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Fact Why not?



Causality and Entanglement
Trial Non-Linear Term
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Causality and Entanglement

Entanglement is fundamental to quantum mechanics
<latexit sha1_base64="X9Z+E8cRzFZb8ZNNOufd/t0YIf8="></latexit>

 (x, y; t) =
X

i,j

cij (t)↵i (x)�j (y)

Trial Non-Linear Term
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Causality and Entanglement

Entanglement is fundamental to quantum mechanics
<latexit sha1_base64="X9Z+E8cRzFZb8ZNNOufd/t0YIf8="></latexit>

 (x, y; t) =
X

i,j

cij (t)↵i (x)�j (y)

Trial Non-Linear Term

Apply some local operation on x: αi(x) -> U αi(x) 

Does it instantly change the time evolution of y?

YES  
Not causal 
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Linear Quantum Mechanics
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Electron paths do not 
interact via 
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Causality and Non-Linearity

Linear Quantum Mechanics

Electron Coupled to Electromagnetism

Electron paths do not 
interact via 

electromagnetism

Paths of two electrons 
interact causally (QFT)

Why can’t path talk to itself? 
Formulate directly into QFT



The Framework
The Schrodinger Picture of Quantum Field Theory

Quantum State of Fields 
(e.g. in Fock states)
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Non-linearities in the operators but not in the state
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Constraints and Tests



Constraints
What does this do to the Lamb Shift?

Proton at Fixed Location 

2S and 2P electron have different charge distribution 

Different expectation value of electromagnetic field 

Level Splitting!
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Constraints
What does this do to the Lamb Shift?

Proton at Fixed Location 

2S and 2P electron have different charge distribution 

Different expectation value of electromagnetic field 

Level Splitting!

BUT: Cannot decouple center of mass and relative co-ordinates 

Proton wave-function  spread over some region (e.g. trap size ~ 100 nm)  
Εxpectation value of electromagnetic field diluted 

In neutral atom - heavily suppressed, except at edges!  

ε < 10-2 

Similarly, kills possible bounds on QCD and gravity
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Experimental Tests

Interferometry - interaction between paths

Take an ion - split its wave-function
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Coulomb Field of one path interacts with the other path



Experimental Tests

Interferometry - interaction between paths

Take an ion - split its wave-function
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Coulomb Field of one path interacts with the other path

Gives rise to phase shift that depends on the 
intensity p of the split

Use intensity dependence to combat systematics
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Linear Quantum Mechanics

Initial State : |χ(0)>  
Represents Full Quantum State (spin, experimentalist…) 

Y

X

Spin 
Along x

Experimentalist
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Linear Quantum Mechanics

Initial State : |χ(0)>  
Represents Full Quantum State (spin, experimentalist…) 

Y

X

Spin 
Along x

Experimentalist

Measure spin along y.  
Based on outcome, turn on voltage source at X1 or X2. 

What is the quantum state after measurement?

-
+

-
+

X1

X2



Macroscopic Superposition
Y

X

Spin 
Along x

Measure 
along y

Spin up 

Turn on Voltage at X1

Spin Down 

Turn on Voltage at X2

-
+

-
+

X1

X2

-
+

-
+

X1

X2



Macroscopic Superposition
Y

X

Spin 
Along x

Measure 
along y

Spin up 

Turn on Voltage at X1

Spin Down 

Turn on Voltage at X2

Final State: |χ> = |U>|V1>|E1> + |D>|V2>|E2> Prediction of QM 
(Many Worlds)

-
+

-
+

X1

X2

-
+

-
+

X1

X2



Linear Quantum Mechanics

<latexit sha1_base64="hTptx+nO2EQSa6zl1eWN0IzuzAE=">AAACI3icbZBNS8NAEIY39bt+RT16WSyCp5KIqHjy4+LBQwWrQhPLZDuti7tJ2N0IJfS/ePGvePGgFC8e/C9u2hzU+sLCyzMzzM4bpYJr43mfTmVqemZ2bn6huri0vLLqrq1f6yRTDJssEYm6jUCj4DE2DTcCb1OFICOBN9HDWVG/eUSleRJfmX6KoYRezLucgbGo7R4FEsw9A5FfDGigs1SjoUhP2nkgM0siUHnQ0NzaHkgJdyW3qO3WvLo3Ep00fmlqpFSj7Q6DTsIyibFhArRu+V5qwhyU4UzgoBpkGlNgD9DDlrUxSNRhPrpxQLct6dBuouyLDR3RnxM5SK37MrKdxUX6b62A/9VamekehjmP08xgzMaLupmgJqFFYLTDFTIj+tYAU9z+lbJ7UMCMjbVqQ/D/njxprnfr/n7dv9yrHZ+WccyTTbJFdohPDsgxOScN0iSMPJEX8kbenWfn1Rk6H+PWilPObJBfcr6+AcJ6pPY=</latexit>

L � eAµ ̄�
µ 

|χ> = |U>|V1>|E1> + |D>|V2>|E2>

Which Voltage sensors light up?

Compute Transition Matrix Elements
X1

X2

X1

X2

<latexit sha1_base64="YPb5IzxHPeQ9KPQSQ49iTf+yEC8="></latexit>

hU |hV1|hE1|eAµ (x1)  ̄ (x1) �
µ (x1) |�i 6= 0

<latexit sha1_base64="vwej9Z1GLd3BfV6c2BV+QXEpet4="></latexit>

hU |hV1|hE1|eAµ (x2)  ̄ (x2) �
µ (x2) |�i = 0

<latexit sha1_base64="R8RJFe8IVOZHuDBMmsGWS0wAh/Q="></latexit>

hV1|Aµ (x2) |V1i = 0



Linear Quantum Mechanics

<latexit sha1_base64="hTptx+nO2EQSa6zl1eWN0IzuzAE=">AAACI3icbZBNS8NAEIY39bt+RT16WSyCp5KIqHjy4+LBQwWrQhPLZDuti7tJ2N0IJfS/ePGvePGgFC8e/C9u2hzU+sLCyzMzzM4bpYJr43mfTmVqemZ2bn6huri0vLLqrq1f6yRTDJssEYm6jUCj4DE2DTcCb1OFICOBN9HDWVG/eUSleRJfmX6KoYRezLucgbGo7R4FEsw9A5FfDGigs1SjoUhP2nkgM0siUHnQ0NzaHkgJdyW3qO3WvLo3Ep00fmlqpFSj7Q6DTsIyibFhArRu+V5qwhyU4UzgoBpkGlNgD9DDlrUxSNRhPrpxQLct6dBuouyLDR3RnxM5SK37MrKdxUX6b62A/9VamekehjmP08xgzMaLupmgJqFFYLTDFTIj+tYAU9z+lbJ7UMCMjbVqQ/D/njxprnfr/n7dv9yrHZ+WccyTTbJFdohPDsgxOScN0iSMPJEX8kbenWfn1Rk6H+PWilPObJBfcr6+AcJ6pPY=</latexit>

L � eAµ ̄�
µ 

|χ> = |U>|V1>|E1> + |D>|V2>|E2>

Which Voltage sensors light up?

Compute Transition Matrix Elements

But in both |V1>, |V2>:

X1

X2

X1

X2

<latexit sha1_base64="YPb5IzxHPeQ9KPQSQ49iTf+yEC8="></latexit>

hU |hV1|hE1|eAµ (x1)  ̄ (x1) �
µ (x1) |�i 6= 0

<latexit sha1_base64="vwej9Z1GLd3BfV6c2BV+QXEpet4="></latexit>

hU |hV1|hE1|eAµ (x2)  ̄ (x2) �
µ (x2) |�i = 0

<latexit sha1_base64="4RYDF4l9VLgIK7Ue3RXvb5IR+AA="></latexit>

h�|Aµ (x1) |�i 6= 0, h�|Aµ (x2) |�i 6= 0

<latexit sha1_base64="R8RJFe8IVOZHuDBMmsGWS0wAh/Q="></latexit>

hV1|Aµ (x2) |V1i = 0



Non-Linear Quantum Mechanics
<latexit sha1_base64="zJ8YGF65wmd9f6lWlDwW7ckf5SI="></latexit>

L � eAµ ̄�
µ + ✏�eh�|Aµ|�i ̄�µ 

State Dependent Non-linear Term

But in both |V1>, |V2>:
<latexit sha1_base64="4RYDF4l9VLgIK7Ue3RXvb5IR+AA="></latexit>
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Non-Linear Quantum Mechanics
<latexit sha1_base64="zJ8YGF65wmd9f6lWlDwW7ckf5SI="></latexit>

L � eAµ ̄�
µ + ✏�eh�|Aµ|�i ̄�µ 

State Dependent Non-linear Term

But in both |V1>, |V2>:

Communication between “worlds”  
Consequence of Causality - trace over entangled particles 

Non-linearity visible despite Environmental De-coherence! 
Polchinski: “Everett Phone”

<latexit sha1_base64="4RYDF4l9VLgIK7Ue3RXvb5IR+AA="></latexit>

h�|Aµ (x1) |�i 6= 0, h�|Aµ (x2) |�i 6= 0

X1

X2

X1

X2

ε

ε



Experimental Tests
Key Point: Create macroscopic superposition 

Create Expectation value of EM/Gravity 
Search for Expectation value



Experimental Tests
Key Point: Create macroscopic superposition 

Create Expectation value of EM/Gravity 
Search for Expectation value

On: {T, T + dT} 
Off: {T + dT, T + 2 dT}

Off: {T, T + dT} 
On: {T + dT, T + 2 dT}

<latexit sha1_base64="rNpMt+vY5dR63FXCisoSmyImMCk=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiQxtHVXFMFlBfuANpTJdNIOnTyYmRRK6Ee4caGIW7/HnX/jpK2gogcuHM65l3vv8RPOpLKsD6Owtr6xuVXcLu3s7u0flA+P2jJOBaEtEvNYdH0sKWcRbSmmOO0mguLQ57TjT65zvzOlQrI4ulezhHohHkUsYAQrLXX6U0qym/mgXLHMy3rVcavIMi2rZjt2Tpyae+EiWys5KrBCc1B+7w9jkoY0UoRjKXu2lSgvw0Ixwum81E8lTTCZ4BHtaRrhkEovW5w7R2daGaIgFroihRbq94kMh1LOQl93hliN5W8vF//yeqkK6l7GoiRVNCLLRUHKkYpR/jsaMkGJ4jNNMBFM34rIGAtMlE6opEP4+hT9T9qOaVdN986tNK5WcRThBE7hHGyoQQNuoQktIDCBB3iCZyMxHo0X43XZWjBWM8fwA8bbJ8dhj+I=</latexit>

~E

<latexit sha1_base64="rNpMt+vY5dR63FXCisoSmyImMCk=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiQxtHVXFMFlBfuANpTJdNIOnTyYmRRK6Ee4caGIW7/HnX/jpK2gogcuHM65l3vv8RPOpLKsD6Owtr6xuVXcLu3s7u0flA+P2jJOBaEtEvNYdH0sKWcRbSmmOO0mguLQ57TjT65zvzOlQrI4ulezhHohHkUsYAQrLXX6U0qym/mgXLHMy3rVcavIMi2rZjt2Tpyae+EiWys5KrBCc1B+7w9jkoY0UoRjKXu2lSgvw0Ixwum81E8lTTCZ4BHtaRrhkEovW5w7R2daGaIgFroihRbq94kMh1LOQl93hliN5W8vF//yeqkK6l7GoiRVNCLLRUHKkYpR/jsaMkGJ4jNNMBFM34rIGAtMlE6opEP4+hT9T9qOaVdN986tNK5WcRThBE7hHGyoQQNuoQktIDCBB3iCZyMxHo0X43XZWjBWM8fwA8bbJ8dhj+I=</latexit>

~E



Experimental Tests
Key Point: Create macroscopic superposition 

Create Expectation value of EM/Gravity 
Search for Expectation value

On: {T, T + dT} 
Off: {T + dT, T + 2 dT}

Off: {T, T + dT} 
On: {T + dT, T + 2 dT}

Voltmeter 
ε E in {T + dT, T+ 2 dT}?

Voltmeter 
ε E in {T, T+  dT}?

<latexit sha1_base64="rNpMt+vY5dR63FXCisoSmyImMCk=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiQxtHVXFMFlBfuANpTJdNIOnTyYmRRK6Ee4caGIW7/HnX/jpK2gogcuHM65l3vv8RPOpLKsD6Owtr6xuVXcLu3s7u0flA+P2jJOBaEtEvNYdH0sKWcRbSmmOO0mguLQ57TjT65zvzOlQrI4ulezhHohHkUsYAQrLXX6U0qym/mgXLHMy3rVcavIMi2rZjt2Tpyae+EiWys5KrBCc1B+7w9jkoY0UoRjKXu2lSgvw0Ixwum81E8lTTCZ4BHtaRrhkEovW5w7R2daGaIgFroihRbq94kMh1LOQl93hliN5W8vF//yeqkK6l7GoiRVNCLLRUHKkYpR/jsaMkGJ4jNNMBFM34rIGAtMlE6opEP4+hT9T9qOaVdN986tNK5WcRThBE7hHGyoQQNuoQktIDCBB3iCZyMxHo0X43XZWjBWM8fwA8bbJ8dhj+I=</latexit>

~E

<latexit sha1_base64="rNpMt+vY5dR63FXCisoSmyImMCk=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiQxtHVXFMFlBfuANpTJdNIOnTyYmRRK6Ee4caGIW7/HnX/jpK2gogcuHM65l3vv8RPOpLKsD6Owtr6xuVXcLu3s7u0flA+P2jJOBaEtEvNYdH0sKWcRbSmmOO0mguLQ57TjT65zvzOlQrI4ulezhHohHkUsYAQrLXX6U0qym/mgXLHMy3rVcavIMi2rZjt2Tpyae+EiWys5KrBCc1B+7w9jkoY0UoRjKXu2lSgvw0Ixwum81E8lTTCZ4BHtaRrhkEovW5w7R2daGaIgFroihRbq94kMh1LOQl93hliN5W8vF//yeqkK6l7GoiRVNCLLRUHKkYpR/jsaMkGJ4jNNMBFM34rIGAtMlE6opEP4+hT9T9qOaVdN986tNK5WcRThBE7hHGyoQQNuoQktIDCBB3iCZyMxHo0X43XZWjBWM8fwA8bbJ8dhj+I=</latexit>

~E



Experimental Tests
Key Point: Create macroscopic superposition 

Create Expectation value of EM/Gravity 
Search for Expectation value

M

M

x1 x2
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Experimental Tests
Key Point: Create macroscopic superposition 

Create Expectation value of EM/Gravity 
Search for Expectation value

Even Null Result is Interesting:

M

M

x1 x2

x1
x2

<latexit sha1_base64="+XfKIMQEazau7gQTEDIDCq2BrYI="></latexit>

Gµ⌫ = hTµ⌫i



Conclusions
1. Quantum Field Theory can be generalized to include non-linear, state dependent 

time evolution 

2. Conventional tests of quantum mechanics in atomic and nuclear systems do NOT 
probe causal non-linear quantum mechanics 

3.  Straightforward set of experimental tests possible to probe non-linear quantum 
mechanics  

4.  Motivation to test other extensions as well - e.g. Lindblad Decoherence 



Delicate Non-Linearity
Suppose |X> = |U> 

Alex performs experiment on July 6 - discovers non-linear quantum mechanics!
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Suppose |X> = |U> 

Alex performs experiment on July 6 - discovers non-linear quantum mechanics!
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O wants to repeat experiment

Suppose |OU> decides to run experiment at 9 AM on July 10 
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State on 9 AM on July 10
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Delicate Non-Linearity
Suppose |X> = |U> 

Alex performs experiment on July 6 - discovers non-linear quantum mechanics!

<latexit sha1_base64="VTi4ikEIHuqPSN1XiNCwppOxQ3o="></latexit>

|�i = 1p
2
(|Ui|OU i+ |Di|ODi)

O wants to repeat experiment

Suppose |OU> decides to run experiment at 9 AM on July 10 
But |OD> runs experiment on 9 AM on July 20

State on 9 AM on July 10

<latexit sha1_base64="DTtbCJPZpYuFvbkib/ytMx8Xd2w="></latexit>

|�i = 1p
2

✓
|Ui|OU i

(|Ui|T i+ |Di|Ri)p
2

+ |Di|ODi
◆

<latexit sha1_base64="rNpMt+vY5dR63FXCisoSmyImMCk=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiQxtHVXFMFlBfuANpTJdNIOnTyYmRRK6Ee4caGIW7/HnX/jpK2gogcuHM65l3vv8RPOpLKsD6Owtr6xuVXcLu3s7u0flA+P2jJOBaEtEvNYdH0sKWcRbSmmOO0mguLQ57TjT65zvzOlQrI4ulezhHohHkUsYAQrLXX6U0qym/mgXLHMy3rVcavIMi2rZjt2Tpyae+EiWys5KrBCc1B+7w9jkoY0UoRjKXu2lSgvw0Ixwum81E8lTTCZ4BHtaRrhkEovW5w7R2daGaIgFroihRbq94kMh1LOQl93hliN5W8vF//yeqkK6l7GoiRVNCLLRUHKkYpR/jsaMkGJ4jNNMBFM34rIGAtMlE6opEP4+hT9T9qOaVdN986tNK5WcRThBE7hHGyoQQNuoQktIDCBB3iCZyMxHo0X43XZWjBWM8fwA8bbJ8dhj+I=</latexit>

~E
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Quantum Pollution: Without adequate care, superpositions may diverge wildly, 
preventing exploitability. Not automatic - but need careful protocols! 



Delicate Non-Linearity
State on 9 AM on July 10

<latexit sha1_base64="DTtbCJPZpYuFvbkib/ytMx8Xd2w="></latexit>
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2
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◆

Compare with State on July 6

<latexit sha1_base64="UViMwu6qkdDpwfG3oNLFbLj+as4="></latexit>

|�i = 1p
2
(|Ui|T i+ |Di|Ri)
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hU |hOU |hUhT |hET |eAµ (xR)  ̄ (xR) �
µ (xR) |�i =

1

2
hU |hT |hET |eAµ (xR)  ̄ (xR) �

µ (xR) |�i

Effect is 1/2 of prior effect!

But, full effect if OU and OD perform experiment at same time!

Quantum Pollution: Without adequate care, superpositions may diverge wildly, 
preventing exploitability. Not automatic - but need careful protocols! 

Particles have been scattering for 13 billion years. Cosmological dilution? 



Cosmological Relaxation of Non-Linear QM?
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For e.g. when we repeat the experiment, it is ok for OU and OD  to be two different 
individuals - all we care is that the fields are turned on at the same space-time points 
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Cosmological Relaxation of Non-Linear QM?
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L � eAµ ̄�
µ + ✏�eh�|Aµ|�i ̄�µ 

All we need is the expectation value. Non-Linear effects are resistant to decoherence. 

For e.g. when we repeat the experiment, it is ok for OU and OD  to be two different 
individuals - all we care is that the fields are turned on at the same space-time points 

Relevant 

Superpositions where expectation 
values of fields are very different 

9 AM 

10 AM 

Irrelevant 

Scattering where expectation 
values are not significantly changed 

9 AM 

9 AM 
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Time Evolve
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Can quantum events (scattering, decay etc.) lead to wildly different classical outcomes?



Classical Universe?
Suppose |X> = |U> 

|U(t = 0)>  = 

Time Evolve

|U(t)>  = |   > + δ |    > |U(t)>  = δ|   > + |    >

Can quantum events (scattering, decay etc.) lead to wildly different classical outcomes?

Clearly Possible - e.g. Human choosing to act differently based on quantum event

But, fundamentally - this is because humans can be quantum amplifiers

Are there natural quantum amplifiers, for e.g. in chaotic systems?



Backup



Perturbation Theory

<latexit sha1_base64="PlGoU7OcwaAq3AH4XZjJ21eG1PU="></latexit>

i
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At zeroth order, this is just standard QFT
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Perturbation Theory
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At zeroth order, this is just standard QFT

At first order, use zeroth order solution - expectation value is simply a background field

Perform standard QFT on this background field to compute first order correction
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Perturbation Theory
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At zeroth order, this is just standard QFT

At first order, use zeroth order solution - expectation value is simply a background field

Perform standard QFT on this background field to compute first order correction

Applies to all orders : To compute term of given order, only need lower order terms 
Lower order terms enter as background fields
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Perturbation Theory
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At zeroth order, this is just standard QFT

At first order, use zeroth order solution - expectation value is simply a background field

Perform standard QFT on this background field to compute first order correction

Applies to all orders : To compute term of given order, only need lower order terms 
Lower order terms enter as background fields

Single Particle states? Causality for Multi-particle states?
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Single Particle 

Suppose we have a ψ particle - how does its wave-function evolve?
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Single Particle 

Suppose we have a ψ particle - how does its wave-function evolve?

To zeroth order, ψ just sources the Φ field

Straightforward Computation of Expectation Value

<latexit sha1_base64="ilDKGG9MSoddaN7CjHjzPoG64i0="></latexit>

H � y� ̄ = y (�+ ✏̃h�|�|�i)  ̄ 



Single Particle 

Suppose we have a ψ particle - how does its wave-function evolve?

To zeroth order, ψ just sources the Φ field

Straightforward Computation of Expectation Value
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Single Particle 

Suppose we have a ψ particle - how does its wave-function evolve?

To zeroth order, ψ just sources the Φ field

Straightforward Computation of Expectation Value

<latexit sha1_base64="/C2WHSiYVmQ56K4H3N8ZqL6aNkQ="></latexit>
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Charge Density of ψ Causal Green’s Function
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Schrodinger Equation

Single particle equation derived from field theory  
Equation depends upon theory (Yukawa,  Φ4 etc)
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Schrodinger Equation

Single particle equation derived from field theory  
Equation depends upon theory (Yukawa,  Φ4 etc)

Hermitean Form of Hamiltonian implies conserved norm 

Maintain Probabilistic Interpretation
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Entangled Systems
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Entangled Systems

How do multi-particle systems evolve?
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Entangled Systems

How do multi-particle systems evolve?
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To change evolution, need to change φ 

Φ changes via causal Green’s function - naturally comes from field theory!



Gauge Theories and Gravitation
Linear QFT Lagrangian, Shift bosonic field by expectation value 

To Path Integral, add: 

Background Field 
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Gauge Theories and Gravitation
Linear QFT Lagrangian, Shift bosonic field by expectation value 

To Path Integral, add: 

Background Field 

Gravitation 
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Constraints
What does this do to the Lamb Shift?

Proton at Fixed Location 

2S and 2P electron have different charge distribution 

Different expectation value of electromagnetic field 

Level Splitting!
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Constraints
What does this do to the Lamb Shift?

Proton at Fixed Location 

2S and 2P electron have different charge distribution 

Different expectation value of electromagnetic field 

Level Splitting!

BUT: Cannot decouple center of mass and relative co-ordinates 

Proton wave-function  spread over some region (e.g. trap size ~ 100 nm)  
Εxpectation value of electromagnetic field diluted 

In neutral atom - heavily suppressed, except at edges!  

ε < 10-2 

Similarly, kills possible bounds on QCD and gravity
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Leading Constraint?

For ε > 0 (repulsive interaction)

Too large a repulsion, Cant trap ion in trap 
ε < 10-5

Constraints



Leading Constraint?

For ε > 0 (repulsive interaction)

Too large a repulsion, Cant trap ion in trap 
ε < 10-5

No direct limit on ε < 0 (attractive interaction) 
Perhaps from mapping of ion in trap?

Constraints



Measurement in Quantum Mechanics
Not some mysterious process 

Interaction between quantum state and measuring device 
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Measurement in Quantum Mechanics
Not some mysterious process 

Interaction between quantum state and measuring device 
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<latexit sha1_base64="T3ahyqQKIfA7yFzGP/TlABrSmHc=">AAAB8nicbZDLSgMxFIYzXut4q7p0EyyCqzLjQt2IRTcuK9gLTIeSSTNtaCYZkjNKGfoYblwo0q3v4d6N+Daml4W2/hD4+P9zyDknSgU34HnfztLyyuraemHD3dza3tkt7u3Xjco0ZTWqhNLNiBgmuGQ14CBYM9WMJJFgjah/M84bD0wbruQ9DFIWJqQrecwpAWsFLc27PSBaq8d2seSVvYnwIvgzKF19uJfp6MuttoufrY6iWcIkUEGMCXwvhTAnGjgVbOi2MsNSQvukywKLkiTMhPlk5CE+tk4Hx0rbJwFP3N8dOUmMGSSRrUwI9Mx8Njb/y4IM4osw5zLNgEk6/SjOBAaFx/vjDteMghhYIFRzOyumPaIJBXsl1x7Bn195EeqnZf+s7N/5pco1mqqADtEROkE+OkcVdIuqqIYoUugJvaBXB5xn580ZTUuXnFnPAfoj5/0HJJmU0Q==</latexit>! <latexit sha1_base64="llaOVOqawM8Zzxj0cGSujEYuZno=">AAAB7XicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKgbsejGZQV7gXYomTTTxmaSkGSEUvoOblwo4saFj+Lejfg2pq0Lbf0h8PH/55BzTqw4MzYIvrzcwuLS8kp+1V9b39jcKmzv1IzMNKFVIrnUjRgbypmgVcsspw2lKU5jTutx/3Kc1++oNkyKGztQNEpxV7CEEWydVWthrnq4XSgGpWAiNA/hDxTP3/0z9frpV9qFj1ZHkiylwhKOjWmGgbLREGvLCKcjv5UZqjDp4y5tOhQ4pSYaTqYdoQPndFAitXvCoon7u2OIU2MGaewqU2x7ZjYbm/9lzcwmp9GQCZVZKsj0oyTjyEo0Xh11mKbE8oEDTDRzsyLSwxoT6w7kuyOEsyvPQ+2oFB6XwuuwWL6AqfKwB/twCCGcQBmuoAJVIHAL9/AIT570Hrxn72VamvN+enbhj7y3b+1Qklw=</latexit>↵

<latexit sha1_base64="C0Bqn5r2gZ/a8DTHPg1las4C4nE=">AAAB7nicbVDLSgMxFM34bOur6tJNsAiuyowLdVl047KCfWA7lEyaaUMzSUjuiGXoR7gRVMStO//FnV+j6WOhrQcuHM65l3PvjbTgFnz/y1taXlldW8/lCxubW9s7xd29ulWpoaxGlVCmGRHLBJesBhwEa2rDSBIJ1ogGl2O/cceM5UrewFCzMCE9yWNOCTip0VbAE2Y7xZJf9ifAiySYkVIlr59uP+6/q53iZ7uraJowCVQQa1uBryHMiAFOBRsV2qllmtAB6bGWo5K4kDCbrDvCR07p4lgZVxLwRP09kZHE2mESuc6EQN/Oe2PxP6+VQnweZlzqFJik06A4FRgUHt+Ou9wwCmLoCKGGu10x7RNDKLgPFdwTgvmTF0n9pBycloProFS5QFPk0AE6RMcoQGeogq5QFdUQRQP0gJ7Ri6e9R+/Ve5u2LnmzmX30B977D6dmk4I=</latexit>⌦ <latexit sha1_base64="C0Bqn5r2gZ/a8DTHPg1las4C4nE=">AAAB7nicbVDLSgMxFM34bOur6tJNsAiuyowLdVl047KCfWA7lEyaaUMzSUjuiGXoR7gRVMStO//FnV+j6WOhrQcuHM65l3PvjbTgFnz/y1taXlldW8/lCxubW9s7xd29ulWpoaxGlVCmGRHLBJesBhwEa2rDSBIJ1ogGl2O/cceM5UrewFCzMCE9yWNOCTip0VbAE2Y7xZJf9ifAiySYkVIlr59uP+6/q53iZ7uraJowCVQQa1uBryHMiAFOBRsV2qllmtAB6bGWo5K4kDCbrDvCR07p4lgZVxLwRP09kZHE2mESuc6EQN/Oe2PxP6+VQnweZlzqFJik06A4FRgUHt+Ou9wwCmLoCKGGu10x7RNDKLgPFdwTgvmTF0n9pBycloProFS5QFPk0AE6RMcoQGeogq5QFdUQRQP0gJ7Ri6e9R+/Ve5u2LnmzmX30B977D6dmk4I=</latexit>⌦+
<latexit sha1_base64="X7tjIM+DQRLqrm/MO7ZAxmpXIck=">AAAB7HicbZC7SgNBFIbPxluMt6ilIotBsAq7FmoZtLFMwE0CyRJmJ7PJkNnZZeasEJaU1jYWitj6DHkOO5/Bl3ByKTTxh4GP/z+HOecEieAaHefLyq2srq1v5DcLW9s7u3vF/YO6jlNFmUdjEatmQDQTXDIPOQrWTBQjUSBYIxjcTvLGA1Oax/IehwnzI9KTPOSUoLG8dsCQdIolp+xMZS+DO4dS5Xhc+348GVc7xc92N6ZpxCRSQbRuuU6CfkYUcirYqNBONUsIHZAeaxmUJGLaz6bDjuwz43TtMFbmSbSn7u+OjERaD6PAVEYE+3oxm5j/Za0Uw2s/4zJJkUk6+yhMhY2xPdnc7nLFKIqhAUIVN7PatE8UoWjuUzBHcBdXXob6Rdm9LLs1t1S5gZnycASncA4uXEEF7qAKHlDg8AQv8GpJ69l6s95npTlr3nMIf2R9/ACzHZJS</latexit>

�

Prediction of Quantum Mechanics (“Many Worlds”), Not an interpretation 

<latexit sha1_base64="x3plrnLucG5ACuoqDuILvJV+tjs="></latexit>

| i ⌦ |A0i !
P

i ci|ii ⌦ |Aii

<latexit sha1_base64="kcPVDLHBKIglOZqe0EHxxXx/72k=">AAAB9HicbVDLSsNAFL2pr1pfVZduhhZBEEriQl0G3bisYB/QhDKZTtqhk0mcmRRC7F8Iblwo4taPcde/cfpYaOuBC4dz7uXee4KEM6Vte2IV1tY3NreK26Wd3b39g/LhUVPFqSS0QWIey3aAFeVM0IZmmtN2IimOAk5bwfB26rdGVCoWiwedJdSPcF+wkBGsjeQ/eXXFPIlFn1PULVftmj0DWiXOglTdinf+PHGzerf87fVikkZUaMKxUh3HTrSfY6kZ4XRc8lJFE0yGuE87hgocUeXns6PH6NQoPRTG0pTQaKb+nshxpFQWBaYzwnqglr2p+J/XSXV47edMJKmmgswXhSlHOkbTBFCPSUo0zwzBRDJzKyIDLDHRJqeSCcFZfnmVNC9qzmXNuXeq7g3MUYQTqMAZOHAFLtxBHRpA4BFe4A3erZH1an1Yn/PWgrWYOYY/sL5+ALHflQc=</latexit>

| i <latexit sha1_base64="HKIWBrHiQkdnO63yv3B683ZzoV8=">AAAB8nicbZDLSsNAFIZPvNZ6q7p0M7QIglASF+oy6sZlBXuBJJTJdNIOnUzCzEQIsW+hGxeKuPVp3PVtnF4W2vrDwMf/n8Occ8KUM6Vte2ytrK6tb2yWtsrbO7t7+5WDw5ZKMklokyQ8kZ0QK8qZoE3NNKedVFIch5y2w+HtJG8/UqlYIh50ntIgxn3BIkawNpb3dN21fYlFn9NupWbX7anQMjhzqLlV/+x57OaNbuXb7yUki6nQhGOlPMdOdVBgqRnhdFT2M0VTTIa4Tz2DAsdUBcV05BE6MU4PRYk0T2g0dX93FDhWKo9DUxljPVCL2cT8L/MyHV0FBRNppqkgs4+ijCOdoMn+qMckJZrnBjCRzMyKyABLTLS5UtkcwVlceRla53Xnou7cOzX3BmYqwTFU4RQcuAQX7qABTSCQwAu8wbulrVfrw/qcla5Y854j+CPr6wcU25Qb</latexit>

|A0i
<latexit sha1_base64="ExNw3CMbyK92qu/ZrqSVpzWXuV8=">AAACBnicbVDLSsNAFJ3UV62vqEsRhhZBEEriQl1G3bisYB/QhDCZTtqhk0mYmQgh7cqNH+BPuHGhiFu/wV3/xulD0NYDFw7n3Mu99wQJo1JZ1sgoLC2vrK4V10sbm1vbO+buXkPGqcCkjmMWi1aAJGGUk7qiipFWIgiKAkaaQf967DfviZA05ncqS4gXoS6nIcVIack3DwfUFYh3GYFurGhEJBxc+j+ab1asqjUBXCT2jFScsnvyNHKymm9+uZ0YpxHhCjMkZdu2EuXlSCiKGRmW3FSSBOE+6pK2phzphV4+eWMIj7TSgWEsdHEFJ+rviRxFUmZRoDsjpHpy3huL/3ntVIUXXk55kirC8XRRmDKoYjjOBHaoIFixTBOEBdW3QtxDAmGlkyvpEOz5lxdJ47Rqn1XtW7viXIEpiuAAlMExsME5cMANqIE6wOABPINX8GY8Gi/Gu/ExbS0Ys5l98AfG5zeA75wg</latexit>

|ii ⌦ |Aii

<latexit sha1_base64="MLi9KpWfJSibagEu+k0IXBJ6GEA="></latexit>

Pick: hAj |Aii = �ij
<latexit sha1_base64="zWKwSC9RYSf27aShZAfxmsAPZkg="></latexit>

=) ⇢| i =
P
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“Interpret” as direct 
sum of “worlds”



Measurement in  Non-Linear Quantum Mechanics
Interaction between quantum state and measuring device 

<latexit sha1_base64="C0Bqn5r2gZ/a8DTHPg1las4C4nE=">AAAB7nicbVDLSgMxFM34bOur6tJNsAiuyowLdVl047KCfWA7lEyaaUMzSUjuiGXoR7gRVMStO//FnV+j6WOhrQcuHM65l3PvjbTgFnz/y1taXlldW8/lCxubW9s7xd29ulWpoaxGlVCmGRHLBJesBhwEa2rDSBIJ1ogGl2O/cceM5UrewFCzMCE9yWNOCTip0VbAE2Y7xZJf9ifAiySYkVIlr59uP+6/q53iZ7uraJowCVQQa1uBryHMiAFOBRsV2qllmtAB6bGWo5K4kDCbrDvCR07p4lgZVxLwRP09kZHE2mESuc6EQN/Oe2PxP6+VQnweZlzqFJik06A4FRgUHt+Ou9wwCmLoCKGGu10x7RNDKLgPFdwTgvmTF0n9pBycloProFS5QFPk0AE6RMcoQGeogq5QFdUQRQP0gJ7Ri6e9R+/Ve5u2LnmzmX30B977D6dmk4I=</latexit>⌦
<latexit sha1_base64="T3ahyqQKIfA7yFzGP/TlABrSmHc=">AAAB8nicbZDLSgMxFIYzXut4q7p0EyyCqzLjQt2IRTcuK9gLTIeSSTNtaCYZkjNKGfoYblwo0q3v4d6N+Daml4W2/hD4+P9zyDknSgU34HnfztLyyuraemHD3dza3tkt7u3Xjco0ZTWqhNLNiBgmuGQ14CBYM9WMJJFgjah/M84bD0wbruQ9DFIWJqQrecwpAWsFLc27PSBaq8d2seSVvYnwIvgzKF19uJfp6MuttoufrY6iWcIkUEGMCXwvhTAnGjgVbOi2MsNSQvukywKLkiTMhPlk5CE+tk4Hx0rbJwFP3N8dOUmMGSSRrUwI9Mx8Njb/y4IM4osw5zLNgEk6/SjOBAaFx/vjDteMghhYIFRzOyumPaIJBXsl1x7Bn195EeqnZf+s7N/5pco1mqqADtEROkE+OkcVdIuqqIYoUugJvaBXB5xn580ZTUuXnFnPAfoj5/0HJJmU0Q==</latexit>! <latexit sha1_base64="llaOVOqawM8Zzxj0cGSujEYuZno=">AAAB7XicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKgbsejGZQV7gXYomTTTxmaSkGSEUvoOblwo4saFj+Lejfg2pq0Lbf0h8PH/55BzTqw4MzYIvrzcwuLS8kp+1V9b39jcKmzv1IzMNKFVIrnUjRgbypmgVcsspw2lKU5jTutx/3Kc1++oNkyKGztQNEpxV7CEEWydVWthrnq4XSgGpWAiNA/hDxTP3/0z9frpV9qFj1ZHkiylwhKOjWmGgbLREGvLCKcjv5UZqjDp4y5tOhQ4pSYaTqYdoQPndFAitXvCoon7u2OIU2MGaewqU2x7ZjYbm/9lzcwmp9GQCZVZKsj0oyTjyEo0Xh11mKbE8oEDTDRzsyLSwxoT6w7kuyOEsyvPQ+2oFB6XwuuwWL6AqfKwB/twCCGcQBmuoAJVIHAL9/AIT570Hrxn72VamvN+enbhj7y3b+1Qklw=</latexit>↵

<latexit sha1_base64="C0Bqn5r2gZ/a8DTHPg1las4C4nE=">AAAB7nicbVDLSgMxFM34bOur6tJNsAiuyowLdVl047KCfWA7lEyaaUMzSUjuiGXoR7gRVMStO//FnV+j6WOhrQcuHM65l3PvjbTgFnz/y1taXlldW8/lCxubW9s7xd29ulWpoaxGlVCmGRHLBJesBhwEa2rDSBIJ1ogGl2O/cceM5UrewFCzMCE9yWNOCTip0VbAE2Y7xZJf9ifAiySYkVIlr59uP+6/q53iZ7uraJowCVQQa1uBryHMiAFOBRsV2qllmtAB6bGWo5K4kDCbrDvCR07p4lgZVxLwRP09kZHE2mESuc6EQN/Oe2PxP6+VQnweZlzqFJik06A4FRgUHt+Ou9wwCmLoCKGGu10x7RNDKLgPFdwTgvmTF0n9pBycloProFS5QFPk0AE6RMcoQGeogq5QFdUQRQP0gJ7Ri6e9R+/Ve5u2LnmzmX30B977D6dmk4I=</latexit>⌦ <latexit sha1_base64="C0Bqn5r2gZ/a8DTHPg1las4C4nE=">AAAB7nicbVDLSgMxFM34bOur6tJNsAiuyowLdVl047KCfWA7lEyaaUMzSUjuiGXoR7gRVMStO//FnV+j6WOhrQcuHM65l3PvjbTgFnz/y1taXlldW8/lCxubW9s7xd29ulWpoaxGlVCmGRHLBJesBhwEa2rDSBIJ1ogGl2O/cceM5UrewFCzMCE9yWNOCTip0VbAE2Y7xZJf9ifAiySYkVIlr59uP+6/q53iZ7uraJowCVQQa1uBryHMiAFOBRsV2qllmtAB6bGWo5K4kDCbrDvCR07p4lgZVxLwRP09kZHE2mESuc6EQN/Oe2PxP6+VQnweZlzqFJik06A4FRgUHt+Ou9wwCmLoCKGGu10x7RNDKLgPFdwTgvmTF0n9pBycloProFS5QFPk0AE6RMcoQGeogq5QFdUQRQP0gJ7Ri6e9R+/Ve5u2LnmzmX30B977D6dmk4I=</latexit>⌦+
<latexit sha1_base64="X7tjIM+DQRLqrm/MO7ZAxmpXIck=">AAAB7HicbZC7SgNBFIbPxluMt6ilIotBsAq7FmoZtLFMwE0CyRJmJ7PJkNnZZeasEJaU1jYWitj6DHkOO5/Bl3ByKTTxh4GP/z+HOecEieAaHefLyq2srq1v5DcLW9s7u3vF/YO6jlNFmUdjEatmQDQTXDIPOQrWTBQjUSBYIxjcTvLGA1Oax/IehwnzI9KTPOSUoLG8dsCQdIolp+xMZS+DO4dS5Xhc+348GVc7xc92N6ZpxCRSQbRuuU6CfkYUcirYqNBONUsIHZAeaxmUJGLaz6bDjuwz43TtMFbmSbSn7u+OjERaD6PAVEYE+3oxm5j/Za0Uw2s/4zJJkUk6+yhMhY2xPdnc7nLFKIqhAUIVN7PatE8UoWjuUzBHcBdXXob6Rdm9LLs1t1S5gZnycASncA4uXEEF7qAKHlDg8AQv8GpJ69l6s95npTlr3nMIf2R9/ACzHZJS</latexit>

�
<latexit sha1_base64="kcPVDLHBKIglOZqe0EHxxXx/72k=">AAAB9HicbVDLSsNAFL2pr1pfVZduhhZBEEriQl0G3bisYB/QhDKZTtqhk0mcmRRC7F8Iblwo4taPcde/cfpYaOuBC4dz7uXee4KEM6Vte2IV1tY3NreK26Wd3b39g/LhUVPFqSS0QWIey3aAFeVM0IZmmtN2IimOAk5bwfB26rdGVCoWiwedJdSPcF+wkBGsjeQ/eXXFPIlFn1PULVftmj0DWiXOglTdinf+PHGzerf87fVikkZUaMKxUh3HTrSfY6kZ4XRc8lJFE0yGuE87hgocUeXns6PH6NQoPRTG0pTQaKb+nshxpFQWBaYzwnqglr2p+J/XSXV47edMJKmmgswXhSlHOkbTBFCPSUo0zwzBRDJzKyIDLDHRJqeSCcFZfnmVNC9qzmXNuXeq7g3MUYQTqMAZOHAFLtxBHRpA4BFe4A3erZH1an1Yn/PWgrWYOYY/sL5+ALHflQc=</latexit>

| i <latexit sha1_base64="HKIWBrHiQkdnO63yv3B683ZzoV8=">AAAB8nicbZDLSsNAFIZPvNZ6q7p0M7QIglASF+oy6sZlBXuBJJTJdNIOnUzCzEQIsW+hGxeKuPVp3PVtnF4W2vrDwMf/n8Occ8KUM6Vte2ytrK6tb2yWtsrbO7t7+5WDw5ZKMklokyQ8kZ0QK8qZoE3NNKedVFIch5y2w+HtJG8/UqlYIh50ntIgxn3BIkawNpb3dN21fYlFn9NupWbX7anQMjhzqLlV/+x57OaNbuXb7yUki6nQhGOlPMdOdVBgqRnhdFT2M0VTTIa4Tz2DAsdUBcV05BE6MU4PRYk0T2g0dX93FDhWKo9DUxljPVCL2cT8L/MyHV0FBRNppqkgs4+ijCOdoMn+qMckJZrnBjCRzMyKyABLTLS5UtkcwVlceRla53Xnou7cOzX3BmYqwTFU4RQcuAQX7qABTSCQwAu8wbulrVfrw/qcla5Y854j+CPr6wcU25Qb</latexit>

|A0i
<latexit sha1_base64="ExNw3CMbyK92qu/ZrqSVpzWXuV8=">AAACBnicbVDLSsNAFJ3UV62vqEsRhhZBEEriQl1G3bisYB/QhDCZTtqhk0mYmQgh7cqNH+BPuHGhiFu/wV3/xulD0NYDFw7n3Mu99wQJo1JZ1sgoLC2vrK4V10sbm1vbO+buXkPGqcCkjmMWi1aAJGGUk7qiipFWIgiKAkaaQf967DfviZA05ncqS4gXoS6nIcVIack3DwfUFYh3GYFurGhEJBxc+j+ab1asqjUBXCT2jFScsnvyNHKymm9+uZ0YpxHhCjMkZdu2EuXlSCiKGRmW3FSSBOE+6pK2phzphV4+eWMIj7TSgWEsdHEFJ+rviRxFUmZRoDsjpHpy3huL/3ntVIUXXk55kirC8XRRmDKoYjjOBHaoIFixTBOEBdW3QtxDAmGlkyvpEOz5lxdJ47Rqn1XtW7viXIEpiuAAlMExsME5cMANqIE6wOABPINX8GY8Gi/Gu/ExbS0Ys5l98AfG5zeA75wg</latexit>

|ii ⌦ |Aii



Measurement in  Non-Linear Quantum Mechanics
Interaction between quantum state and measuring device 

<latexit sha1_base64="C0Bqn5r2gZ/a8DTHPg1las4C4nE=">AAAB7nicbVDLSgMxFM34bOur6tJNsAiuyowLdVl047KCfWA7lEyaaUMzSUjuiGXoR7gRVMStO//FnV+j6WOhrQcuHM65l3PvjbTgFnz/y1taXlldW8/lCxubW9s7xd29ulWpoaxGlVCmGRHLBJesBhwEa2rDSBIJ1ogGl2O/cceM5UrewFCzMCE9yWNOCTip0VbAE2Y7xZJf9ifAiySYkVIlr59uP+6/q53iZ7uraJowCVQQa1uBryHMiAFOBRsV2qllmtAB6bGWo5K4kDCbrDvCR07p4lgZVxLwRP09kZHE2mESuc6EQN/Oe2PxP6+VQnweZlzqFJik06A4FRgUHt+Ou9wwCmLoCKGGu10x7RNDKLgPFdwTgvmTF0n9pBycloProFS5QFPk0AE6RMcoQGeogq5QFdUQRQP0gJ7Ri6e9R+/Ve5u2LnmzmX30B977D6dmk4I=</latexit>⌦
<latexit sha1_base64="T3ahyqQKIfA7yFzGP/TlABrSmHc=">AAAB8nicbZDLSgMxFIYzXut4q7p0EyyCqzLjQt2IRTcuK9gLTIeSSTNtaCYZkjNKGfoYblwo0q3v4d6N+Daml4W2/hD4+P9zyDknSgU34HnfztLyyuraemHD3dza3tkt7u3Xjco0ZTWqhNLNiBgmuGQ14CBYM9WMJJFgjah/M84bD0wbruQ9DFIWJqQrecwpAWsFLc27PSBaq8d2seSVvYnwIvgzKF19uJfp6MuttoufrY6iWcIkUEGMCXwvhTAnGjgVbOi2MsNSQvukywKLkiTMhPlk5CE+tk4Hx0rbJwFP3N8dOUmMGSSRrUwI9Mx8Njb/y4IM4osw5zLNgEk6/SjOBAaFx/vjDteMghhYIFRzOyumPaIJBXsl1x7Bn195EeqnZf+s7N/5pco1mqqADtEROkE+OkcVdIuqqIYoUugJvaBXB5xn580ZTUuXnFnPAfoj5/0HJJmU0Q==</latexit>! <latexit sha1_base64="llaOVOqawM8Zzxj0cGSujEYuZno=">AAAB7XicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKgbsejGZQV7gXYomTTTxmaSkGSEUvoOblwo4saFj+Lejfg2pq0Lbf0h8PH/55BzTqw4MzYIvrzcwuLS8kp+1V9b39jcKmzv1IzMNKFVIrnUjRgbypmgVcsspw2lKU5jTutx/3Kc1++oNkyKGztQNEpxV7CEEWydVWthrnq4XSgGpWAiNA/hDxTP3/0z9frpV9qFj1ZHkiylwhKOjWmGgbLREGvLCKcjv5UZqjDp4y5tOhQ4pSYaTqYdoQPndFAitXvCoon7u2OIU2MGaewqU2x7ZjYbm/9lzcwmp9GQCZVZKsj0oyTjyEo0Xh11mKbE8oEDTDRzsyLSwxoT6w7kuyOEsyvPQ+2oFB6XwuuwWL6AqfKwB/twCCGcQBmuoAJVIHAL9/AIT570Hrxn72VamvN+enbhj7y3b+1Qklw=</latexit>↵

<latexit sha1_base64="C0Bqn5r2gZ/a8DTHPg1las4C4nE=">AAAB7nicbVDLSgMxFM34bOur6tJNsAiuyowLdVl047KCfWA7lEyaaUMzSUjuiGXoR7gRVMStO//FnV+j6WOhrQcuHM65l3PvjbTgFnz/y1taXlldW8/lCxubW9s7xd29ulWpoaxGlVCmGRHLBJesBhwEa2rDSBIJ1ogGl2O/cceM5UrewFCzMCE9yWNOCTip0VbAE2Y7xZJf9ifAiySYkVIlr59uP+6/q53iZ7uraJowCVQQa1uBryHMiAFOBRsV2qllmtAB6bGWo5K4kDCbrDvCR07p4lgZVxLwRP09kZHE2mESuc6EQN/Oe2PxP6+VQnweZlzqFJik06A4FRgUHt+Ou9wwCmLoCKGGu10x7RNDKLgPFdwTgvmTF0n9pBycloProFS5QFPk0AE6RMcoQGeogq5QFdUQRQP0gJ7Ri6e9R+/Ve5u2LnmzmX30B977D6dmk4I=</latexit>⌦ <latexit sha1_base64="C0Bqn5r2gZ/a8DTHPg1las4C4nE=">AAAB7nicbVDLSgMxFM34bOur6tJNsAiuyowLdVl047KCfWA7lEyaaUMzSUjuiGXoR7gRVMStO//FnV+j6WOhrQcuHM65l3PvjbTgFnz/y1taXlldW8/lCxubW9s7xd29ulWpoaxGlVCmGRHLBJesBhwEa2rDSBIJ1ogGl2O/cceM5UrewFCzMCE9yWNOCTip0VbAE2Y7xZJf9ifAiySYkVIlr59uP+6/q53iZ7uraJowCVQQa1uBryHMiAFOBRsV2qllmtAB6bGWo5K4kDCbrDvCR07p4lgZVxLwRP09kZHE2mESuc6EQN/Oe2PxP6+VQnweZlzqFJik06A4FRgUHt+Ou9wwCmLoCKGGu10x7RNDKLgPFdwTgvmTF0n9pBycloProFS5QFPk0AE6RMcoQGeogq5QFdUQRQP0gJ7Ri6e9R+/Ve5u2LnmzmX30B977D6dmk4I=</latexit>⌦+
<latexit sha1_base64="X7tjIM+DQRLqrm/MO7ZAxmpXIck=">AAAB7HicbZC7SgNBFIbPxluMt6ilIotBsAq7FmoZtLFMwE0CyRJmJ7PJkNnZZeasEJaU1jYWitj6DHkOO5/Bl3ByKTTxh4GP/z+HOecEieAaHefLyq2srq1v5DcLW9s7u3vF/YO6jlNFmUdjEatmQDQTXDIPOQrWTBQjUSBYIxjcTvLGA1Oax/IehwnzI9KTPOSUoLG8dsCQdIolp+xMZS+DO4dS5Xhc+348GVc7xc92N6ZpxCRSQbRuuU6CfkYUcirYqNBONUsIHZAeaxmUJGLaz6bDjuwz43TtMFbmSbSn7u+OjERaD6PAVEYE+3oxm5j/Za0Uw2s/4zJJkUk6+yhMhY2xPdnc7nLFKIqhAUIVN7PatE8UoWjuUzBHcBdXXob6Rdm9LLs1t1S5gZnycASncA4uXEEF7qAKHlDg8AQv8GpJ69l6s95npTlr3nMIf2R9/ACzHZJS</latexit>

�

In linear QM, just need to know the basis vectors  
Interaction Hamiltonian independent of unknown quantum state  

<latexit sha1_base64="kcPVDLHBKIglOZqe0EHxxXx/72k=">AAAB9HicbVDLSsNAFL2pr1pfVZduhhZBEEriQl0G3bisYB/QhDKZTtqhk0mcmRRC7F8Iblwo4taPcde/cfpYaOuBC4dz7uXee4KEM6Vte2IV1tY3NreK26Wd3b39g/LhUVPFqSS0QWIey3aAFeVM0IZmmtN2IimOAk5bwfB26rdGVCoWiwedJdSPcF+wkBGsjeQ/eXXFPIlFn1PULVftmj0DWiXOglTdinf+PHGzerf87fVikkZUaMKxUh3HTrSfY6kZ4XRc8lJFE0yGuE87hgocUeXns6PH6NQoPRTG0pTQaKb+nshxpFQWBaYzwnqglr2p+J/XSXV47edMJKmmgswXhSlHOkbTBFCPSUo0zwzBRDJzKyIDLDHRJqeSCcFZfnmVNC9qzmXNuXeq7g3MUYQTqMAZOHAFLtxBHRpA4BFe4A3erZH1an1Yn/PWgrWYOYY/sL5+ALHflQc=</latexit>

| i <latexit sha1_base64="HKIWBrHiQkdnO63yv3B683ZzoV8=">AAAB8nicbZDLSsNAFIZPvNZ6q7p0M7QIglASF+oy6sZlBXuBJJTJdNIOnUzCzEQIsW+hGxeKuPVp3PVtnF4W2vrDwMf/n8Occ8KUM6Vte2ytrK6tb2yWtsrbO7t7+5WDw5ZKMklokyQ8kZ0QK8qZoE3NNKedVFIch5y2w+HtJG8/UqlYIh50ntIgxn3BIkawNpb3dN21fYlFn9NupWbX7anQMjhzqLlV/+x57OaNbuXb7yUki6nQhGOlPMdOdVBgqRnhdFT2M0VTTIa4Tz2DAsdUBcV05BE6MU4PRYk0T2g0dX93FDhWKo9DUxljPVCL2cT8L/MyHV0FBRNppqkgs4+ijCOdoMn+qMckJZrnBjCRzMyKyABLTLS5UtkcwVlceRla53Xnou7cOzX3BmYqwTFU4RQcuAQX7qABTSCQwAu8wbulrVfrw/qcla5Y854j+CPr6wcU25Qb</latexit>

|A0i
<latexit sha1_base64="ExNw3CMbyK92qu/ZrqSVpzWXuV8=">AAACBnicbVDLSsNAFJ3UV62vqEsRhhZBEEriQl1G3bisYB/QhDCZTtqhk0mYmQgh7cqNH+BPuHGhiFu/wV3/xulD0NYDFw7n3Mu99wQJo1JZ1sgoLC2vrK4V10sbm1vbO+buXkPGqcCkjmMWi1aAJGGUk7qiipFWIgiKAkaaQf967DfviZA05ncqS4gXoS6nIcVIack3DwfUFYh3GYFurGhEJBxc+j+ab1asqjUBXCT2jFScsnvyNHKymm9+uZ0YpxHhCjMkZdu2EuXlSCiKGRmW3FSSBOE+6pK2phzphV4+eWMIj7TSgWEsdHEFJ+rviRxFUmZRoDsjpHpy3huL/3ntVIUXXk55kirC8XRRmDKoYjjOBHaoIFixTBOEBdW3QtxDAmGlkyvpEOz5lxdJ47Rqn1XtW7viXIEpiuAAlMExsME5cMANqIE6wOABPINX8GY8Gi/Gu/ExbS0Ys5l98AfG5zeA75wg</latexit>

|ii ⌦ |Aii

<latexit sha1_base64="MLi9KpWfJSibagEu+k0IXBJ6GEA="></latexit>

Pick: hAj |Aii = �ij



Measurement in  Non-Linear Quantum Mechanics
Interaction between quantum state and measuring device 

<latexit sha1_base64="C0Bqn5r2gZ/a8DTHPg1las4C4nE=">AAAB7nicbVDLSgMxFM34bOur6tJNsAiuyowLdVl047KCfWA7lEyaaUMzSUjuiGXoR7gRVMStO//FnV+j6WOhrQcuHM65l3PvjbTgFnz/y1taXlldW8/lCxubW9s7xd29ulWpoaxGlVCmGRHLBJesBhwEa2rDSBIJ1ogGl2O/cceM5UrewFCzMCE9yWNOCTip0VbAE2Y7xZJf9ifAiySYkVIlr59uP+6/q53iZ7uraJowCVQQa1uBryHMiAFOBRsV2qllmtAB6bGWo5K4kDCbrDvCR07p4lgZVxLwRP09kZHE2mESuc6EQN/Oe2PxP6+VQnweZlzqFJik06A4FRgUHt+Ou9wwCmLoCKGGu10x7RNDKLgPFdwTgvmTF0n9pBycloProFS5QFPk0AE6RMcoQGeogq5QFdUQRQP0gJ7Ri6e9R+/Ve5u2LnmzmX30B977D6dmk4I=</latexit>⌦
<latexit sha1_base64="T3ahyqQKIfA7yFzGP/TlABrSmHc=">AAAB8nicbZDLSgMxFIYzXut4q7p0EyyCqzLjQt2IRTcuK9gLTIeSSTNtaCYZkjNKGfoYblwo0q3v4d6N+Daml4W2/hD4+P9zyDknSgU34HnfztLyyuraemHD3dza3tkt7u3Xjco0ZTWqhNLNiBgmuGQ14CBYM9WMJJFgjah/M84bD0wbruQ9DFIWJqQrecwpAWsFLc27PSBaq8d2seSVvYnwIvgzKF19uJfp6MuttoufrY6iWcIkUEGMCXwvhTAnGjgVbOi2MsNSQvukywKLkiTMhPlk5CE+tk4Hx0rbJwFP3N8dOUmMGSSRrUwI9Mx8Njb/y4IM4osw5zLNgEk6/SjOBAaFx/vjDteMghhYIFRzOyumPaIJBXsl1x7Bn195EeqnZf+s7N/5pco1mqqADtEROkE+OkcVdIuqqIYoUugJvaBXB5xn580ZTUuXnFnPAfoj5/0HJJmU0Q==</latexit>! <latexit sha1_base64="llaOVOqawM8Zzxj0cGSujEYuZno=">AAAB7XicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKgbsejGZQV7gXYomTTTxmaSkGSEUvoOblwo4saFj+Lejfg2pq0Lbf0h8PH/55BzTqw4MzYIvrzcwuLS8kp+1V9b39jcKmzv1IzMNKFVIrnUjRgbypmgVcsspw2lKU5jTutx/3Kc1++oNkyKGztQNEpxV7CEEWydVWthrnq4XSgGpWAiNA/hDxTP3/0z9frpV9qFj1ZHkiylwhKOjWmGgbLREGvLCKcjv5UZqjDp4y5tOhQ4pSYaTqYdoQPndFAitXvCoon7u2OIU2MGaewqU2x7ZjYbm/9lzcwmp9GQCZVZKsj0oyTjyEo0Xh11mKbE8oEDTDRzsyLSwxoT6w7kuyOEsyvPQ+2oFB6XwuuwWL6AqfKwB/twCCGcQBmuoAJVIHAL9/AIT570Hrxn72VamvN+enbhj7y3b+1Qklw=</latexit>↵

<latexit sha1_base64="C0Bqn5r2gZ/a8DTHPg1las4C4nE=">AAAB7nicbVDLSgMxFM34bOur6tJNsAiuyowLdVl047KCfWA7lEyaaUMzSUjuiGXoR7gRVMStO//FnV+j6WOhrQcuHM65l3PvjbTgFnz/y1taXlldW8/lCxubW9s7xd29ulWpoaxGlVCmGRHLBJesBhwEa2rDSBIJ1ogGl2O/cceM5UrewFCzMCE9yWNOCTip0VbAE2Y7xZJf9ifAiySYkVIlr59uP+6/q53iZ7uraJowCVQQa1uBryHMiAFOBRsV2qllmtAB6bGWo5K4kDCbrDvCR07p4lgZVxLwRP09kZHE2mESuc6EQN/Oe2PxP6+VQnweZlzqFJik06A4FRgUHt+Ou9wwCmLoCKGGu10x7RNDKLgPFdwTgvmTF0n9pBycloProFS5QFPk0AE6RMcoQGeogq5QFdUQRQP0gJ7Ri6e9R+/Ve5u2LnmzmX30B977D6dmk4I=</latexit>⌦ <latexit sha1_base64="C0Bqn5r2gZ/a8DTHPg1las4C4nE=">AAAB7nicbVDLSgMxFM34bOur6tJNsAiuyowLdVl047KCfWA7lEyaaUMzSUjuiGXoR7gRVMStO//FnV+j6WOhrQcuHM65l3PvjbTgFnz/y1taXlldW8/lCxubW9s7xd29ulWpoaxGlVCmGRHLBJesBhwEa2rDSBIJ1ogGl2O/cceM5UrewFCzMCE9yWNOCTip0VbAE2Y7xZJf9ifAiySYkVIlr59uP+6/q53iZ7uraJowCVQQa1uBryHMiAFOBRsV2qllmtAB6bGWo5K4kDCbrDvCR07p4lgZVxLwRP09kZHE2mESuc6EQN/Oe2PxP6+VQnweZlzqFJik06A4FRgUHt+Ou9wwCmLoCKGGu10x7RNDKLgPFdwTgvmTF0n9pBycloProFS5QFPk0AE6RMcoQGeogq5QFdUQRQP0gJ7Ri6e9R+/Ve5u2LnmzmX30B977D6dmk4I=</latexit>⌦+
<latexit sha1_base64="X7tjIM+DQRLqrm/MO7ZAxmpXIck=">AAAB7HicbZC7SgNBFIbPxluMt6ilIotBsAq7FmoZtLFMwE0CyRJmJ7PJkNnZZeasEJaU1jYWitj6DHkOO5/Bl3ByKTTxh4GP/z+HOecEieAaHefLyq2srq1v5DcLW9s7u3vF/YO6jlNFmUdjEatmQDQTXDIPOQrWTBQjUSBYIxjcTvLGA1Oax/IehwnzI9KTPOSUoLG8dsCQdIolp+xMZS+DO4dS5Xhc+348GVc7xc92N6ZpxCRSQbRuuU6CfkYUcirYqNBONUsIHZAeaxmUJGLaz6bDjuwz43TtMFbmSbSn7u+OjERaD6PAVEYE+3oxm5j/Za0Uw2s/4zJJkUk6+yhMhY2xPdnc7nLFKIqhAUIVN7PatE8UoWjuUzBHcBdXXob6Rdm9LLs1t1S5gZnycASncA4uXEEF7qAKHlDg8AQv8GpJ69l6s95npTlr3nMIf2R9/ACzHZJS</latexit>

�

In linear QM, just need to know the basis vectors  
Interaction Hamiltonian independent of unknown quantum state  

<latexit sha1_base64="kcPVDLHBKIglOZqe0EHxxXx/72k=">AAAB9HicbVDLSsNAFL2pr1pfVZduhhZBEEriQl0G3bisYB/QhDKZTtqhk0mcmRRC7F8Iblwo4taPcde/cfpYaOuBC4dz7uXee4KEM6Vte2IV1tY3NreK26Wd3b39g/LhUVPFqSS0QWIey3aAFeVM0IZmmtN2IimOAk5bwfB26rdGVCoWiwedJdSPcF+wkBGsjeQ/eXXFPIlFn1PULVftmj0DWiXOglTdinf+PHGzerf87fVikkZUaMKxUh3HTrSfY6kZ4XRc8lJFE0yGuE87hgocUeXns6PH6NQoPRTG0pTQaKb+nshxpFQWBaYzwnqglr2p+J/XSXV47edMJKmmgswXhSlHOkbTBFCPSUo0zwzBRDJzKyIDLDHRJqeSCcFZfnmVNC9qzmXNuXeq7g3MUYQTqMAZOHAFLtxBHRpA4BFe4A3erZH1an1Yn/PWgrWYOYY/sL5+ALHflQc=</latexit>

| i <latexit sha1_base64="HKIWBrHiQkdnO63yv3B683ZzoV8=">AAAB8nicbZDLSsNAFIZPvNZ6q7p0M7QIglASF+oy6sZlBXuBJJTJdNIOnUzCzEQIsW+hGxeKuPVp3PVtnF4W2vrDwMf/n8Occ8KUM6Vte2ytrK6tb2yWtsrbO7t7+5WDw5ZKMklokyQ8kZ0QK8qZoE3NNKedVFIch5y2w+HtJG8/UqlYIh50ntIgxn3BIkawNpb3dN21fYlFn9NupWbX7anQMjhzqLlV/+x57OaNbuXb7yUki6nQhGOlPMdOdVBgqRnhdFT2M0VTTIa4Tz2DAsdUBcV05BE6MU4PRYk0T2g0dX93FDhWKo9DUxljPVCL2cT8L/MyHV0FBRNppqkgs4+ijCOdoMn+qMckJZrnBjCRzMyKyABLTLS5UtkcwVlceRla53Xnou7cOzX3BmYqwTFU4RQcuAQX7qABTSCQwAu8wbulrVfrw/qcla5Y854j+CPr6wcU25Qb</latexit>

|A0i
<latexit sha1_base64="ExNw3CMbyK92qu/ZrqSVpzWXuV8=">AAACBnicbVDLSsNAFJ3UV62vqEsRhhZBEEriQl1G3bisYB/QhDCZTtqhk0mYmQgh7cqNH+BPuHGhiFu/wV3/xulD0NYDFw7n3Mu99wQJo1JZ1sgoLC2vrK4V10sbm1vbO+buXkPGqcCkjmMWi1aAJGGUk7qiipFWIgiKAkaaQf967DfviZA05ncqS4gXoS6nIcVIack3DwfUFYh3GYFurGhEJBxc+j+ab1asqjUBXCT2jFScsnvyNHKymm9+uZ0YpxHhCjMkZdu2EuXlSCiKGRmW3FSSBOE+6pK2phzphV4+eWMIj7TSgWEsdHEFJ+rviRxFUmZRoDsjpHpy3huL/3ntVIUXXk55kirC8XRRmDKoYjjOBHaoIFixTBOEBdW3QtxDAmGlkyvpEOz5lxdJ47Rqn1XtW7viXIEpiuAAlMExsME5cMANqIE6wOABPINX8GY8Gi/Gu/ExbS0Ys5l98AfG5zeA75wg</latexit>

|ii ⌦ |Aii

Key  Point: Non-linear Hamiltonian depends upon unknown quantum state  

<latexit sha1_base64="MLi9KpWfJSibagEu+k0IXBJ6GEA="></latexit>

Pick: hAj |Aii = �ij

<latexit sha1_base64="mDUUNxudDXyHHlbP3KEMsvzBYNo="></latexit>

No Guarantee:hAj |Aii = 0

<latexit sha1_base64="RCk7IyfgzGcIELfIoUb+3/7D0Rk="></latexit>

| i ⌦ |A0i !
P

i ci|ii ⌦ |Aii+ ✏
P

i,j di,j |ii ⌦ |Aji



Measurement in  Non-Linear Quantum Mechanics
Interaction between quantum state and measuring device 

<latexit sha1_base64="C0Bqn5r2gZ/a8DTHPg1las4C4nE=">AAAB7nicbVDLSgMxFM34bOur6tJNsAiuyowLdVl047KCfWA7lEyaaUMzSUjuiGXoR7gRVMStO//FnV+j6WOhrQcuHM65l3PvjbTgFnz/y1taXlldW8/lCxubW9s7xd29ulWpoaxGlVCmGRHLBJesBhwEa2rDSBIJ1ogGl2O/cceM5UrewFCzMCE9yWNOCTip0VbAE2Y7xZJf9ifAiySYkVIlr59uP+6/q53iZ7uraJowCVQQa1uBryHMiAFOBRsV2qllmtAB6bGWo5K4kDCbrDvCR07p4lgZVxLwRP09kZHE2mESuc6EQN/Oe2PxP6+VQnweZlzqFJik06A4FRgUHt+Ou9wwCmLoCKGGu10x7RNDKLgPFdwTgvmTF0n9pBycloProFS5QFPk0AE6RMcoQGeogq5QFdUQRQP0gJ7Ri6e9R+/Ve5u2LnmzmX30B977D6dmk4I=</latexit>⌦
<latexit sha1_base64="T3ahyqQKIfA7yFzGP/TlABrSmHc=">AAAB8nicbZDLSgMxFIYzXut4q7p0EyyCqzLjQt2IRTcuK9gLTIeSSTNtaCYZkjNKGfoYblwo0q3v4d6N+Daml4W2/hD4+P9zyDknSgU34HnfztLyyuraemHD3dza3tkt7u3Xjco0ZTWqhNLNiBgmuGQ14CBYM9WMJJFgjah/M84bD0wbruQ9DFIWJqQrecwpAWsFLc27PSBaq8d2seSVvYnwIvgzKF19uJfp6MuttoufrY6iWcIkUEGMCXwvhTAnGjgVbOi2MsNSQvukywKLkiTMhPlk5CE+tk4Hx0rbJwFP3N8dOUmMGSSRrUwI9Mx8Njb/y4IM4osw5zLNgEk6/SjOBAaFx/vjDteMghhYIFRzOyumPaIJBXsl1x7Bn195EeqnZf+s7N/5pco1mqqADtEROkE+OkcVdIuqqIYoUugJvaBXB5xn580ZTUuXnFnPAfoj5/0HJJmU0Q==</latexit>! <latexit sha1_base64="llaOVOqawM8Zzxj0cGSujEYuZno=">AAAB7XicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKgbsejGZQV7gXYomTTTxmaSkGSEUvoOblwo4saFj+Lejfg2pq0Lbf0h8PH/55BzTqw4MzYIvrzcwuLS8kp+1V9b39jcKmzv1IzMNKFVIrnUjRgbypmgVcsspw2lKU5jTutx/3Kc1++oNkyKGztQNEpxV7CEEWydVWthrnq4XSgGpWAiNA/hDxTP3/0z9frpV9qFj1ZHkiylwhKOjWmGgbLREGvLCKcjv5UZqjDp4y5tOhQ4pSYaTqYdoQPndFAitXvCoon7u2OIU2MGaewqU2x7ZjYbm/9lzcwmp9GQCZVZKsj0oyTjyEo0Xh11mKbE8oEDTDRzsyLSwxoT6w7kuyOEsyvPQ+2oFB6XwuuwWL6AqfKwB/twCCGcQBmuoAJVIHAL9/AIT570Hrxn72VamvN+enbhj7y3b+1Qklw=</latexit>↵

<latexit sha1_base64="C0Bqn5r2gZ/a8DTHPg1las4C4nE=">AAAB7nicbVDLSgMxFM34bOur6tJNsAiuyowLdVl047KCfWA7lEyaaUMzSUjuiGXoR7gRVMStO//FnV+j6WOhrQcuHM65l3PvjbTgFnz/y1taXlldW8/lCxubW9s7xd29ulWpoaxGlVCmGRHLBJesBhwEa2rDSBIJ1ogGl2O/cceM5UrewFCzMCE9yWNOCTip0VbAE2Y7xZJf9ifAiySYkVIlr59uP+6/q53iZ7uraJowCVQQa1uBryHMiAFOBRsV2qllmtAB6bGWo5K4kDCbrDvCR07p4lgZVxLwRP09kZHE2mESuc6EQN/Oe2PxP6+VQnweZlzqFJik06A4FRgUHt+Ou9wwCmLoCKGGu10x7RNDKLgPFdwTgvmTF0n9pBycloProFS5QFPk0AE6RMcoQGeogq5QFdUQRQP0gJ7Ri6e9R+/Ve5u2LnmzmX30B977D6dmk4I=</latexit>⌦ <latexit sha1_base64="C0Bqn5r2gZ/a8DTHPg1las4C4nE=">AAAB7nicbVDLSgMxFM34bOur6tJNsAiuyowLdVl047KCfWA7lEyaaUMzSUjuiGXoR7gRVMStO//FnV+j6WOhrQcuHM65l3PvjbTgFnz/y1taXlldW8/lCxubW9s7xd29ulWpoaxGlVCmGRHLBJesBhwEa2rDSBIJ1ogGl2O/cceM5UrewFCzMCE9yWNOCTip0VbAE2Y7xZJf9ifAiySYkVIlr59uP+6/q53iZ7uraJowCVQQa1uBryHMiAFOBRsV2qllmtAB6bGWo5K4kDCbrDvCR07p4lgZVxLwRP09kZHE2mESuc6EQN/Oe2PxP6+VQnweZlzqFJik06A4FRgUHt+Ou9wwCmLoCKGGu10x7RNDKLgPFdwTgvmTF0n9pBycloProFS5QFPk0AE6RMcoQGeogq5QFdUQRQP0gJ7Ri6e9R+/Ve5u2LnmzmX30B977D6dmk4I=</latexit>⌦+
<latexit sha1_base64="X7tjIM+DQRLqrm/MO7ZAxmpXIck=">AAAB7HicbZC7SgNBFIbPxluMt6ilIotBsAq7FmoZtLFMwE0CyRJmJ7PJkNnZZeasEJaU1jYWitj6DHkOO5/Bl3ByKTTxh4GP/z+HOecEieAaHefLyq2srq1v5DcLW9s7u3vF/YO6jlNFmUdjEatmQDQTXDIPOQrWTBQjUSBYIxjcTvLGA1Oax/IehwnzI9KTPOSUoLG8dsCQdIolp+xMZS+DO4dS5Xhc+348GVc7xc92N6ZpxCRSQbRuuU6CfkYUcirYqNBONUsIHZAeaxmUJGLaz6bDjuwz43TtMFbmSbSn7u+OjERaD6PAVEYE+3oxm5j/Za0Uw2s/4zJJkUk6+yhMhY2xPdnc7nLFKIqhAUIVN7PatE8UoWjuUzBHcBdXXob6Rdm9LLs1t1S5gZnycASncA4uXEEF7qAKHlDg8AQv8GpJ69l6s95npTlr3nMIf2R9/ACzHZJS</latexit>

�

In linear QM, just need to know the basis vectors  
Interaction Hamiltonian independent of unknown quantum state  

<latexit sha1_base64="kcPVDLHBKIglOZqe0EHxxXx/72k=">AAAB9HicbVDLSsNAFL2pr1pfVZduhhZBEEriQl0G3bisYB/QhDKZTtqhk0mcmRRC7F8Iblwo4taPcde/cfpYaOuBC4dz7uXee4KEM6Vte2IV1tY3NreK26Wd3b39g/LhUVPFqSS0QWIey3aAFeVM0IZmmtN2IimOAk5bwfB26rdGVCoWiwedJdSPcF+wkBGsjeQ/eXXFPIlFn1PULVftmj0DWiXOglTdinf+PHGzerf87fVikkZUaMKxUh3HTrSfY6kZ4XRc8lJFE0yGuE87hgocUeXns6PH6NQoPRTG0pTQaKb+nshxpFQWBaYzwnqglr2p+J/XSXV47edMJKmmgswXhSlHOkbTBFCPSUo0zwzBRDJzKyIDLDHRJqeSCcFZfnmVNC9qzmXNuXeq7g3MUYQTqMAZOHAFLtxBHRpA4BFe4A3erZH1an1Yn/PWgrWYOYY/sL5+ALHflQc=</latexit>

| i <latexit sha1_base64="HKIWBrHiQkdnO63yv3B683ZzoV8=">AAAB8nicbZDLSsNAFIZPvNZ6q7p0M7QIglASF+oy6sZlBXuBJJTJdNIOnUzCzEQIsW+hGxeKuPVp3PVtnF4W2vrDwMf/n8Occ8KUM6Vte2ytrK6tb2yWtsrbO7t7+5WDw5ZKMklokyQ8kZ0QK8qZoE3NNKedVFIch5y2w+HtJG8/UqlYIh50ntIgxn3BIkawNpb3dN21fYlFn9NupWbX7anQMjhzqLlV/+x57OaNbuXb7yUki6nQhGOlPMdOdVBgqRnhdFT2M0VTTIa4Tz2DAsdUBcV05BE6MU4PRYk0T2g0dX93FDhWKo9DUxljPVCL2cT8L/MyHV0FBRNppqkgs4+ijCOdoMn+qMckJZrnBjCRzMyKyABLTLS5UtkcwVlceRla53Xnou7cOzX3BmYqwTFU4RQcuAQX7qABTSCQwAu8wbulrVfrw/qcla5Y854j+CPr6wcU25Qb</latexit>

|A0i
<latexit sha1_base64="ExNw3CMbyK92qu/ZrqSVpzWXuV8=">AAACBnicbVDLSsNAFJ3UV62vqEsRhhZBEEriQl1G3bisYB/QhDCZTtqhk0mYmQgh7cqNH+BPuHGhiFu/wV3/xulD0NYDFw7n3Mu99wQJo1JZ1sgoLC2vrK4V10sbm1vbO+buXkPGqcCkjmMWi1aAJGGUk7qiipFWIgiKAkaaQf967DfviZA05ncqS4gXoS6nIcVIack3DwfUFYh3GYFurGhEJBxc+j+ab1asqjUBXCT2jFScsnvyNHKymm9+uZ0YpxHhCjMkZdu2EuXlSCiKGRmW3FSSBOE+6pK2phzphV4+eWMIj7TSgWEsdHEFJ+rviRxFUmZRoDsjpHpy3huL/3ntVIUXXk55kirC8XRRmDKoYjjOBHaoIFixTBOEBdW3QtxDAmGlkyvpEOz5lxdJ47Rqn1XtW7viXIEpiuAAlMExsME5cMANqIE6wOABPINX8GY8Gi/Gu/ExbS0Ys5l98AfG5zeA75wg</latexit>

|ii ⌦ |Aii

Key  Point: Non-linear Hamiltonian depends upon unknown quantum state  

<latexit sha1_base64="MLi9KpWfJSibagEu+k0IXBJ6GEA="></latexit>

Pick: hAj |Aii = �ij

<latexit sha1_base64="mDUUNxudDXyHHlbP3KEMsvzBYNo="></latexit>

No Guarantee:hAj |Aii = 0

<latexit sha1_base64="RCk7IyfgzGcIELfIoUb+3/7D0Rk="></latexit>

| i ⌦ |A0i !
P

i ci|ii ⌦ |Aii+ ✏
P

i,j di,j |ii ⌦ |Aji
Measurement 

Noise



Atom Aging

Interferometry - interaction between paths

Decaying Radioactive nucleus

Time dependent self-interaction - time dependent 
shift to the energy of atomic states!

<latexit sha1_base64="8bat7NvBm+EKq0YZtUEwfVI28ZQ=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2AR3FhmpKjLqhtxVcFeoDMOmTRtQ5PMkGSEMvYp3Pgqblwo4lbc+Tam01lo64HAx/+fw8n5w5hRpR3n2yosLC4trxRXS2vrG5tb9vZOU0WJxKSBIxbJdogUYVSQhqaakXYsCeIhI61weDnxW/dEKhqJWz2Kic9RX9AexUgbKbCPPIZEnxHo4QGFD/A8SD2ejA1lgien7vVdJgd22ak4WcF5cHMog7zqgf3ldSOccCI0ZkipjuvE2k+R1BQzMi55iSIxwkPUJx2DAnGi/DQ7awwPjNKFvUiaJzTM1N8TKeJKjXhoOjnSAzXrTcT/vE6ie2d+SkWcaCLwdFEvYVBHcJIR7FJJsGYjAwhLav4K8QBJhLVJsmRCcGdPnofmccU9qVRvquXaRR5HEeyBfXAIXHAKauAK1EEDYPAInsEreLOerBfr3fqYthasfGYX/Cnr8wcp6J7G</latexit>

h�|Aµ|�iJµ

<latexit sha1_base64="PzIcXeiVKu8JkOmuQSg1E5lIu90=">AAACEHicbZA9SwNBEIb3/IzxK2ppsxhEbcKdBLURgjaWEUwM5ELY28zdLe7tHbtzQoj+BBv/io2FIraWdv4bN/EKv15YeHhnhtl5g0wKg6774UxNz8zOzZcWyotLyyurlbX1tklzzaHFU5nqTsAMSKGghQIldDINLAkkXAZXp+P65TVoI1J1gcMMegmLlAgFZ2itfmXnxuex8CWEuOv6WkQx7lFfMxVJoMf0plNwv1J1a+5E9C94BVRJoWa/8u4PUp4noJBLZkzXczPsjZhGwSXclv3cQMb4FYuga1GxBExvNDnolm5bZ0DDVNunkE7c7xMjlhgzTALbmTCMze/a2Pyv1s0xPOqNhMpyBMW/FoW5pJjScTp0IDRwlEMLjGth/0p5zDTjaDMs2xC83yf/hfZ+zTuo1c/r1cZJEUeJbJItsks8ckga5Iw0SYtwckceyBN5du6dR+fFef1qnXKKmQ3yQ87bJ7SAnGM=</latexit>

|� (0)i = |Xi

<latexit sha1_base64="NthibZoy9FWDO2buRSLeQEc88mU="></latexit>

h�|Aµ|�i = hX|Aµ|Xi / e��t

<latexit sha1_base64="DRpSCiz4959DP8bwROIW1uUHsfI="></latexit>

|� (t)i = ↵ (t) e�
�t
2 |Xi+ � (t) |Y i


