAGnPsVIacs1j7sBUkOMWFKduDew3iu5lWK1d35tF7FmM28VrKngMthzyIO5aq751e2HOA4IV5ghKTu2FSknQUJRzMgk140liRAeoQHpaOQoINJJpmdM4Kl2+tAPhX5cwan7eyJBgZTjwNOd6dJysZaa/9U6sfKvnITyKFaE49lHfsygCmGaCexTQbBiYw0IC6p3hXiIBMJKJ5fTIdiLJy9Ds1SwrYJ9f5EvV+ZxZMEROAFnwAaXoAzuQA00AAaP4Bm8gjfjyXgx3o2PWWvGmM8cgj8yPn8AXcuXGQ==</latexit><latexit sha1_base64="kT5QUOJvX3YKOyrz8PbVtt2Ixjo=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiuGqTKuhKau3CZYXeoE3DZDpph04mYWYilNCVG1/FjQtF3PoM7nwbJ20X2vrDwMd/zmHO+b2IUaks69vIrKyurW9kN3Nb2zu7e+b+QVOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3ug2rbceiJA05HU1jogToAGnPsVIacs1j7sBUkOMWFKduDew3iu5lWK1d35tF7FmM28VrKngMthzyIO5aq751e2HOA4IV5ghKTu2FSknQUJRzMgk140liRAeoQHpaOQoINJJpmdM4Kl2+tAPhX5cwan7eyJBgZTjwNOd6dJysZaa/9U6sfKvnITyKFaE49lHfsygCmGaCexTQbBiYw0IC6p3hXiIBMJKJ5fTIdiLJy9Ds1SwrYJ9f5EvV+ZxZMEROAFnwAaXoAzuQA00AAaP4Bm8gjfjyXgx3o2PWWvGmM8cgj8yPn8AXcuXGQ==</latexit><latexit sha1_base64="kT5QUOJvX3YKOyrz8PbVtt2Ixjo=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiuGqTKuhKau3CZYXeoE3DZDpph04mYWYilNCVG1/FjQtF3PoM7nwbJ20X2vrDwMd/zmHO+b2IUaks69vIrKyurW9kN3Nb2zu7e+b+QVOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3ug2rbceiJA05HU1jogToAGnPsVIacs1j7sBUkOMWFKduDew3iu5lWK1d35tF7FmM28VrKngMthzyIO5aq751e2HOA4IV5ghKTu2FSknQUJRzMgk140liRAeoQHpaOQoINJJpmdM4Kl2+tAPhX5cwan7eyJBgZTjwNOd6dJysZaa/9U6sfKvnITyKFaE49lHfsygCmGaCexTQbBiYw0IC6p3hXiIBMJKJ5fTIdiLJy9Ds1SwrYJ9f5EvV+ZxZMEROAFnwAaXoAzuQA00AAaP4Bm8gjfjyXgx3o2PWWvGmM8cgj8yPn8AXcuXGQ==</latexit><latexit sha1_base64="kT5QUOJvX3YKOyrz8PbVtt2Ixjo=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiuGqTKuhKau3CZYXeoE3DZDpph04mYWYilNCVG1/FjQtF3PoM7nwbJ20X2vrDwMd/zmHO+b2IUaks69vIrKyurW9kN3Nb2zu7e+b+QVOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3ug2rbceiJA05HU1jogToAGnPsVIacs1j7sBUkOMWFKduDew3iu5lWK1d35tF7FmM28VrKngMthzyIO5aq751e2HOA4IV5ghKTu2FSknQUJRzMgk140liRAeoQHpaOQoINJJpmdM4Kl2+tAPhX5cwan7eyJBgZTjwNOd6dJysZaa/9U6sfKvnITyKFaE49lHfsygCmGaCexTQbBiYw0IC6p3hXiIBMJKJ5fTIdiLJy9Ds1SwrYJ9f5EvV+ZxZMEROAFnwAaXoAzuQA00AAaP4Bm8gjfjyXgx3o2PWWvGmM8cgj8yPn8AXcuXGQ==</latexit>



Quantized E.M. radiation

(Estimate of the) energy radiated by Alice fictitious dipole 

E ⇠
✓
DA

T 2
A

◆2

TA
<latexit sha1_base64="Q5azNlMnXRvFCPDgOwiM9rmqdRQ="></latexit><latexit sha1_base64="Q5azNlMnXRvFCPDgOwiM9rmqdRQ="></latexit><latexit sha1_base64="Q5azNlMnXRvFCPDgOwiM9rmqdRQ="></latexit><latexit sha1_base64="Q5azNlMnXRvFCPDgOwiM9rmqdRQ="></latexit>

*
The degree of decoherence due to radiation can be estimated by requiring that no photon 

with characteristic frequency             is emitted by the fictitious dipole 1/TA
<latexit sha1_base64="ImjtWWhUsrx/WbWN34pnuMAV9BQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GPVi8cKTVtoQ9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0P/NbT6g0T2TDjFMMYjqQPOKMGiv53kWjd9srV9yqOwdZJV5OKpCj3it/dfsJy2KUhgmqdcdzUxNMqDKcCZyWupnGlLIRHWDHUklj1MFkfuyUnFmlT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6CSZcpplByRaLokwQk5DZ56TPFTIjxpZQpri9lbAhVZQZm0/JhuAtv7xKmpdVz616j1eV2l0eRxFO4BTOwYNrqMED1MEHBhye4RXeHOm8OO/Ox6K14OQzx/AHzucPybuOAA==</latexit><latexit sha1_base64="ImjtWWhUsrx/WbWN34pnuMAV9BQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GPVi8cKTVtoQ9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0P/NbT6g0T2TDjFMMYjqQPOKMGiv53kWjd9srV9yqOwdZJV5OKpCj3it/dfsJy2KUhgmqdcdzUxNMqDKcCZyWupnGlLIRHWDHUklj1MFkfuyUnFmlT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6CSZcpplByRaLokwQk5DZ56TPFTIjxpZQpri9lbAhVZQZm0/JhuAtv7xKmpdVz616j1eV2l0eRxFO4BTOwYNrqMED1MEHBhye4RXeHOm8OO/Ox6K14OQzx/AHzucPybuOAA==</latexit><latexit sha1_base64="ImjtWWhUsrx/WbWN34pnuMAV9BQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GPVi8cKTVtoQ9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0P/NbT6g0T2TDjFMMYjqQPOKMGiv53kWjd9srV9yqOwdZJV5OKpCj3it/dfsJy2KUhgmqdcdzUxNMqDKcCZyWupnGlLIRHWDHUklj1MFkfuyUnFmlT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6CSZcpplByRaLokwQk5DZ56TPFTIjxpZQpri9lbAhVZQZm0/JhuAtv7xKmpdVz616j1eV2l0eRxFO4BTOwYNrqMED1MEHBhye4RXeHOm8OO/Ox6K14OQzx/AHzucPybuOAA==</latexit><latexit sha1_base64="ImjtWWhUsrx/WbWN34pnuMAV9BQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GPVi8cKTVtoQ9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0P/NbT6g0T2TDjFMMYjqQPOKMGiv53kWjd9srV9yqOwdZJV5OKpCj3it/dfsJy2KUhgmqdcdzUxNMqDKcCZyWupnGlLIRHWDHUklj1MFkfuyUnFmlT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6CSZcpplByRaLokwQk5DZ56TPFTIjxpZQpri9lbAhVZQZm0/JhuAtv7xKmpdVz616j1eV2l0eRxFO4BTOwYNrqMED1MEHBhye4RXeHOm8OO/Ox6K14OQzx/AHzucPybuOAA==</latexit>

DA < TA
<latexit sha1_base64="mPwfQ8dy3aIi32Es8HIKouuQf0g=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE0IWLVl24rNAXtCFMptN26GQSZiZKif0UNy4UceuXuPNvnLRZaPXAwOGce7lnThBzprTjfFmFldW19Y3iZmlre2d3zy7vt1WUSEJbJOKR7AZYUc4EbWmmOe3GkuIw4LQTTK4zv3NPpWKRaOppTL0QjwQbMoK1kXy73A+xHhPM05uZX79s+nXfrjhVZw70l7g5qUCOhm9/9gcRSUIqNOFYqZ7rxNpLsdSMcDor9RNFY0wmeER7hgocUuWl8+gzdGyUARpG0jyh0Vz9uZHiUKlpGJjJLKha9jLxP6+X6OGFlzIRJ5oKsjg0TDjSEcp6QAMmKdF8aggmkpmsiIyxxESbtkqmBHf5y39J+7TqOlX37qxSu8rrKMIhHMEJuHAONbiFBrSAwAM8wQu8Wo/Ws/VmvS9GC1a+cwC/YH18A6mAk5c=</latexit><latexit sha1_base64="mPwfQ8dy3aIi32Es8HIKouuQf0g=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE0IWLVl24rNAXtCFMptN26GQSZiZKif0UNy4UceuXuPNvnLRZaPXAwOGce7lnThBzprTjfFmFldW19Y3iZmlre2d3zy7vt1WUSEJbJOKR7AZYUc4EbWmmOe3GkuIw4LQTTK4zv3NPpWKRaOppTL0QjwQbMoK1kXy73A+xHhPM05uZX79s+nXfrjhVZw70l7g5qUCOhm9/9gcRSUIqNOFYqZ7rxNpLsdSMcDor9RNFY0wmeER7hgocUuWl8+gzdGyUARpG0jyh0Vz9uZHiUKlpGJjJLKha9jLxP6+X6OGFlzIRJ5oKsjg0TDjSEcp6QAMmKdF8aggmkpmsiIyxxESbtkqmBHf5y39J+7TqOlX37qxSu8rrKMIhHMEJuHAONbiFBrSAwAM8wQu8Wo/Ws/VmvS9GC1a+cwC/YH18A6mAk5c=</latexit><latexit sha1_base64="mPwfQ8dy3aIi32Es8HIKouuQf0g=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE0IWLVl24rNAXtCFMptN26GQSZiZKif0UNy4UceuXuPNvnLRZaPXAwOGce7lnThBzprTjfFmFldW19Y3iZmlre2d3zy7vt1WUSEJbJOKR7AZYUc4EbWmmOe3GkuIw4LQTTK4zv3NPpWKRaOppTL0QjwQbMoK1kXy73A+xHhPM05uZX79s+nXfrjhVZw70l7g5qUCOhm9/9gcRSUIqNOFYqZ7rxNpLsdSMcDor9RNFY0wmeER7hgocUuWl8+gzdGyUARpG0jyh0Vz9uZHiUKlpGJjJLKha9jLxP6+X6OGFlzIRJ5oKsjg0TDjSEcp6QAMmKdF8aggmkpmsiIyxxESbtkqmBHf5y39J+7TqOlX37qxSu8rrKMIhHMEJuHAONbiFBrSAwAM8wQu8Wo/Ws/VmvS9GC1a+cwC/YH18A6mAk5c=</latexit><latexit sha1_base64="mPwfQ8dy3aIi32Es8HIKouuQf0g=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE0IWLVl24rNAXtCFMptN26GQSZiZKif0UNy4UceuXuPNvnLRZaPXAwOGce7lnThBzprTjfFmFldW19Y3iZmlre2d3zy7vt1WUSEJbJOKR7AZYUc4EbWmmOe3GkuIw4LQTTK4zv3NPpWKRaOppTL0QjwQbMoK1kXy73A+xHhPM05uZX79s+nXfrjhVZw70l7g5qUCOhm9/9gcRSUIqNOFYqZ7rxNpLsdSMcDor9RNFY0wmeER7hgocUuWl8+gzdGyUARpG0jyh0Vz9uZHiUKlpGJjJLKha9jLxP6+X6OGFlzIRJ5oKsjg0TDjSEcp6QAMmKdF8aggmkpmsiIyxxESbtkqmBHf5y39J+7TqOlX37qxSu8rrKMIhHMEJuHAONbiFBrSAwAM8wQu8Wo/Ws/VmvS9GC1a+cwC/YH18A6mAk5c=</latexit>

* A more detailed treatment can be obtained by looking at the overlap of the coherent states produced by the classical currents 
corresponding to the paths in the interferometer. This has been extensively studied and leads to the same result.



RESOLUTION OF THE “APPARENT” PARADOXES

t
<latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit>

??

TA, TB < D
<latexit sha1_base64="ZctolkWjRRbhCK3gB4aaRbi1kNM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD14qNWDxwr9wjaEzXbTLt1swu5GKKH/wosHRbz6b7z5b9ymOWjrg4HHezPMzPNjzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8ce3M7/zRKVikWjqSUzdEA8FCxjB2kiPTe/mDDW9+vWdV67YVTsDWiZOTiqQo+GVv/qDiCQhFZpwrFTPsWPtplhqRjidlvqJojEmYzykPUMFDqly0+ziKToxygAFkTQlNMrU3xMpDpWahL7pDLEeqUVvJv7n9RIdXLkpE3GiqSDzRUHCkY7Q7H00YJISzSeGYCKZuRWREZaYaBNSyYTgLL68TNrnVceuOg8XlVo9j6MIR3AMp+DAJdTgHhrQAgICnuEV3ixlvVjv1se8tWDlM4fwB9bnD6PMj5M=</latexit><latexit sha1_base64="ZctolkWjRRbhCK3gB4aaRbi1kNM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD14qNWDxwr9wjaEzXbTLt1swu5GKKH/wosHRbz6b7z5b9ymOWjrg4HHezPMzPNjzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8ce3M7/zRKVikWjqSUzdEA8FCxjB2kiPTe/mDDW9+vWdV67YVTsDWiZOTiqQo+GVv/qDiCQhFZpwrFTPsWPtplhqRjidlvqJojEmYzykPUMFDqly0+ziKToxygAFkTQlNMrU3xMpDpWahL7pDLEeqUVvJv7n9RIdXLkpE3GiqSDzRUHCkY7Q7H00YJISzSeGYCKZuRWREZaYaBNSyYTgLL68TNrnVceuOg8XlVo9j6MIR3AMp+DAJdTgHhrQAgICnuEV3ixlvVjv1se8tWDlM4fwB9bnD6PMj5M=</latexit><latexit sha1_base64="ZctolkWjRRbhCK3gB4aaRbi1kNM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD14qNWDxwr9wjaEzXbTLt1swu5GKKH/wosHRbz6b7z5b9ymOWjrg4HHezPMzPNjzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8ce3M7/zRKVikWjqSUzdEA8FCxjB2kiPTe/mDDW9+vWdV67YVTsDWiZOTiqQo+GVv/qDiCQhFZpwrFTPsWPtplhqRjidlvqJojEmYzykPUMFDqly0+ziKToxygAFkTQlNMrU3xMpDpWahL7pDLEeqUVvJv7n9RIdXLkpE3GiqSDzRUHCkY7Q7H00YJISzSeGYCKZuRWREZaYaBNSyYTgLL68TNrnVceuOg8XlVo9j6MIR3AMp+DAJdTgHhrQAgICnuEV3ixlvVjv1se8tWDlM4fwB9bnD6PMj5M=</latexit><latexit sha1_base64="ZctolkWjRRbhCK3gB4aaRbi1kNM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD14qNWDxwr9wjaEzXbTLt1swu5GKKH/wosHRbz6b7z5b9ymOWjrg4HHezPMzPNjzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8ce3M7/zRKVikWjqSUzdEA8FCxjB2kiPTe/mDDW9+vWdV67YVTsDWiZOTiqQo+GVv/qDiCQhFZpwrFTPsWPtplhqRjidlvqJojEmYzykPUMFDqly0+ziKToxygAFkTQlNMrU3xMpDpWahL7pDLEeqUVvJv7n9RIdXLkpE3GiqSDzRUHCkY7Q7H00YJISzSeGYCKZuRWREZaYaBNSyYTgLL68TNrnVceuOg8XlVo9j6MIR3AMp+DAJdTgHhrQAgICnuEV3ixlvVjv1se8tWDlM4fwB9bnD6PMj5M=</latexit>

If DA < TA
<latexit sha1_base64="c3rrQW2aw+uug8z5Y2XyM3dkj1s=">AAACBHicbVC7SgNBFJ2NrxhfUcs0g0GwCrsiaGGRqIV2EfKCZFlmJ7PJkNnZZeauGJYtbPwVGwtFbP0IO//GyaPQ6IELh3Pu5d57/FhwDbb9ZeWWlldW1/LrhY3Nre2d4u5eS0eJoqxJIxGpjk80E1yyJnAQrBMrRkJfsLY/upz47TumNI9kA8Yxc0MykDzglICRvGKpB+we0psAZ72QwJASkV5lXu284dW8Ytmu2FPgv8SZkzKao+4VP3v9iCYhk0AF0brr2DG4KVHAqWBZoZdoFhM6IgPWNVSSkGk3nT6R4UOj9HEQKVMS8FT9OZGSUOtx6JvOyaF60ZuI/3ndBIIzN+UyToBJOlsUJAJDhCeJ4D5XjIIYG0Ko4uZWTIdEEQomt4IJwVl8+S9pHVccu+LcnpSrF/M48qiEDtARctApqqJrVEdNRNEDekIv6NV6tJ6tN+t91pqz5jP76Besj29eHpfj</latexit><latexit sha1_base64="c3rrQW2aw+uug8z5Y2XyM3dkj1s=">AAACBHicbVC7SgNBFJ2NrxhfUcs0g0GwCrsiaGGRqIV2EfKCZFlmJ7PJkNnZZeauGJYtbPwVGwtFbP0IO//GyaPQ6IELh3Pu5d57/FhwDbb9ZeWWlldW1/LrhY3Nre2d4u5eS0eJoqxJIxGpjk80E1yyJnAQrBMrRkJfsLY/upz47TumNI9kA8Yxc0MykDzglICRvGKpB+we0psAZ72QwJASkV5lXu284dW8Ytmu2FPgv8SZkzKao+4VP3v9iCYhk0AF0brr2DG4KVHAqWBZoZdoFhM6IgPWNVSSkGk3nT6R4UOj9HEQKVMS8FT9OZGSUOtx6JvOyaF60ZuI/3ndBIIzN+UyToBJOlsUJAJDhCeJ4D5XjIIYG0Ko4uZWTIdEEQomt4IJwVl8+S9pHVccu+LcnpSrF/M48qiEDtARctApqqJrVEdNRNEDekIv6NV6tJ6tN+t91pqz5jP76Besj29eHpfj</latexit><latexit sha1_base64="c3rrQW2aw+uug8z5Y2XyM3dkj1s=">AAACBHicbVC7SgNBFJ2NrxhfUcs0g0GwCrsiaGGRqIV2EfKCZFlmJ7PJkNnZZeauGJYtbPwVGwtFbP0IO//GyaPQ6IELh3Pu5d57/FhwDbb9ZeWWlldW1/LrhY3Nre2d4u5eS0eJoqxJIxGpjk80E1yyJnAQrBMrRkJfsLY/upz47TumNI9kA8Yxc0MykDzglICRvGKpB+we0psAZ72QwJASkV5lXu284dW8Ytmu2FPgv8SZkzKao+4VP3v9iCYhk0AF0brr2DG4KVHAqWBZoZdoFhM6IgPWNVSSkGk3nT6R4UOj9HEQKVMS8FT9OZGSUOtx6JvOyaF60ZuI/3ndBIIzN+UyToBJOlsUJAJDhCeJ4D5XjIIYG0Ko4uZWTIdEEQomt4IJwVl8+S9pHVccu+LcnpSrF/M48qiEDtARctApqqJrVEdNRNEDekIv6NV6tJ6tN+t91pqz5jP76Besj29eHpfj</latexit><latexit sha1_base64="c3rrQW2aw+uug8z5Y2XyM3dkj1s=">AAACBHicbVC7SgNBFJ2NrxhfUcs0g0GwCrsiaGGRqIV2EfKCZFlmJ7PJkNnZZeauGJYtbPwVGwtFbP0IO//GyaPQ6IELh3Pu5d57/FhwDbb9ZeWWlldW1/LrhY3Nre2d4u5eS0eJoqxJIxGpjk80E1yyJnAQrBMrRkJfsLY/upz47TumNI9kA8Yxc0MykDzglICRvGKpB+we0psAZ72QwJASkV5lXu284dW8Ytmu2FPgv8SZkzKao+4VP3v9iCYhk0AF0brr2DG4KVHAqWBZoZdoFhM6IgPWNVSSkGk3nT6R4UOj9HEQKVMS8FT9OZGSUOtx6JvOyaF60ZuI/3ndBIIzN+UyToBJOlsUJAJDhCeJ4D5XjIIYG0Ko4uZWTIdEEQomt4IJwVl8+S9pHVccu+LcnpSrF/M48qiEDtARctApqqJrVEdNRNEDekIv6NV6tJ6tN+t91pqz5jP76Besj29eHpfj</latexit>

No entangling radiation from Alice

+
<latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit>

DA

D3
T 2
B < 1

<latexit sha1_base64="KEt/RD5hEhC0xqENEp2f3j/fp/g=">AAACCXicbVC7TsMwFHV4lvIKMLJYVEhMVVKQYGAopQNjkfqSmjZyXKe16jiR7SBVUVYWfoWFAYRY+QM2/ganzQAtR7rS0Tn36t57vIhRqSzr21hZXVvf2CxsFbd3dvf2zYPDtgxjgUkLhywUXQ9JwignLUUVI91IEBR4jHS8yW3mdx6IkDTkTTWNSD9AI059ipHSkmtCxxcIJ06A1BgjltRT9yZN6oPztOnWBpVr2zVLVtmaAS4TOyclkKPhml/OMMRxQLjCDEnZs61I9RMkFMWMpEUnliRCeIJGpKcpRwGR/WT2SQpPtTKEfih0cQVn6u+JBAVSTgNPd2YXy0UvE//zerHyr/oJ5VGsCMfzRX7MoAphFgscUkGwYlNNEBZU3wrxGOlolA6vqEOwF19eJu1K2bbK9v1FqVrL4yiAY3ACzoANLkEV3IEGaAEMHsEzeAVvxpPxYrwbH/PWFSOfOQJ/YHz+ALqnmaw=</latexit><latexit sha1_base64="KEt/RD5hEhC0xqENEp2f3j/fp/g=">AAACCXicbVC7TsMwFHV4lvIKMLJYVEhMVVKQYGAopQNjkfqSmjZyXKe16jiR7SBVUVYWfoWFAYRY+QM2/ganzQAtR7rS0Tn36t57vIhRqSzr21hZXVvf2CxsFbd3dvf2zYPDtgxjgUkLhywUXQ9JwignLUUVI91IEBR4jHS8yW3mdx6IkDTkTTWNSD9AI059ipHSkmtCxxcIJ06A1BgjltRT9yZN6oPztOnWBpVr2zVLVtmaAS4TOyclkKPhml/OMMRxQLjCDEnZs61I9RMkFMWMpEUnliRCeIJGpKcpRwGR/WT2SQpPtTKEfih0cQVn6u+JBAVSTgNPd2YXy0UvE//zerHyr/oJ5VGsCMfzRX7MoAphFgscUkGwYlNNEBZU3wrxGOlolA6vqEOwF19eJu1K2bbK9v1FqVrL4yiAY3ACzoANLkEV3IEGaAEMHsEzeAVvxpPxYrwbH/PWFSOfOQJ/YHz+ALqnmaw=</latexit><latexit sha1_base64="KEt/RD5hEhC0xqENEp2f3j/fp/g=">AAACCXicbVC7TsMwFHV4lvIKMLJYVEhMVVKQYGAopQNjkfqSmjZyXKe16jiR7SBVUVYWfoWFAYRY+QM2/ganzQAtR7rS0Tn36t57vIhRqSzr21hZXVvf2CxsFbd3dvf2zYPDtgxjgUkLhywUXQ9JwignLUUVI91IEBR4jHS8yW3mdx6IkDTkTTWNSD9AI059ipHSkmtCxxcIJ06A1BgjltRT9yZN6oPztOnWBpVr2zVLVtmaAS4TOyclkKPhml/OMMRxQLjCDEnZs61I9RMkFMWMpEUnliRCeIJGpKcpRwGR/WT2SQpPtTKEfih0cQVn6u+JBAVSTgNPd2YXy0UvE//zerHyr/oJ5VGsCMfzRX7MoAphFgscUkGwYlNNEBZU3wrxGOlolA6vqEOwF19eJu1K2bbK9v1FqVrL4yiAY3ACzoANLkEV3IEGaAEMHsEzeAVvxpPxYrwbH/PWFSOfOQJ/YHz+ALqnmaw=</latexit><latexit sha1_base64="KEt/RD5hEhC0xqENEp2f3j/fp/g=">AAACCXicbVC7TsMwFHV4lvIKMLJYVEhMVVKQYGAopQNjkfqSmjZyXKe16jiR7SBVUVYWfoWFAYRY+QM2/ganzQAtR7rS0Tn36t57vIhRqSzr21hZXVvf2CxsFbd3dvf2zYPDtgxjgUkLhywUXQ9JwignLUUVI91IEBR4jHS8yW3mdx6IkDTkTTWNSD9AI059ipHSkmtCxxcIJ06A1BgjltRT9yZN6oPztOnWBpVr2zVLVtmaAS4TOyclkKPhml/OMMRxQLjCDEnZs61I9RMkFMWMpEUnliRCeIJGpKcpRwGR/WT2SQpPtTKEfih0cQVn6u+JBAVSTgNPd2YXy0UvE//zerHyr/oJ5VGsCMfzRX7MoAphFgscUkGwYlNNEBZU3wrxGOlolA6vqEOwF19eJu1K2bbK9v1FqVrL4yiAY3ACzoANLkEV3IEGaAEMHsEzeAVvxpPxYrwbH/PWFSOfOQJ/YHz+ALqnmaw=</latexit>

i.e. no which-path info for Bob



RESOLUTION OF THE “APPARENT” PARADOXES

t
<latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit>

??

TA, TB < D
<latexit sha1_base64="ZctolkWjRRbhCK3gB4aaRbi1kNM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD14qNWDxwr9wjaEzXbTLt1swu5GKKH/wosHRbz6b7z5b9ymOWjrg4HHezPMzPNjzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8ce3M7/zRKVikWjqSUzdEA8FCxjB2kiPTe/mDDW9+vWdV67YVTsDWiZOTiqQo+GVv/qDiCQhFZpwrFTPsWPtplhqRjidlvqJojEmYzykPUMFDqly0+ziKToxygAFkTQlNMrU3xMpDpWahL7pDLEeqUVvJv7n9RIdXLkpE3GiqSDzRUHCkY7Q7H00YJISzSeGYCKZuRWREZaYaBNSyYTgLL68TNrnVceuOg8XlVo9j6MIR3AMp+DAJdTgHhrQAgICnuEV3ixlvVjv1se8tWDlM4fwB9bnD6PMj5M=</latexit><latexit sha1_base64="ZctolkWjRRbhCK3gB4aaRbi1kNM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD14qNWDxwr9wjaEzXbTLt1swu5GKKH/wosHRbz6b7z5b9ymOWjrg4HHezPMzPNjzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8ce3M7/zRKVikWjqSUzdEA8FCxjB2kiPTe/mDDW9+vWdV67YVTsDWiZOTiqQo+GVv/qDiCQhFZpwrFTPsWPtplhqRjidlvqJojEmYzykPUMFDqly0+ziKToxygAFkTQlNMrU3xMpDpWahL7pDLEeqUVvJv7n9RIdXLkpE3GiqSDzRUHCkY7Q7H00YJISzSeGYCKZuRWREZaYaBNSyYTgLL68TNrnVceuOg8XlVo9j6MIR3AMp+DAJdTgHhrQAgICnuEV3ixlvVjv1se8tWDlM4fwB9bnD6PMj5M=</latexit><latexit sha1_base64="ZctolkWjRRbhCK3gB4aaRbi1kNM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD14qNWDxwr9wjaEzXbTLt1swu5GKKH/wosHRbz6b7z5b9ymOWjrg4HHezPMzPNjzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8ce3M7/zRKVikWjqSUzdEA8FCxjB2kiPTe/mDDW9+vWdV67YVTsDWiZOTiqQo+GVv/qDiCQhFZpwrFTPsWPtplhqRjidlvqJojEmYzykPUMFDqly0+ziKToxygAFkTQlNMrU3xMpDpWahL7pDLEeqUVvJv7n9RIdXLkpE3GiqSDzRUHCkY7Q7H00YJISzSeGYCKZuRWREZaYaBNSyYTgLL68TNrnVceuOg8XlVo9j6MIR3AMp+DAJdTgHhrQAgICnuEV3ixlvVjv1se8tWDlM4fwB9bnD6PMj5M=</latexit><latexit sha1_base64="ZctolkWjRRbhCK3gB4aaRbi1kNM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD14qNWDxwr9wjaEzXbTLt1swu5GKKH/wosHRbz6b7z5b9ymOWjrg4HHezPMzPNjzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8ce3M7/zRKVikWjqSUzdEA8FCxjB2kiPTe/mDDW9+vWdV67YVTsDWiZOTiqQo+GVv/qDiCQhFZpwrFTPsWPtplhqRjidlvqJojEmYzykPUMFDqly0+ziKToxygAFkTQlNMrU3xMpDpWahL7pDLEeqUVvJv7n9RIdXLkpE3GiqSDzRUHCkY7Q7H00YJISzSeGYCKZuRWREZaYaBNSyYTgLL68TNrnVceuOg8XlVo9j6MIR3AMp+DAJdTgHhrQAgICnuEV3ixlvVjv1se8tWDlM4fwB9bnD6PMj5M=</latexit>

Alice gets decohered by radiation 

Bob in this case can be able to acquire which-path information without any 
contradiction with complementarity 

If DA > TA
<latexit sha1_base64="XLACIMdYLjD4kGtOHl8UFBKRXIo=">AAACBHicbVDLSsNAFJ3UV62vqstuBovgqiQi6EpadaG7Cn1BG8JkOmmHTiZh5kYsIQs3/oobF4q49SPc+TdOHwutHrhwOOde7r3HjwXXYNtfVm5peWV1Lb9e2Njc2t4p7u61dJQoypo0EpHq+EQzwSVrAgfBOrFiJPQFa/ujy4nfvmNK80g2YBwzNyQDyQNOCRjJK5Z6wO4hvQlw1gsJDCkR6VXm1c4bXs0rlu2KPQX+S5w5KaM56l7xs9ePaBIyCVQQrbuOHYObEgWcCpYVeolmMaEjMmBdQyUJmXbT6RMZPjRKHweRMiUBT9WfEykJtR6HvumcHKoXvYn4n9dNIDhzUy7jBJiks0VBIjBEeJII7nPFKIixIYQqbm7FdEgUoWByK5gQnMWX/5LWccWxK87tSbl6MY8jj0roAB0hB52iKrpGddREFD2gJ/SCXq1H69l6s95nrTlrPrOPfsH6+AZhLJfl</latexit><latexit sha1_base64="XLACIMdYLjD4kGtOHl8UFBKRXIo=">AAACBHicbVDLSsNAFJ3UV62vqstuBovgqiQi6EpadaG7Cn1BG8JkOmmHTiZh5kYsIQs3/oobF4q49SPc+TdOHwutHrhwOOde7r3HjwXXYNtfVm5peWV1Lb9e2Njc2t4p7u61dJQoypo0EpHq+EQzwSVrAgfBOrFiJPQFa/ujy4nfvmNK80g2YBwzNyQDyQNOCRjJK5Z6wO4hvQlw1gsJDCkR6VXm1c4bXs0rlu2KPQX+S5w5KaM56l7xs9ePaBIyCVQQrbuOHYObEgWcCpYVeolmMaEjMmBdQyUJmXbT6RMZPjRKHweRMiUBT9WfEykJtR6HvumcHKoXvYn4n9dNIDhzUy7jBJiks0VBIjBEeJII7nPFKIixIYQqbm7FdEgUoWByK5gQnMWX/5LWccWxK87tSbl6MY8jj0roAB0hB52iKrpGddREFD2gJ/SCXq1H69l6s95nrTlrPrOPfsH6+AZhLJfl</latexit><latexit sha1_base64="XLACIMdYLjD4kGtOHl8UFBKRXIo=">AAACBHicbVDLSsNAFJ3UV62vqstuBovgqiQi6EpadaG7Cn1BG8JkOmmHTiZh5kYsIQs3/oobF4q49SPc+TdOHwutHrhwOOde7r3HjwXXYNtfVm5peWV1Lb9e2Njc2t4p7u61dJQoypo0EpHq+EQzwSVrAgfBOrFiJPQFa/ujy4nfvmNK80g2YBwzNyQDyQNOCRjJK5Z6wO4hvQlw1gsJDCkR6VXm1c4bXs0rlu2KPQX+S5w5KaM56l7xs9ePaBIyCVQQrbuOHYObEgWcCpYVeolmMaEjMmBdQyUJmXbT6RMZPjRKHweRMiUBT9WfEykJtR6HvumcHKoXvYn4n9dNIDhzUy7jBJiks0VBIjBEeJII7nPFKIixIYQqbm7FdEgUoWByK5gQnMWX/5LWccWxK87tSbl6MY8jj0roAB0hB52iKrpGddREFD2gJ/SCXq1H69l6s95nrTlrPrOPfsH6+AZhLJfl</latexit><latexit sha1_base64="XLACIMdYLjD4kGtOHl8UFBKRXIo=">AAACBHicbVDLSsNAFJ3UV62vqstuBovgqiQi6EpadaG7Cn1BG8JkOmmHTiZh5kYsIQs3/oobF4q49SPc+TdOHwutHrhwOOde7r3HjwXXYNtfVm5peWV1Lb9e2Njc2t4p7u61dJQoypo0EpHq+EQzwSVrAgfBOrFiJPQFa/ujy4nfvmNK80g2YBwzNyQDyQNOCRjJK5Z6wO4hvQlw1gsJDCkR6VXm1c4bXs0rlu2KPQX+S5w5KaM56l7xs9ePaBIyCVQQrbuOHYObEgWcCpYVeolmMaEjMmBdQyUJmXbT6RMZPjRKHweRMiUBT9WfEykJtR6HvumcHKoXvYn4n9dNIDhzUy7jBJiks0VBIjBEeJII7nPFKIixIYQqbm7FdEgUoWByK5gQnMWX/5LWccWxK87tSbl6MY8jj0roAB0hB52iKrpGddREFD2gJ/SCXq1H69l6s95nrTlrPrOPfsH6+AZhLJfl</latexit>



RESOLUTION OF THE “APPARENT” PARADOXES

t
<latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit>

??

TA, TB < D
<latexit sha1_base64="ZctolkWjRRbhCK3gB4aaRbi1kNM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD14qNWDxwr9wjaEzXbTLt1swu5GKKH/wosHRbz6b7z5b9ymOWjrg4HHezPMzPNjzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8ce3M7/zRKVikWjqSUzdEA8FCxjB2kiPTe/mDDW9+vWdV67YVTsDWiZOTiqQo+GVv/qDiCQhFZpwrFTPsWPtplhqRjidlvqJojEmYzykPUMFDqly0+ziKToxygAFkTQlNMrU3xMpDpWahL7pDLEeqUVvJv7n9RIdXLkpE3GiqSDzRUHCkY7Q7H00YJISzSeGYCKZuRWREZaYaBNSyYTgLL68TNrnVceuOg8XlVo9j6MIR3AMp+DAJdTgHhrQAgICnuEV3ixlvVjv1se8tWDlM4fwB9bnD6PMj5M=</latexit><latexit sha1_base64="ZctolkWjRRbhCK3gB4aaRbi1kNM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD14qNWDxwr9wjaEzXbTLt1swu5GKKH/wosHRbz6b7z5b9ymOWjrg4HHezPMzPNjzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8ce3M7/zRKVikWjqSUzdEA8FCxjB2kiPTe/mDDW9+vWdV67YVTsDWiZOTiqQo+GVv/qDiCQhFZpwrFTPsWPtplhqRjidlvqJojEmYzykPUMFDqly0+ziKToxygAFkTQlNMrU3xMpDpWahL7pDLEeqUVvJv7n9RIdXLkpE3GiqSDzRUHCkY7Q7H00YJISzSeGYCKZuRWREZaYaBNSyYTgLL68TNrnVceuOg8XlVo9j6MIR3AMp+DAJdTgHhrQAgICnuEV3ixlvVjv1se8tWDlM4fwB9bnD6PMj5M=</latexit><latexit sha1_base64="ZctolkWjRRbhCK3gB4aaRbi1kNM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD14qNWDxwr9wjaEzXbTLt1swu5GKKH/wosHRbz6b7z5b9ymOWjrg4HHezPMzPNjzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8ce3M7/zRKVikWjqSUzdEA8FCxjB2kiPTe/mDDW9+vWdV67YVTsDWiZOTiqQo+GVv/qDiCQhFZpwrFTPsWPtplhqRjidlvqJojEmYzykPUMFDqly0+ziKToxygAFkTQlNMrU3xMpDpWahL7pDLEeqUVvJv7n9RIdXLkpE3GiqSDzRUHCkY7Q7H00YJISzSeGYCKZuRWREZaYaBNSyYTgLL68TNrnVceuOg8XlVo9j6MIR3AMp+DAJdTgHhrQAgICnuEV3ixlvVjv1se8tWDlM4fwB9bnD6PMj5M=</latexit><latexit sha1_base64="ZctolkWjRRbhCK3gB4aaRbi1kNM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD14qNWDxwr9wjaEzXbTLt1swu5GKKH/wosHRbz6b7z5b9ymOWjrg4HHezPMzPNjzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8ce3M7/zRKVikWjqSUzdEA8FCxjB2kiPTe/mDDW9+vWdV67YVTsDWiZOTiqQo+GVv/qDiCQhFZpwrFTPsWPtplhqRjidlvqJojEmYzykPUMFDqly0+ziKToxygAFkTQlNMrU3xMpDpWahL7pDLEeqUVvJv7n9RIdXLkpE3GiqSDzRUHCkY7Q7H00YJISzSeGYCKZuRWREZaYaBNSyYTgLL68TNrnVceuOg8XlVo9j6MIR3AMp+DAJdTgHhrQAgICnuEV3ixlvVjv1se8tWDlM4fwB9bnD6PMj5M=</latexit>

Alice gets decohered by radiation 



3. Gravitational case



Quantum Vacuum Fluctuations

Limit* on mass localization due to fluctuations of the grav. field:

*more stringent than Compton length localization only for m>1

In order to acquire significant which-path information 

�xB > `P
<latexit sha1_base64="9XMr7dH2SPhyPixcROF/CkienAo=">AAAB+nicbVDLSsNAFJ34rPXV6tLNYBFclUQEXUmpG5cV7AOaECaTm3boZBJmJmqJ/RQ3LhRx65e482+ctllo64GBwznncu+cIOVMadv+tlZW19Y3Nktb5e2d3b39SvWgo5JMUmjThCeyFxAFnAloa6Y59FIJJA44dIPR9dTv3oNULBF3epyCF5OBYBGjRBvJr1TdELgm+NFvXrnAud/yKzW7bs+Al4lTkBoqYPJfbpjQLAahKSdK9R071V5OpGaUw6TsZgpSQkdkAH1DBYlBefns9Ak+MUqIo0SaJzSeqb8nchIrNY4Dk4yJHqpFbyr+5/UzHV16ORNppkHQ+aIo41gneNoDDpkEqvnYEEIlM7diOiSSUG3aKpsSnMUvL5POWd2x687tea3RLOoooSN0jE6Rgy5QA92gFmojih7QM3pFb9aT9WK9Wx/z6IpVzByiP7A+fwB6CpN6</latexit><latexit sha1_base64="9XMr7dH2SPhyPixcROF/CkienAo=">AAAB+nicbVDLSsNAFJ34rPXV6tLNYBFclUQEXUmpG5cV7AOaECaTm3boZBJmJmqJ/RQ3LhRx65e482+ctllo64GBwznncu+cIOVMadv+tlZW19Y3Nktb5e2d3b39SvWgo5JMUmjThCeyFxAFnAloa6Y59FIJJA44dIPR9dTv3oNULBF3epyCF5OBYBGjRBvJr1TdELgm+NFvXrnAud/yKzW7bs+Al4lTkBoqYPJfbpjQLAahKSdK9R071V5OpGaUw6TsZgpSQkdkAH1DBYlBefns9Ak+MUqIo0SaJzSeqb8nchIrNY4Dk4yJHqpFbyr+5/UzHV16ORNppkHQ+aIo41gneNoDDpkEqvnYEEIlM7diOiSSUG3aKpsSnMUvL5POWd2x687tea3RLOoooSN0jE6Rgy5QA92gFmojih7QM3pFb9aT9WK9Wx/z6IpVzByiP7A+fwB6CpN6</latexit><latexit sha1_base64="9XMr7dH2SPhyPixcROF/CkienAo=">AAAB+nicbVDLSsNAFJ34rPXV6tLNYBFclUQEXUmpG5cV7AOaECaTm3boZBJmJmqJ/RQ3LhRx65e482+ctllo64GBwznncu+cIOVMadv+tlZW19Y3Nktb5e2d3b39SvWgo5JMUmjThCeyFxAFnAloa6Y59FIJJA44dIPR9dTv3oNULBF3epyCF5OBYBGjRBvJr1TdELgm+NFvXrnAud/yKzW7bs+Al4lTkBoqYPJfbpjQLAahKSdK9R071V5OpGaUw6TsZgpSQkdkAH1DBYlBefns9Ak+MUqIo0SaJzSeqb8nchIrNY4Dk4yJHqpFbyr+5/UzHV16ORNppkHQ+aIo41gneNoDDpkEqvnYEEIlM7diOiSSUG3aKpsSnMUvL5POWd2x687tea3RLOoooSN0jE6Rgy5QA92gFmojih7QM3pFb9aT9WK9Wx/z6IpVzByiP7A+fwB6CpN6</latexit><latexit sha1_base64="9XMr7dH2SPhyPixcROF/CkienAo=">AAAB+nicbVDLSsNAFJ34rPXV6tLNYBFclUQEXUmpG5cV7AOaECaTm3boZBJmJmqJ/RQ3LhRx65e482+ctllo64GBwznncu+cIOVMadv+tlZW19Y3Nktb5e2d3b39SvWgo5JMUmjThCeyFxAFnAloa6Y59FIJJA44dIPR9dTv3oNULBF3epyCF5OBYBGjRBvJr1TdELgm+NFvXrnAud/yKzW7bs+Al4lTkBoqYPJfbpjQLAahKSdK9R071V5OpGaUw6TsZgpSQkdkAH1DBYlBefns9Ak+MUqIo0SaJzSeqb8nchIrNY4Dk4yJHqpFbyr+5/UzHV16ORNppkHQ+aIo41gneNoDDpkEqvnYEEIlM7diOiSSUG3aKpsSnMUvL5POWd2x687tea3RLOoooSN0jE6Rgy5QA92gFmojih7QM3pFb9aT9WK9Wx/z6IpVzByiP7A+fwB6CpN6</latexit>

�x ⇠ `P
<latexit sha1_base64="trHT2TR/LzBxzyCVqSAfOjzpwNU=">AAAB+3icbVBNSwMxFMzWr1q/aj16CRbBU9kVQY9FPXisYGuhu5Rs+rYNzWaX5K20lP4VLx4U8eof8ea/MW33oK0DgWFmHu9lwlQKg6777RTW1jc2t4rbpZ3dvf2D8mGlZZJMc2jyRCa6HTIDUihookAJ7VQDi0MJj+HwZuY/PoE2IlEPOE4hiFlfiUhwhlbqliv+LUhkdOQbEfsgZbfRLVfdmjsHXSVeTqokh81/+b2EZzEo5JIZ0/HcFIMJ0yi4hGnJzwykjA9ZHzqWKhaDCSbz26f01Co9GiXaPoV0rv6emLDYmHEc2mTMcGCWvZn4n9fJMLoKJkKlGYLii0VRJikmdFYE7QkNHOXYEsa1sLdSPmCacbR1lWwJ3vKXV0nrvOa5Ne/+olq/zusokmNyQs6IRy5JndyRBmkSTkbkmbySN2fqvDjvzsciWnDymSPyB87nD6HZlCo=</latexit><latexit sha1_base64="trHT2TR/LzBxzyCVqSAfOjzpwNU=">AAAB+3icbVBNSwMxFMzWr1q/aj16CRbBU9kVQY9FPXisYGuhu5Rs+rYNzWaX5K20lP4VLx4U8eof8ea/MW33oK0DgWFmHu9lwlQKg6777RTW1jc2t4rbpZ3dvf2D8mGlZZJMc2jyRCa6HTIDUihookAJ7VQDi0MJj+HwZuY/PoE2IlEPOE4hiFlfiUhwhlbqliv+LUhkdOQbEfsgZbfRLVfdmjsHXSVeTqokh81/+b2EZzEo5JIZ0/HcFIMJ0yi4hGnJzwykjA9ZHzqWKhaDCSbz26f01Co9GiXaPoV0rv6emLDYmHEc2mTMcGCWvZn4n9fJMLoKJkKlGYLii0VRJikmdFYE7QkNHOXYEsa1sLdSPmCacbR1lWwJ3vKXV0nrvOa5Ne/+olq/zusokmNyQs6IRy5JndyRBmkSTkbkmbySN2fqvDjvzsciWnDymSPyB87nD6HZlCo=</latexit><latexit sha1_base64="trHT2TR/LzBxzyCVqSAfOjzpwNU=">AAAB+3icbVBNSwMxFMzWr1q/aj16CRbBU9kVQY9FPXisYGuhu5Rs+rYNzWaX5K20lP4VLx4U8eof8ea/MW33oK0DgWFmHu9lwlQKg6777RTW1jc2t4rbpZ3dvf2D8mGlZZJMc2jyRCa6HTIDUihookAJ7VQDi0MJj+HwZuY/PoE2IlEPOE4hiFlfiUhwhlbqliv+LUhkdOQbEfsgZbfRLVfdmjsHXSVeTqokh81/+b2EZzEo5JIZ0/HcFIMJ0yi4hGnJzwykjA9ZHzqWKhaDCSbz26f01Co9GiXaPoV0rv6emLDYmHEc2mTMcGCWvZn4n9fJMLoKJkKlGYLii0VRJikmdFYE7QkNHOXYEsa1sLdSPmCacbR1lWwJ3vKXV0nrvOa5Ne/+olq/zusokmNyQs6IRy5JndyRBmkSTkbkmbySN2fqvDjvzsciWnDymSPyB87nD6HZlCo=</latexit><latexit sha1_base64="trHT2TR/LzBxzyCVqSAfOjzpwNU=">AAAB+3icbVBNSwMxFMzWr1q/aj16CRbBU9kVQY9FPXisYGuhu5Rs+rYNzWaX5K20lP4VLx4U8eof8ea/MW33oK0DgWFmHu9lwlQKg6777RTW1jc2t4rbpZ3dvf2D8mGlZZJMc2jyRCa6HTIDUihookAJ7VQDi0MJj+HwZuY/PoE2IlEPOE4hiFlfiUhwhlbqliv+LUhkdOQbEfsgZbfRLVfdmjsHXSVeTqokh81/+b2EZzEo5JIZ0/HcFIMJ0yi4hGnJzwykjA9ZHzqWKhaDCSbz26f01Co9GiXaPoV0rv6emLDYmHEc2mTMcGCWvZn4n9fJMLoKJkKlGYLii0VRJikmdFYE7QkNHOXYEsa1sLdSPmCacbR1lWwJ3vKXV0nrvOa5Ne/+olq/zusokmNyQs6IRy5JndyRBmkSTkbkmbySN2fqvDjvzsciWnDymSPyB87nD6HZlCo=</latexit>



*more stringent than Compton length localization only for q>1

Quantum Vacuum Fluctuations

Limit* on mass localization due to fluctuations of the grav. field:

In order to acquire significant which-path information 

�xB > `P
<latexit sha1_base64="9XMr7dH2SPhyPixcROF/CkienAo=">AAAB+nicbVDLSsNAFJ34rPXV6tLNYBFclUQEXUmpG5cV7AOaECaTm3boZBJmJmqJ/RQ3LhRx65e482+ctllo64GBwznncu+cIOVMadv+tlZW19Y3Nktb5e2d3b39SvWgo5JMUmjThCeyFxAFnAloa6Y59FIJJA44dIPR9dTv3oNULBF3epyCF5OBYBGjRBvJr1TdELgm+NFvXrnAud/yKzW7bs+Al4lTkBoqYPJfbpjQLAahKSdK9R071V5OpGaUw6TsZgpSQkdkAH1DBYlBefns9Ak+MUqIo0SaJzSeqb8nchIrNY4Dk4yJHqpFbyr+5/UzHV16ORNppkHQ+aIo41gneNoDDpkEqvnYEEIlM7diOiSSUG3aKpsSnMUvL5POWd2x687tea3RLOoooSN0jE6Rgy5QA92gFmojih7QM3pFb9aT9WK9Wx/z6IpVzByiP7A+fwB6CpN6</latexit><latexit sha1_base64="9XMr7dH2SPhyPixcROF/CkienAo=">AAAB+nicbVDLSsNAFJ34rPXV6tLNYBFclUQEXUmpG5cV7AOaECaTm3boZBJmJmqJ/RQ3LhRx65e482+ctllo64GBwznncu+cIOVMadv+tlZW19Y3Nktb5e2d3b39SvWgo5JMUmjThCeyFxAFnAloa6Y59FIJJA44dIPR9dTv3oNULBF3epyCF5OBYBGjRBvJr1TdELgm+NFvXrnAud/yKzW7bs+Al4lTkBoqYPJfbpjQLAahKSdK9R071V5OpGaUw6TsZgpSQkdkAH1DBYlBefns9Ak+MUqIo0SaJzSeqb8nchIrNY4Dk4yJHqpFbyr+5/UzHV16ORNppkHQ+aIo41gneNoDDpkEqvnYEEIlM7diOiSSUG3aKpsSnMUvL5POWd2x687tea3RLOoooSN0jE6Rgy5QA92gFmojih7QM3pFb9aT9WK9Wx/z6IpVzByiP7A+fwB6CpN6</latexit><latexit sha1_base64="9XMr7dH2SPhyPixcROF/CkienAo=">AAAB+nicbVDLSsNAFJ34rPXV6tLNYBFclUQEXUmpG5cV7AOaECaTm3boZBJmJmqJ/RQ3LhRx65e482+ctllo64GBwznncu+cIOVMadv+tlZW19Y3Nktb5e2d3b39SvWgo5JMUmjThCeyFxAFnAloa6Y59FIJJA44dIPR9dTv3oNULBF3epyCF5OBYBGjRBvJr1TdELgm+NFvXrnAud/yKzW7bs+Al4lTkBoqYPJfbpjQLAahKSdK9R071V5OpGaUw6TsZgpSQkdkAH1DBYlBefns9Ak+MUqIo0SaJzSeqb8nchIrNY4Dk4yJHqpFbyr+5/UzHV16ORNppkHQ+aIo41gneNoDDpkEqvnYEEIlM7diOiSSUG3aKpsSnMUvL5POWd2x687tea3RLOoooSN0jE6Rgy5QA92gFmojih7QM3pFb9aT9WK9Wx/z6IpVzByiP7A+fwB6CpN6</latexit><latexit sha1_base64="9XMr7dH2SPhyPixcROF/CkienAo=">AAAB+nicbVDLSsNAFJ34rPXV6tLNYBFclUQEXUmpG5cV7AOaECaTm3boZBJmJmqJ/RQ3LhRx65e482+ctllo64GBwznncu+cIOVMadv+tlZW19Y3Nktb5e2d3b39SvWgo5JMUmjThCeyFxAFnAloa6Y59FIJJA44dIPR9dTv3oNULBF3epyCF5OBYBGjRBvJr1TdELgm+NFvXrnAud/yKzW7bs+Al4lTkBoqYPJfbpjQLAahKSdK9R071V5OpGaUw6TsZgpSQkdkAH1DBYlBefns9Ak+MUqIo0SaJzSeqb8nchIrNY4Dk4yJHqpFbyr+5/UzHV16ORNppkHQ+aIo41gneNoDDpkEqvnYEEIlM7diOiSSUG3aKpsSnMUvL5POWd2x687tea3RLOoooSN0jE6Rgy5QA92gFmojih7QM3pFb9aT9WK9Wx/z6IpVzByiP7A+fwB6CpN6</latexit>

�x ⇠ `P
<latexit sha1_base64="trHT2TR/LzBxzyCVqSAfOjzpwNU=">AAAB+3icbVBNSwMxFMzWr1q/aj16CRbBU9kVQY9FPXisYGuhu5Rs+rYNzWaX5K20lP4VLx4U8eof8ea/MW33oK0DgWFmHu9lwlQKg6777RTW1jc2t4rbpZ3dvf2D8mGlZZJMc2jyRCa6HTIDUihookAJ7VQDi0MJj+HwZuY/PoE2IlEPOE4hiFlfiUhwhlbqliv+LUhkdOQbEfsgZbfRLVfdmjsHXSVeTqokh81/+b2EZzEo5JIZ0/HcFIMJ0yi4hGnJzwykjA9ZHzqWKhaDCSbz26f01Co9GiXaPoV0rv6emLDYmHEc2mTMcGCWvZn4n9fJMLoKJkKlGYLii0VRJikmdFYE7QkNHOXYEsa1sLdSPmCacbR1lWwJ3vKXV0nrvOa5Ne/+olq/zusokmNyQs6IRy5JndyRBmkSTkbkmbySN2fqvDjvzsciWnDymSPyB87nD6HZlCo=</latexit><latexit sha1_base64="trHT2TR/LzBxzyCVqSAfOjzpwNU=">AAAB+3icbVBNSwMxFMzWr1q/aj16CRbBU9kVQY9FPXisYGuhu5Rs+rYNzWaX5K20lP4VLx4U8eof8ea/MW33oK0DgWFmHu9lwlQKg6777RTW1jc2t4rbpZ3dvf2D8mGlZZJMc2jyRCa6HTIDUihookAJ7VQDi0MJj+HwZuY/PoE2IlEPOE4hiFlfiUhwhlbqliv+LUhkdOQbEfsgZbfRLVfdmjsHXSVeTqokh81/+b2EZzEo5JIZ0/HcFIMJ0yi4hGnJzwykjA9ZHzqWKhaDCSbz26f01Co9GiXaPoV0rv6emLDYmHEc2mTMcGCWvZn4n9fJMLoKJkKlGYLii0VRJikmdFYE7QkNHOXYEsa1sLdSPmCacbR1lWwJ3vKXV0nrvOa5Ne/+olq/zusokmNyQs6IRy5JndyRBmkSTkbkmbySN2fqvDjvzsciWnDymSPyB87nD6HZlCo=</latexit><latexit sha1_base64="trHT2TR/LzBxzyCVqSAfOjzpwNU=">AAAB+3icbVBNSwMxFMzWr1q/aj16CRbBU9kVQY9FPXisYGuhu5Rs+rYNzWaX5K20lP4VLx4U8eof8ea/MW33oK0DgWFmHu9lwlQKg6777RTW1jc2t4rbpZ3dvf2D8mGlZZJMc2jyRCa6HTIDUihookAJ7VQDi0MJj+HwZuY/PoE2IlEPOE4hiFlfiUhwhlbqliv+LUhkdOQbEfsgZbfRLVfdmjsHXSVeTqokh81/+b2EZzEo5JIZ0/HcFIMJ0yi4hGnJzwykjA9ZHzqWKhaDCSbz26f01Co9GiXaPoV0rv6emLDYmHEc2mTMcGCWvZn4n9fJMLoKJkKlGYLii0VRJikmdFYE7QkNHOXYEsa1sLdSPmCacbR1lWwJ3vKXV0nrvOa5Ne/+olq/zusokmNyQs6IRy5JndyRBmkSTkbkmbySN2fqvDjvzsciWnDymSPyB87nD6HZlCo=</latexit><latexit sha1_base64="trHT2TR/LzBxzyCVqSAfOjzpwNU=">AAAB+3icbVBNSwMxFMzWr1q/aj16CRbBU9kVQY9FPXisYGuhu5Rs+rYNzWaX5K20lP4VLx4U8eof8ea/MW33oK0DgWFmHu9lwlQKg6777RTW1jc2t4rbpZ3dvf2D8mGlZZJMc2jyRCa6HTIDUihookAJ7VQDi0MJj+HwZuY/PoE2IlEPOE4hiFlfiUhwhlbqliv+LUhkdOQbEfsgZbfRLVfdmjsHXSVeTqokh81/+b2EZzEo5JIZ0/HcFIMJ0yi4hGnJzwykjA9ZHzqWKhaDCSbz26f01Co9GiXaPoV0rv6emLDYmHEc2mTMcGCWvZn4n9fJMLoKJkKlGYLii0VRJikmdFYE7QkNHOXYEsa1sLdSPmCacbR1lWwJ3vKXV0nrvOa5Ne/+olq/zusokmNyQs6IRy5JndyRBmkSTkbkmbySN2fqvDjvzsciWnDymSPyB87nD6HZlCo=</latexit>

*

xCM = 0
<latexit sha1_base64="dIjFiOFZ0ZZp7qY6WAGpdFlzuhM=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0IxV68CBVcW2iXkk2zbWiSXZOsWJb+CS8eVLz6e7z5b0zbPWjrg4HHezPMzAsTzrRx3W+nsLS8srpWXC9tbG5t75R39+51nCpCfRLzWLVCrClnkvqGGU5biaJYhJw2w2F94jcfqdIslndmlNBA4L5kESPYWKn11M3qN+NLt1uuuFV3CrRIvJxUIEejW/7q9GKSCioN4VjrtucmJsiwMoxwOi51Uk0TTIa4T9uWSiyoDrLpvWN0ZJUeimJlSxo0VX9PZFhoPRKh7RTYDPS8NxH/89qpic6DjMkkNVSS2aIo5cjEaPI86jFFieEjSzBRzN6KyAArTIyNqGRD8OZfXiT+SfWi6t2eVmpXeRpFOIBDOAYPzqAG19AAHwhweIZXeHMenBfn3fmYtRacfGYf/sD5/AHnSY9q</latexit><latexit sha1_base64="dIjFiOFZ0ZZp7qY6WAGpdFlzuhM=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0IxV68CBVcW2iXkk2zbWiSXZOsWJb+CS8eVLz6e7z5b0zbPWjrg4HHezPMzAsTzrRx3W+nsLS8srpWXC9tbG5t75R39+51nCpCfRLzWLVCrClnkvqGGU5biaJYhJw2w2F94jcfqdIslndmlNBA4L5kESPYWKn11M3qN+NLt1uuuFV3CrRIvJxUIEejW/7q9GKSCioN4VjrtucmJsiwMoxwOi51Uk0TTIa4T9uWSiyoDrLpvWN0ZJUeimJlSxo0VX9PZFhoPRKh7RTYDPS8NxH/89qpic6DjMkkNVSS2aIo5cjEaPI86jFFieEjSzBRzN6KyAArTIyNqGRD8OZfXiT+SfWi6t2eVmpXeRpFOIBDOAYPzqAG19AAHwhweIZXeHMenBfn3fmYtRacfGYf/sD5/AHnSY9q</latexit><latexit sha1_base64="dIjFiOFZ0ZZp7qY6WAGpdFlzuhM=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0IxV68CBVcW2iXkk2zbWiSXZOsWJb+CS8eVLz6e7z5b0zbPWjrg4HHezPMzAsTzrRx3W+nsLS8srpWXC9tbG5t75R39+51nCpCfRLzWLVCrClnkvqGGU5biaJYhJw2w2F94jcfqdIslndmlNBA4L5kESPYWKn11M3qN+NLt1uuuFV3CrRIvJxUIEejW/7q9GKSCioN4VjrtucmJsiwMoxwOi51Uk0TTIa4T9uWSiyoDrLpvWN0ZJUeimJlSxo0VX9PZFhoPRKh7RTYDPS8NxH/89qpic6DjMkkNVSS2aIo5cjEaPI86jFFieEjSzBRzN6KyAArTIyNqGRD8OZfXiT+SfWi6t2eVmpXeRpFOIBDOAYPzqAG19AAHwhweIZXeHMenBfn3fmYtRacfGYf/sD5/AHnSY9q</latexit><latexit sha1_base64="dIjFiOFZ0ZZp7qY6WAGpdFlzuhM=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0IxV68CBVcW2iXkk2zbWiSXZOsWJb+CS8eVLz6e7z5b0zbPWjrg4HHezPMzAsTzrRx3W+nsLS8srpWXC9tbG5t75R39+51nCpCfRLzWLVCrClnkvqGGU5biaJYhJw2w2F94jcfqdIslndmlNBA4L5kESPYWKn11M3qN+NLt1uuuFV3CrRIvJxUIEejW/7q9GKSCioN4VjrtucmJsiwMoxwOi51Uk0TTIa4T9uWSiyoDrLpvWN0ZJUeimJlSxo0VX9PZFhoPRKh7RTYDPS8NxH/89qpic6DjMkkNVSS2aIo5cjEaPI86jFFieEjSzBRzN6KyAArTIyNqGRD8OZfXiT+SfWi6t2eVmpXeRpFOIBDOAYPzqAG19AAHwhweIZXeHMenBfn3fmYtRacfGYf/sD5/AHnSY9q</latexit>

⇡<latexit sha1_base64="zSeINC7mBfKT7PUA/yJdG943/8Q=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VvXis4NpCu5Rsmm1Ds0lIsmJZ+iO8eFDx6v/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmlldW19o7xZ2dre2d2r7h88GJlpQkMiudTtGBvKmaChZZbTttIUpzGnrXh0M/Vbj1QbJsW9HSsapXggWMIItk5qdbFSWj71qjW/7s+AlklQkBoUaPaqX92+JFlKhSUcG9MJfGWjHGvLCKeTSjczVGEywgPacVTglJoon507QSdO6aNEalfCopn6eyLHqTHjNHadKbZDs+hNxf+8TmaTyyhnQmWWCjJflGQcWYmmv6M+05RYPnYEE83crYgMscbEuoQqLoRg8eVlEp7Vr+rB3XmtcV2kUYYjOIZTCOACGnALTQiBwAie4RXePOW9eO/ex7y15BUzh/AH3ucP/zWPig==</latexit><latexit sha1_base64="zSeINC7mBfKT7PUA/yJdG943/8Q=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VvXis4NpCu5Rsmm1Ds0lIsmJZ+iO8eFDx6v/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmlldW19o7xZ2dre2d2r7h88GJlpQkMiudTtGBvKmaChZZbTttIUpzGnrXh0M/Vbj1QbJsW9HSsapXggWMIItk5qdbFSWj71qjW/7s+AlklQkBoUaPaqX92+JFlKhSUcG9MJfGWjHGvLCKeTSjczVGEywgPacVTglJoon507QSdO6aNEalfCopn6eyLHqTHjNHadKbZDs+hNxf+8TmaTyyhnQmWWCjJflGQcWYmmv6M+05RYPnYEE83crYgMscbEuoQqLoRg8eVlEp7Vr+rB3XmtcV2kUYYjOIZTCOACGnALTQiBwAie4RXePOW9eO/ex7y15BUzh/AH3ucP/zWPig==</latexit><latexit sha1_base64="zSeINC7mBfKT7PUA/yJdG943/8Q=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VvXis4NpCu5Rsmm1Ds0lIsmJZ+iO8eFDx6v/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmlldW19o7xZ2dre2d2r7h88GJlpQkMiudTtGBvKmaChZZbTttIUpzGnrXh0M/Vbj1QbJsW9HSsapXggWMIItk5qdbFSWj71qjW/7s+AlklQkBoUaPaqX92+JFlKhSUcG9MJfGWjHGvLCKeTSjczVGEywgPacVTglJoon507QSdO6aNEalfCopn6eyLHqTHjNHadKbZDs+hNxf+8TmaTyyhnQmWWCjJflGQcWYmmv6M+05RYPnYEE83crYgMscbEuoQqLoRg8eVlEp7Vr+rB3XmtcV2kUYYjOIZTCOACGnALTQiBwAie4RXePOW9eO/ex7y15BUzh/AH3ucP/zWPig==</latexit><latexit sha1_base64="zSeINC7mBfKT7PUA/yJdG943/8Q=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VvXis4NpCu5Rsmm1Ds0lIsmJZ+iO8eFDx6v/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmlldW19o7xZ2dre2d2r7h88GJlpQkMiudTtGBvKmaChZZbTttIUpzGnrXh0M/Vbj1QbJsW9HSsapXggWMIItk5qdbFSWj71qjW/7s+AlklQkBoUaPaqX92+JFlKhSUcG9MJfGWjHGvLCKeTSjczVGEywgPacVTglJoon507QSdO6aNEalfCopn6eyLHqTHjNHadKbZDs+hNxf+8TmaTyyhnQmWWCjJflGQcWYmmv6M+05RYPnYEE83crYgMscbEuoQqLoRg8eVlEp7Vr+rB3XmtcV2kUYYjOIZTCOACGnALTQiBwAie4RXePOW9eO/ex7y15BUzh/AH3ucP/zWPig==</latexit>M
<latexit sha1_base64="2bCVaGjBVkw40Ey6VQ8hhrpoyIg=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL16EFowttKFsttN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3Uz95hMqzWN5b8YJBhEdSN7njBorNe665YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks0Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9yyDjMkkNSjZf1E8FMTGZfk16XCEzYmwJZYrbWwkbUkWZsdmUbAje4svLxD+rXlW9xnmldp2nUYQjOIZT8OACanALdfCBAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucPE56MpQ==</latexit><latexit sha1_base64="2bCVaGjBVkw40Ey6VQ8hhrpoyIg=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL16EFowttKFsttN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3Uz95hMqzWN5b8YJBhEdSN7njBorNe665YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks0Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9yyDjMkkNSjZf1E8FMTGZfk16XCEzYmwJZYrbWwkbUkWZsdmUbAje4svLxD+rXlW9xnmldp2nUYQjOIZT8OACanALdfCBAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucPE56MpQ==</latexit><latexit sha1_base64="2bCVaGjBVkw40Ey6VQ8hhrpoyIg=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL16EFowttKFsttN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3Uz95hMqzWN5b8YJBhEdSN7njBorNe665YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks0Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9yyDjMkkNSjZf1E8FMTGZfk16XCEzYmwJZYrbWwkbUkWZsdmUbAje4svLxD+rXlW9xnmldp2nUYQjOIZT8OACanALdfCBAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucPE56MpQ==</latexit><latexit sha1_base64="2bCVaGjBVkw40Ey6VQ8hhrpoyIg=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL16EFowttKFsttN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3Uz95hMqzWN5b8YJBhEdSN7njBorNe665YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks0Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9yyDjMkkNSjZf1E8FMTGZfk16XCEzYmwJZYrbWwkbUkWZsdmUbAje4svLxD+rXlW9xnmldp2nUYQjOIZT8OACanALdfCBAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucPE56MpQ==</latexit>

mA
<latexit sha1_base64="TMx7dDSzsvPR1/e1VPOd5rsYc64=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6iXjxGdE0gWcLsZDYZMo9lZlYISz7BiwcVr/6RN//GSbIHjRY0FFXddHfFKWfG+v6XV1paXlldK69XNja3tnequ3sPRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx5dT/3WI9WGKXlvxymNBB5IljCCrZPuRO+yV635dX8G9JcEBalBgWav+tntK5IJKi3h2JhO4Kc2yrG2jHA6qXQzQ1NMRnhAO45KLKiJ8tmpE3TklD5KlHYlLZqpPydyLIwZi9h1CmyHZtGbiv95ncwm51HOZJpZKsl8UZJxZBWa/o36TFNi+dgRTDRztyIyxBoT69KpuBCCxZf/kvCkflEPbk9rjasijTIcwCEcQwBn0IAbaEIIBAbwBC/w6nHv2Xvz3uetJa+Y2Ydf8D6+AYDujXk=</latexit><latexit sha1_base64="TMx7dDSzsvPR1/e1VPOd5rsYc64=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6iXjxGdE0gWcLsZDYZMo9lZlYISz7BiwcVr/6RN//GSbIHjRY0FFXddHfFKWfG+v6XV1paXlldK69XNja3tnequ3sPRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx5dT/3WI9WGKXlvxymNBB5IljCCrZPuRO+yV635dX8G9JcEBalBgWav+tntK5IJKi3h2JhO4Kc2yrG2jHA6qXQzQ1NMRnhAO45KLKiJ8tmpE3TklD5KlHYlLZqpPydyLIwZi9h1CmyHZtGbiv95ncwm51HOZJpZKsl8UZJxZBWa/o36TFNi+dgRTDRztyIyxBoT69KpuBCCxZf/kvCkflEPbk9rjasijTIcwCEcQwBn0IAbaEIIBAbwBC/w6nHv2Xvz3uetJa+Y2Ydf8D6+AYDujXk=</latexit><latexit sha1_base64="TMx7dDSzsvPR1/e1VPOd5rsYc64=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6iXjxGdE0gWcLsZDYZMo9lZlYISz7BiwcVr/6RN//GSbIHjRY0FFXddHfFKWfG+v6XV1paXlldK69XNja3tnequ3sPRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx5dT/3WI9WGKXlvxymNBB5IljCCrZPuRO+yV635dX8G9JcEBalBgWav+tntK5IJKi3h2JhO4Kc2yrG2jHA6qXQzQ1NMRnhAO45KLKiJ8tmpE3TklD5KlHYlLZqpPydyLIwZi9h1CmyHZtGbiv95ncwm51HOZJpZKsl8UZJxZBWa/o36TFNi+dgRTDRztyIyxBoT69KpuBCCxZf/kvCkflEPbk9rjasijTIcwCEcQwBn0IAbaEIIBAbwBC/w6nHv2Xvz3uetJa+Y2Ydf8D6+AYDujXk=</latexit><latexit sha1_base64="TMx7dDSzsvPR1/e1VPOd5rsYc64=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6iXjxGdE0gWcLsZDYZMo9lZlYISz7BiwcVr/6RN//GSbIHjRY0FFXddHfFKWfG+v6XV1paXlldK69XNja3tnequ3sPRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx5dT/3WI9WGKXlvxymNBB5IljCCrZPuRO+yV635dX8G9JcEBalBgWav+tntK5IJKi3h2JhO4Kc2yrG2jHA6qXQzQ1NMRnhAO45KLKiJ8tmpE3TklD5KlHYlLZqpPydyLIwZi9h1CmyHZtGbiv95ncwm51HOZJpZKsl8UZJxZBWa/o36TFNi+dgRTDRztyIyxBoT69KpuBCCxZf/kvCkflEPbk9rjasijTIcwCEcQwBn0IAbaEIIBAbwBC/w6nHv2Xvz3uetJa+Y2Ydf8D6+AYDujXk=</latexit>

mB
<latexit sha1_base64="uMfCj1OL/2RTwkWKBlhJFHaa2LI=">AAAB6XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FuIF48RXRNIljA7mU2GzGOZmRXCkk/w4kHFq3/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4ePRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTP3WE9WGKflgxymNBB5IljCCrZPuRa/Rq1T9mj8DWiZBQapQoNmrfHX7imSCSks4NqYT+KmNcqwtI5xOyt3M0BSTER7QjqMSC2qifHbqBJ06pY8SpV1Ji2bq74kcC2PGInadAtuhWfSm4n9eJ7PJVZQzmWaWSjJflGQcWYWmf6M+05RYPnYEE83crYgMscbEunTKLoRg8eVlEp7XrmvB3UW13ijSKMExnMAZBHAJdbiFJoRAYADP8ApvHvdevHfvY9664hUzR/AH3ucPgnGNeg==</latexit><latexit sha1_base64="uMfCj1OL/2RTwkWKBlhJFHaa2LI=">AAAB6XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FuIF48RXRNIljA7mU2GzGOZmRXCkk/w4kHFq3/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4ePRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTP3WE9WGKflgxymNBB5IljCCrZPuRa/Rq1T9mj8DWiZBQapQoNmrfHX7imSCSks4NqYT+KmNcqwtI5xOyt3M0BSTER7QjqMSC2qifHbqBJ06pY8SpV1Ji2bq74kcC2PGInadAtuhWfSm4n9eJ7PJVZQzmWaWSjJflGQcWYWmf6M+05RYPnYEE83crYgMscbEunTKLoRg8eVlEp7XrmvB3UW13ijSKMExnMAZBHAJdbiFJoRAYADP8ApvHvdevHfvY9664hUzR/AH3ucPgnGNeg==</latexit><latexit sha1_base64="uMfCj1OL/2RTwkWKBlhJFHaa2LI=">AAAB6XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FuIF48RXRNIljA7mU2GzGOZmRXCkk/w4kHFq3/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4ePRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTP3WE9WGKflgxymNBB5IljCCrZPuRa/Rq1T9mj8DWiZBQapQoNmrfHX7imSCSks4NqYT+KmNcqwtI5xOyt3M0BSTER7QjqMSC2qifHbqBJ06pY8SpV1Ji2bq74kcC2PGInadAtuhWfSm4n9eJ7PJVZQzmWaWSjJflGQcWYWmf6M+05RYPnYEE83crYgMscbEunTKLoRg8eVlEp7XrmvB3UW13ijSKMExnMAZBHAJdbiFJoRAYADP8ApvHvdevHfvY9664hUzR/AH3ucPgnGNeg==</latexit><latexit sha1_base64="uMfCj1OL/2RTwkWKBlhJFHaa2LI=">AAAB6XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FuIF48RXRNIljA7mU2GzGOZmRXCkk/w4kHFq3/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4ePRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTP3WE9WGKflgxymNBB5IljCCrZPuRa/Rq1T9mj8DWiZBQapQoNmrfHX7imSCSks4NqYT+KmNcqwtI5xOyt3M0BSTER7QjqMSC2qifHbqBJ06pY8SpV1Ji2bq74kcC2PGInadAtuhWfSm4n9eJ7PJVZQzmWaWSjJflGQcWYWmf6M+05RYPnYEE83crYgMscbEunTKLoRg8eVlEp7XrmvB3UW13ijSKMExnMAZBHAJdbiFJoRAYADP8ApvHvdevHfvY9664hUzR/AH3ucPgnGNeg==</latexit>M

<latexit sha1_base64="2bCVaGjBVkw40Ey6VQ8hhrpoyIg=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL16EFowttKFsttN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3Uz95hMqzWN5b8YJBhEdSN7njBorNe665YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks0Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9yyDjMkkNSjZf1E8FMTGZfk16XCEzYmwJZYrbWwkbUkWZsdmUbAje4svLxD+rXlW9xnmldp2nUYQjOIZT8OACanALdfCBAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucPE56MpQ==</latexit><latexit sha1_base64="2bCVaGjBVkw40Ey6VQ8hhrpoyIg=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL16EFowttKFsttN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3Uz95hMqzWN5b8YJBhEdSN7njBorNe665YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks0Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9yyDjMkkNSjZf1E8FMTGZfk16XCEzYmwJZYrbWwkbUkWZsdmUbAje4svLxD+rXlW9xnmldp2nUYQjOIZT8OACanALdfCBAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucPE56MpQ==</latexit><latexit sha1_base64="2bCVaGjBVkw40Ey6VQ8hhrpoyIg=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL16EFowttKFsttN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3Uz95hMqzWN5b8YJBhEdSN7njBorNe665YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks0Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9yyDjMkkNSjZf1E8FMTGZfk16XCEzYmwJZYrbWwkbUkWZsdmUbAje4svLxD+rXlW9xnmldp2nUYQjOIZT8OACanALdfCBAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucPE56MpQ==</latexit><latexit sha1_base64="2bCVaGjBVkw40Ey6VQ8hhrpoyIg=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL16EFowttKFsttN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3Uz95hMqzWN5b8YJBhEdSN7njBorNe665YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks0Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9yyDjMkkNSjZf1E8FMTGZfk16XCEzYmwJZYrbWwkbUkWZsdmUbAje4svLxD+rXlW9xnmldp2nUYQjOIZT8OACanALdfCBAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucPE56MpQ==</latexit>

mA
<latexit sha1_base64="TMx7dDSzsvPR1/e1VPOd5rsYc64=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6iXjxGdE0gWcLsZDYZMo9lZlYISz7BiwcVr/6RN//GSbIHjRY0FFXddHfFKWfG+v6XV1paXlldK69XNja3tnequ3sPRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx5dT/3WI9WGKXlvxymNBB5IljCCrZPuRO+yV635dX8G9JcEBalBgWav+tntK5IJKi3h2JhO4Kc2yrG2jHA6qXQzQ1NMRnhAO45KLKiJ8tmpE3TklD5KlHYlLZqpPydyLIwZi9h1CmyHZtGbiv95ncwm51HOZJpZKsl8UZJxZBWa/o36TFNi+dgRTDRztyIyxBoT69KpuBCCxZf/kvCkflEPbk9rjasijTIcwCEcQwBn0IAbaEIIBAbwBC/w6nHv2Xvz3uetJa+Y2Ydf8D6+AYDujXk=</latexit><latexit sha1_base64="TMx7dDSzsvPR1/e1VPOd5rsYc64=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6iXjxGdE0gWcLsZDYZMo9lZlYISz7BiwcVr/6RN//GSbIHjRY0FFXddHfFKWfG+v6XV1paXlldK69XNja3tnequ3sPRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx5dT/3WI9WGKXlvxymNBB5IljCCrZPuRO+yV635dX8G9JcEBalBgWav+tntK5IJKi3h2JhO4Kc2yrG2jHA6qXQzQ1NMRnhAO45KLKiJ8tmpE3TklD5KlHYlLZqpPydyLIwZi9h1CmyHZtGbiv95ncwm51HOZJpZKsl8UZJxZBWa/o36TFNi+dgRTDRztyIyxBoT69KpuBCCxZf/kvCkflEPbk9rjasijTIcwCEcQwBn0IAbaEIIBAbwBC/w6nHv2Xvz3uetJa+Y2Ydf8D6+AYDujXk=</latexit><latexit sha1_base64="TMx7dDSzsvPR1/e1VPOd5rsYc64=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6iXjxGdE0gWcLsZDYZMo9lZlYISz7BiwcVr/6RN//GSbIHjRY0FFXddHfFKWfG+v6XV1paXlldK69XNja3tnequ3sPRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx5dT/3WI9WGKXlvxymNBB5IljCCrZPuRO+yV635dX8G9JcEBalBgWav+tntK5IJKi3h2JhO4Kc2yrG2jHA6qXQzQ1NMRnhAO45KLKiJ8tmpE3TklD5KlHYlLZqpPydyLIwZi9h1CmyHZtGbiv95ncwm51HOZJpZKsl8UZJxZBWa/o36TFNi+dgRTDRztyIyxBoT69KpuBCCxZf/kvCkflEPbk9rjasijTIcwCEcQwBn0IAbaEIIBAbwBC/w6nHv2Xvz3uetJa+Y2Ydf8D6+AYDujXk=</latexit><latexit sha1_base64="TMx7dDSzsvPR1/e1VPOd5rsYc64=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6iXjxGdE0gWcLsZDYZMo9lZlYISz7BiwcVr/6RN//GSbIHjRY0FFXddHfFKWfG+v6XV1paXlldK69XNja3tnequ3sPRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx5dT/3WI9WGKXlvxymNBB5IljCCrZPuRO+yV635dX8G9JcEBalBgWav+tntK5IJKi3h2JhO4Kc2yrG2jHA6qXQzQ1NMRnhAO45KLKiJ8tmpE3TklD5KlHYlLZqpPydyLIwZi9h1CmyHZtGbiv95ncwm51HOZJpZKsl8UZJxZBWa/o36TFNi+dgRTDRztyIyxBoT69KpuBCCxZf/kvCkflEPbk9rjasijTIcwCEcQwBn0IAbaEIIBAbwBC/w6nHv2Xvz3uetJa+Y2Ydf8D6+AYDujXk=</latexit>

Conservation of the center of mass:

Dgrav.
A = 0

<latexit sha1_base64="U2Xg9HxLSM8a31U72xA0PYL8HXI=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVwFRIRdCPUx8JlBfuAJobJdNoOnTyYuSmWkJ0bf8WNC0Xc+gvu/BsnbRbaeuDC4Zx7ufceP+ZMgmV9a6WFxaXllfJqZW19Y3NL395pyigRhDZIxCPR9rGknIW0AQw4bceC4sDntOUPr3K/NaJCsii8g3FM3QD3Q9ZjBIOSPH3fCTAMCObpdXafOkAfIO0LPDKzzLs4tzy9apnWBMY8sQtSRQXqnv7ldCOSBDQEwrGUHduKwU2xAEY4zSpOImmMyRD3aUfREAdUuunkj8w4VErX6EVCVQjGRP09keJAynHgq878ajnr5eJ/XieB3pmbsjBOgIZkuqiXcAMiIw/F6DJBCfCxIpgIpm41yAALTEBFV1Eh2LMvz5PmsWlbpn17Uq1dFnGU0R46QEfIRqeohm5QHTUQQY/oGb2iN+1Je9HetY9pa0krZnbRH2ifP28pmaM=</latexit><latexit sha1_base64="U2Xg9HxLSM8a31U72xA0PYL8HXI=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVwFRIRdCPUx8JlBfuAJobJdNoOnTyYuSmWkJ0bf8WNC0Xc+gvu/BsnbRbaeuDC4Zx7ufceP+ZMgmV9a6WFxaXllfJqZW19Y3NL395pyigRhDZIxCPR9rGknIW0AQw4bceC4sDntOUPr3K/NaJCsii8g3FM3QD3Q9ZjBIOSPH3fCTAMCObpdXafOkAfIO0LPDKzzLs4tzy9apnWBMY8sQtSRQXqnv7ldCOSBDQEwrGUHduKwU2xAEY4zSpOImmMyRD3aUfREAdUuunkj8w4VErX6EVCVQjGRP09keJAynHgq878ajnr5eJ/XieB3pmbsjBOgIZkuqiXcAMiIw/F6DJBCfCxIpgIpm41yAALTEBFV1Eh2LMvz5PmsWlbpn17Uq1dFnGU0R46QEfIRqeohm5QHTUQQY/oGb2iN+1Je9HetY9pa0krZnbRH2ifP28pmaM=</latexit><latexit sha1_base64="U2Xg9HxLSM8a31U72xA0PYL8HXI=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVwFRIRdCPUx8JlBfuAJobJdNoOnTyYuSmWkJ0bf8WNC0Xc+gvu/BsnbRbaeuDC4Zx7ufceP+ZMgmV9a6WFxaXllfJqZW19Y3NL395pyigRhDZIxCPR9rGknIW0AQw4bceC4sDntOUPr3K/NaJCsii8g3FM3QD3Q9ZjBIOSPH3fCTAMCObpdXafOkAfIO0LPDKzzLs4tzy9apnWBMY8sQtSRQXqnv7ldCOSBDQEwrGUHduKwU2xAEY4zSpOImmMyRD3aUfREAdUuunkj8w4VErX6EVCVQjGRP09keJAynHgq878ajnr5eJ/XieB3pmbsjBOgIZkuqiXcAMiIw/F6DJBCfCxIpgIpm41yAALTEBFV1Eh2LMvz5PmsWlbpn17Uq1dFnGU0R46QEfIRqeohm5QHTUQQY/oGb2iN+1Je9HetY9pa0krZnbRH2ifP28pmaM=</latexit><latexit sha1_base64="U2Xg9HxLSM8a31U72xA0PYL8HXI=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVwFRIRdCPUx8JlBfuAJobJdNoOnTyYuSmWkJ0bf8WNC0Xc+gvu/BsnbRbaeuDC4Zx7ufceP+ZMgmV9a6WFxaXllfJqZW19Y3NL395pyigRhDZIxCPR9rGknIW0AQw4bceC4sDntOUPr3K/NaJCsii8g3FM3QD3Q9ZjBIOSPH3fCTAMCObpdXafOkAfIO0LPDKzzLs4tzy9apnWBMY8sQtSRQXqnv7ldCOSBDQEwrGUHduKwU2xAEY4zSpOImmMyRD3aUfREAdUuunkj8w4VErX6EVCVQjGRP09keJAynHgq878ajnr5eJ/XieB3pmbsjBOgIZkuqiXcAMiIw/F6DJBCfCxIpgIpm41yAALTEBFV1Eh2LMvz5PmsWlbpn17Uq1dFnGU0R46QEfIRqeohm5QHTUQQY/oGb2iN+1Je9HetY9pa0krZnbRH2ifP28pmaM=</latexit>



*more stringent than Compton length localization only for q>1

Quantum Vacuum Fluctuations

Limit* on mass localization due to fluctuations of the grav. field:

In order to acquire significant which-path information 

�xB > `P
<latexit sha1_base64="9XMr7dH2SPhyPixcROF/CkienAo=">AAAB+nicbVDLSsNAFJ34rPXV6tLNYBFclUQEXUmpG5cV7AOaECaTm3boZBJmJmqJ/RQ3LhRx65e482+ctllo64GBwznncu+cIOVMadv+tlZW19Y3Nktb5e2d3b39SvWgo5JMUmjThCeyFxAFnAloa6Y59FIJJA44dIPR9dTv3oNULBF3epyCF5OBYBGjRBvJr1TdELgm+NFvXrnAud/yKzW7bs+Al4lTkBoqYPJfbpjQLAahKSdK9R071V5OpGaUw6TsZgpSQkdkAH1DBYlBefns9Ak+MUqIo0SaJzSeqb8nchIrNY4Dk4yJHqpFbyr+5/UzHV16ORNppkHQ+aIo41gneNoDDpkEqvnYEEIlM7diOiSSUG3aKpsSnMUvL5POWd2x687tea3RLOoooSN0jE6Rgy5QA92gFmojih7QM3pFb9aT9WK9Wx/z6IpVzByiP7A+fwB6CpN6</latexit><latexit sha1_base64="9XMr7dH2SPhyPixcROF/CkienAo=">AAAB+nicbVDLSsNAFJ34rPXV6tLNYBFclUQEXUmpG5cV7AOaECaTm3boZBJmJmqJ/RQ3LhRx65e482+ctllo64GBwznncu+cIOVMadv+tlZW19Y3Nktb5e2d3b39SvWgo5JMUmjThCeyFxAFnAloa6Y59FIJJA44dIPR9dTv3oNULBF3epyCF5OBYBGjRBvJr1TdELgm+NFvXrnAud/yKzW7bs+Al4lTkBoqYPJfbpjQLAahKSdK9R071V5OpGaUw6TsZgpSQkdkAH1DBYlBefns9Ak+MUqIo0SaJzSeqb8nchIrNY4Dk4yJHqpFbyr+5/UzHV16ORNppkHQ+aIo41gneNoDDpkEqvnYEEIlM7diOiSSUG3aKpsSnMUvL5POWd2x687tea3RLOoooSN0jE6Rgy5QA92gFmojih7QM3pFb9aT9WK9Wx/z6IpVzByiP7A+fwB6CpN6</latexit><latexit sha1_base64="9XMr7dH2SPhyPixcROF/CkienAo=">AAAB+nicbVDLSsNAFJ34rPXV6tLNYBFclUQEXUmpG5cV7AOaECaTm3boZBJmJmqJ/RQ3LhRx65e482+ctllo64GBwznncu+cIOVMadv+tlZW19Y3Nktb5e2d3b39SvWgo5JMUmjThCeyFxAFnAloa6Y59FIJJA44dIPR9dTv3oNULBF3epyCF5OBYBGjRBvJr1TdELgm+NFvXrnAud/yKzW7bs+Al4lTkBoqYPJfbpjQLAahKSdK9R071V5OpGaUw6TsZgpSQkdkAH1DBYlBefns9Ak+MUqIo0SaJzSeqb8nchIrNY4Dk4yJHqpFbyr+5/UzHV16ORNppkHQ+aIo41gneNoDDpkEqvnYEEIlM7diOiSSUG3aKpsSnMUvL5POWd2x687tea3RLOoooSN0jE6Rgy5QA92gFmojih7QM3pFb9aT9WK9Wx/z6IpVzByiP7A+fwB6CpN6</latexit><latexit sha1_base64="9XMr7dH2SPhyPixcROF/CkienAo=">AAAB+nicbVDLSsNAFJ34rPXV6tLNYBFclUQEXUmpG5cV7AOaECaTm3boZBJmJmqJ/RQ3LhRx65e482+ctllo64GBwznncu+cIOVMadv+tlZW19Y3Nktb5e2d3b39SvWgo5JMUmjThCeyFxAFnAloa6Y59FIJJA44dIPR9dTv3oNULBF3epyCF5OBYBGjRBvJr1TdELgm+NFvXrnAud/yKzW7bs+Al4lTkBoqYPJfbpjQLAahKSdK9R071V5OpGaUw6TsZgpSQkdkAH1DBYlBefns9Ak+MUqIo0SaJzSeqb8nchIrNY4Dk4yJHqpFbyr+5/UzHV16ORNppkHQ+aIo41gneNoDDpkEqvnYEEIlM7diOiSSUG3aKpsSnMUvL5POWd2x687tea3RLOoooSN0jE6Rgy5QA92gFmojih7QM3pFb9aT9WK9Wx/z6IpVzByiP7A+fwB6CpN6</latexit>

�x ⇠ `P
<latexit sha1_base64="trHT2TR/LzBxzyCVqSAfOjzpwNU=">AAAB+3icbVBNSwMxFMzWr1q/aj16CRbBU9kVQY9FPXisYGuhu5Rs+rYNzWaX5K20lP4VLx4U8eof8ea/MW33oK0DgWFmHu9lwlQKg6777RTW1jc2t4rbpZ3dvf2D8mGlZZJMc2jyRCa6HTIDUihookAJ7VQDi0MJj+HwZuY/PoE2IlEPOE4hiFlfiUhwhlbqliv+LUhkdOQbEfsgZbfRLVfdmjsHXSVeTqokh81/+b2EZzEo5JIZ0/HcFIMJ0yi4hGnJzwykjA9ZHzqWKhaDCSbz26f01Co9GiXaPoV0rv6emLDYmHEc2mTMcGCWvZn4n9fJMLoKJkKlGYLii0VRJikmdFYE7QkNHOXYEsa1sLdSPmCacbR1lWwJ3vKXV0nrvOa5Ne/+olq/zusokmNyQs6IRy5JndyRBmkSTkbkmbySN2fqvDjvzsciWnDymSPyB87nD6HZlCo=</latexit><latexit sha1_base64="trHT2TR/LzBxzyCVqSAfOjzpwNU=">AAAB+3icbVBNSwMxFMzWr1q/aj16CRbBU9kVQY9FPXisYGuhu5Rs+rYNzWaX5K20lP4VLx4U8eof8ea/MW33oK0DgWFmHu9lwlQKg6777RTW1jc2t4rbpZ3dvf2D8mGlZZJMc2jyRCa6HTIDUihookAJ7VQDi0MJj+HwZuY/PoE2IlEPOE4hiFlfiUhwhlbqliv+LUhkdOQbEfsgZbfRLVfdmjsHXSVeTqokh81/+b2EZzEo5JIZ0/HcFIMJ0yi4hGnJzwykjA9ZHzqWKhaDCSbz26f01Co9GiXaPoV0rv6emLDYmHEc2mTMcGCWvZn4n9fJMLoKJkKlGYLii0VRJikmdFYE7QkNHOXYEsa1sLdSPmCacbR1lWwJ3vKXV0nrvOa5Ne/+olq/zusokmNyQs6IRy5JndyRBmkSTkbkmbySN2fqvDjvzsciWnDymSPyB87nD6HZlCo=</latexit><latexit sha1_base64="trHT2TR/LzBxzyCVqSAfOjzpwNU=">AAAB+3icbVBNSwMxFMzWr1q/aj16CRbBU9kVQY9FPXisYGuhu5Rs+rYNzWaX5K20lP4VLx4U8eof8ea/MW33oK0DgWFmHu9lwlQKg6777RTW1jc2t4rbpZ3dvf2D8mGlZZJMc2jyRCa6HTIDUihookAJ7VQDi0MJj+HwZuY/PoE2IlEPOE4hiFlfiUhwhlbqliv+LUhkdOQbEfsgZbfRLVfdmjsHXSVeTqokh81/+b2EZzEo5JIZ0/HcFIMJ0yi4hGnJzwykjA9ZHzqWKhaDCSbz26f01Co9GiXaPoV0rv6emLDYmHEc2mTMcGCWvZn4n9fJMLoKJkKlGYLii0VRJikmdFYE7QkNHOXYEsa1sLdSPmCacbR1lWwJ3vKXV0nrvOa5Ne/+olq/zusokmNyQs6IRy5JndyRBmkSTkbkmbySN2fqvDjvzsciWnDymSPyB87nD6HZlCo=</latexit><latexit sha1_base64="trHT2TR/LzBxzyCVqSAfOjzpwNU=">AAAB+3icbVBNSwMxFMzWr1q/aj16CRbBU9kVQY9FPXisYGuhu5Rs+rYNzWaX5K20lP4VLx4U8eof8ea/MW33oK0DgWFmHu9lwlQKg6777RTW1jc2t4rbpZ3dvf2D8mGlZZJMc2jyRCa6HTIDUihookAJ7VQDi0MJj+HwZuY/PoE2IlEPOE4hiFlfiUhwhlbqliv+LUhkdOQbEfsgZbfRLVfdmjsHXSVeTqokh81/+b2EZzEo5JIZ0/HcFIMJ0yi4hGnJzwykjA9ZHzqWKhaDCSbz26f01Co9GiXaPoV0rv6emLDYmHEc2mTMcGCWvZn4n9fJMLoKJkKlGYLii0VRJikmdFYE7QkNHOXYEsa1sLdSPmCacbR1lWwJ3vKXV0nrvOa5Ne/+olq/zusokmNyQs6IRy5JndyRBmkSTkbkmbySN2fqvDjvzsciWnDymSPyB87nD6HZlCo=</latexit>

*

xCM = 0
<latexit sha1_base64="dIjFiOFZ0ZZp7qY6WAGpdFlzuhM=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0IxV68CBVcW2iXkk2zbWiSXZOsWJb+CS8eVLz6e7z5b0zbPWjrg4HHezPMzAsTzrRx3W+nsLS8srpWXC9tbG5t75R39+51nCpCfRLzWLVCrClnkvqGGU5biaJYhJw2w2F94jcfqdIslndmlNBA4L5kESPYWKn11M3qN+NLt1uuuFV3CrRIvJxUIEejW/7q9GKSCioN4VjrtucmJsiwMoxwOi51Uk0TTIa4T9uWSiyoDrLpvWN0ZJUeimJlSxo0VX9PZFhoPRKh7RTYDPS8NxH/89qpic6DjMkkNVSS2aIo5cjEaPI86jFFieEjSzBRzN6KyAArTIyNqGRD8OZfXiT+SfWi6t2eVmpXeRpFOIBDOAYPzqAG19AAHwhweIZXeHMenBfn3fmYtRacfGYf/sD5/AHnSY9q</latexit><latexit sha1_base64="dIjFiOFZ0ZZp7qY6WAGpdFlzuhM=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0IxV68CBVcW2iXkk2zbWiSXZOsWJb+CS8eVLz6e7z5b0zbPWjrg4HHezPMzAsTzrRx3W+nsLS8srpWXC9tbG5t75R39+51nCpCfRLzWLVCrClnkvqGGU5biaJYhJw2w2F94jcfqdIslndmlNBA4L5kESPYWKn11M3qN+NLt1uuuFV3CrRIvJxUIEejW/7q9GKSCioN4VjrtucmJsiwMoxwOi51Uk0TTIa4T9uWSiyoDrLpvWN0ZJUeimJlSxo0VX9PZFhoPRKh7RTYDPS8NxH/89qpic6DjMkkNVSS2aIo5cjEaPI86jFFieEjSzBRzN6KyAArTIyNqGRD8OZfXiT+SfWi6t2eVmpXeRpFOIBDOAYPzqAG19AAHwhweIZXeHMenBfn3fmYtRacfGYf/sD5/AHnSY9q</latexit><latexit sha1_base64="dIjFiOFZ0ZZp7qY6WAGpdFlzuhM=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0IxV68CBVcW2iXkk2zbWiSXZOsWJb+CS8eVLz6e7z5b0zbPWjrg4HHezPMzAsTzrRx3W+nsLS8srpWXC9tbG5t75R39+51nCpCfRLzWLVCrClnkvqGGU5biaJYhJw2w2F94jcfqdIslndmlNBA4L5kESPYWKn11M3qN+NLt1uuuFV3CrRIvJxUIEejW/7q9GKSCioN4VjrtucmJsiwMoxwOi51Uk0TTIa4T9uWSiyoDrLpvWN0ZJUeimJlSxo0VX9PZFhoPRKh7RTYDPS8NxH/89qpic6DjMkkNVSS2aIo5cjEaPI86jFFieEjSzBRzN6KyAArTIyNqGRD8OZfXiT+SfWi6t2eVmpXeRpFOIBDOAYPzqAG19AAHwhweIZXeHMenBfn3fmYtRacfGYf/sD5/AHnSY9q</latexit><latexit sha1_base64="dIjFiOFZ0ZZp7qY6WAGpdFlzuhM=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0IxV68CBVcW2iXkk2zbWiSXZOsWJb+CS8eVLz6e7z5b0zbPWjrg4HHezPMzAsTzrRx3W+nsLS8srpWXC9tbG5t75R39+51nCpCfRLzWLVCrClnkvqGGU5biaJYhJw2w2F94jcfqdIslndmlNBA4L5kESPYWKn11M3qN+NLt1uuuFV3CrRIvJxUIEejW/7q9GKSCioN4VjrtucmJsiwMoxwOi51Uk0TTIa4T9uWSiyoDrLpvWN0ZJUeimJlSxo0VX9PZFhoPRKh7RTYDPS8NxH/89qpic6DjMkkNVSS2aIo5cjEaPI86jFFieEjSzBRzN6KyAArTIyNqGRD8OZfXiT+SfWi6t2eVmpXeRpFOIBDOAYPzqAG19AAHwhweIZXeHMenBfn3fmYtRacfGYf/sD5/AHnSY9q</latexit>

⇡<latexit sha1_base64="zSeINC7mBfKT7PUA/yJdG943/8Q=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VvXis4NpCu5Rsmm1Ds0lIsmJZ+iO8eFDx6v/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmlldW19o7xZ2dre2d2r7h88GJlpQkMiudTtGBvKmaChZZbTttIUpzGnrXh0M/Vbj1QbJsW9HSsapXggWMIItk5qdbFSWj71qjW/7s+AlklQkBoUaPaqX92+JFlKhSUcG9MJfGWjHGvLCKeTSjczVGEywgPacVTglJoon507QSdO6aNEalfCopn6eyLHqTHjNHadKbZDs+hNxf+8TmaTyyhnQmWWCjJflGQcWYmmv6M+05RYPnYEE83crYgMscbEuoQqLoRg8eVlEp7Vr+rB3XmtcV2kUYYjOIZTCOACGnALTQiBwAie4RXePOW9eO/ex7y15BUzh/AH3ucP/zWPig==</latexit><latexit sha1_base64="zSeINC7mBfKT7PUA/yJdG943/8Q=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VvXis4NpCu5Rsmm1Ds0lIsmJZ+iO8eFDx6v/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmlldW19o7xZ2dre2d2r7h88GJlpQkMiudTtGBvKmaChZZbTttIUpzGnrXh0M/Vbj1QbJsW9HSsapXggWMIItk5qdbFSWj71qjW/7s+AlklQkBoUaPaqX92+JFlKhSUcG9MJfGWjHGvLCKeTSjczVGEywgPacVTglJoon507QSdO6aNEalfCopn6eyLHqTHjNHadKbZDs+hNxf+8TmaTyyhnQmWWCjJflGQcWYmmv6M+05RYPnYEE83crYgMscbEuoQqLoRg8eVlEp7Vr+rB3XmtcV2kUYYjOIZTCOACGnALTQiBwAie4RXePOW9eO/ex7y15BUzh/AH3ucP/zWPig==</latexit><latexit sha1_base64="zSeINC7mBfKT7PUA/yJdG943/8Q=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VvXis4NpCu5Rsmm1Ds0lIsmJZ+iO8eFDx6v/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmlldW19o7xZ2dre2d2r7h88GJlpQkMiudTtGBvKmaChZZbTttIUpzGnrXh0M/Vbj1QbJsW9HSsapXggWMIItk5qdbFSWj71qjW/7s+AlklQkBoUaPaqX92+JFlKhSUcG9MJfGWjHGvLCKeTSjczVGEywgPacVTglJoon507QSdO6aNEalfCopn6eyLHqTHjNHadKbZDs+hNxf+8TmaTyyhnQmWWCjJflGQcWYmmv6M+05RYPnYEE83crYgMscbEuoQqLoRg8eVlEp7Vr+rB3XmtcV2kUYYjOIZTCOACGnALTQiBwAie4RXePOW9eO/ex7y15BUzh/AH3ucP/zWPig==</latexit><latexit sha1_base64="zSeINC7mBfKT7PUA/yJdG943/8Q=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VvXis4NpCu5Rsmm1Ds0lIsmJZ+iO8eFDx6v/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmlldW19o7xZ2dre2d2r7h88GJlpQkMiudTtGBvKmaChZZbTttIUpzGnrXh0M/Vbj1QbJsW9HSsapXggWMIItk5qdbFSWj71qjW/7s+AlklQkBoUaPaqX92+JFlKhSUcG9MJfGWjHGvLCKeTSjczVGEywgPacVTglJoon507QSdO6aNEalfCopn6eyLHqTHjNHadKbZDs+hNxf+8TmaTyyhnQmWWCjJflGQcWYmmv6M+05RYPnYEE83crYgMscbEuoQqLoRg8eVlEp7Vr+rB3XmtcV2kUYYjOIZTCOACGnALTQiBwAie4RXePOW9eO/ex7y15BUzh/AH3ucP/zWPig==</latexit>M
<latexit sha1_base64="2bCVaGjBVkw40Ey6VQ8hhrpoyIg=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL16EFowttKFsttN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3Uz95hMqzWN5b8YJBhEdSN7njBorNe665YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks0Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9yyDjMkkNSjZf1E8FMTGZfk16XCEzYmwJZYrbWwkbUkWZsdmUbAje4svLxD+rXlW9xnmldp2nUYQjOIZT8OACanALdfCBAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucPE56MpQ==</latexit><latexit sha1_base64="2bCVaGjBVkw40Ey6VQ8hhrpoyIg=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL16EFowttKFsttN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3Uz95hMqzWN5b8YJBhEdSN7njBorNe665YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks0Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9yyDjMkkNSjZf1E8FMTGZfk16XCEzYmwJZYrbWwkbUkWZsdmUbAje4svLxD+rXlW9xnmldp2nUYQjOIZT8OACanALdfCBAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucPE56MpQ==</latexit><latexit sha1_base64="2bCVaGjBVkw40Ey6VQ8hhrpoyIg=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL16EFowttKFsttN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3Uz95hMqzWN5b8YJBhEdSN7njBorNe665YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks0Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9yyDjMkkNSjZf1E8FMTGZfk16XCEzYmwJZYrbWwkbUkWZsdmUbAje4svLxD+rXlW9xnmldp2nUYQjOIZT8OACanALdfCBAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucPE56MpQ==</latexit><latexit sha1_base64="2bCVaGjBVkw40Ey6VQ8hhrpoyIg=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL16EFowttKFsttN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3Uz95hMqzWN5b8YJBhEdSN7njBorNe665YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks0Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9yyDjMkkNSjZf1E8FMTGZfk16XCEzYmwJZYrbWwkbUkWZsdmUbAje4svLxD+rXlW9xnmldp2nUYQjOIZT8OACanALdfCBAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucPE56MpQ==</latexit>

mA
<latexit sha1_base64="TMx7dDSzsvPR1/e1VPOd5rsYc64=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6iXjxGdE0gWcLsZDYZMo9lZlYISz7BiwcVr/6RN//GSbIHjRY0FFXddHfFKWfG+v6XV1paXlldK69XNja3tnequ3sPRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx5dT/3WI9WGKXlvxymNBB5IljCCrZPuRO+yV635dX8G9JcEBalBgWav+tntK5IJKi3h2JhO4Kc2yrG2jHA6qXQzQ1NMRnhAO45KLKiJ8tmpE3TklD5KlHYlLZqpPydyLIwZi9h1CmyHZtGbiv95ncwm51HOZJpZKsl8UZJxZBWa/o36TFNi+dgRTDRztyIyxBoT69KpuBCCxZf/kvCkflEPbk9rjasijTIcwCEcQwBn0IAbaEIIBAbwBC/w6nHv2Xvz3uetJa+Y2Ydf8D6+AYDujXk=</latexit><latexit sha1_base64="TMx7dDSzsvPR1/e1VPOd5rsYc64=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6iXjxGdE0gWcLsZDYZMo9lZlYISz7BiwcVr/6RN//GSbIHjRY0FFXddHfFKWfG+v6XV1paXlldK69XNja3tnequ3sPRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx5dT/3WI9WGKXlvxymNBB5IljCCrZPuRO+yV635dX8G9JcEBalBgWav+tntK5IJKi3h2JhO4Kc2yrG2jHA6qXQzQ1NMRnhAO45KLKiJ8tmpE3TklD5KlHYlLZqpPydyLIwZi9h1CmyHZtGbiv95ncwm51HOZJpZKsl8UZJxZBWa/o36TFNi+dgRTDRztyIyxBoT69KpuBCCxZf/kvCkflEPbk9rjasijTIcwCEcQwBn0IAbaEIIBAbwBC/w6nHv2Xvz3uetJa+Y2Ydf8D6+AYDujXk=</latexit><latexit sha1_base64="TMx7dDSzsvPR1/e1VPOd5rsYc64=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6iXjxGdE0gWcLsZDYZMo9lZlYISz7BiwcVr/6RN//GSbIHjRY0FFXddHfFKWfG+v6XV1paXlldK69XNja3tnequ3sPRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx5dT/3WI9WGKXlvxymNBB5IljCCrZPuRO+yV635dX8G9JcEBalBgWav+tntK5IJKi3h2JhO4Kc2yrG2jHA6qXQzQ1NMRnhAO45KLKiJ8tmpE3TklD5KlHYlLZqpPydyLIwZi9h1CmyHZtGbiv95ncwm51HOZJpZKsl8UZJxZBWa/o36TFNi+dgRTDRztyIyxBoT69KpuBCCxZf/kvCkflEPbk9rjasijTIcwCEcQwBn0IAbaEIIBAbwBC/w6nHv2Xvz3uetJa+Y2Ydf8D6+AYDujXk=</latexit><latexit sha1_base64="TMx7dDSzsvPR1/e1VPOd5rsYc64=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6iXjxGdE0gWcLsZDYZMo9lZlYISz7BiwcVr/6RN//GSbIHjRY0FFXddHfFKWfG+v6XV1paXlldK69XNja3tnequ3sPRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx5dT/3WI9WGKXlvxymNBB5IljCCrZPuRO+yV635dX8G9JcEBalBgWav+tntK5IJKi3h2JhO4Kc2yrG2jHA6qXQzQ1NMRnhAO45KLKiJ8tmpE3TklD5KlHYlLZqpPydyLIwZi9h1CmyHZtGbiv95ncwm51HOZJpZKsl8UZJxZBWa/o36TFNi+dgRTDRztyIyxBoT69KpuBCCxZf/kvCkflEPbk9rjasijTIcwCEcQwBn0IAbaEIIBAbwBC/w6nHv2Xvz3uetJa+Y2Ydf8D6+AYDujXk=</latexit>

mB
<latexit sha1_base64="uMfCj1OL/2RTwkWKBlhJFHaa2LI=">AAAB6XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FuIF48RXRNIljA7mU2GzGOZmRXCkk/w4kHFq3/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4ePRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTP3WE9WGKflgxymNBB5IljCCrZPuRa/Rq1T9mj8DWiZBQapQoNmrfHX7imSCSks4NqYT+KmNcqwtI5xOyt3M0BSTER7QjqMSC2qifHbqBJ06pY8SpV1Ji2bq74kcC2PGInadAtuhWfSm4n9eJ7PJVZQzmWaWSjJflGQcWYWmf6M+05RYPnYEE83crYgMscbEunTKLoRg8eVlEp7XrmvB3UW13ijSKMExnMAZBHAJdbiFJoRAYADP8ApvHvdevHfvY9664hUzR/AH3ucPgnGNeg==</latexit><latexit sha1_base64="uMfCj1OL/2RTwkWKBlhJFHaa2LI=">AAAB6XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FuIF48RXRNIljA7mU2GzGOZmRXCkk/w4kHFq3/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4ePRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTP3WE9WGKflgxymNBB5IljCCrZPuRa/Rq1T9mj8DWiZBQapQoNmrfHX7imSCSks4NqYT+KmNcqwtI5xOyt3M0BSTER7QjqMSC2qifHbqBJ06pY8SpV1Ji2bq74kcC2PGInadAtuhWfSm4n9eJ7PJVZQzmWaWSjJflGQcWYWmf6M+05RYPnYEE83crYgMscbEunTKLoRg8eVlEp7XrmvB3UW13ijSKMExnMAZBHAJdbiFJoRAYADP8ApvHvdevHfvY9664hUzR/AH3ucPgnGNeg==</latexit><latexit sha1_base64="uMfCj1OL/2RTwkWKBlhJFHaa2LI=">AAAB6XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FuIF48RXRNIljA7mU2GzGOZmRXCkk/w4kHFq3/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4ePRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTP3WE9WGKflgxymNBB5IljCCrZPuRa/Rq1T9mj8DWiZBQapQoNmrfHX7imSCSks4NqYT+KmNcqwtI5xOyt3M0BSTER7QjqMSC2qifHbqBJ06pY8SpV1Ji2bq74kcC2PGInadAtuhWfSm4n9eJ7PJVZQzmWaWSjJflGQcWYWmf6M+05RYPnYEE83crYgMscbEunTKLoRg8eVlEp7XrmvB3UW13ijSKMExnMAZBHAJdbiFJoRAYADP8ApvHvdevHfvY9664hUzR/AH3ucPgnGNeg==</latexit><latexit sha1_base64="uMfCj1OL/2RTwkWKBlhJFHaa2LI=">AAAB6XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FuIF48RXRNIljA7mU2GzGOZmRXCkk/w4kHFq3/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4ePRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTP3WE9WGKflgxymNBB5IljCCrZPuRa/Rq1T9mj8DWiZBQapQoNmrfHX7imSCSks4NqYT+KmNcqwtI5xOyt3M0BSTER7QjqMSC2qifHbqBJ06pY8SpV1Ji2bq74kcC2PGInadAtuhWfSm4n9eJ7PJVZQzmWaWSjJflGQcWYWmf6M+05RYPnYEE83crYgMscbEunTKLoRg8eVlEp7XrmvB3UW13ijSKMExnMAZBHAJdbiFJoRAYADP8ApvHvdevHfvY9664hUzR/AH3ucPgnGNeg==</latexit>M

<latexit sha1_base64="2bCVaGjBVkw40Ey6VQ8hhrpoyIg=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL16EFowttKFsttN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3Uz95hMqzWN5b8YJBhEdSN7njBorNe665YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks0Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9yyDjMkkNSjZf1E8FMTGZfk16XCEzYmwJZYrbWwkbUkWZsdmUbAje4svLxD+rXlW9xnmldp2nUYQjOIZT8OACanALdfCBAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucPE56MpQ==</latexit><latexit sha1_base64="2bCVaGjBVkw40Ey6VQ8hhrpoyIg=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL16EFowttKFsttN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3Uz95hMqzWN5b8YJBhEdSN7njBorNe665YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks0Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9yyDjMkkNSjZf1E8FMTGZfk16XCEzYmwJZYrbWwkbUkWZsdmUbAje4svLxD+rXlW9xnmldp2nUYQjOIZT8OACanALdfCBAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucPE56MpQ==</latexit><latexit sha1_base64="2bCVaGjBVkw40Ey6VQ8hhrpoyIg=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL16EFowttKFsttN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3Uz95hMqzWN5b8YJBhEdSN7njBorNe665YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks0Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9yyDjMkkNSjZf1E8FMTGZfk16XCEzYmwJZYrbWwkbUkWZsdmUbAje4svLxD+rXlW9xnmldp2nUYQjOIZT8OACanALdfCBAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucPE56MpQ==</latexit><latexit sha1_base64="2bCVaGjBVkw40Ey6VQ8hhrpoyIg=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL16EFowttKFsttN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3Uz95hMqzWN5b8YJBhEdSN7njBorNe665YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks0Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9yyDjMkkNSjZf1E8FMTGZfk16XCEzYmwJZYrbWwkbUkWZsdmUbAje4svLxD+rXlW9xnmldp2nUYQjOIZT8OACanALdfCBAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucPE56MpQ==</latexit>

mA
<latexit sha1_base64="TMx7dDSzsvPR1/e1VPOd5rsYc64=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6iXjxGdE0gWcLsZDYZMo9lZlYISz7BiwcVr/6RN//GSbIHjRY0FFXddHfFKWfG+v6XV1paXlldK69XNja3tnequ3sPRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx5dT/3WI9WGKXlvxymNBB5IljCCrZPuRO+yV635dX8G9JcEBalBgWav+tntK5IJKi3h2JhO4Kc2yrG2jHA6qXQzQ1NMRnhAO45KLKiJ8tmpE3TklD5KlHYlLZqpPydyLIwZi9h1CmyHZtGbiv95ncwm51HOZJpZKsl8UZJxZBWa/o36TFNi+dgRTDRztyIyxBoT69KpuBCCxZf/kvCkflEPbk9rjasijTIcwCEcQwBn0IAbaEIIBAbwBC/w6nHv2Xvz3uetJa+Y2Ydf8D6+AYDujXk=</latexit><latexit sha1_base64="TMx7dDSzsvPR1/e1VPOd5rsYc64=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6iXjxGdE0gWcLsZDYZMo9lZlYISz7BiwcVr/6RN//GSbIHjRY0FFXddHfFKWfG+v6XV1paXlldK69XNja3tnequ3sPRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx5dT/3WI9WGKXlvxymNBB5IljCCrZPuRO+yV635dX8G9JcEBalBgWav+tntK5IJKi3h2JhO4Kc2yrG2jHA6qXQzQ1NMRnhAO45KLKiJ8tmpE3TklD5KlHYlLZqpPydyLIwZi9h1CmyHZtGbiv95ncwm51HOZJpZKsl8UZJxZBWa/o36TFNi+dgRTDRztyIyxBoT69KpuBCCxZf/kvCkflEPbk9rjasijTIcwCEcQwBn0IAbaEIIBAbwBC/w6nHv2Xvz3uetJa+Y2Ydf8D6+AYDujXk=</latexit><latexit sha1_base64="TMx7dDSzsvPR1/e1VPOd5rsYc64=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6iXjxGdE0gWcLsZDYZMo9lZlYISz7BiwcVr/6RN//GSbIHjRY0FFXddHfFKWfG+v6XV1paXlldK69XNja3tnequ3sPRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx5dT/3WI9WGKXlvxymNBB5IljCCrZPuRO+yV635dX8G9JcEBalBgWav+tntK5IJKi3h2JhO4Kc2yrG2jHA6qXQzQ1NMRnhAO45KLKiJ8tmpE3TklD5KlHYlLZqpPydyLIwZi9h1CmyHZtGbiv95ncwm51HOZJpZKsl8UZJxZBWa/o36TFNi+dgRTDRztyIyxBoT69KpuBCCxZf/kvCkflEPbk9rjasijTIcwCEcQwBn0IAbaEIIBAbwBC/w6nHv2Xvz3uetJa+Y2Ydf8D6+AYDujXk=</latexit><latexit sha1_base64="TMx7dDSzsvPR1/e1VPOd5rsYc64=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6iXjxGdE0gWcLsZDYZMo9lZlYISz7BiwcVr/6RN//GSbIHjRY0FFXddHfFKWfG+v6XV1paXlldK69XNja3tnequ3sPRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx5dT/3WI9WGKXlvxymNBB5IljCCrZPuRO+yV635dX8G9JcEBalBgWav+tntK5IJKi3h2JhO4Kc2yrG2jHA6qXQzQ1NMRnhAO45KLKiJ8tmpE3TklD5KlHYlLZqpPydyLIwZi9h1CmyHZtGbiv95ncwm51HOZJpZKsl8UZJxZBWa/o36TFNi+dgRTDRztyIyxBoT69KpuBCCxZf/kvCkflEPbk9rjasijTIcwCEcQwBn0IAbaEIIBAbwBC/w6nHv2Xvz3uetJa+Y2Ydf8D6+AYDujXk=</latexit>

�xB ⇠ Q(n)
A

Dn+2
T 2
B > 1

<latexit sha1_base64="TFeiaBiRoWzLkaMIHsECWMUozXc="></latexit><latexit sha1_base64="TFeiaBiRoWzLkaMIHsECWMUozXc="></latexit><latexit sha1_base64="TFeiaBiRoWzLkaMIHsECWMUozXc="></latexit><latexit sha1_base64="TFeiaBiRoWzLkaMIHsECWMUozXc="></latexit>



Quantized gravitational radiation

(Estimate of the) energy radiated by Alice fictitious n-pole 

*
The degree of decoherence due to radiation can be estimated by requiring that no graviton 

with characteristic frequency             is emitted by the fictitious n-pole 1/TA
<latexit sha1_base64="ImjtWWhUsrx/WbWN34pnuMAV9BQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GPVi8cKTVtoQ9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0P/NbT6g0T2TDjFMMYjqQPOKMGiv53kWjd9srV9yqOwdZJV5OKpCj3it/dfsJy2KUhgmqdcdzUxNMqDKcCZyWupnGlLIRHWDHUklj1MFkfuyUnFmlT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6CSZcpplByRaLokwQk5DZ56TPFTIjxpZQpri9lbAhVZQZm0/JhuAtv7xKmpdVz616j1eV2l0eRxFO4BTOwYNrqMED1MEHBhye4RXeHOm8OO/Ox6K14OQzx/AHzucPybuOAA==</latexit><latexit sha1_base64="ImjtWWhUsrx/WbWN34pnuMAV9BQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GPVi8cKTVtoQ9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0P/NbT6g0T2TDjFMMYjqQPOKMGiv53kWjd9srV9yqOwdZJV5OKpCj3it/dfsJy2KUhgmqdcdzUxNMqDKcCZyWupnGlLIRHWDHUklj1MFkfuyUnFmlT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6CSZcpplByRaLokwQk5DZ56TPFTIjxpZQpri9lbAhVZQZm0/JhuAtv7xKmpdVz616j1eV2l0eRxFO4BTOwYNrqMED1MEHBhye4RXeHOm8OO/Ox6K14OQzx/AHzucPybuOAA==</latexit><latexit sha1_base64="ImjtWWhUsrx/WbWN34pnuMAV9BQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GPVi8cKTVtoQ9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0P/NbT6g0T2TDjFMMYjqQPOKMGiv53kWjd9srV9yqOwdZJV5OKpCj3it/dfsJy2KUhgmqdcdzUxNMqDKcCZyWupnGlLIRHWDHUklj1MFkfuyUnFmlT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6CSZcpplByRaLokwQk5DZ56TPFTIjxpZQpri9lbAhVZQZm0/JhuAtv7xKmpdVz616j1eV2l0eRxFO4BTOwYNrqMED1MEHBhye4RXeHOm8OO/Ox6K14OQzx/AHzucPybuOAA==</latexit><latexit sha1_base64="ImjtWWhUsrx/WbWN34pnuMAV9BQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GPVi8cKTVtoQ9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0P/NbT6g0T2TDjFMMYjqQPOKMGiv53kWjd9srV9yqOwdZJV5OKpCj3it/dfsJy2KUhgmqdcdzUxNMqDKcCZyWupnGlLIRHWDHUklj1MFkfuyUnFmlT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6CSZcpplByRaLokwQk5DZ56TPFTIjxpZQpri9lbAhVZQZm0/JhuAtv7xKmpdVz616j1eV2l0eRxFO4BTOwYNrqMED1MEHBhye4RXeHOm8OO/Ox6K14OQzx/AHzucPybuOAA==</latexit>

* A more detailed treatment can be obtained by looking at the overlap of the coherent states produced by the classical currents 
corresponding to the paths in the interferometer. This leads to the same result.

Q(n)
A < Tn

A
<latexit sha1_base64="hFgppswWHuiknIU2/ccQBVwpCHU=">AAACAnicbVBNS8NAEJ34WetX1ZN4CRahXkoigh48tHrx2EK/oE3DZrtpl242YXcjlFC8+Fe8eFDEq7/Cm//GTZuDtj4YeLw3w8w8L2JUKsv6NlZW19Y3NnNb+e2d3b39wsFhS4axwKSJQxaKjockYZSTpqKKkU4kCAo8Rtre+C712w9ESBryhppExAnQkFOfYqS05BaOewFSI4xYUp/2kxI/n7rVm4Zb7WuvaJWtGcxlYmekCBlqbuGrNwhxHBCuMENSdm0rUk6ChKKYkWm+F0sSITxGQ9LVlKOASCeZvTA1z7QyMP1Q6OLKnKm/JxIUSDkJPN2ZHiwXvVT8z+vGyr92EsqjWBGO54v8mJkqNNM8zAEVBCs20QRhQfWtJh4hgbDSqeV1CPbiy8ukdVG2rbJdvyxWbrM4cnACp1ACG66gAvdQgyZgeIRneIU348l4Md6Nj3nripHNHMEfGJ8/ghqW1Q==</latexit><latexit sha1_base64="hFgppswWHuiknIU2/ccQBVwpCHU=">AAACAnicbVBNS8NAEJ34WetX1ZN4CRahXkoigh48tHrx2EK/oE3DZrtpl242YXcjlFC8+Fe8eFDEq7/Cm//GTZuDtj4YeLw3w8w8L2JUKsv6NlZW19Y3NnNb+e2d3b39wsFhS4axwKSJQxaKjockYZSTpqKKkU4kCAo8Rtre+C712w9ESBryhppExAnQkFOfYqS05BaOewFSI4xYUp/2kxI/n7rVm4Zb7WuvaJWtGcxlYmekCBlqbuGrNwhxHBCuMENSdm0rUk6ChKKYkWm+F0sSITxGQ9LVlKOASCeZvTA1z7QyMP1Q6OLKnKm/JxIUSDkJPN2ZHiwXvVT8z+vGyr92EsqjWBGO54v8mJkqNNM8zAEVBCs20QRhQfWtJh4hgbDSqeV1CPbiy8ukdVG2rbJdvyxWbrM4cnACp1ACG66gAvdQgyZgeIRneIU348l4Md6Nj3nripHNHMEfGJ8/ghqW1Q==</latexit><latexit sha1_base64="hFgppswWHuiknIU2/ccQBVwpCHU=">AAACAnicbVBNS8NAEJ34WetX1ZN4CRahXkoigh48tHrx2EK/oE3DZrtpl242YXcjlFC8+Fe8eFDEq7/Cm//GTZuDtj4YeLw3w8w8L2JUKsv6NlZW19Y3NnNb+e2d3b39wsFhS4axwKSJQxaKjockYZSTpqKKkU4kCAo8Rtre+C712w9ESBryhppExAnQkFOfYqS05BaOewFSI4xYUp/2kxI/n7rVm4Zb7WuvaJWtGcxlYmekCBlqbuGrNwhxHBCuMENSdm0rUk6ChKKYkWm+F0sSITxGQ9LVlKOASCeZvTA1z7QyMP1Q6OLKnKm/JxIUSDkJPN2ZHiwXvVT8z+vGyr92EsqjWBGO54v8mJkqNNM8zAEVBCs20QRhQfWtJh4hgbDSqeV1CPbiy8ukdVG2rbJdvyxWbrM4cnACp1ACG66gAvdQgyZgeIRneIU348l4Md6Nj3nripHNHMEfGJ8/ghqW1Q==</latexit><latexit sha1_base64="hFgppswWHuiknIU2/ccQBVwpCHU=">AAACAnicbVBNS8NAEJ34WetX1ZN4CRahXkoigh48tHrx2EK/oE3DZrtpl242YXcjlFC8+Fe8eFDEq7/Cm//GTZuDtj4YeLw3w8w8L2JUKsv6NlZW19Y3NnNb+e2d3b39wsFhS4axwKSJQxaKjockYZSTpqKKkU4kCAo8Rtre+C712w9ESBryhppExAnQkFOfYqS05BaOewFSI4xYUp/2kxI/n7rVm4Zb7WuvaJWtGcxlYmekCBlqbuGrNwhxHBCuMENSdm0rUk6ChKKYkWm+F0sSITxGQ9LVlKOASCeZvTA1z7QyMP1Q6OLKnKm/JxIUSDkJPN2ZHiwXvVT8z+vGyr92EsqjWBGO54v8mJkqNNM8zAEVBCs20QRhQfWtJh4hgbDSqeV1CPbiy8ukdVG2rbJdvyxWbrM4cnACp1ACG66gAvdQgyZgeIRneIU348l4Md6Nj3nripHNHMEfGJ8/ghqW1Q==</latexit>

E ⇠
 

Q(n)
A

Tn+1
A

!2

TA

<latexit sha1_base64="DBjcDcGqL6lrgfx148Yvpwr51YM="></latexit><latexit sha1_base64="DBjcDcGqL6lrgfx148Yvpwr51YM="></latexit><latexit sha1_base64="DBjcDcGqL6lrgfx148Yvpwr51YM="></latexit><latexit sha1_base64="DBjcDcGqL6lrgfx148Yvpwr51YM="></latexit>



RESOLUTION OF THE “APPARENT” PARADOXES

t
<latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit>

??

TA, TB < D
<latexit sha1_base64="ZctolkWjRRbhCK3gB4aaRbi1kNM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD14qNWDxwr9wjaEzXbTLt1swu5GKKH/wosHRbz6b7z5b9ymOWjrg4HHezPMzPNjzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8ce3M7/zRKVikWjqSUzdEA8FCxjB2kiPTe/mDDW9+vWdV67YVTsDWiZOTiqQo+GVv/qDiCQhFZpwrFTPsWPtplhqRjidlvqJojEmYzykPUMFDqly0+ziKToxygAFkTQlNMrU3xMpDpWahL7pDLEeqUVvJv7n9RIdXLkpE3GiqSDzRUHCkY7Q7H00YJISzSeGYCKZuRWREZaYaBNSyYTgLL68TNrnVceuOg8XlVo9j6MIR3AMp+DAJdTgHhrQAgICnuEV3ixlvVjv1se8tWDlM4fwB9bnD6PMj5M=</latexit><latexit sha1_base64="ZctolkWjRRbhCK3gB4aaRbi1kNM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD14qNWDxwr9wjaEzXbTLt1swu5GKKH/wosHRbz6b7z5b9ymOWjrg4HHezPMzPNjzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8ce3M7/zRKVikWjqSUzdEA8FCxjB2kiPTe/mDDW9+vWdV67YVTsDWiZOTiqQo+GVv/qDiCQhFZpwrFTPsWPtplhqRjidlvqJojEmYzykPUMFDqly0+ziKToxygAFkTQlNMrU3xMpDpWahL7pDLEeqUVvJv7n9RIdXLkpE3GiqSDzRUHCkY7Q7H00YJISzSeGYCKZuRWREZaYaBNSyYTgLL68TNrnVceuOg8XlVo9j6MIR3AMp+DAJdTgHhrQAgICnuEV3ixlvVjv1se8tWDlM4fwB9bnD6PMj5M=</latexit><latexit sha1_base64="ZctolkWjRRbhCK3gB4aaRbi1kNM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD14qNWDxwr9wjaEzXbTLt1swu5GKKH/wosHRbz6b7z5b9ymOWjrg4HHezPMzPNjzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8ce3M7/zRKVikWjqSUzdEA8FCxjB2kiPTe/mDDW9+vWdV67YVTsDWiZOTiqQo+GVv/qDiCQhFZpwrFTPsWPtplhqRjidlvqJojEmYzykPUMFDqly0+ziKToxygAFkTQlNMrU3xMpDpWahL7pDLEeqUVvJv7n9RIdXLkpE3GiqSDzRUHCkY7Q7H00YJISzSeGYCKZuRWREZaYaBNSyYTgLL68TNrnVceuOg8XlVo9j6MIR3AMp+DAJdTgHhrQAgICnuEV3ixlvVjv1se8tWDlM4fwB9bnD6PMj5M=</latexit><latexit sha1_base64="ZctolkWjRRbhCK3gB4aaRbi1kNM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD14qNWDxwr9wjaEzXbTLt1swu5GKKH/wosHRbz6b7z5b9ymOWjrg4HHezPMzPNjzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8ce3M7/zRKVikWjqSUzdEA8FCxjB2kiPTe/mDDW9+vWdV67YVTsDWiZOTiqQo+GVv/qDiCQhFZpwrFTPsWPtplhqRjidlvqJojEmYzykPUMFDqly0+ziKToxygAFkTQlNMrU3xMpDpWahL7pDLEeqUVvJv7n9RIdXLkpE3GiqSDzRUHCkY7Q7H00YJISzSeGYCKZuRWREZaYaBNSyYTgLL68TNrnVceuOg8XlVo9j6MIR3AMp+DAJdTgHhrQAgICnuEV3ixlvVjv1se8tWDlM4fwB9bnD6PMj5M=</latexit>

No entangling radiation from Alice

+
<latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit>

i.e. no which-path info for Bob

If Q(n)
A < Tn

A
<latexit sha1_base64="hiSJcywDwaEkhf62V39Iv+/YyN4=">AAACDHicbVC7TsMwFHXKu7wKjCwWFVJZqgQhwcDQwgIblVpAatLKcR2w6jiRfYOoonwAC7/CwgBCrHwAG3+DUzJAy5EsHZ1zrnzv8WPBNdj2l1WamZ2bX1hcKi+vrK6tVzY2L3WUKMo6NBKRuvaJZoJL1gEOgl3HipHQF+zKH57m/tUdU5pHsg2jmHkhuZE84JSAkfqVqgvsHtLzAGduSOCWEpG2sl5ak3tZv3nc7jd7ecqu22PgaeIUpIoKXPQrn+4goknIJFBBtO46dgxeShRwKlhWdhPNYkKH5IZ1DZUkZNpLx8dkeNcoAxxEyjwJeKz+nkhJqPUo9E0yX1hPern4n9dNIDjyUi7jBJikPx8FicAQ4bwZPOCKURAjQwhV3OyK6S1RhILpr2xKcCZPniaX+3XHrjutg2rjpKhjEW2jHVRDDjpEDXSGLlAHUfSAntALerUerWfrzXr/iZasYmYL/YH18Q1WmJsh</latexit><latexit sha1_base64="hiSJcywDwaEkhf62V39Iv+/YyN4=">AAACDHicbVC7TsMwFHXKu7wKjCwWFVJZqgQhwcDQwgIblVpAatLKcR2w6jiRfYOoonwAC7/CwgBCrHwAG3+DUzJAy5EsHZ1zrnzv8WPBNdj2l1WamZ2bX1hcKi+vrK6tVzY2L3WUKMo6NBKRuvaJZoJL1gEOgl3HipHQF+zKH57m/tUdU5pHsg2jmHkhuZE84JSAkfqVqgvsHtLzAGduSOCWEpG2sl5ak3tZv3nc7jd7ecqu22PgaeIUpIoKXPQrn+4goknIJFBBtO46dgxeShRwKlhWdhPNYkKH5IZ1DZUkZNpLx8dkeNcoAxxEyjwJeKz+nkhJqPUo9E0yX1hPern4n9dNIDjyUi7jBJikPx8FicAQ4bwZPOCKURAjQwhV3OyK6S1RhILpr2xKcCZPniaX+3XHrjutg2rjpKhjEW2jHVRDDjpEDXSGLlAHUfSAntALerUerWfrzXr/iZasYmYL/YH18Q1WmJsh</latexit><latexit sha1_base64="hiSJcywDwaEkhf62V39Iv+/YyN4=">AAACDHicbVC7TsMwFHXKu7wKjCwWFVJZqgQhwcDQwgIblVpAatLKcR2w6jiRfYOoonwAC7/CwgBCrHwAG3+DUzJAy5EsHZ1zrnzv8WPBNdj2l1WamZ2bX1hcKi+vrK6tVzY2L3WUKMo6NBKRuvaJZoJL1gEOgl3HipHQF+zKH57m/tUdU5pHsg2jmHkhuZE84JSAkfqVqgvsHtLzAGduSOCWEpG2sl5ak3tZv3nc7jd7ecqu22PgaeIUpIoKXPQrn+4goknIJFBBtO46dgxeShRwKlhWdhPNYkKH5IZ1DZUkZNpLx8dkeNcoAxxEyjwJeKz+nkhJqPUo9E0yX1hPern4n9dNIDjyUi7jBJikPx8FicAQ4bwZPOCKURAjQwhV3OyK6S1RhILpr2xKcCZPniaX+3XHrjutg2rjpKhjEW2jHVRDDjpEDXSGLlAHUfSAntALerUerWfrzXr/iZasYmYL/YH18Q1WmJsh</latexit><latexit sha1_base64="hiSJcywDwaEkhf62V39Iv+/YyN4=">AAACDHicbVC7TsMwFHXKu7wKjCwWFVJZqgQhwcDQwgIblVpAatLKcR2w6jiRfYOoonwAC7/CwgBCrHwAG3+DUzJAy5EsHZ1zrnzv8WPBNdj2l1WamZ2bX1hcKi+vrK6tVzY2L3WUKMo6NBKRuvaJZoJL1gEOgl3HipHQF+zKH57m/tUdU5pHsg2jmHkhuZE84JSAkfqVqgvsHtLzAGduSOCWEpG2sl5ak3tZv3nc7jd7ecqu22PgaeIUpIoKXPQrn+4goknIJFBBtO46dgxeShRwKlhWdhPNYkKH5IZ1DZUkZNpLx8dkeNcoAxxEyjwJeKz+nkhJqPUo9E0yX1hPern4n9dNIDjyUi7jBJikPx8FicAQ4bwZPOCKURAjQwhV3OyK6S1RhILpr2xKcCZPniaX+3XHrjutg2rjpKhjEW2jHVRDDjpEDXSGLlAHUfSAntALerUerWfrzXr/iZasYmYL/YH18Q1WmJsh</latexit>

Q(n)
A

Dn+2
T 2
B < 1

<latexit sha1_base64="JJF7eFUQP+sd6eZrUPTwxGcVLNY=">AAACE3icbVDLSsNAFJ3UV62vqks3wSJUhZIUQRcuanXhsoW+oEnDZDpph04mYWYilCH/4MZfceNCEbdu3Pk3Th8LbT1w4XDOvdx7jx9TIqRlfRuZldW19Y3sZm5re2d3L79/0BJRwhFuoohGvONDgSlhuCmJpLgTcwxDn+K2P7qd+O0HzAWJWEOOY+yGcMBIQBCUWvLyZ07AIVJOCOUQQarqaU8V2Wnq3aTqrqfYeTlNG161V762vXzBKllTmMvEnpMCmKPm5b+cfoSSEDOJKBSia1uxdBXkkiCK05yTCBxDNIID3NWUwRALV01/Ss0TrfTNIOK6mDSn6u8JBUMhxqGvOye3i0VvIv7ndRMZXLmKsDiRmKHZoiChpozMSUBmn3CMJB1rAhEn+lYTDaEOSeoYczoEe/HlZdIql2yrZNcvCpXqPI4sOALHoAhscAkq4B7UQBMg8AiewSt4M56MF+Pd+Ji1Zoz5zCH4A+PzB1YDncI=</latexit><latexit sha1_base64="JJF7eFUQP+sd6eZrUPTwxGcVLNY=">AAACE3icbVDLSsNAFJ3UV62vqks3wSJUhZIUQRcuanXhsoW+oEnDZDpph04mYWYilCH/4MZfceNCEbdu3Pk3Th8LbT1w4XDOvdx7jx9TIqRlfRuZldW19Y3sZm5re2d3L79/0BJRwhFuoohGvONDgSlhuCmJpLgTcwxDn+K2P7qd+O0HzAWJWEOOY+yGcMBIQBCUWvLyZ07AIVJOCOUQQarqaU8V2Wnq3aTqrqfYeTlNG161V762vXzBKllTmMvEnpMCmKPm5b+cfoSSEDOJKBSia1uxdBXkkiCK05yTCBxDNIID3NWUwRALV01/Ss0TrfTNIOK6mDSn6u8JBUMhxqGvOye3i0VvIv7ndRMZXLmKsDiRmKHZoiChpozMSUBmn3CMJB1rAhEn+lYTDaEOSeoYczoEe/HlZdIql2yrZNcvCpXqPI4sOALHoAhscAkq4B7UQBMg8AiewSt4M56MF+Pd+Ji1Zoz5zCH4A+PzB1YDncI=</latexit><latexit sha1_base64="JJF7eFUQP+sd6eZrUPTwxGcVLNY=">AAACE3icbVDLSsNAFJ3UV62vqks3wSJUhZIUQRcuanXhsoW+oEnDZDpph04mYWYilCH/4MZfceNCEbdu3Pk3Th8LbT1w4XDOvdx7jx9TIqRlfRuZldW19Y3sZm5re2d3L79/0BJRwhFuoohGvONDgSlhuCmJpLgTcwxDn+K2P7qd+O0HzAWJWEOOY+yGcMBIQBCUWvLyZ07AIVJOCOUQQarqaU8V2Wnq3aTqrqfYeTlNG161V762vXzBKllTmMvEnpMCmKPm5b+cfoSSEDOJKBSia1uxdBXkkiCK05yTCBxDNIID3NWUwRALV01/Ss0TrfTNIOK6mDSn6u8JBUMhxqGvOye3i0VvIv7ndRMZXLmKsDiRmKHZoiChpozMSUBmn3CMJB1rAhEn+lYTDaEOSeoYczoEe/HlZdIql2yrZNcvCpXqPI4sOALHoAhscAkq4B7UQBMg8AiewSt4M56MF+Pd+Ji1Zoz5zCH4A+PzB1YDncI=</latexit><latexit sha1_base64="JJF7eFUQP+sd6eZrUPTwxGcVLNY=">AAACE3icbVDLSsNAFJ3UV62vqks3wSJUhZIUQRcuanXhsoW+oEnDZDpph04mYWYilCH/4MZfceNCEbdu3Pk3Th8LbT1w4XDOvdx7jx9TIqRlfRuZldW19Y3sZm5re2d3L79/0BJRwhFuoohGvONDgSlhuCmJpLgTcwxDn+K2P7qd+O0HzAWJWEOOY+yGcMBIQBCUWvLyZ07AIVJOCOUQQarqaU8V2Wnq3aTqrqfYeTlNG161V762vXzBKllTmMvEnpMCmKPm5b+cfoSSEDOJKBSia1uxdBXkkiCK05yTCBxDNIID3NWUwRALV01/Ss0TrfTNIOK6mDSn6u8JBUMhxqGvOye3i0VvIv7ndRMZXLmKsDiRmKHZoiChpozMSUBmn3CMJB1rAhEn+lYTDaEOSeoYczoEe/HlZdIql2yrZNcvCpXqPI4sOALHoAhscAkq4B7UQBMg8AiewSt4M56MF+Pd+Ji1Zoz5zCH4A+PzB1YDncI=</latexit>



Conclusions



• Gedankenexperiment shows inconsistencies if dynamical d.o.f.s are neglected 

• Inconsistencies are resolved if: vacuum fluctuations + quantized radiation

Limit Bob’s ability to acquire which-path info

Decohere Alice superposition via entanglement with radiation



• Gedankenexperiment shows inconsistencies if dynamical d.o.f.s are neglected 

• Inconsistencies are resolved if: vacuum fluctuations + quantized radiation

Limit Bob’s ability to acquire which-path info

Decohere Alice superposition via entanglement with radiation

By treating the (linearized) gravitational field [or the e.m. 
field] as a quantum field a consistent analysis of the 

gedankenexperiment is obtained 
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