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Outline: 

1. Background – 1D topological superconductivity

2. Going half a dimension higher – Planar Josephson junction

3. The limit of a narrow junction and the relation to quantum wires 

4. The (friendly!) effect of disorder 

5. Braiding Majorana zero modes in Josephson junctions
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Quantum wire with SOC:

Lutchyn et al. PRL 2010
Oreg et al. PRL 2010
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figure taken from 
Alicea, Rep. Prog. Phys. (2012)

↑↓

%&

4

20 +

Δ

Background I: Topological Superconductivity in Nanowires

Compelling experimental evidence



Background 2: Proximity-coupled 2DEGs

Kjaergaard et al., 
Nat. Commun. (2016) 

Shabani et al. Phys. Rev. B (2016), Wan et al., Nat. Commun. (2015) 

Hart et al., arXivπ1509.02940 
(2015)



Topological superconductivity in planar Josephson junctions



Going half a dimension higher –
1D topological superconductor in a 2D setting
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New knobs to tune – phase difference, Josephson current, 
enclosed magnetic flux 

New features:
• Robust topological phase with no fine-tuning (for * ≈ ,)
• Can tune itself the topological phase!

Ingredients:
ü 1D
ü Spin-orbit
ü Superconductivity
ü Magnetic field

-



Phase difference

Zeeman energy * traversal time

Only weak dependence on the chemical potential 
(Spin orbit energy >> Zeeman energy, wide superconductors)

Robust topological phase with no fine-tuning (for ! ≈ #)
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Hart et al. (2015)

The phase difference at the ground state:

The transition coincides with a minimum 
of the critical current.

First order phase transition between trivial and topological state 
– the system self tunes to the topological regime

Ke et al. (2019)
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Setup and Model

!"

= $%
& + $)&
2+ − , + . $%/) − $)/%

+ 1%/%

Hamiltonian in the normal region:
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We are looking for states within the gap, bound between the 
two superconductors
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Almost the particle in the box problem, except the boundary 
conditions  - Andreev processes
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Kitaev (2001)
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Topological invariant = fermion parity at  G1=0
Þ Look for single gap closing at G1=0

phase acquired upon 
Andreev reflection 

phase acquired upon 
traversing the junction

For distinguishing topological from trivial, we need to look at G1=0

For the ground state energy and energy gap, we need all G1

Andreev bound state spectrum, Δ ≪ H:
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Majorana end states



Experiments – Nichele - Marcus group (NBI)

Measuring the tunneling density of states
at the end of the junction



Experiments – Yacoby group (Harvard)

Measuring the tunneling density of states 
at the end of the junction



Experiments – Goswami group (Delft)

Measurement of the recovery of the critical current with 
increasing parallel magnetic field



What if the superconductors are narrow (Copenhagen experiment)?  
(with Setiawan Wenming and Erez Berg, 2019)

Width of superconductor  ≪ induced coherence length ℎ#$/Δ. 
• Normal reflections from the interface with the vacuum ⇒ minimum 

field required for topological superconductivity. 

• Small Δ implies ⇒ intra-subband pairing only. 
⇒

1. the pairing amplitude is averaged Δcos +
, . 

2. Right-left symmetry leads to BDI symmetry 
(protects topological transitions at - = /.)     (in wires: Sau et al., 2012)



The effect of disorder on the localization of the zero modes

With Arbel Haim (Cal-Tech)
PRL 2019



Numerically -

For weak disorder, Majoranas get 
(significantly) better localized.  

In contrast to 1D p-wave superconductors. 

Why –
1. Identify the culprit – large ! gap
2. The effect of disorder on that gap –
combination of selection rules and pairing 
phases. 



Spectrum of excitations in the topological phase

! = 0, %& = 0 ! = 0.57*, %& = 0.28 ! = *, %& = 0.5
(a) (b) (c)
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Smallest gap at the two Fermi momenta



Think about the spectrum as coming from pairing of several 
modes  

Effect of disorder - perturbative calculation:
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• To be affected by a channel, need to be able to scatter into it
• Once scattered into it, the phase of its pairing potential 

matters. 

Particular cases:

• Disorder scattering into the pairing partner – necessarily 
reduces Δ"## (phase difference of 4). 

Δ%5%657%6 ⇒ Δ% = −Δ7%

• Delocalizes Majorana modes in p-wave superconductors. 



• Different situation for s-wave superconductors
• Selection rule – disorder does not flip spin, so no 

scattering to pairing partner. 
• No phase difference of pairing potentials.

• Disorder enhances localization



In our case, large ! behaves like s-wave, small ! behaves like p-
wave

The small ! determines topology, the 
large ! determines localization. 



Manipulating and braiding the Majorana zero modes

With Erez Berg (WIS)
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Perpendicular magnetic field makes the phase vary along the junction
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Four Majorana zero modes –
two at the junction ends, two movable by '0



The two zero modes at the interior may be moved by varying the 
magnetic field, or by driving a supercurrent through the junction.  
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'( stretches the covered range 
of ), while supercurrent shifts 
it.  



The current-driven tri-junction braiding scheme:

'3
<latexit sha1_base64="9IYj6ohVOpDFlv/RDBtyqyjdtNI=">AAAB8HicdVDLSgMxFL1TX7W+qi7dBIvgqmR8oMuCG5cV7EPaoWTSTBuaZIYkUyhDv8KNC0Xc+jnu/BvTdoQqeuDC4Zx7ufeeMBHcWIw/vcLK6tr6RnGztLW9s7tX3j9omjjVlDVoLGLdDolhgivWsNwK1k40IzIUrBWObmZ+a8y04bG6t5OEBZIMFI84JdZJD90x0cmQ98575Qqu4jnQErlcED9XKpCj3it/dPsxTSVTlgpiTMfHiQ0yoi2ngk1L3dSwhNARGbCOo4pIZoJsfvAUnTilj6JYu1IWzdXliYxIYyYydJ2S2KH57c3Ev7xOaqPrIOMqSS1TdLEoSgWyMZp9j/pcM2rFxBFCNXe3IjokmlDrMiq5EL4/Rf+T5lnVx1X/7qJSw3kcRTiCYzgFH66gBrdQhwZQkPAIz/Diae/Je/XeFq0FL585hB/w3r8AqmCQPw==</latexit><latexit sha1_base64="9IYj6ohVOpDFlv/RDBtyqyjdtNI=">AAAB8HicdVDLSgMxFL1TX7W+qi7dBIvgqmR8oMuCG5cV7EPaoWTSTBuaZIYkUyhDv8KNC0Xc+jnu/BvTdoQqeuDC4Zx7ufeeMBHcWIw/vcLK6tr6RnGztLW9s7tX3j9omjjVlDVoLGLdDolhgivWsNwK1k40IzIUrBWObmZ+a8y04bG6t5OEBZIMFI84JdZJD90x0cmQ98575Qqu4jnQErlcED9XKpCj3it/dPsxTSVTlgpiTMfHiQ0yoi2ngk1L3dSwhNARGbCOo4pIZoJsfvAUnTilj6JYu1IWzdXliYxIYyYydJ2S2KH57c3Ev7xOaqPrIOMqSS1TdLEoSgWyMZp9j/pcM2rFxBFCNXe3IjokmlDrMiq5EL4/Rf+T5lnVx1X/7qJSw3kcRTiCYzgFH66gBrdQhwZQkPAIz/Diae/Je/XeFq0FL585hB/w3r8AqmCQPw==</latexit><latexit sha1_base64="9IYj6ohVOpDFlv/RDBtyqyjdtNI=">AAAB8HicdVDLSgMxFL1TX7W+qi7dBIvgqmR8oMuCG5cV7EPaoWTSTBuaZIYkUyhDv8KNC0Xc+jnu/BvTdoQqeuDC4Zx7ufeeMBHcWIw/vcLK6tr6RnGztLW9s7tX3j9omjjVlDVoLGLdDolhgivWsNwK1k40IzIUrBWObmZ+a8y04bG6t5OEBZIMFI84JdZJD90x0cmQ98575Qqu4jnQErlcED9XKpCj3it/dPsxTSVTlgpiTMfHiQ0yoi2ngk1L3dSwhNARGbCOo4pIZoJsfvAUnTilj6JYu1IWzdXliYxIYyYydJ2S2KH57c3Ev7xOaqPrIOMqSS1TdLEoSgWyMZp9j/pcM2rFxBFCNXe3IjokmlDrMiq5EL4/Rf+T5lnVx1X/7qJSw3kcRTiCYzgFH66gBrdQhwZQkPAIz/Diae/Je/XeFq0FL585hB/w3r8AqmCQPw==</latexit><latexit sha1_base64="9IYj6ohVOpDFlv/RDBtyqyjdtNI=">AAAB8HicdVDLSgMxFL1TX7W+qi7dBIvgqmR8oMuCG5cV7EPaoWTSTBuaZIYkUyhDv8KNC0Xc+jnu/BvTdoQqeuDC4Zx7ufeeMBHcWIw/vcLK6tr6RnGztLW9s7tX3j9omjjVlDVoLGLdDolhgivWsNwK1k40IzIUrBWObmZ+a8y04bG6t5OEBZIMFI84JdZJD90x0cmQ98575Qqu4jnQErlcED9XKpCj3it/dPsxTSVTlgpiTMfHiQ0yoi2ngk1L3dSwhNARGbCOo4pIZoJsfvAUnTilj6JYu1IWzdXliYxIYyYydJ2S2KH57c3Ev7xOaqPrIOMqSS1TdLEoSgWyMZp9j/pcM2rFxBFCNXe3IjokmlDrMiq5EL4/Rf+T5lnVx1X/7qJSw3kcRTiCYzgFH66gBrdQhwZQkPAIz/Diae/Je/XeFq0FL585hB/w3r8AqmCQPw==</latexit>

'1
<latexit sha1_base64="4bPkkkT2GQl16hxcIcg32Vf6epc=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bjw4jGCeUiyhNnJJBkyM7vM9AbCkq/w4kERr36ON//GSbJCFC1oKKq66e6KEiks+v6nt7K6tr6xWdgqbu/s7u2XDg4bNk4N43UWy9i0Imq5FJrXUaDkrcRwqiLJm9HoZuY3x9xYEet7nCQ8VHSgRV8wik566IypSYaiG3RLZb/iz0GWyOWCBLlShhy1bumj04tZqrhGJqm17cBPMMyoQcEknxY7qeUJZSM64G1HNVXchtn84Ck5dUqP9GPjSiOZq8sTGVXWTlTkOhXFof3tzcS/vHaK/eswEzpJkWu2WNRPJcGYzL4nPWE4QzlxhDIj3K2EDamhDF1GRRfC96fkf9I4rwR+Jbi7KFf9PI4CHMMJnEEAV1CFW6hBHRgoeIRnePGM9+S9em+L1hUvnzmCH/DevwCnWJA9</latexit><latexit sha1_base64="4bPkkkT2GQl16hxcIcg32Vf6epc=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bjw4jGCeUiyhNnJJBkyM7vM9AbCkq/w4kERr36ON//GSbJCFC1oKKq66e6KEiks+v6nt7K6tr6xWdgqbu/s7u2XDg4bNk4N43UWy9i0Imq5FJrXUaDkrcRwqiLJm9HoZuY3x9xYEet7nCQ8VHSgRV8wik566IypSYaiG3RLZb/iz0GWyOWCBLlShhy1bumj04tZqrhGJqm17cBPMMyoQcEknxY7qeUJZSM64G1HNVXchtn84Ck5dUqP9GPjSiOZq8sTGVXWTlTkOhXFof3tzcS/vHaK/eswEzpJkWu2WNRPJcGYzL4nPWE4QzlxhDIj3K2EDamhDF1GRRfC96fkf9I4rwR+Jbi7KFf9PI4CHMMJnEEAV1CFW6hBHRgoeIRnePGM9+S9em+L1hUvnzmCH/DevwCnWJA9</latexit><latexit sha1_base64="4bPkkkT2GQl16hxcIcg32Vf6epc=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bjw4jGCeUiyhNnJJBkyM7vM9AbCkq/w4kERr36ON//GSbJCFC1oKKq66e6KEiks+v6nt7K6tr6xWdgqbu/s7u2XDg4bNk4N43UWy9i0Imq5FJrXUaDkrcRwqiLJm9HoZuY3x9xYEet7nCQ8VHSgRV8wik566IypSYaiG3RLZb/iz0GWyOWCBLlShhy1bumj04tZqrhGJqm17cBPMMyoQcEknxY7qeUJZSM64G1HNVXchtn84Ck5dUqP9GPjSiOZq8sTGVXWTlTkOhXFof3tzcS/vHaK/eswEzpJkWu2WNRPJcGYzL4nPWE4QzlxhDIj3K2EDamhDF1GRRfC96fkf9I4rwR+Jbi7KFf9PI4CHMMJnEEAV1CFW6hBHRgoeIRnePGM9+S9em+L1hUvnzmCH/DevwCnWJA9</latexit><latexit sha1_base64="4bPkkkT2GQl16hxcIcg32Vf6epc=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bjw4jGCeUiyhNnJJBkyM7vM9AbCkq/w4kERr36ON//GSbJCFC1oKKq66e6KEiks+v6nt7K6tr6xWdgqbu/s7u2XDg4bNk4N43UWy9i0Imq5FJrXUaDkrcRwqiLJm9HoZuY3x9xYEet7nCQ8VHSgRV8wik566IypSYaiG3RLZb/iz0GWyOWCBLlShhy1bumj04tZqrhGJqm17cBPMMyoQcEknxY7qeUJZSM64G1HNVXchtn84Ck5dUqP9GPjSiOZq8sTGVXWTlTkOhXFof3tzcS/vHaK/eswEzpJkWu2WNRPJcGYzL4nPWE4QzlxhDIj3K2EDamhDF1GRRfC96fkf9I4rwR+Jbi7KFf9PI4CHMMJnEEAV1CFW6hBHRgoeIRnePGM9+S9em+L1hUvnzmCH/DevwCnWJA9</latexit>

'2
<latexit sha1_base64="8DHwtVrwQh63r6nb1JId25YfI6w=">AAAB8HicdVBNSwMxEJ3Ur1q/qh69BIvgqewWRY8FLx4r2A9pl5JNs21okl2SbKEs/RVePCji1Z/jzX9j2q5QRR8MPN6bYWZemAhurOd9osLa+sbmVnG7tLO7t39QPjxqmTjVlDVpLGLdCYlhgivWtNwK1kk0IzIUrB2Ob+Z+e8K04bG6t9OEBZIMFY84JdZJD70J0cmI92v9csWregvgFXK5JH6uVCBHo1/+6A1imkqmLBXEmK7vJTbIiLacCjYr9VLDEkLHZMi6jioimQmyxcEzfOaUAY5i7UpZvFBXJzIijZnK0HVKYkfmtzcX//K6qY2ug4yrJLVM0eWiKBXYxnj+PR5wzagVU0cI1dzdiumIaEKty6jkQvj+FP9PWrWq71X9u4tK3cvjKMIJnMI5+HAFdbiFBjSBgoRHeIYXpNETekVvy9YCymeO4QfQ+xeo3JA+</latexit><latexit sha1_base64="8DHwtVrwQh63r6nb1JId25YfI6w=">AAAB8HicdVBNSwMxEJ3Ur1q/qh69BIvgqewWRY8FLx4r2A9pl5JNs21okl2SbKEs/RVePCji1Z/jzX9j2q5QRR8MPN6bYWZemAhurOd9osLa+sbmVnG7tLO7t39QPjxqmTjVlDVpLGLdCYlhgivWtNwK1kk0IzIUrB2Ob+Z+e8K04bG6t9OEBZIMFY84JdZJD70J0cmI92v9csWregvgFXK5JH6uVCBHo1/+6A1imkqmLBXEmK7vJTbIiLacCjYr9VLDEkLHZMi6jioimQmyxcEzfOaUAY5i7UpZvFBXJzIijZnK0HVKYkfmtzcX//K6qY2ug4yrJLVM0eWiKBXYxnj+PR5wzagVU0cI1dzdiumIaEKty6jkQvj+FP9PWrWq71X9u4tK3cvjKMIJnMI5+HAFdbiFBjSBgoRHeIYXpNETekVvy9YCymeO4QfQ+xeo3JA+</latexit><latexit sha1_base64="8DHwtVrwQh63r6nb1JId25YfI6w=">AAAB8HicdVBNSwMxEJ3Ur1q/qh69BIvgqewWRY8FLx4r2A9pl5JNs21okl2SbKEs/RVePCji1Z/jzX9j2q5QRR8MPN6bYWZemAhurOd9osLa+sbmVnG7tLO7t39QPjxqmTjVlDVpLGLdCYlhgivWtNwK1kk0IzIUrB2Ob+Z+e8K04bG6t9OEBZIMFY84JdZJD70J0cmI92v9csWregvgFXK5JH6uVCBHo1/+6A1imkqmLBXEmK7vJTbIiLacCjYr9VLDEkLHZMi6jioimQmyxcEzfOaUAY5i7UpZvFBXJzIijZnK0HVKYkfmtzcX//K6qY2ug4yrJLVM0eWiKBXYxnj+PR5wzagVU0cI1dzdiumIaEKty6jkQvj+FP9PWrWq71X9u4tK3cvjKMIJnMI5+HAFdbiFBjSBgoRHeIYXpNETekVvy9YCymeO4QfQ+xeo3JA+</latexit><latexit sha1_base64="8DHwtVrwQh63r6nb1JId25YfI6w=">AAAB8HicdVBNSwMxEJ3Ur1q/qh69BIvgqewWRY8FLx4r2A9pl5JNs21okl2SbKEs/RVePCji1Z/jzX9j2q5QRR8MPN6bYWZemAhurOd9osLa+sbmVnG7tLO7t39QPjxqmTjVlDVpLGLdCYlhgivWtNwK1kk0IzIUrB2Ob+Z+e8K04bG6t9OEBZIMFY84JdZJD70J0cmI92v9csWregvgFXK5JH6uVCBHo1/+6A1imkqmLBXEmK7vJTbIiLacCjYr9VLDEkLHZMi6jioimQmyxcEzfOaUAY5i7UpZvFBXJzIijZnK0HVKYkfmtzcX//K6qY2ug4yrJLVM0eWiKBXYxnj+PR5wzagVU0cI1dzdiumIaEKty6jkQvj+FP9PWrWq71X9u4tK3cvjKMIJnMI5+HAFdbiFBjSBgoRHeIYXpNETekVvy9YCymeO4QfQ+xeo3JA+</latexit>

I23
<latexit sha1_base64="jCld+hrqJ9kB3WN8U2yWFRLaWPk=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbBU9mtFT0WvOitgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0KVfTBwOO9GWbmBTFn2rjup1NYWV1b3yhulra2d3b3yvsHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcpX5nQeqNJPizkxj6kd4JFjICDZWat8M0trZbFCuuFV3DrREzhfEy5UK5GgOyh/9oSRJRIUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SgSOq/XR+7QydWGWIQqlsCYPm6vJEiiOtp1FgOyNsxvq3l4l/eb3EhJd+ykScGCrIYlGYcGQkyl5HQ6YoMXxqCSaK2VsRGWOFibEBlWwI35+i/0m7VvXcqndbrzTqeRxFOIJjOAUPLqAB19CEFhC4h0d4hhdHOk/Oq/O2aC04+cwh/IDz/gUAiI6y</latexit><latexit sha1_base64="jCld+hrqJ9kB3WN8U2yWFRLaWPk=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbBU9mtFT0WvOitgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0KVfTBwOO9GWbmBTFn2rjup1NYWV1b3yhulra2d3b3yvsHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcpX5nQeqNJPizkxj6kd4JFjICDZWat8M0trZbFCuuFV3DrREzhfEy5UK5GgOyh/9oSRJRIUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SgSOq/XR+7QydWGWIQqlsCYPm6vJEiiOtp1FgOyNsxvq3l4l/eb3EhJd+ykScGCrIYlGYcGQkyl5HQ6YoMXxqCSaK2VsRGWOFibEBlWwI35+i/0m7VvXcqndbrzTqeRxFOIJjOAUPLqAB19CEFhC4h0d4hhdHOk/Oq/O2aC04+cwh/IDz/gUAiI6y</latexit><latexit sha1_base64="jCld+hrqJ9kB3WN8U2yWFRLaWPk=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbBU9mtFT0WvOitgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0KVfTBwOO9GWbmBTFn2rjup1NYWV1b3yhulra2d3b3yvsHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcpX5nQeqNJPizkxj6kd4JFjICDZWat8M0trZbFCuuFV3DrREzhfEy5UK5GgOyh/9oSRJRIUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SgSOq/XR+7QydWGWIQqlsCYPm6vJEiiOtp1FgOyNsxvq3l4l/eb3EhJd+ykScGCrIYlGYcGQkyl5HQ6YoMXxqCSaK2VsRGWOFibEBlWwI35+i/0m7VvXcqndbrzTqeRxFOIJjOAUPLqAB19CEFhC4h0d4hhdHOk/Oq/O2aC04+cwh/IDz/gUAiI6y</latexit><latexit sha1_base64="jCld+hrqJ9kB3WN8U2yWFRLaWPk=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbBU9mtFT0WvOitgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0KVfTBwOO9GWbmBTFn2rjup1NYWV1b3yhulra2d3b3yvsHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcpX5nQeqNJPizkxj6kd4JFjICDZWat8M0trZbFCuuFV3DrREzhfEy5UK5GgOyh/9oSRJRIUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SgSOq/XR+7QydWGWIQqlsCYPm6vJEiiOtp1FgOyNsxvq3l4l/eb3EhJd+ykScGCrIYlGYcGQkyl5HQ6YoMXxqCSaK2VsRGWOFibEBlWwI35+i/0m7VvXcqndbrzTqeRxFOIJjOAUPLqAB19CEFhC4h0d4hhdHOk/Oq/O2aC04+cwh/IDz/gUAiI6y</latexit>

I12
<latexit sha1_base64="QNfISRhQjPfuriUDIpq1Pgf1GZc=">AAAB7XicdVDLSgNBEOz1GeMr6tHLYBA8hd0Q0WPAi94imAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJFkhihY0FFXddHdFCWfG+v6nt7K6tr6xWdgqbu/s7u2XDg5bRqWa0CZRXOlOhA3lTNKmZZbTTqIpFhGn7Wh8NfPbD1QbpuSdnSQ0FHgoWcwItk5q3fSzoDrtl8p+xZ8DLZHzBQlypQw5Gv3SR2+gSCqotIRjY7qBn9gww9oywum02EsNTTAZ4yHtOiqxoCbM5tdO0alTBihW2pW0aK4uT2RYGDMRkesU2I7Mb28m/uV1UxtfhhmTSWqpJItFccqRVWj2OhowTYnlE0cw0czdisgIa0ysC6joQvj+FP1PWtVK4FeC21q5XsvjKMAxnMAZBHABdbiGBjSBwD08wjO8eMp78l69t0XripfPHMEPeO9f/W6OsA==</latexit><latexit sha1_base64="QNfISRhQjPfuriUDIpq1Pgf1GZc=">AAAB7XicdVDLSgNBEOz1GeMr6tHLYBA8hd0Q0WPAi94imAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJFkhihY0FFXddHdFCWfG+v6nt7K6tr6xWdgqbu/s7u2XDg5bRqWa0CZRXOlOhA3lTNKmZZbTTqIpFhGn7Wh8NfPbD1QbpuSdnSQ0FHgoWcwItk5q3fSzoDrtl8p+xZ8DLZHzBQlypQw5Gv3SR2+gSCqotIRjY7qBn9gww9oywum02EsNTTAZ4yHtOiqxoCbM5tdO0alTBihW2pW0aK4uT2RYGDMRkesU2I7Mb28m/uV1UxtfhhmTSWqpJItFccqRVWj2OhowTYnlE0cw0czdisgIa0ysC6joQvj+FP1PWtVK4FeC21q5XsvjKMAxnMAZBHABdbiGBjSBwD08wjO8eMp78l69t0XripfPHMEPeO9f/W6OsA==</latexit><latexit sha1_base64="QNfISRhQjPfuriUDIpq1Pgf1GZc=">AAAB7XicdVDLSgNBEOz1GeMr6tHLYBA8hd0Q0WPAi94imAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJFkhihY0FFXddHdFCWfG+v6nt7K6tr6xWdgqbu/s7u2XDg5bRqWa0CZRXOlOhA3lTNKmZZbTTqIpFhGn7Wh8NfPbD1QbpuSdnSQ0FHgoWcwItk5q3fSzoDrtl8p+xZ8DLZHzBQlypQw5Gv3SR2+gSCqotIRjY7qBn9gww9oywum02EsNTTAZ4yHtOiqxoCbM5tdO0alTBihW2pW0aK4uT2RYGDMRkesU2I7Mb28m/uV1UxtfhhmTSWqpJItFccqRVWj2OhowTYnlE0cw0czdisgIa0ysC6joQvj+FP1PWtVK4FeC21q5XsvjKMAxnMAZBHABdbiGBjSBwD08wjO8eMp78l69t0XripfPHMEPeO9f/W6OsA==</latexit><latexit sha1_base64="QNfISRhQjPfuriUDIpq1Pgf1GZc=">AAAB7XicdVDLSgNBEOz1GeMr6tHLYBA8hd0Q0WPAi94imAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJFkhihY0FFXddHdFCWfG+v6nt7K6tr6xWdgqbu/s7u2XDg5bRqWa0CZRXOlOhA3lTNKmZZbTTqIpFhGn7Wh8NfPbD1QbpuSdnSQ0FHgoWcwItk5q3fSzoDrtl8p+xZ8DLZHzBQlypQw5Gv3SR2+gSCqotIRjY7qBn9gww9oywum02EsNTTAZ4yHtOiqxoCbM5tdO0alTBihW2pW0aK4uT2RYGDMRkesU2I7Mb28m/uV1UxtfhhmTSWqpJItFccqRVWj2OhowTYnlE0cw0czdisgIa0ysC6joQvj+FP1PWtVK4FeC21q5XsvjKMAxnMAZBHABdbiGBjSBwD08wjO8eMp78l69t0XripfPHMEPeO9f/W6OsA==</latexit>

I31
<latexit sha1_base64="qFAQtzkVJEDjVjzhcAOI9oX4ToI=">AAAB7XicdVBNSwMxEJ3Ur1q/qh69BIvgqexqRY8FL3qrYGuhXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtF2hij4YeLw3w8y8MBHcWM/7RIWl5ZXVteJ6aWNza3unvLvXMirVlDWpEkq3Q2KY4JI1LbeCtRPNSBwKdheOLqf+3QPThit5a8cJC2IykDzilFgnta572ak/6ZUrXtWbAS+Qsznxc6UCORq98ke3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8FHTunjSGlX0uKZujiRkdiYcRy6zpjYofntTcW/vE5qo4sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI35/i/0nrpOp7Vf+mVqnX8jiKcACHcAw+nEMdrqABTaBwD4/wDC9IoSf0it7mrQWUz+zDD6D3L/71jrE=</latexit><latexit sha1_base64="qFAQtzkVJEDjVjzhcAOI9oX4ToI=">AAAB7XicdVBNSwMxEJ3Ur1q/qh69BIvgqexqRY8FL3qrYGuhXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtF2hij4YeLw3w8y8MBHcWM/7RIWl5ZXVteJ6aWNza3unvLvXMirVlDWpEkq3Q2KY4JI1LbeCtRPNSBwKdheOLqf+3QPThit5a8cJC2IykDzilFgnta572ak/6ZUrXtWbAS+Qsznxc6UCORq98ke3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8FHTunjSGlX0uKZujiRkdiYcRy6zpjYofntTcW/vE5qo4sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI35/i/0nrpOp7Vf+mVqnX8jiKcACHcAw+nEMdrqABTaBwD4/wDC9IoSf0it7mrQWUz+zDD6D3L/71jrE=</latexit><latexit sha1_base64="qFAQtzkVJEDjVjzhcAOI9oX4ToI=">AAAB7XicdVBNSwMxEJ3Ur1q/qh69BIvgqexqRY8FL3qrYGuhXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtF2hij4YeLw3w8y8MBHcWM/7RIWl5ZXVteJ6aWNza3unvLvXMirVlDWpEkq3Q2KY4JI1LbeCtRPNSBwKdheOLqf+3QPThit5a8cJC2IykDzilFgnta572ak/6ZUrXtWbAS+Qsznxc6UCORq98ke3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8FHTunjSGlX0uKZujiRkdiYcRy6zpjYofntTcW/vE5qo4sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI35/i/0nrpOp7Vf+mVqnX8jiKcACHcAw+nEMdrqABTaBwD4/wDC9IoSf0it7mrQWUz+zDD6D3L/71jrE=</latexit><latexit sha1_base64="qFAQtzkVJEDjVjzhcAOI9oX4ToI=">AAAB7XicdVBNSwMxEJ3Ur1q/qh69BIvgqexqRY8FL3qrYGuhXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtF2hij4YeLw3w8y8MBHcWM/7RIWl5ZXVteJ6aWNza3unvLvXMirVlDWpEkq3Q2KY4JI1LbeCtRPNSBwKdheOLqf+3QPThit5a8cJC2IykDzilFgnta572ak/6ZUrXtWbAS+Qsznxc6UCORq98ke3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8FHTunjSGlX0uKZujiRkdiYcRy6zpjYofntTcW/vE5qo4sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI35/i/0nrpOp7Vf+mVqnX8jiKcACHcAw+nEMdrqABTaBwD4/wDC9IoSf0it7mrQWUz+zDD6D3L/71jrE=</latexit>

Braiding in 1 + # dimensions
Alicea et al., many follow-ups

For the planar Josephson junction –
Hell, Flensberg, Leijnse

The knobs:
• Parallel magnetic field
• Perpendicular magnetic field 

(assume $ ≪ &', no screening currents)

• Currents – time dependent

fixed



The single junction: 
• In the absence of screening currents the phase varies linearly 

with position, with the slope determined by the perpendicular 
magnetic field. 

• Limit ourselves to 0-2 MZMs per arm

'1,2(x)
<latexit sha1_base64="bKPB2ySjIznM1pvDEKA1PkXVuyo=">AAAB+XicbVBNS8NAEJ3Ur1o/GvXoZbEIFaQkpaDHghePFewHtCFstpt26WYTdjfFEvpPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvCDhTGnH+bYKW9s7u3vF/dLB4dFx2T457ag4lYS2Scxj2QuwopwJ2tZMc9pLJMVRwGk3mNwt/O6USsVi8ahnCfUiPBIsZARrI/m2PZhimYyZn7nX9Xn16cq3K07NWQJtEjcnFcjR8u2vwTAmaUSFJhwr1XedRHsZlpoRTuelQapogskEj2jfUIEjqrxsefkcXRpliMJYmhIaLdXfExmOlJpFgemMsB6rdW8h/uf1Ux3eehkTSaqpIKtFYcqRjtEiBjRkkhLNZ4ZgIpm5FZExlphoE1bJhOCuv7xJOvWa69Tch0al2cjjKMI5XEAVXLiBJtxDC9pAYArP8ApvVma9WO/Wx6q1YOUzZ/AH1ucPcqqS0g==</latexit><latexit sha1_base64="bKPB2ySjIznM1pvDEKA1PkXVuyo=">AAAB+XicbVBNS8NAEJ3Ur1o/GvXoZbEIFaQkpaDHghePFewHtCFstpt26WYTdjfFEvpPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvCDhTGnH+bYKW9s7u3vF/dLB4dFx2T457ag4lYS2Scxj2QuwopwJ2tZMc9pLJMVRwGk3mNwt/O6USsVi8ahnCfUiPBIsZARrI/m2PZhimYyZn7nX9Xn16cq3K07NWQJtEjcnFcjR8u2vwTAmaUSFJhwr1XedRHsZlpoRTuelQapogskEj2jfUIEjqrxsefkcXRpliMJYmhIaLdXfExmOlJpFgemMsB6rdW8h/uf1Ux3eehkTSaqpIKtFYcqRjtEiBjRkkhLNZ4ZgIpm5FZExlphoE1bJhOCuv7xJOvWa69Tch0al2cjjKMI5XEAVXLiBJtxDC9pAYArP8ApvVma9WO/Wx6q1YOUzZ/AH1ucPcqqS0g==</latexit><latexit sha1_base64="bKPB2ySjIznM1pvDEKA1PkXVuyo=">AAAB+XicbVBNS8NAEJ3Ur1o/GvXoZbEIFaQkpaDHghePFewHtCFstpt26WYTdjfFEvpPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvCDhTGnH+bYKW9s7u3vF/dLB4dFx2T457ag4lYS2Scxj2QuwopwJ2tZMc9pLJMVRwGk3mNwt/O6USsVi8ahnCfUiPBIsZARrI/m2PZhimYyZn7nX9Xn16cq3K07NWQJtEjcnFcjR8u2vwTAmaUSFJhwr1XedRHsZlpoRTuelQapogskEj2jfUIEjqrxsefkcXRpliMJYmhIaLdXfExmOlJpFgemMsB6rdW8h/uf1Ux3eehkTSaqpIKtFYcqRjtEiBjRkkhLNZ4ZgIpm5FZExlphoE1bJhOCuv7xJOvWa69Tch0al2cjjKMI5XEAVXLiBJtxDC9pAYArP8ApvVma9WO/Wx6q1YOUzZ/AH1ucPcqqS0g==</latexit><latexit sha1_base64="bKPB2ySjIznM1pvDEKA1PkXVuyo=">AAAB+XicbVBNS8NAEJ3Ur1o/GvXoZbEIFaQkpaDHghePFewHtCFstpt26WYTdjfFEvpPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvCDhTGnH+bYKW9s7u3vF/dLB4dFx2T457ag4lYS2Scxj2QuwopwJ2tZMc9pLJMVRwGk3mNwt/O6USsVi8ahnCfUiPBIsZARrI/m2PZhimYyZn7nX9Xn16cq3K07NWQJtEjcnFcjR8u2vwTAmaUSFJhwr1XedRHsZlpoRTuelQapogskEj2jfUIEjqrxsefkcXRpliMJYmhIaLdXfExmOlJpFgemMsB6rdW8h/uf1Ux3eehkTSaqpIKtFYcqRjtEiBjRkkhLNZ4ZgIpm5FZExlphoE1bJhOCuv7xJOvWa69Tch0al2cjjKMI5XEAVXLiBJtxDC9pAYArP8ApvVma9WO/Wx6q1YOUzZ/AH1ucPcqqS0g==</latexit>

'3(x)
<latexit sha1_base64="si23WpfoIysjh3k0mnOjVQJlZ6Q=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRahXsquFvRY8OKxgv2Adi3ZNNuGZpMlyVbL0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDPzW2OqNJPi3kxi6kd4IFjICDZWeuiOsYqHrJdeTstP571iya24c6BV4mWkBBnqveJXty9JElFhCMdadzw3Nn6KlWGE02mhm2gaYzLCA9qxVOCIaj+dXz1FZ1bpo1AqW8Kgufp7IsWR1pMosJ0RNkO97M3E/7xOYsJrP2UiTgwVZLEoTDgyEs0iQH2mKDF8YgkmitlbERlihYmxQRVsCN7yy6ukeVHx3Ip3Vy3VqlkceTiBUyiDB1dQg1uoQwMIKHiGV3hzHp0X5935WLTmnGzmGP7A+fwBG9uSMQ==</latexit><latexit sha1_base64="si23WpfoIysjh3k0mnOjVQJlZ6Q=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRahXsquFvRY8OKxgv2Adi3ZNNuGZpMlyVbL0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDPzW2OqNJPi3kxi6kd4IFjICDZWeuiOsYqHrJdeTstP571iya24c6BV4mWkBBnqveJXty9JElFhCMdadzw3Nn6KlWGE02mhm2gaYzLCA9qxVOCIaj+dXz1FZ1bpo1AqW8Kgufp7IsWR1pMosJ0RNkO97M3E/7xOYsJrP2UiTgwVZLEoTDgyEs0iQH2mKDF8YgkmitlbERlihYmxQRVsCN7yy6ukeVHx3Ip3Vy3VqlkceTiBUyiDB1dQg1uoQwMIKHiGV3hzHp0X5935WLTmnGzmGP7A+fwBG9uSMQ==</latexit><latexit sha1_base64="si23WpfoIysjh3k0mnOjVQJlZ6Q=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRahXsquFvRY8OKxgv2Adi3ZNNuGZpMlyVbL0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDPzW2OqNJPi3kxi6kd4IFjICDZWeuiOsYqHrJdeTstP571iya24c6BV4mWkBBnqveJXty9JElFhCMdadzw3Nn6KlWGE02mhm2gaYzLCA9qxVOCIaj+dXz1FZ1bpo1AqW8Kgufp7IsWR1pMosJ0RNkO97M3E/7xOYsJrP2UiTgwVZLEoTDgyEs0iQH2mKDF8YgkmitlbERlihYmxQRVsCN7yy6ukeVHx3Ip3Vy3VqlkceTiBUyiDB1dQg1uoQwMIKHiGV3hzHp0X5935WLTmnGzmGP7A+fwBG9uSMQ==</latexit><latexit sha1_base64="si23WpfoIysjh3k0mnOjVQJlZ6Q=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRahXsquFvRY8OKxgv2Adi3ZNNuGZpMlyVbL0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDPzW2OqNJPi3kxi6kd4IFjICDZWeuiOsYqHrJdeTstP571iya24c6BV4mWkBBnqveJXty9JElFhCMdadzw3Nn6KlWGE02mhm2gaYzLCA9qxVOCIaj+dXz1FZ1bpo1AqW8Kgufp7IsWR1pMosJ0RNkO97M3E/7xOYsJrP2UiTgwVZLEoTDgyEs0iQH2mKDF8YgkmitlbERlihYmxQRVsCN7yy6ukeVHx3Ip3Vy3VqlkceTiBUyiDB1dQg1uoQwMIKHiGV3hzHp0X5935WLTmnGzmGP7A+fwBG9uSMQ==</latexit>

'�
<latexit sha1_base64="37AnjH4hh2hhc7i3Fr2ux1jqWaU=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvQi2VXBD0WvHisYD+kXUo2zbahSXZJsoWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQobm1vbO8Xd0t7+weFR+fikZeJUU9aksYh1JySGCa5Y03IrWCfRjMhQsHY4vpv77QnThsfq0U4TFkgyVDzilFgnPfUmRCcj3r/slytezVsArxM/JxXI0eiXv3qDmKaSKUsFMabre4kNMqItp4LNSr3UsITQMRmyrqOKSGaCbHHwDF84ZYCjWLtSFi/U3xMZkcZMZeg6JbEjs+rNxf+8bmqj2yDjKkktU3S5KEoFtjGef48HXDNqxdQRQjV3t2I6IppQ6zIquRD81ZfXSeuq5ns1/+G6Uq/mcRThDM6hCj7cQB3uoQFNoCDhGV7hDWn0gt7Rx7K1gPKZU/gD9PkDl8SQLA==</latexit><latexit sha1_base64="37AnjH4hh2hhc7i3Fr2ux1jqWaU=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvQi2VXBD0WvHisYD+kXUo2zbahSXZJsoWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQobm1vbO8Xd0t7+weFR+fikZeJUU9aksYh1JySGCa5Y03IrWCfRjMhQsHY4vpv77QnThsfq0U4TFkgyVDzilFgnPfUmRCcj3r/slytezVsArxM/JxXI0eiXv3qDmKaSKUsFMabre4kNMqItp4LNSr3UsITQMRmyrqOKSGaCbHHwDF84ZYCjWLtSFi/U3xMZkcZMZeg6JbEjs+rNxf+8bmqj2yDjKkktU3S5KEoFtjGef48HXDNqxdQRQjV3t2I6IppQ6zIquRD81ZfXSeuq5ns1/+G6Uq/mcRThDM6hCj7cQB3uoQFNoCDhGV7hDWn0gt7Rx7K1gPKZU/gD9PkDl8SQLA==</latexit><latexit sha1_base64="37AnjH4hh2hhc7i3Fr2ux1jqWaU=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvQi2VXBD0WvHisYD+kXUo2zbahSXZJsoWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQobm1vbO8Xd0t7+weFR+fikZeJUU9aksYh1JySGCa5Y03IrWCfRjMhQsHY4vpv77QnThsfq0U4TFkgyVDzilFgnPfUmRCcj3r/slytezVsArxM/JxXI0eiXv3qDmKaSKUsFMabre4kNMqItp4LNSr3UsITQMRmyrqOKSGaCbHHwDF84ZYCjWLtSFi/U3xMZkcZMZeg6JbEjs+rNxf+8bmqj2yDjKkktU3S5KEoFtjGef48HXDNqxdQRQjV3t2I6IppQ6zIquRD81ZfXSeuq5ns1/+G6Uq/mcRThDM6hCj7cQB3uoQFNoCDhGV7hDWn0gt7Rx7K1gPKZU/gD9PkDl8SQLA==</latexit><latexit sha1_base64="37AnjH4hh2hhc7i3Fr2ux1jqWaU=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvQi2VXBD0WvHisYD+kXUo2zbahSXZJsoWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQobm1vbO8Xd0t7+weFR+fikZeJUU9aksYh1JySGCa5Y03IrWCfRjMhQsHY4vpv77QnThsfq0U4TFkgyVDzilFgnPfUmRCcj3r/slytezVsArxM/JxXI0eiXv3qDmKaSKUsFMabre4kNMqItp4LNSr3UsITQMRmyrqOKSGaCbHHwDF84ZYCjWLtSFi/U3xMZkcZMZeg6JbEjs+rNxf+8bmqj2yDjKkktU3S5KEoFtjGef48HXDNqxdQRQjV3t2I6IppQ6zIquRD81ZfXSeuq5ns1/+G6Uq/mcRThDM6hCj7cQB3uoQFNoCDhGV7hDWn0gt7Rx7K1gPKZU/gD9PkDl8SQLA==</latexit>

'+
<latexit sha1_base64="xxeljsDxo8IChYLA6M1WypjdvS4=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BItQEMquCHosePFYwX5Iu5Rsmm1Dk+ySZAtl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vGxU2Nre2d4q7pb39g8Oj8vFJy8SppqxJYxHrTkgME1yxpuVWsE6iGZGhYO1wfDf32xOmDY/Vo50mLJBkqHjEKbFOeupNiE5GvH/ZL1e8mrcAXid+TiqQo9Evf/UGMU0lU5YKYkzX9xIbZERbTgWblXqpYQmhYzJkXUcVkcwE2eLgGb5wygBHsXalLF6ovycyIo2ZytB1SmJHZtWbi/953dRGt0HGVZJapuhyUZQKbGM8/x4PuGbUiqkjhGrubsV0RDSh1mVUciH4qy+vk9ZVzfdq/sN1pV7N4yjCGZxDFXy4gTrcQwOaQEHCM7zCG9LoBb2jj2VrAeUzp/AH6PMHlLyQKg==</latexit><latexit sha1_base64="xxeljsDxo8IChYLA6M1WypjdvS4=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BItQEMquCHosePFYwX5Iu5Rsmm1Dk+ySZAtl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vGxU2Nre2d4q7pb39g8Oj8vFJy8SppqxJYxHrTkgME1yxpuVWsE6iGZGhYO1wfDf32xOmDY/Vo50mLJBkqHjEKbFOeupNiE5GvH/ZL1e8mrcAXid+TiqQo9Evf/UGMU0lU5YKYkzX9xIbZERbTgWblXqpYQmhYzJkXUcVkcwE2eLgGb5wygBHsXalLF6ovycyIo2ZytB1SmJHZtWbi/953dRGt0HGVZJapuhyUZQKbGM8/x4PuGbUiqkjhGrubsV0RDSh1mVUciH4qy+vk9ZVzfdq/sN1pV7N4yjCGZxDFXy4gTrcQwOaQEHCM7zCG9LoBb2jj2VrAeUzp/AH6PMHlLyQKg==</latexit><latexit sha1_base64="xxeljsDxo8IChYLA6M1WypjdvS4=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BItQEMquCHosePFYwX5Iu5Rsmm1Dk+ySZAtl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vGxU2Nre2d4q7pb39g8Oj8vFJy8SppqxJYxHrTkgME1yxpuVWsE6iGZGhYO1wfDf32xOmDY/Vo50mLJBkqHjEKbFOeupNiE5GvH/ZL1e8mrcAXid+TiqQo9Evf/UGMU0lU5YKYkzX9xIbZERbTgWblXqpYQmhYzJkXUcVkcwE2eLgGb5wygBHsXalLF6ovycyIo2ZytB1SmJHZtWbi/953dRGt0HGVZJapuhyUZQKbGM8/x4PuGbUiqkjhGrubsV0RDSh1mVUciH4qy+vk9ZVzfdq/sN1pV7N4yjCGZxDFXy4gTrcQwOaQEHCM7zCG9LoBb2jj2VrAeUzp/AH6PMHlLyQKg==</latexit><latexit sha1_base64="xxeljsDxo8IChYLA6M1WypjdvS4=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BItQEMquCHosePFYwX5Iu5Rsmm1Dk+ySZAtl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vGxU2Nre2d4q7pb39g8Oj8vFJy8SppqxJYxHrTkgME1yxpuVWsE6iGZGhYO1wfDf32xOmDY/Vo50mLJBkqHjEKbFOeupNiE5GvH/ZL1e8mrcAXid+TiqQo9Evf/UGMU0lU5YKYkzX9xIbZERbTgWblXqpYQmhYzJkXUcVkcwE2eLgGb5wygBHsXalLF6ovycyIo2ZytB1SmJHZtWbi/953dRGt0HGVZJapuhyUZQKbGM8/x4PuGbUiqkjhGrubsV0RDSh1mVUciH4qy+vk9ZVzfdq/sN1pV7N4yjCGZxDFXy4gTrcQwOaQEHCM7zCG9LoBb2jj2VrAeUzp/AH6PMHlLyQKg==</latexit>

phase

position



The tri-junction –

1. Quantization of the vorticity at the center

2. Continuity of the magnetic field at the center

'3
<latexit sha1_base64="9IYj6ohVOpDFlv/RDBtyqyjdtNI=">AAAB8HicdVDLSgMxFL1TX7W+qi7dBIvgqmR8oMuCG5cV7EPaoWTSTBuaZIYkUyhDv8KNC0Xc+jnu/BvTdoQqeuDC4Zx7ufeeMBHcWIw/vcLK6tr6RnGztLW9s7tX3j9omjjVlDVoLGLdDolhgivWsNwK1k40IzIUrBWObmZ+a8y04bG6t5OEBZIMFI84JdZJD90x0cmQ98575Qqu4jnQErlcED9XKpCj3it/dPsxTSVTlgpiTMfHiQ0yoi2ngk1L3dSwhNARGbCOo4pIZoJsfvAUnTilj6JYu1IWzdXliYxIYyYydJ2S2KH57c3Ev7xOaqPrIOMqSS1TdLEoSgWyMZp9j/pcM2rFxBFCNXe3IjokmlDrMiq5EL4/Rf+T5lnVx1X/7qJSw3kcRTiCYzgFH66gBrdQhwZQkPAIz/Diae/Je/XeFq0FL585hB/w3r8AqmCQPw==</latexit><latexit sha1_base64="9IYj6ohVOpDFlv/RDBtyqyjdtNI=">AAAB8HicdVDLSgMxFL1TX7W+qi7dBIvgqmR8oMuCG5cV7EPaoWTSTBuaZIYkUyhDv8KNC0Xc+jnu/BvTdoQqeuDC4Zx7ufeeMBHcWIw/vcLK6tr6RnGztLW9s7tX3j9omjjVlDVoLGLdDolhgivWsNwK1k40IzIUrBWObmZ+a8y04bG6t5OEBZIMFI84JdZJD90x0cmQ98575Qqu4jnQErlcED9XKpCj3it/dPsxTSVTlgpiTMfHiQ0yoi2ngk1L3dSwhNARGbCOo4pIZoJsfvAUnTilj6JYu1IWzdXliYxIYyYydJ2S2KH57c3Ev7xOaqPrIOMqSS1TdLEoSgWyMZp9j/pcM2rFxBFCNXe3IjokmlDrMiq5EL4/Rf+T5lnVx1X/7qJSw3kcRTiCYzgFH66gBrdQhwZQkPAIz/Diae/Je/XeFq0FL585hB/w3r8AqmCQPw==</latexit><latexit sha1_base64="9IYj6ohVOpDFlv/RDBtyqyjdtNI=">AAAB8HicdVDLSgMxFL1TX7W+qi7dBIvgqmR8oMuCG5cV7EPaoWTSTBuaZIYkUyhDv8KNC0Xc+jnu/BvTdoQqeuDC4Zx7ufeeMBHcWIw/vcLK6tr6RnGztLW9s7tX3j9omjjVlDVoLGLdDolhgivWsNwK1k40IzIUrBWObmZ+a8y04bG6t5OEBZIMFI84JdZJD90x0cmQ98575Qqu4jnQErlcED9XKpCj3it/dPsxTSVTlgpiTMfHiQ0yoi2ngk1L3dSwhNARGbCOo4pIZoJsfvAUnTilj6JYu1IWzdXliYxIYyYydJ2S2KH57c3Ev7xOaqPrIOMqSS1TdLEoSgWyMZp9j/pcM2rFxBFCNXe3IjokmlDrMiq5EL4/Rf+T5lnVx1X/7qJSw3kcRTiCYzgFH66gBrdQhwZQkPAIz/Diae/Je/XeFq0FL585hB/w3r8AqmCQPw==</latexit><latexit sha1_base64="9IYj6ohVOpDFlv/RDBtyqyjdtNI=">AAAB8HicdVDLSgMxFL1TX7W+qi7dBIvgqmR8oMuCG5cV7EPaoWTSTBuaZIYkUyhDv8KNC0Xc+jnu/BvTdoQqeuDC4Zx7ufeeMBHcWIw/vcLK6tr6RnGztLW9s7tX3j9omjjVlDVoLGLdDolhgivWsNwK1k40IzIUrBWObmZ+a8y04bG6t5OEBZIMFI84JdZJD90x0cmQ98575Qqu4jnQErlcED9XKpCj3it/dPsxTSVTlgpiTMfHiQ0yoi2ngk1L3dSwhNARGbCOo4pIZoJsfvAUnTilj6JYu1IWzdXliYxIYyYydJ2S2KH57c3Ev7xOaqPrIOMqSS1TdLEoSgWyMZp9j/pcM2rFxBFCNXe3IjokmlDrMiq5EL4/Rf+T5lnVx1X/7qJSw3kcRTiCYzgFH66gBrdQhwZQkPAIz/Diae/Je/XeFq0FL585hB/w3r8AqmCQPw==</latexit>

'1
<latexit sha1_base64="4bPkkkT2GQl16hxcIcg32Vf6epc=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bjw4jGCeUiyhNnJJBkyM7vM9AbCkq/w4kERr36ON//GSbJCFC1oKKq66e6KEiks+v6nt7K6tr6xWdgqbu/s7u2XDg4bNk4N43UWy9i0Imq5FJrXUaDkrcRwqiLJm9HoZuY3x9xYEet7nCQ8VHSgRV8wik566IypSYaiG3RLZb/iz0GWyOWCBLlShhy1bumj04tZqrhGJqm17cBPMMyoQcEknxY7qeUJZSM64G1HNVXchtn84Ck5dUqP9GPjSiOZq8sTGVXWTlTkOhXFof3tzcS/vHaK/eswEzpJkWu2WNRPJcGYzL4nPWE4QzlxhDIj3K2EDamhDF1GRRfC96fkf9I4rwR+Jbi7KFf9PI4CHMMJnEEAV1CFW6hBHRgoeIRnePGM9+S9em+L1hUvnzmCH/DevwCnWJA9</latexit><latexit sha1_base64="4bPkkkT2GQl16hxcIcg32Vf6epc=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bjw4jGCeUiyhNnJJBkyM7vM9AbCkq/w4kERr36ON//GSbJCFC1oKKq66e6KEiks+v6nt7K6tr6xWdgqbu/s7u2XDg4bNk4N43UWy9i0Imq5FJrXUaDkrcRwqiLJm9HoZuY3x9xYEet7nCQ8VHSgRV8wik566IypSYaiG3RLZb/iz0GWyOWCBLlShhy1bumj04tZqrhGJqm17cBPMMyoQcEknxY7qeUJZSM64G1HNVXchtn84Ck5dUqP9GPjSiOZq8sTGVXWTlTkOhXFof3tzcS/vHaK/eswEzpJkWu2WNRPJcGYzL4nPWE4QzlxhDIj3K2EDamhDF1GRRfC96fkf9I4rwR+Jbi7KFf9PI4CHMMJnEEAV1CFW6hBHRgoeIRnePGM9+S9em+L1hUvnzmCH/DevwCnWJA9</latexit><latexit sha1_base64="4bPkkkT2GQl16hxcIcg32Vf6epc=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bjw4jGCeUiyhNnJJBkyM7vM9AbCkq/w4kERr36ON//GSbJCFC1oKKq66e6KEiks+v6nt7K6tr6xWdgqbu/s7u2XDg4bNk4N43UWy9i0Imq5FJrXUaDkrcRwqiLJm9HoZuY3x9xYEet7nCQ8VHSgRV8wik566IypSYaiG3RLZb/iz0GWyOWCBLlShhy1bumj04tZqrhGJqm17cBPMMyoQcEknxY7qeUJZSM64G1HNVXchtn84Ck5dUqP9GPjSiOZq8sTGVXWTlTkOhXFof3tzcS/vHaK/eswEzpJkWu2WNRPJcGYzL4nPWE4QzlxhDIj3K2EDamhDF1GRRfC96fkf9I4rwR+Jbi7KFf9PI4CHMMJnEEAV1CFW6hBHRgoeIRnePGM9+S9em+L1hUvnzmCH/DevwCnWJA9</latexit><latexit sha1_base64="4bPkkkT2GQl16hxcIcg32Vf6epc=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bjw4jGCeUiyhNnJJBkyM7vM9AbCkq/w4kERr36ON//GSbJCFC1oKKq66e6KEiks+v6nt7K6tr6xWdgqbu/s7u2XDg4bNk4N43UWy9i0Imq5FJrXUaDkrcRwqiLJm9HoZuY3x9xYEet7nCQ8VHSgRV8wik566IypSYaiG3RLZb/iz0GWyOWCBLlShhy1bumj04tZqrhGJqm17cBPMMyoQcEknxY7qeUJZSM64G1HNVXchtn84Ck5dUqP9GPjSiOZq8sTGVXWTlTkOhXFof3tzcS/vHaK/eswEzpJkWu2WNRPJcGYzL4nPWE4QzlxhDIj3K2EDamhDF1GRRfC96fkf9I4rwR+Jbi7KFf9PI4CHMMJnEEAV1CFW6hBHRgoeIRnePGM9+S9em+L1hUvnzmCH/DevwCnWJA9</latexit>

'2
<latexit sha1_base64="8DHwtVrwQh63r6nb1JId25YfI6w=">AAAB8HicdVBNSwMxEJ3Ur1q/qh69BIvgqewWRY8FLx4r2A9pl5JNs21okl2SbKEs/RVePCji1Z/jzX9j2q5QRR8MPN6bYWZemAhurOd9osLa+sbmVnG7tLO7t39QPjxqmTjVlDVpLGLdCYlhgivWtNwK1kk0IzIUrB2Ob+Z+e8K04bG6t9OEBZIMFY84JdZJD70J0cmI92v9csWregvgFXK5JH6uVCBHo1/+6A1imkqmLBXEmK7vJTbIiLacCjYr9VLDEkLHZMi6jioimQmyxcEzfOaUAY5i7UpZvFBXJzIijZnK0HVKYkfmtzcX//K6qY2ug4yrJLVM0eWiKBXYxnj+PR5wzagVU0cI1dzdiumIaEKty6jkQvj+FP9PWrWq71X9u4tK3cvjKMIJnMI5+HAFdbiFBjSBgoRHeIYXpNETekVvy9YCymeO4QfQ+xeo3JA+</latexit><latexit sha1_base64="8DHwtVrwQh63r6nb1JId25YfI6w=">AAAB8HicdVBNSwMxEJ3Ur1q/qh69BIvgqewWRY8FLx4r2A9pl5JNs21okl2SbKEs/RVePCji1Z/jzX9j2q5QRR8MPN6bYWZemAhurOd9osLa+sbmVnG7tLO7t39QPjxqmTjVlDVpLGLdCYlhgivWtNwK1kk0IzIUrB2Ob+Z+e8K04bG6t9OEBZIMFY84JdZJD70J0cmI92v9csWregvgFXK5JH6uVCBHo1/+6A1imkqmLBXEmK7vJTbIiLacCjYr9VLDEkLHZMi6jioimQmyxcEzfOaUAY5i7UpZvFBXJzIijZnK0HVKYkfmtzcX//K6qY2ug4yrJLVM0eWiKBXYxnj+PR5wzagVU0cI1dzdiumIaEKty6jkQvj+FP9PWrWq71X9u4tK3cvjKMIJnMI5+HAFdbiFBjSBgoRHeIYXpNETekVvy9YCymeO4QfQ+xeo3JA+</latexit><latexit sha1_base64="8DHwtVrwQh63r6nb1JId25YfI6w=">AAAB8HicdVBNSwMxEJ3Ur1q/qh69BIvgqewWRY8FLx4r2A9pl5JNs21okl2SbKEs/RVePCji1Z/jzX9j2q5QRR8MPN6bYWZemAhurOd9osLa+sbmVnG7tLO7t39QPjxqmTjVlDVpLGLdCYlhgivWtNwK1kk0IzIUrB2Ob+Z+e8K04bG6t9OEBZIMFY84JdZJD70J0cmI92v9csWregvgFXK5JH6uVCBHo1/+6A1imkqmLBXEmK7vJTbIiLacCjYr9VLDEkLHZMi6jioimQmyxcEzfOaUAY5i7UpZvFBXJzIijZnK0HVKYkfmtzcX//K6qY2ug4yrJLVM0eWiKBXYxnj+PR5wzagVU0cI1dzdiumIaEKty6jkQvj+FP9PWrWq71X9u4tK3cvjKMIJnMI5+HAFdbiFBjSBgoRHeIYXpNETekVvy9YCymeO4QfQ+xeo3JA+</latexit><latexit sha1_base64="8DHwtVrwQh63r6nb1JId25YfI6w=">AAAB8HicdVBNSwMxEJ3Ur1q/qh69BIvgqewWRY8FLx4r2A9pl5JNs21okl2SbKEs/RVePCji1Z/jzX9j2q5QRR8MPN6bYWZemAhurOd9osLa+sbmVnG7tLO7t39QPjxqmTjVlDVpLGLdCYlhgivWtNwK1kk0IzIUrB2Ob+Z+e8K04bG6t9OEBZIMFY84JdZJD70J0cmI92v9csWregvgFXK5JH6uVCBHo1/+6A1imkqmLBXEmK7vJTbIiLacCjYr9VLDEkLHZMi6jioimQmyxcEzfOaUAY5i7UpZvFBXJzIijZnK0HVKYkfmtzcX//K6qY2ug4yrJLVM0eWiKBXYxnj+PR5wzagVU0cI1dzdiumIaEKty6jkQvj+FP9PWrWq71X9u4tK3cvjKMIJnMI5+HAFdbiFBjSBgoRHeIYXpNETekVvy9YCymeO4QfQ+xeo3JA+</latexit>

I23
<latexit sha1_base64="jCld+hrqJ9kB3WN8U2yWFRLaWPk=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbBU9mtFT0WvOitgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0KVfTBwOO9GWbmBTFn2rjup1NYWV1b3yhulra2d3b3yvsHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcpX5nQeqNJPizkxj6kd4JFjICDZWat8M0trZbFCuuFV3DrREzhfEy5UK5GgOyh/9oSRJRIUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SgSOq/XR+7QydWGWIQqlsCYPm6vJEiiOtp1FgOyNsxvq3l4l/eb3EhJd+ykScGCrIYlGYcGQkyl5HQ6YoMXxqCSaK2VsRGWOFibEBlWwI35+i/0m7VvXcqndbrzTqeRxFOIJjOAUPLqAB19CEFhC4h0d4hhdHOk/Oq/O2aC04+cwh/IDz/gUAiI6y</latexit><latexit sha1_base64="jCld+hrqJ9kB3WN8U2yWFRLaWPk=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbBU9mtFT0WvOitgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0KVfTBwOO9GWbmBTFn2rjup1NYWV1b3yhulra2d3b3yvsHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcpX5nQeqNJPizkxj6kd4JFjICDZWat8M0trZbFCuuFV3DrREzhfEy5UK5GgOyh/9oSRJRIUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SgSOq/XR+7QydWGWIQqlsCYPm6vJEiiOtp1FgOyNsxvq3l4l/eb3EhJd+ykScGCrIYlGYcGQkyl5HQ6YoMXxqCSaK2VsRGWOFibEBlWwI35+i/0m7VvXcqndbrzTqeRxFOIJjOAUPLqAB19CEFhC4h0d4hhdHOk/Oq/O2aC04+cwh/IDz/gUAiI6y</latexit><latexit sha1_base64="jCld+hrqJ9kB3WN8U2yWFRLaWPk=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbBU9mtFT0WvOitgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0KVfTBwOO9GWbmBTFn2rjup1NYWV1b3yhulra2d3b3yvsHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcpX5nQeqNJPizkxj6kd4JFjICDZWat8M0trZbFCuuFV3DrREzhfEy5UK5GgOyh/9oSRJRIUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SgSOq/XR+7QydWGWIQqlsCYPm6vJEiiOtp1FgOyNsxvq3l4l/eb3EhJd+ykScGCrIYlGYcGQkyl5HQ6YoMXxqCSaK2VsRGWOFibEBlWwI35+i/0m7VvXcqndbrzTqeRxFOIJjOAUPLqAB19CEFhC4h0d4hhdHOk/Oq/O2aC04+cwh/IDz/gUAiI6y</latexit><latexit sha1_base64="jCld+hrqJ9kB3WN8U2yWFRLaWPk=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbBU9mtFT0WvOitgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0KVfTBwOO9GWbmBTFn2rjup1NYWV1b3yhulra2d3b3yvsHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcpX5nQeqNJPizkxj6kd4JFjICDZWat8M0trZbFCuuFV3DrREzhfEy5UK5GgOyh/9oSRJRIUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SgSOq/XR+7QydWGWIQqlsCYPm6vJEiiOtp1FgOyNsxvq3l4l/eb3EhJd+ykScGCrIYlGYcGQkyl5HQ6YoMXxqCSaK2VsRGWOFibEBlWwI35+i/0m7VvXcqndbrzTqeRxFOIJjOAUPLqAB19CEFhC4h0d4hhdHOk/Oq/O2aC04+cwh/IDz/gUAiI6y</latexit>

I12
<latexit sha1_base64="QNfISRhQjPfuriUDIpq1Pgf1GZc=">AAAB7XicdVDLSgNBEOz1GeMr6tHLYBA8hd0Q0WPAi94imAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJFkhihY0FFXddHdFCWfG+v6nt7K6tr6xWdgqbu/s7u2XDg5bRqWa0CZRXOlOhA3lTNKmZZbTTqIpFhGn7Wh8NfPbD1QbpuSdnSQ0FHgoWcwItk5q3fSzoDrtl8p+xZ8DLZHzBQlypQw5Gv3SR2+gSCqotIRjY7qBn9gww9oywum02EsNTTAZ4yHtOiqxoCbM5tdO0alTBihW2pW0aK4uT2RYGDMRkesU2I7Mb28m/uV1UxtfhhmTSWqpJItFccqRVWj2OhowTYnlE0cw0czdisgIa0ysC6joQvj+FP1PWtVK4FeC21q5XsvjKMAxnMAZBHABdbiGBjSBwD08wjO8eMp78l69t0XripfPHMEPeO9f/W6OsA==</latexit><latexit sha1_base64="QNfISRhQjPfuriUDIpq1Pgf1GZc=">AAAB7XicdVDLSgNBEOz1GeMr6tHLYBA8hd0Q0WPAi94imAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJFkhihY0FFXddHdFCWfG+v6nt7K6tr6xWdgqbu/s7u2XDg5bRqWa0CZRXOlOhA3lTNKmZZbTTqIpFhGn7Wh8NfPbD1QbpuSdnSQ0FHgoWcwItk5q3fSzoDrtl8p+xZ8DLZHzBQlypQw5Gv3SR2+gSCqotIRjY7qBn9gww9oywum02EsNTTAZ4yHtOiqxoCbM5tdO0alTBihW2pW0aK4uT2RYGDMRkesU2I7Mb28m/uV1UxtfhhmTSWqpJItFccqRVWj2OhowTYnlE0cw0czdisgIa0ysC6joQvj+FP1PWtVK4FeC21q5XsvjKMAxnMAZBHABdbiGBjSBwD08wjO8eMp78l69t0XripfPHMEPeO9f/W6OsA==</latexit><latexit sha1_base64="QNfISRhQjPfuriUDIpq1Pgf1GZc=">AAAB7XicdVDLSgNBEOz1GeMr6tHLYBA8hd0Q0WPAi94imAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJFkhihY0FFXddHdFCWfG+v6nt7K6tr6xWdgqbu/s7u2XDg5bRqWa0CZRXOlOhA3lTNKmZZbTTqIpFhGn7Wh8NfPbD1QbpuSdnSQ0FHgoWcwItk5q3fSzoDrtl8p+xZ8DLZHzBQlypQw5Gv3SR2+gSCqotIRjY7qBn9gww9oywum02EsNTTAZ4yHtOiqxoCbM5tdO0alTBihW2pW0aK4uT2RYGDMRkesU2I7Mb28m/uV1UxtfhhmTSWqpJItFccqRVWj2OhowTYnlE0cw0czdisgIa0ysC6joQvj+FP1PWtVK4FeC21q5XsvjKMAxnMAZBHABdbiGBjSBwD08wjO8eMp78l69t0XripfPHMEPeO9f/W6OsA==</latexit><latexit sha1_base64="QNfISRhQjPfuriUDIpq1Pgf1GZc=">AAAB7XicdVDLSgNBEOz1GeMr6tHLYBA8hd0Q0WPAi94imAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJFkhihY0FFXddHdFCWfG+v6nt7K6tr6xWdgqbu/s7u2XDg5bRqWa0CZRXOlOhA3lTNKmZZbTTqIpFhGn7Wh8NfPbD1QbpuSdnSQ0FHgoWcwItk5q3fSzoDrtl8p+xZ8DLZHzBQlypQw5Gv3SR2+gSCqotIRjY7qBn9gww9oywum02EsNTTAZ4yHtOiqxoCbM5tdO0alTBihW2pW0aK4uT2RYGDMRkesU2I7Mb28m/uV1UxtfhhmTSWqpJItFccqRVWj2OhowTYnlE0cw0czdisgIa0ysC6joQvj+FP1PWtVK4FeC21q5XsvjKMAxnMAZBHABdbiGBjSBwD08wjO8eMp78l69t0XripfPHMEPeO9f/W6OsA==</latexit>

I31
<latexit sha1_base64="qFAQtzkVJEDjVjzhcAOI9oX4ToI=">AAAB7XicdVBNSwMxEJ3Ur1q/qh69BIvgqexqRY8FL3qrYGuhXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtF2hij4YeLw3w8y8MBHcWM/7RIWl5ZXVteJ6aWNza3unvLvXMirVlDWpEkq3Q2KY4JI1LbeCtRPNSBwKdheOLqf+3QPThit5a8cJC2IykDzilFgnta572ak/6ZUrXtWbAS+Qsznxc6UCORq98ke3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8FHTunjSGlX0uKZujiRkdiYcRy6zpjYofntTcW/vE5qo4sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI35/i/0nrpOp7Vf+mVqnX8jiKcACHcAw+nEMdrqABTaBwD4/wDC9IoSf0it7mrQWUz+zDD6D3L/71jrE=</latexit><latexit sha1_base64="qFAQtzkVJEDjVjzhcAOI9oX4ToI=">AAAB7XicdVBNSwMxEJ3Ur1q/qh69BIvgqexqRY8FL3qrYGuhXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtF2hij4YeLw3w8y8MBHcWM/7RIWl5ZXVteJ6aWNza3unvLvXMirVlDWpEkq3Q2KY4JI1LbeCtRPNSBwKdheOLqf+3QPThit5a8cJC2IykDzilFgnta572ak/6ZUrXtWbAS+Qsznxc6UCORq98ke3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8FHTunjSGlX0uKZujiRkdiYcRy6zpjYofntTcW/vE5qo4sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI35/i/0nrpOp7Vf+mVqnX8jiKcACHcAw+nEMdrqABTaBwD4/wDC9IoSf0it7mrQWUz+zDD6D3L/71jrE=</latexit><latexit sha1_base64="qFAQtzkVJEDjVjzhcAOI9oX4ToI=">AAAB7XicdVBNSwMxEJ3Ur1q/qh69BIvgqexqRY8FL3qrYGuhXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtF2hij4YeLw3w8y8MBHcWM/7RIWl5ZXVteJ6aWNza3unvLvXMirVlDWpEkq3Q2KY4JI1LbeCtRPNSBwKdheOLqf+3QPThit5a8cJC2IykDzilFgnta572ak/6ZUrXtWbAS+Qsznxc6UCORq98ke3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8FHTunjSGlX0uKZujiRkdiYcRy6zpjYofntTcW/vE5qo4sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI35/i/0nrpOp7Vf+mVqnX8jiKcACHcAw+nEMdrqABTaBwD4/wDC9IoSf0it7mrQWUz+zDD6D3L/71jrE=</latexit><latexit sha1_base64="qFAQtzkVJEDjVjzhcAOI9oX4ToI=">AAAB7XicdVBNSwMxEJ3Ur1q/qh69BIvgqexqRY8FL3qrYGuhXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtF2hij4YeLw3w8y8MBHcWM/7RIWl5ZXVteJ6aWNza3unvLvXMirVlDWpEkq3Q2KY4JI1LbeCtRPNSBwKdheOLqf+3QPThit5a8cJC2IykDzilFgnta572ak/6ZUrXtWbAS+Qsznxc6UCORq98ke3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8FHTunjSGlX0uKZujiRkdiYcRy6zpjYofntTcW/vE5qo4sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI35/i/0nrpOp7Vf+mVqnX8jiKcACHcAw+nEMdrqABTaBwD4/wDC9IoSf0it7mrQWUz+zDD6D3L/71jrE=</latexit>
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'1,0
<latexit sha1_base64="Vd5AYYBvDrTITm9/lzrECMEPhxg=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFYwX5AG8pku2mXbjZxd1Moob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9PWjpOFWVNGotYdQLUTHDJmoYbwTqJYhgFgrWD8d3cb0+Y0jyWj2aaMD/CoeQhp2is5PcmqJIR72felTvrlytu1V2ArBMvJxXI0eiXv3qDmKYRk4YK1LrruYnxM1SGU8FmpV6qWYJ0jEPWtVRixLSfLY6ekQurDEgYK1vSkIX6eyLDSOtpFNjOCM1Ir3pz8T+vm5rw1s+4TFLDJF0uClNBTEzmCZABV4waMbUEqeL2VkJHqJAam1PJhuCtvrxOWtdVz616D7VKvZbHUYQzOIdL8OAG6nAPDWgChSd4hld4cybOi/PufCxbC04+cwp/4Hz+AEjkkbg=</latexit><latexit sha1_base64="Vd5AYYBvDrTITm9/lzrECMEPhxg=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFYwX5AG8pku2mXbjZxd1Moob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9PWjpOFWVNGotYdQLUTHDJmoYbwTqJYhgFgrWD8d3cb0+Y0jyWj2aaMD/CoeQhp2is5PcmqJIR72felTvrlytu1V2ArBMvJxXI0eiXv3qDmKYRk4YK1LrruYnxM1SGU8FmpV6qWYJ0jEPWtVRixLSfLY6ekQurDEgYK1vSkIX6eyLDSOtpFNjOCM1Ir3pz8T+vm5rw1s+4TFLDJF0uClNBTEzmCZABV4waMbUEqeL2VkJHqJAam1PJhuCtvrxOWtdVz616D7VKvZbHUYQzOIdL8OAG6nAPDWgChSd4hld4cybOi/PufCxbC04+cwp/4Hz+AEjkkbg=</latexit><latexit sha1_base64="Vd5AYYBvDrTITm9/lzrECMEPhxg=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFYwX5AG8pku2mXbjZxd1Moob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9PWjpOFWVNGotYdQLUTHDJmoYbwTqJYhgFgrWD8d3cb0+Y0jyWj2aaMD/CoeQhp2is5PcmqJIR72felTvrlytu1V2ArBMvJxXI0eiXv3qDmKYRk4YK1LrruYnxM1SGU8FmpV6qWYJ0jEPWtVRixLSfLY6ekQurDEgYK1vSkIX6eyLDSOtpFNjOCM1Ir3pz8T+vm5rw1s+4TFLDJF0uClNBTEzmCZABV4waMbUEqeL2VkJHqJAam1PJhuCtvrxOWtdVz616D7VKvZbHUYQzOIdL8OAG6nAPDWgChSd4hld4cybOi/PufCxbC04+cwp/4Hz+AEjkkbg=</latexit><latexit sha1_base64="Vd5AYYBvDrTITm9/lzrECMEPhxg=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFYwX5AG8pku2mXbjZxd1Moob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9PWjpOFWVNGotYdQLUTHDJmoYbwTqJYhgFgrWD8d3cb0+Y0jyWj2aaMD/CoeQhp2is5PcmqJIR72felTvrlytu1V2ArBMvJxXI0eiXv3qDmKYRk4YK1LrruYnxM1SGU8FmpV6qWYJ0jEPWtVRixLSfLY6ekQurDEgYK1vSkIX6eyLDSOtpFNjOCM1Ir3pz8T+vm5rw1s+4TFLDJF0uClNBTEzmCZABV4waMbUEqeL2VkJHqJAam1PJhuCtvrxOWtdVz616D7VKvZbHUYQzOIdL8OAG6nAPDWgChSd4hld4cybOi/PufCxbC04+cwp/4Hz+AEjkkbg=</latexit>

'2,0
<latexit sha1_base64="j81hDmJE44Y9A2739bLSx/g05FI=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4kJKUgh4LXjxWsB/QhrLZbtqlm03cnRRK6O/w4kERr/4Yb/4bt20O2vpg4PHeDDPzgkQKg6777Wxsbm3v7Bb2ivsHh0fHpZPTlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDf32xOujYjVI04T7kd0qEQoGEUr+b0J1clI9LPqtTvrl8puxV2ArBMvJ2XI0eiXvnqDmKURV8gkNabruQn6GdUomOSzYi81PKFsTIe8a6miETd+tjh6Ri6tMiBhrG0pJAv190RGI2OmUWA7I4ojs+rNxf+8borhrZ8JlaTIFVsuClNJMCbzBMhAaM5QTi2hTAt7K2EjqilDm1PRhuCtvrxOWtWK51a8h1q5XsvjKMA5XMAVeHADdbiHBjSBwRM8wyu8ORPnxXl3PpatG04+cwZ/4Hz+AEprkbk=</latexit><latexit sha1_base64="j81hDmJE44Y9A2739bLSx/g05FI=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4kJKUgh4LXjxWsB/QhrLZbtqlm03cnRRK6O/w4kERr/4Yb/4bt20O2vpg4PHeDDPzgkQKg6777Wxsbm3v7Bb2ivsHh0fHpZPTlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDf32xOujYjVI04T7kd0qEQoGEUr+b0J1clI9LPqtTvrl8puxV2ArBMvJ2XI0eiXvnqDmKURV8gkNabruQn6GdUomOSzYi81PKFsTIe8a6miETd+tjh6Ri6tMiBhrG0pJAv190RGI2OmUWA7I4ojs+rNxf+8borhrZ8JlaTIFVsuClNJMCbzBMhAaM5QTi2hTAt7K2EjqilDm1PRhuCtvrxOWtWK51a8h1q5XsvjKMA5XMAVeHADdbiHBjSBwRM8wyu8ORPnxXl3PpatG04+cwZ/4Hz+AEprkbk=</latexit><latexit sha1_base64="j81hDmJE44Y9A2739bLSx/g05FI=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4kJKUgh4LXjxWsB/QhrLZbtqlm03cnRRK6O/w4kERr/4Yb/4bt20O2vpg4PHeDDPzgkQKg6777Wxsbm3v7Bb2ivsHh0fHpZPTlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDf32xOujYjVI04T7kd0qEQoGEUr+b0J1clI9LPqtTvrl8puxV2ArBMvJ2XI0eiXvnqDmKURV8gkNabruQn6GdUomOSzYi81PKFsTIe8a6miETd+tjh6Ri6tMiBhrG0pJAv190RGI2OmUWA7I4ojs+rNxf+8borhrZ8JlaTIFVsuClNJMCbzBMhAaM5QTi2hTAt7K2EjqilDm1PRhuCtvrxOWtWK51a8h1q5XsvjKMA5XMAVeHADdbiHBjSBwRM8wyu8ORPnxXl3PpatG04+cwZ/4Hz+AEprkbk=</latexit><latexit sha1_base64="j81hDmJE44Y9A2739bLSx/g05FI=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4kJKUgh4LXjxWsB/QhrLZbtqlm03cnRRK6O/w4kERr/4Yb/4bt20O2vpg4PHeDDPzgkQKg6777Wxsbm3v7Bb2ivsHh0fHpZPTlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDf32xOujYjVI04T7kd0qEQoGEUr+b0J1clI9LPqtTvrl8puxV2ArBMvJ2XI0eiXvnqDmKURV8gkNabruQn6GdUomOSzYi81PKFsTIe8a6miETd+tjh6Ri6tMiBhrG0pJAv190RGI2OmUWA7I4ojs+rNxf+8borhrZ8JlaTIFVsuClNJMCbzBMhAaM5QTi2hTAt7K2EjqilDm1PRhuCtvrxOWtWK51a8h1q5XsvjKMA5XMAVeHADdbiHBjSBwRM8wyu8ORPnxXl3PpatG04+cwZ/4Hz+AEprkbk=</latexit>

'3,0
<latexit sha1_base64="t1/G2eZHk4nUKRpNxu7xa8TjOKQ=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REC3osePFYwdZCG8pku2mXbjZxd1Moob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFWVNGotYtQPUTHDJmoYbwdqJYhgFgj0Go9uZ/zhmSvNYPphJwvwIB5KHnKKxkt8do0qGvJddXbjTXrniVt05yCrxclKBHI1e+avbj2kaMWmoQK07npsYP0NlOBVsWuqmmiVIRzhgHUslRkz72fzoKTmzSp+EsbIlDZmrvycyjLSeRIHtjNAM9bI3E//zOqkJb/yMyyQ1TNLFojAVxMRklgDpc8WoERNLkCpubyV0iAqpsTmVbAje8surpHVZ9dyqd1+r1Gt5HEU4gVM4Bw+uoQ530IAmUHiCZ3iFN2fsvDjvzseiteDkM8fwB87nD0vykbo=</latexit><latexit sha1_base64="t1/G2eZHk4nUKRpNxu7xa8TjOKQ=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REC3osePFYwdZCG8pku2mXbjZxd1Moob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFWVNGotYtQPUTHDJmoYbwdqJYhgFgj0Go9uZ/zhmSvNYPphJwvwIB5KHnKKxkt8do0qGvJddXbjTXrniVt05yCrxclKBHI1e+avbj2kaMWmoQK07npsYP0NlOBVsWuqmmiVIRzhgHUslRkz72fzoKTmzSp+EsbIlDZmrvycyjLSeRIHtjNAM9bI3E//zOqkJb/yMyyQ1TNLFojAVxMRklgDpc8WoERNLkCpubyV0iAqpsTmVbAje8surpHVZ9dyqd1+r1Gt5HEU4gVM4Bw+uoQ530IAmUHiCZ3iFN2fsvDjvzseiteDkM8fwB87nD0vykbo=</latexit><latexit sha1_base64="t1/G2eZHk4nUKRpNxu7xa8TjOKQ=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REC3osePFYwdZCG8pku2mXbjZxd1Moob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFWVNGotYtQPUTHDJmoYbwdqJYhgFgj0Go9uZ/zhmSvNYPphJwvwIB5KHnKKxkt8do0qGvJddXbjTXrniVt05yCrxclKBHI1e+avbj2kaMWmoQK07npsYP0NlOBVsWuqmmiVIRzhgHUslRkz72fzoKTmzSp+EsbIlDZmrvycyjLSeRIHtjNAM9bI3E//zOqkJb/yMyyQ1TNLFojAVxMRklgDpc8WoERNLkCpubyV0iAqpsTmVbAje8surpHVZ9dyqd1+r1Gt5HEU4gVM4Bw+uoQ530IAmUHiCZ3iFN2fsvDjvzseiteDkM8fwB87nD0vykbo=</latexit><latexit sha1_base64="t1/G2eZHk4nUKRpNxu7xa8TjOKQ=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REC3osePFYwdZCG8pku2mXbjZxd1Moob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFWVNGotYtQPUTHDJmoYbwdqJYhgFgj0Go9uZ/zhmSvNYPphJwvwIB5KHnKKxkt8do0qGvJddXbjTXrniVt05yCrxclKBHI1e+avbj2kaMWmoQK07npsYP0NlOBVsWuqmmiVIRzhgHUslRkz72fzoKTmzSp+EsbIlDZmrvycyjLSeRIHtjNAM9bI3E//zOqkJb/yMyyQ1TNLFojAVxMRklgDpc8WoERNLkCpubyV0iAqpsTmVbAje8surpHVZ9dyqd1+r1Gt5HEU4gVM4Bw+uoQ530IAmUHiCZ3iFN2fsvDjvzseiteDkM8fwB87nD0vykbo=</latexit>

The plane of no-vortex at the center

'1,2(x)
<latexit sha1_base64="bKPB2ySjIznM1pvDEKA1PkXVuyo=">AAAB+XicbVBNS8NAEJ3Ur1o/GvXoZbEIFaQkpaDHghePFewHtCFstpt26WYTdjfFEvpPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvCDhTGnH+bYKW9s7u3vF/dLB4dFx2T457ag4lYS2Scxj2QuwopwJ2tZMc9pLJMVRwGk3mNwt/O6USsVi8ahnCfUiPBIsZARrI/m2PZhimYyZn7nX9Xn16cq3K07NWQJtEjcnFcjR8u2vwTAmaUSFJhwr1XedRHsZlpoRTuelQapogskEj2jfUIEjqrxsefkcXRpliMJYmhIaLdXfExmOlJpFgemMsB6rdW8h/uf1Ux3eehkTSaqpIKtFYcqRjtEiBjRkkhLNZ4ZgIpm5FZExlphoE1bJhOCuv7xJOvWa69Tch0al2cjjKMI5XEAVXLiBJtxDC9pAYArP8ApvVma9WO/Wx6q1YOUzZ/AH1ucPcqqS0g==</latexit><latexit sha1_base64="bKPB2ySjIznM1pvDEKA1PkXVuyo=">AAAB+XicbVBNS8NAEJ3Ur1o/GvXoZbEIFaQkpaDHghePFewHtCFstpt26WYTdjfFEvpPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvCDhTGnH+bYKW9s7u3vF/dLB4dFx2T457ag4lYS2Scxj2QuwopwJ2tZMc9pLJMVRwGk3mNwt/O6USsVi8ahnCfUiPBIsZARrI/m2PZhimYyZn7nX9Xn16cq3K07NWQJtEjcnFcjR8u2vwTAmaUSFJhwr1XedRHsZlpoRTuelQapogskEj2jfUIEjqrxsefkcXRpliMJYmhIaLdXfExmOlJpFgemMsB6rdW8h/uf1Ux3eehkTSaqpIKtFYcqRjtEiBjRkkhLNZ4ZgIpm5FZExlphoE1bJhOCuv7xJOvWa69Tch0al2cjjKMI5XEAVXLiBJtxDC9pAYArP8ApvVma9WO/Wx6q1YOUzZ/AH1ucPcqqS0g==</latexit><latexit sha1_base64="bKPB2ySjIznM1pvDEKA1PkXVuyo=">AAAB+XicbVBNS8NAEJ3Ur1o/GvXoZbEIFaQkpaDHghePFewHtCFstpt26WYTdjfFEvpPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvCDhTGnH+bYKW9s7u3vF/dLB4dFx2T457ag4lYS2Scxj2QuwopwJ2tZMc9pLJMVRwGk3mNwt/O6USsVi8ahnCfUiPBIsZARrI/m2PZhimYyZn7nX9Xn16cq3K07NWQJtEjcnFcjR8u2vwTAmaUSFJhwr1XedRHsZlpoRTuelQapogskEj2jfUIEjqrxsefkcXRpliMJYmhIaLdXfExmOlJpFgemMsB6rdW8h/uf1Ux3eehkTSaqpIKtFYcqRjtEiBjRkkhLNZ4ZgIpm5FZExlphoE1bJhOCuv7xJOvWa69Tch0al2cjjKMI5XEAVXLiBJtxDC9pAYArP8ApvVma9WO/Wx6q1YOUzZ/AH1ucPcqqS0g==</latexit><latexit sha1_base64="bKPB2ySjIznM1pvDEKA1PkXVuyo=">AAAB+XicbVBNS8NAEJ3Ur1o/GvXoZbEIFaQkpaDHghePFewHtCFstpt26WYTdjfFEvpPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvCDhTGnH+bYKW9s7u3vF/dLB4dFx2T457ag4lYS2Scxj2QuwopwJ2tZMc9pLJMVRwGk3mNwt/O6USsVi8ahnCfUiPBIsZARrI/m2PZhimYyZn7nX9Xn16cq3K07NWQJtEjcnFcjR8u2vwTAmaUSFJhwr1XedRHsZlpoRTuelQapogskEj2jfUIEjqrxsefkcXRpliMJYmhIaLdXfExmOlJpFgemMsB6rdW8h/uf1Ux3eehkTSaqpIKtFYcqRjtEiBjRkkhLNZ4ZgIpm5FZExlphoE1bJhOCuv7xJOvWa69Tch0al2cjjKMI5XEAVXLiBJtxDC9pAYArP8ApvVma9WO/Wx6q1YOUzZ/AH1ucPcqqS0g==</latexit>

'3(x)
<latexit sha1_base64="si23WpfoIysjh3k0mnOjVQJlZ6Q=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRahXsquFvRY8OKxgv2Adi3ZNNuGZpMlyVbL0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDPzW2OqNJPi3kxi6kd4IFjICDZWeuiOsYqHrJdeTstP571iya24c6BV4mWkBBnqveJXty9JElFhCMdadzw3Nn6KlWGE02mhm2gaYzLCA9qxVOCIaj+dXz1FZ1bpo1AqW8Kgufp7IsWR1pMosJ0RNkO97M3E/7xOYsJrP2UiTgwVZLEoTDgyEs0iQH2mKDF8YgkmitlbERlihYmxQRVsCN7yy6ukeVHx3Ip3Vy3VqlkceTiBUyiDB1dQg1uoQwMIKHiGV3hzHp0X5935WLTmnGzmGP7A+fwBG9uSMQ==</latexit><latexit sha1_base64="si23WpfoIysjh3k0mnOjVQJlZ6Q=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRahXsquFvRY8OKxgv2Adi3ZNNuGZpMlyVbL0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDPzW2OqNJPi3kxi6kd4IFjICDZWeuiOsYqHrJdeTstP571iya24c6BV4mWkBBnqveJXty9JElFhCMdadzw3Nn6KlWGE02mhm2gaYzLCA9qxVOCIaj+dXz1FZ1bpo1AqW8Kgufp7IsWR1pMosJ0RNkO97M3E/7xOYsJrP2UiTgwVZLEoTDgyEs0iQH2mKDF8YgkmitlbERlihYmxQRVsCN7yy6ukeVHx3Ip3Vy3VqlkceTiBUyiDB1dQg1uoQwMIKHiGV3hzHp0X5935WLTmnGzmGP7A+fwBG9uSMQ==</latexit><latexit sha1_base64="si23WpfoIysjh3k0mnOjVQJlZ6Q=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRahXsquFvRY8OKxgv2Adi3ZNNuGZpMlyVbL0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDPzW2OqNJPi3kxi6kd4IFjICDZWeuiOsYqHrJdeTstP571iya24c6BV4mWkBBnqveJXty9JElFhCMdadzw3Nn6KlWGE02mhm2gaYzLCA9qxVOCIaj+dXz1FZ1bpo1AqW8Kgufp7IsWR1pMosJ0RNkO97M3E/7xOYsJrP2UiTgwVZLEoTDgyEs0iQH2mKDF8YgkmitlbERlihYmxQRVsCN7yy6ukeVHx3Ip3Vy3VqlkceTiBUyiDB1dQg1uoQwMIKHiGV3hzHp0X5935WLTmnGzmGP7A+fwBG9uSMQ==</latexit><latexit sha1_base64="si23WpfoIysjh3k0mnOjVQJlZ6Q=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRahXsquFvRY8OKxgv2Adi3ZNNuGZpMlyVbL0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDPzW2OqNJPi3kxi6kd4IFjICDZWeuiOsYqHrJdeTstP571iya24c6BV4mWkBBnqveJXty9JElFhCMdadzw3Nn6KlWGE02mhm2gaYzLCA9qxVOCIaj+dXz1FZ1bpo1AqW8Kgufp7IsWR1pMosJ0RNkO97M3E/7xOYsJrP2UiTgwVZLEoTDgyEs0iQH2mKDF8YgkmitlbERlihYmxQRVsCN7yy6ukeVHx3Ip3Vy3VqlkceTiBUyiDB1dQg1uoQwMIKHiGV3hzHp0X5935WLTmnGzmGP7A+fwBG9uSMQ==</latexit>

'�
<latexit sha1_base64="37AnjH4hh2hhc7i3Fr2ux1jqWaU=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvQi2VXBD0WvHisYD+kXUo2zbahSXZJsoWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQobm1vbO8Xd0t7+weFR+fikZeJUU9aksYh1JySGCa5Y03IrWCfRjMhQsHY4vpv77QnThsfq0U4TFkgyVDzilFgnPfUmRCcj3r/slytezVsArxM/JxXI0eiXv3qDmKaSKUsFMabre4kNMqItp4LNSr3UsITQMRmyrqOKSGaCbHHwDF84ZYCjWLtSFi/U3xMZkcZMZeg6JbEjs+rNxf+8bmqj2yDjKkktU3S5KEoFtjGef48HXDNqxdQRQjV3t2I6IppQ6zIquRD81ZfXSeuq5ns1/+G6Uq/mcRThDM6hCj7cQB3uoQFNoCDhGV7hDWn0gt7Rx7K1gPKZU/gD9PkDl8SQLA==</latexit><latexit sha1_base64="37AnjH4hh2hhc7i3Fr2ux1jqWaU=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvQi2VXBD0WvHisYD+kXUo2zbahSXZJsoWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQobm1vbO8Xd0t7+weFR+fikZeJUU9aksYh1JySGCa5Y03IrWCfRjMhQsHY4vpv77QnThsfq0U4TFkgyVDzilFgnPfUmRCcj3r/slytezVsArxM/JxXI0eiXv3qDmKaSKUsFMabre4kNMqItp4LNSr3UsITQMRmyrqOKSGaCbHHwDF84ZYCjWLtSFi/U3xMZkcZMZeg6JbEjs+rNxf+8bmqj2yDjKkktU3S5KEoFtjGef48HXDNqxdQRQjV3t2I6IppQ6zIquRD81ZfXSeuq5ns1/+G6Uq/mcRThDM6hCj7cQB3uoQFNoCDhGV7hDWn0gt7Rx7K1gPKZU/gD9PkDl8SQLA==</latexit><latexit sha1_base64="37AnjH4hh2hhc7i3Fr2ux1jqWaU=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvQi2VXBD0WvHisYD+kXUo2zbahSXZJsoWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQobm1vbO8Xd0t7+weFR+fikZeJUU9aksYh1JySGCa5Y03IrWCfRjMhQsHY4vpv77QnThsfq0U4TFkgyVDzilFgnPfUmRCcj3r/slytezVsArxM/JxXI0eiXv3qDmKaSKUsFMabre4kNMqItp4LNSr3UsITQMRmyrqOKSGaCbHHwDF84ZYCjWLtSFi/U3xMZkcZMZeg6JbEjs+rNxf+8bmqj2yDjKkktU3S5KEoFtjGef48HXDNqxdQRQjV3t2I6IppQ6zIquRD81ZfXSeuq5ns1/+G6Uq/mcRThDM6hCj7cQB3uoQFNoCDhGV7hDWn0gt7Rx7K1gPKZU/gD9PkDl8SQLA==</latexit><latexit sha1_base64="37AnjH4hh2hhc7i3Fr2ux1jqWaU=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvQi2VXBD0WvHisYD+kXUo2zbahSXZJsoWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQobm1vbO8Xd0t7+weFR+fikZeJUU9aksYh1JySGCa5Y03IrWCfRjMhQsHY4vpv77QnThsfq0U4TFkgyVDzilFgnPfUmRCcj3r/slytezVsArxM/JxXI0eiXv3qDmKaSKUsFMabre4kNMqItp4LNSr3UsITQMRmyrqOKSGaCbHHwDF84ZYCjWLtSFi/U3xMZkcZMZeg6JbEjs+rNxf+8bmqj2yDjKkktU3S5KEoFtjGef48HXDNqxdQRQjV3t2I6IppQ6zIquRD81ZfXSeuq5ns1/+G6Uq/mcRThDM6hCj7cQB3uoQFNoCDhGV7hDWn0gt7Rx7K1gPKZU/gD9PkDl8SQLA==</latexit>

'+
<latexit sha1_base64="xxeljsDxo8IChYLA6M1WypjdvS4=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BItQEMquCHosePFYwX5Iu5Rsmm1Dk+ySZAtl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vGxU2Nre2d4q7pb39g8Oj8vFJy8SppqxJYxHrTkgME1yxpuVWsE6iGZGhYO1wfDf32xOmDY/Vo50mLJBkqHjEKbFOeupNiE5GvH/ZL1e8mrcAXid+TiqQo9Evf/UGMU0lU5YKYkzX9xIbZERbTgWblXqpYQmhYzJkXUcVkcwE2eLgGb5wygBHsXalLF6ovycyIo2ZytB1SmJHZtWbi/953dRGt0HGVZJapuhyUZQKbGM8/x4PuGbUiqkjhGrubsV0RDSh1mVUciH4qy+vk9ZVzfdq/sN1pV7N4yjCGZxDFXy4gTrcQwOaQEHCM7zCG9LoBb2jj2VrAeUzp/AH6PMHlLyQKg==</latexit><latexit sha1_base64="xxeljsDxo8IChYLA6M1WypjdvS4=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BItQEMquCHosePFYwX5Iu5Rsmm1Dk+ySZAtl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vGxU2Nre2d4q7pb39g8Oj8vFJy8SppqxJYxHrTkgME1yxpuVWsE6iGZGhYO1wfDf32xOmDY/Vo50mLJBkqHjEKbFOeupNiE5GvH/ZL1e8mrcAXid+TiqQo9Evf/UGMU0lU5YKYkzX9xIbZERbTgWblXqpYQmhYzJkXUcVkcwE2eLgGb5wygBHsXalLF6ovycyIo2ZytB1SmJHZtWbi/953dRGt0HGVZJapuhyUZQKbGM8/x4PuGbUiqkjhGrubsV0RDSh1mVUciH4qy+vk9ZVzfdq/sN1pV7N4yjCGZxDFXy4gTrcQwOaQEHCM7zCG9LoBb2jj2VrAeUzp/AH6PMHlLyQKg==</latexit><latexit sha1_base64="xxeljsDxo8IChYLA6M1WypjdvS4=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BItQEMquCHosePFYwX5Iu5Rsmm1Dk+ySZAtl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vGxU2Nre2d4q7pb39g8Oj8vFJy8SppqxJYxHrTkgME1yxpuVWsE6iGZGhYO1wfDf32xOmDY/Vo50mLJBkqHjEKbFOeupNiE5GvH/ZL1e8mrcAXid+TiqQo9Evf/UGMU0lU5YKYkzX9xIbZERbTgWblXqpYQmhYzJkXUcVkcwE2eLgGb5wygBHsXalLF6ovycyIo2ZytB1SmJHZtWbi/953dRGt0HGVZJapuhyUZQKbGM8/x4PuGbUiqkjhGrubsV0RDSh1mVUciH4qy+vk9ZVzfdq/sN1pV7N4yjCGZxDFXy4gTrcQwOaQEHCM7zCG9LoBb2jj2VrAeUzp/AH6PMHlLyQKg==</latexit><latexit sha1_base64="xxeljsDxo8IChYLA6M1WypjdvS4=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BItQEMquCHosePFYwX5Iu5Rsmm1Dk+ySZAtl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vGxU2Nre2d4q7pb39g8Oj8vFJy8SppqxJYxHrTkgME1yxpuVWsE6iGZGhYO1wfDf32xOmDY/Vo50mLJBkqHjEKbFOeupNiE5GvH/ZL1e8mrcAXid+TiqQo9Evf/UGMU0lU5YKYkzX9xIbZERbTgWblXqpYQmhYzJkXUcVkcwE2eLgGb5wygBHsXalLF6ovycyIo2ZytB1SmJHZtWbi/953dRGt0HGVZJapuhyUZQKbGM8/x4PuGbUiqkjhGrubsV0RDSh1mVUciH4qy+vk9ZVzfdq/sN1pV7N4yjCGZxDFXy4gTrcQwOaQEHCM7zCG9LoBb2jj2VrAeUzp/AH6PMHlLyQKg==</latexit>



A topological manipulation – motion along a trajectory that cannot 
be contracted to a point  
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'1,0
<latexit sha1_base64="Vd5AYYBvDrTITm9/lzrECMEPhxg=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFYwX5AG8pku2mXbjZxd1Moob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9PWjpOFWVNGotYdQLUTHDJmoYbwTqJYhgFgrWD8d3cb0+Y0jyWj2aaMD/CoeQhp2is5PcmqJIR72felTvrlytu1V2ArBMvJxXI0eiXv3qDmKYRk4YK1LrruYnxM1SGU8FmpV6qWYJ0jEPWtVRixLSfLY6ekQurDEgYK1vSkIX6eyLDSOtpFNjOCM1Ir3pz8T+vm5rw1s+4TFLDJF0uClNBTEzmCZABV4waMbUEqeL2VkJHqJAam1PJhuCtvrxOWtdVz616D7VKvZbHUYQzOIdL8OAG6nAPDWgChSd4hld4cybOi/PufCxbC04+cwp/4Hz+AEjkkbg=</latexit><latexit sha1_base64="Vd5AYYBvDrTITm9/lzrECMEPhxg=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFYwX5AG8pku2mXbjZxd1Moob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9PWjpOFWVNGotYdQLUTHDJmoYbwTqJYhgFgrWD8d3cb0+Y0jyWj2aaMD/CoeQhp2is5PcmqJIR72felTvrlytu1V2ArBMvJxXI0eiXv3qDmKYRk4YK1LrruYnxM1SGU8FmpV6qWYJ0jEPWtVRixLSfLY6ekQurDEgYK1vSkIX6eyLDSOtpFNjOCM1Ir3pz8T+vm5rw1s+4TFLDJF0uClNBTEzmCZABV4waMbUEqeL2VkJHqJAam1PJhuCtvrxOWtdVz616D7VKvZbHUYQzOIdL8OAG6nAPDWgChSd4hld4cybOi/PufCxbC04+cwp/4Hz+AEjkkbg=</latexit><latexit sha1_base64="Vd5AYYBvDrTITm9/lzrECMEPhxg=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFYwX5AG8pku2mXbjZxd1Moob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9PWjpOFWVNGotYdQLUTHDJmoYbwTqJYhgFgrWD8d3cb0+Y0jyWj2aaMD/CoeQhp2is5PcmqJIR72felTvrlytu1V2ArBMvJxXI0eiXv3qDmKYRk4YK1LrruYnxM1SGU8FmpV6qWYJ0jEPWtVRixLSfLY6ekQurDEgYK1vSkIX6eyLDSOtpFNjOCM1Ir3pz8T+vm5rw1s+4TFLDJF0uClNBTEzmCZABV4waMbUEqeL2VkJHqJAam1PJhuCtvrxOWtdVz616D7VKvZbHUYQzOIdL8OAG6nAPDWgChSd4hld4cybOi/PufCxbC04+cwp/4Hz+AEjkkbg=</latexit><latexit sha1_base64="Vd5AYYBvDrTITm9/lzrECMEPhxg=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFYwX5AG8pku2mXbjZxd1Moob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9PWjpOFWVNGotYdQLUTHDJmoYbwTqJYhgFgrWD8d3cb0+Y0jyWj2aaMD/CoeQhp2is5PcmqJIR72felTvrlytu1V2ArBMvJxXI0eiXv3qDmKYRk4YK1LrruYnxM1SGU8FmpV6qWYJ0jEPWtVRixLSfLY6ekQurDEgYK1vSkIX6eyLDSOtpFNjOCM1Ir3pz8T+vm5rw1s+4TFLDJF0uClNBTEzmCZABV4waMbUEqeL2VkJHqJAam1PJhuCtvrxOWtdVz616D7VKvZbHUYQzOIdL8OAG6nAPDWgChSd4hld4cybOi/PufCxbC04+cwp/4Hz+AEjkkbg=</latexit>

'2,0
<latexit sha1_base64="j81hDmJE44Y9A2739bLSx/g05FI=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4kJKUgh4LXjxWsB/QhrLZbtqlm03cnRRK6O/w4kERr/4Yb/4bt20O2vpg4PHeDDPzgkQKg6777Wxsbm3v7Bb2ivsHh0fHpZPTlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDf32xOujYjVI04T7kd0qEQoGEUr+b0J1clI9LPqtTvrl8puxV2ArBMvJ2XI0eiXvnqDmKURV8gkNabruQn6GdUomOSzYi81PKFsTIe8a6miETd+tjh6Ri6tMiBhrG0pJAv190RGI2OmUWA7I4ojs+rNxf+8borhrZ8JlaTIFVsuClNJMCbzBMhAaM5QTi2hTAt7K2EjqilDm1PRhuCtvrxOWtWK51a8h1q5XsvjKMA5XMAVeHADdbiHBjSBwRM8wyu8ORPnxXl3PpatG04+cwZ/4Hz+AEprkbk=</latexit><latexit sha1_base64="j81hDmJE44Y9A2739bLSx/g05FI=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4kJKUgh4LXjxWsB/QhrLZbtqlm03cnRRK6O/w4kERr/4Yb/4bt20O2vpg4PHeDDPzgkQKg6777Wxsbm3v7Bb2ivsHh0fHpZPTlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDf32xOujYjVI04T7kd0qEQoGEUr+b0J1clI9LPqtTvrl8puxV2ArBMvJ2XI0eiXvnqDmKURV8gkNabruQn6GdUomOSzYi81PKFsTIe8a6miETd+tjh6Ri6tMiBhrG0pJAv190RGI2OmUWA7I4ojs+rNxf+8borhrZ8JlaTIFVsuClNJMCbzBMhAaM5QTi2hTAt7K2EjqilDm1PRhuCtvrxOWtWK51a8h1q5XsvjKMA5XMAVeHADdbiHBjSBwRM8wyu8ORPnxXl3PpatG04+cwZ/4Hz+AEprkbk=</latexit><latexit sha1_base64="j81hDmJE44Y9A2739bLSx/g05FI=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4kJKUgh4LXjxWsB/QhrLZbtqlm03cnRRK6O/w4kERr/4Yb/4bt20O2vpg4PHeDDPzgkQKg6777Wxsbm3v7Bb2ivsHh0fHpZPTlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDf32xOujYjVI04T7kd0qEQoGEUr+b0J1clI9LPqtTvrl8puxV2ArBMvJ2XI0eiXvnqDmKURV8gkNabruQn6GdUomOSzYi81PKFsTIe8a6miETd+tjh6Ri6tMiBhrG0pJAv190RGI2OmUWA7I4ojs+rNxf+8borhrZ8JlaTIFVsuClNJMCbzBMhAaM5QTi2hTAt7K2EjqilDm1PRhuCtvrxOWtWK51a8h1q5XsvjKMA5XMAVeHADdbiHBjSBwRM8wyu8ORPnxXl3PpatG04+cwZ/4Hz+AEprkbk=</latexit><latexit sha1_base64="j81hDmJE44Y9A2739bLSx/g05FI=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4kJKUgh4LXjxWsB/QhrLZbtqlm03cnRRK6O/w4kERr/4Yb/4bt20O2vpg4PHeDDPzgkQKg6777Wxsbm3v7Bb2ivsHh0fHpZPTlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDf32xOujYjVI04T7kd0qEQoGEUr+b0J1clI9LPqtTvrl8puxV2ArBMvJ2XI0eiXvnqDmKURV8gkNabruQn6GdUomOSzYi81PKFsTIe8a6miETd+tjh6Ri6tMiBhrG0pJAv190RGI2OmUWA7I4ojs+rNxf+8borhrZ8JlaTIFVsuClNJMCbzBMhAaM5QTi2hTAt7K2EjqilDm1PRhuCtvrxOWtWK51a8h1q5XsvjKMA5XMAVeHADdbiHBjSBwRM8wyu8ORPnxXl3PpatG04+cwZ/4Hz+AEprkbk=</latexit>

'3,0
<latexit sha1_base64="t1/G2eZHk4nUKRpNxu7xa8TjOKQ=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REC3osePFYwdZCG8pku2mXbjZxd1Moob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFWVNGotYtQPUTHDJmoYbwdqJYhgFgj0Go9uZ/zhmSvNYPphJwvwIB5KHnKKxkt8do0qGvJddXbjTXrniVt05yCrxclKBHI1e+avbj2kaMWmoQK07npsYP0NlOBVsWuqmmiVIRzhgHUslRkz72fzoKTmzSp+EsbIlDZmrvycyjLSeRIHtjNAM9bI3E//zOqkJb/yMyyQ1TNLFojAVxMRklgDpc8WoERNLkCpubyV0iAqpsTmVbAje8surpHVZ9dyqd1+r1Gt5HEU4gVM4Bw+uoQ530IAmUHiCZ3iFN2fsvDjvzseiteDkM8fwB87nD0vykbo=</latexit><latexit sha1_base64="t1/G2eZHk4nUKRpNxu7xa8TjOKQ=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REC3osePFYwdZCG8pku2mXbjZxd1Moob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFWVNGotYtQPUTHDJmoYbwdqJYhgFgj0Go9uZ/zhmSvNYPphJwvwIB5KHnKKxkt8do0qGvJddXbjTXrniVt05yCrxclKBHI1e+avbj2kaMWmoQK07npsYP0NlOBVsWuqmmiVIRzhgHUslRkz72fzoKTmzSp+EsbIlDZmrvycyjLSeRIHtjNAM9bI3E//zOqkJb/yMyyQ1TNLFojAVxMRklgDpc8WoERNLkCpubyV0iAqpsTmVbAje8surpHVZ9dyqd1+r1Gt5HEU4gVM4Bw+uoQ530IAmUHiCZ3iFN2fsvDjvzseiteDkM8fwB87nD0vykbo=</latexit><latexit sha1_base64="t1/G2eZHk4nUKRpNxu7xa8TjOKQ=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REC3osePFYwdZCG8pku2mXbjZxd1Moob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFWVNGotYtQPUTHDJmoYbwdqJYhgFgj0Go9uZ/zhmSvNYPphJwvwIB5KHnKKxkt8do0qGvJddXbjTXrniVt05yCrxclKBHI1e+avbj2kaMWmoQK07npsYP0NlOBVsWuqmmiVIRzhgHUslRkz72fzoKTmzSp+EsbIlDZmrvycyjLSeRIHtjNAM9bI3E//zOqkJb/yMyyQ1TNLFojAVxMRklgDpc8WoERNLkCpubyV0iAqpsTmVbAje8surpHVZ9dyqd1+r1Gt5HEU4gVM4Bw+uoQ530IAmUHiCZ3iFN2fsvDjvzseiteDkM8fwB87nD0vykbo=</latexit><latexit sha1_base64="t1/G2eZHk4nUKRpNxu7xa8TjOKQ=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REC3osePFYwdZCG8pku2mXbjZxd1Moob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFWVNGotYtQPUTHDJmoYbwdqJYhgFgj0Go9uZ/zhmSvNYPphJwvwIB5KHnKKxkt8do0qGvJddXbjTXrniVt05yCrxclKBHI1e+avbj2kaMWmoQK07npsYP0NlOBVsWuqmmiVIRzhgHUslRkz72fzoKTmzSp+EsbIlDZmrvycyjLSeRIHtjNAM9bI3E//zOqkJb/yMyyQ1TNLFojAVxMRklgDpc8WoERNLkCpubyV0iAqpsTmVbAje8surpHVZ9dyqd1+r1Gt5HEU4gVM4Bw+uoQ530IAmUHiCZ3iFN2fsvDjvzseiteDkM8fwB87nD0vykbo=</latexit>

Current minimizes !"#" + %(#")



'3
<latexit sha1_base64="9IYj6ohVOpDFlv/RDBtyqyjdtNI=">AAAB8HicdVDLSgMxFL1TX7W+qi7dBIvgqmR8oMuCG5cV7EPaoWTSTBuaZIYkUyhDv8KNC0Xc+jnu/BvTdoQqeuDC4Zx7ufeeMBHcWIw/vcLK6tr6RnGztLW9s7tX3j9omjjVlDVoLGLdDolhgivWsNwK1k40IzIUrBWObmZ+a8y04bG6t5OEBZIMFI84JdZJD90x0cmQ98575Qqu4jnQErlcED9XKpCj3it/dPsxTSVTlgpiTMfHiQ0yoi2ngk1L3dSwhNARGbCOo4pIZoJsfvAUnTilj6JYu1IWzdXliYxIYyYydJ2S2KH57c3Ev7xOaqPrIOMqSS1TdLEoSgWyMZp9j/pcM2rFxBFCNXe3IjokmlDrMiq5EL4/Rf+T5lnVx1X/7qJSw3kcRTiCYzgFH66gBrdQhwZQkPAIz/Diae/Je/XeFq0FL585hB/w3r8AqmCQPw==</latexit><latexit sha1_base64="9IYj6ohVOpDFlv/RDBtyqyjdtNI=">AAAB8HicdVDLSgMxFL1TX7W+qi7dBIvgqmR8oMuCG5cV7EPaoWTSTBuaZIYkUyhDv8KNC0Xc+jnu/BvTdoQqeuDC4Zx7ufeeMBHcWIw/vcLK6tr6RnGztLW9s7tX3j9omjjVlDVoLGLdDolhgivWsNwK1k40IzIUrBWObmZ+a8y04bG6t5OEBZIMFI84JdZJD90x0cmQ98575Qqu4jnQErlcED9XKpCj3it/dPsxTSVTlgpiTMfHiQ0yoi2ngk1L3dSwhNARGbCOo4pIZoJsfvAUnTilj6JYu1IWzdXliYxIYyYydJ2S2KH57c3Ev7xOaqPrIOMqSS1TdLEoSgWyMZp9j/pcM2rFxBFCNXe3IjokmlDrMiq5EL4/Rf+T5lnVx1X/7qJSw3kcRTiCYzgFH66gBrdQhwZQkPAIz/Diae/Je/XeFq0FL585hB/w3r8AqmCQPw==</latexit><latexit sha1_base64="9IYj6ohVOpDFlv/RDBtyqyjdtNI=">AAAB8HicdVDLSgMxFL1TX7W+qi7dBIvgqmR8oMuCG5cV7EPaoWTSTBuaZIYkUyhDv8KNC0Xc+jnu/BvTdoQqeuDC4Zx7ufeeMBHcWIw/vcLK6tr6RnGztLW9s7tX3j9omjjVlDVoLGLdDolhgivWsNwK1k40IzIUrBWObmZ+a8y04bG6t5OEBZIMFI84JdZJD90x0cmQ98575Qqu4jnQErlcED9XKpCj3it/dPsxTSVTlgpiTMfHiQ0yoi2ngk1L3dSwhNARGbCOo4pIZoJsfvAUnTilj6JYu1IWzdXliYxIYyYydJ2S2KH57c3Ev7xOaqPrIOMqSS1TdLEoSgWyMZp9j/pcM2rFxBFCNXe3IjokmlDrMiq5EL4/Rf+T5lnVx1X/7qJSw3kcRTiCYzgFH66gBrdQhwZQkPAIz/Diae/Je/XeFq0FL585hB/w3r8AqmCQPw==</latexit><latexit sha1_base64="9IYj6ohVOpDFlv/RDBtyqyjdtNI=">AAAB8HicdVDLSgMxFL1TX7W+qi7dBIvgqmR8oMuCG5cV7EPaoWTSTBuaZIYkUyhDv8KNC0Xc+jnu/BvTdoQqeuDC4Zx7ufeeMBHcWIw/vcLK6tr6RnGztLW9s7tX3j9omjjVlDVoLGLdDolhgivWsNwK1k40IzIUrBWObmZ+a8y04bG6t5OEBZIMFI84JdZJD90x0cmQ98575Qqu4jnQErlcED9XKpCj3it/dPsxTSVTlgpiTMfHiQ0yoi2ngk1L3dSwhNARGbCOo4pIZoJsfvAUnTilj6JYu1IWzdXliYxIYyYydJ2S2KH57c3Ev7xOaqPrIOMqSS1TdLEoSgWyMZp9j/pcM2rFxBFCNXe3IjokmlDrMiq5EL4/Rf+T5lnVx1X/7qJSw3kcRTiCYzgFH66gBrdQhwZQkPAIz/Diae/Je/XeFq0FL585hB/w3r8AqmCQPw==</latexit>

'1
<latexit sha1_base64="4bPkkkT2GQl16hxcIcg32Vf6epc=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bjw4jGCeUiyhNnJJBkyM7vM9AbCkq/w4kERr36ON//GSbJCFC1oKKq66e6KEiks+v6nt7K6tr6xWdgqbu/s7u2XDg4bNk4N43UWy9i0Imq5FJrXUaDkrcRwqiLJm9HoZuY3x9xYEet7nCQ8VHSgRV8wik566IypSYaiG3RLZb/iz0GWyOWCBLlShhy1bumj04tZqrhGJqm17cBPMMyoQcEknxY7qeUJZSM64G1HNVXchtn84Ck5dUqP9GPjSiOZq8sTGVXWTlTkOhXFof3tzcS/vHaK/eswEzpJkWu2WNRPJcGYzL4nPWE4QzlxhDIj3K2EDamhDF1GRRfC96fkf9I4rwR+Jbi7KFf9PI4CHMMJnEEAV1CFW6hBHRgoeIRnePGM9+S9em+L1hUvnzmCH/DevwCnWJA9</latexit><latexit sha1_base64="4bPkkkT2GQl16hxcIcg32Vf6epc=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bjw4jGCeUiyhNnJJBkyM7vM9AbCkq/w4kERr36ON//GSbJCFC1oKKq66e6KEiks+v6nt7K6tr6xWdgqbu/s7u2XDg4bNk4N43UWy9i0Imq5FJrXUaDkrcRwqiLJm9HoZuY3x9xYEet7nCQ8VHSgRV8wik566IypSYaiG3RLZb/iz0GWyOWCBLlShhy1bumj04tZqrhGJqm17cBPMMyoQcEknxY7qeUJZSM64G1HNVXchtn84Ck5dUqP9GPjSiOZq8sTGVXWTlTkOhXFof3tzcS/vHaK/eswEzpJkWu2WNRPJcGYzL4nPWE4QzlxhDIj3K2EDamhDF1GRRfC96fkf9I4rwR+Jbi7KFf9PI4CHMMJnEEAV1CFW6hBHRgoeIRnePGM9+S9em+L1hUvnzmCH/DevwCnWJA9</latexit><latexit sha1_base64="4bPkkkT2GQl16hxcIcg32Vf6epc=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bjw4jGCeUiyhNnJJBkyM7vM9AbCkq/w4kERr36ON//GSbJCFC1oKKq66e6KEiks+v6nt7K6tr6xWdgqbu/s7u2XDg4bNk4N43UWy9i0Imq5FJrXUaDkrcRwqiLJm9HoZuY3x9xYEet7nCQ8VHSgRV8wik566IypSYaiG3RLZb/iz0GWyOWCBLlShhy1bumj04tZqrhGJqm17cBPMMyoQcEknxY7qeUJZSM64G1HNVXchtn84Ck5dUqP9GPjSiOZq8sTGVXWTlTkOhXFof3tzcS/vHaK/eswEzpJkWu2WNRPJcGYzL4nPWE4QzlxhDIj3K2EDamhDF1GRRfC96fkf9I4rwR+Jbi7KFf9PI4CHMMJnEEAV1CFW6hBHRgoeIRnePGM9+S9em+L1hUvnzmCH/DevwCnWJA9</latexit><latexit sha1_base64="4bPkkkT2GQl16hxcIcg32Vf6epc=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bjw4jGCeUiyhNnJJBkyM7vM9AbCkq/w4kERr36ON//GSbJCFC1oKKq66e6KEiks+v6nt7K6tr6xWdgqbu/s7u2XDg4bNk4N43UWy9i0Imq5FJrXUaDkrcRwqiLJm9HoZuY3x9xYEet7nCQ8VHSgRV8wik566IypSYaiG3RLZb/iz0GWyOWCBLlShhy1bumj04tZqrhGJqm17cBPMMyoQcEknxY7qeUJZSM64G1HNVXchtn84Ck5dUqP9GPjSiOZq8sTGVXWTlTkOhXFof3tzcS/vHaK/eswEzpJkWu2WNRPJcGYzL4nPWE4QzlxhDIj3K2EDamhDF1GRRfC96fkf9I4rwR+Jbi7KFf9PI4CHMMJnEEAV1CFW6hBHRgoeIRnePGM9+S9em+L1hUvnzmCH/DevwCnWJA9</latexit>

'2
<latexit sha1_base64="8DHwtVrwQh63r6nb1JId25YfI6w=">AAAB8HicdVBNSwMxEJ3Ur1q/qh69BIvgqewWRY8FLx4r2A9pl5JNs21okl2SbKEs/RVePCji1Z/jzX9j2q5QRR8MPN6bYWZemAhurOd9osLa+sbmVnG7tLO7t39QPjxqmTjVlDVpLGLdCYlhgivWtNwK1kk0IzIUrB2Ob+Z+e8K04bG6t9OEBZIMFY84JdZJD70J0cmI92v9csWregvgFXK5JH6uVCBHo1/+6A1imkqmLBXEmK7vJTbIiLacCjYr9VLDEkLHZMi6jioimQmyxcEzfOaUAY5i7UpZvFBXJzIijZnK0HVKYkfmtzcX//K6qY2ug4yrJLVM0eWiKBXYxnj+PR5wzagVU0cI1dzdiumIaEKty6jkQvj+FP9PWrWq71X9u4tK3cvjKMIJnMI5+HAFdbiFBjSBgoRHeIYXpNETekVvy9YCymeO4QfQ+xeo3JA+</latexit><latexit sha1_base64="8DHwtVrwQh63r6nb1JId25YfI6w=">AAAB8HicdVBNSwMxEJ3Ur1q/qh69BIvgqewWRY8FLx4r2A9pl5JNs21okl2SbKEs/RVePCji1Z/jzX9j2q5QRR8MPN6bYWZemAhurOd9osLa+sbmVnG7tLO7t39QPjxqmTjVlDVpLGLdCYlhgivWtNwK1kk0IzIUrB2Ob+Z+e8K04bG6t9OEBZIMFY84JdZJD70J0cmI92v9csWregvgFXK5JH6uVCBHo1/+6A1imkqmLBXEmK7vJTbIiLacCjYr9VLDEkLHZMi6jioimQmyxcEzfOaUAY5i7UpZvFBXJzIijZnK0HVKYkfmtzcX//K6qY2ug4yrJLVM0eWiKBXYxnj+PR5wzagVU0cI1dzdiumIaEKty6jkQvj+FP9PWrWq71X9u4tK3cvjKMIJnMI5+HAFdbiFBjSBgoRHeIYXpNETekVvy9YCymeO4QfQ+xeo3JA+</latexit><latexit sha1_base64="8DHwtVrwQh63r6nb1JId25YfI6w=">AAAB8HicdVBNSwMxEJ3Ur1q/qh69BIvgqewWRY8FLx4r2A9pl5JNs21okl2SbKEs/RVePCji1Z/jzX9j2q5QRR8MPN6bYWZemAhurOd9osLa+sbmVnG7tLO7t39QPjxqmTjVlDVpLGLdCYlhgivWtNwK1kk0IzIUrB2Ob+Z+e8K04bG6t9OEBZIMFY84JdZJD70J0cmI92v9csWregvgFXK5JH6uVCBHo1/+6A1imkqmLBXEmK7vJTbIiLacCjYr9VLDEkLHZMi6jioimQmyxcEzfOaUAY5i7UpZvFBXJzIijZnK0HVKYkfmtzcX//K6qY2ug4yrJLVM0eWiKBXYxnj+PR5wzagVU0cI1dzdiumIaEKty6jkQvj+FP9PWrWq71X9u4tK3cvjKMIJnMI5+HAFdbiFBjSBgoRHeIYXpNETekVvy9YCymeO4QfQ+xeo3JA+</latexit><latexit sha1_base64="8DHwtVrwQh63r6nb1JId25YfI6w=">AAAB8HicdVBNSwMxEJ3Ur1q/qh69BIvgqewWRY8FLx4r2A9pl5JNs21okl2SbKEs/RVePCji1Z/jzX9j2q5QRR8MPN6bYWZemAhurOd9osLa+sbmVnG7tLO7t39QPjxqmTjVlDVpLGLdCYlhgivWtNwK1kk0IzIUrB2Ob+Z+e8K04bG6t9OEBZIMFY84JdZJD70J0cmI92v9csWregvgFXK5JH6uVCBHo1/+6A1imkqmLBXEmK7vJTbIiLacCjYr9VLDEkLHZMi6jioimQmyxcEzfOaUAY5i7UpZvFBXJzIijZnK0HVKYkfmtzcX//K6qY2ug4yrJLVM0eWiKBXYxnj+PR5wzagVU0cI1dzdiumIaEKty6jkQvj+FP9PWrWq71X9u4tK3cvjKMIJnMI5+HAFdbiFBjSBgoRHeIYXpNETekVvy9YCymeO4QfQ+xeo3JA+</latexit>

I23
<latexit sha1_base64="jCld+hrqJ9kB3WN8U2yWFRLaWPk=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbBU9mtFT0WvOitgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0KVfTBwOO9GWbmBTFn2rjup1NYWV1b3yhulra2d3b3yvsHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcpX5nQeqNJPizkxj6kd4JFjICDZWat8M0trZbFCuuFV3DrREzhfEy5UK5GgOyh/9oSRJRIUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SgSOq/XR+7QydWGWIQqlsCYPm6vJEiiOtp1FgOyNsxvq3l4l/eb3EhJd+ykScGCrIYlGYcGQkyl5HQ6YoMXxqCSaK2VsRGWOFibEBlWwI35+i/0m7VvXcqndbrzTqeRxFOIJjOAUPLqAB19CEFhC4h0d4hhdHOk/Oq/O2aC04+cwh/IDz/gUAiI6y</latexit><latexit sha1_base64="jCld+hrqJ9kB3WN8U2yWFRLaWPk=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbBU9mtFT0WvOitgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0KVfTBwOO9GWbmBTFn2rjup1NYWV1b3yhulra2d3b3yvsHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcpX5nQeqNJPizkxj6kd4JFjICDZWat8M0trZbFCuuFV3DrREzhfEy5UK5GgOyh/9oSRJRIUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SgSOq/XR+7QydWGWIQqlsCYPm6vJEiiOtp1FgOyNsxvq3l4l/eb3EhJd+ykScGCrIYlGYcGQkyl5HQ6YoMXxqCSaK2VsRGWOFibEBlWwI35+i/0m7VvXcqndbrzTqeRxFOIJjOAUPLqAB19CEFhC4h0d4hhdHOk/Oq/O2aC04+cwh/IDz/gUAiI6y</latexit><latexit sha1_base64="jCld+hrqJ9kB3WN8U2yWFRLaWPk=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbBU9mtFT0WvOitgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0KVfTBwOO9GWbmBTFn2rjup1NYWV1b3yhulra2d3b3yvsHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcpX5nQeqNJPizkxj6kd4JFjICDZWat8M0trZbFCuuFV3DrREzhfEy5UK5GgOyh/9oSRJRIUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SgSOq/XR+7QydWGWIQqlsCYPm6vJEiiOtp1FgOyNsxvq3l4l/eb3EhJd+ykScGCrIYlGYcGQkyl5HQ6YoMXxqCSaK2VsRGWOFibEBlWwI35+i/0m7VvXcqndbrzTqeRxFOIJjOAUPLqAB19CEFhC4h0d4hhdHOk/Oq/O2aC04+cwh/IDz/gUAiI6y</latexit><latexit sha1_base64="jCld+hrqJ9kB3WN8U2yWFRLaWPk=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbBU9mtFT0WvOitgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0KVfTBwOO9GWbmBTFn2rjup1NYWV1b3yhulra2d3b3yvsHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcpX5nQeqNJPizkxj6kd4JFjICDZWat8M0trZbFCuuFV3DrREzhfEy5UK5GgOyh/9oSRJRIUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SgSOq/XR+7QydWGWIQqlsCYPm6vJEiiOtp1FgOyNsxvq3l4l/eb3EhJd+ykScGCrIYlGYcGQkyl5HQ6YoMXxqCSaK2VsRGWOFibEBlWwI35+i/0m7VvXcqndbrzTqeRxFOIJjOAUPLqAB19CEFhC4h0d4hhdHOk/Oq/O2aC04+cwh/IDz/gUAiI6y</latexit>

I12
<latexit sha1_base64="QNfISRhQjPfuriUDIpq1Pgf1GZc=">AAAB7XicdVDLSgNBEOz1GeMr6tHLYBA8hd0Q0WPAi94imAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJFkhihY0FFXddHdFCWfG+v6nt7K6tr6xWdgqbu/s7u2XDg5bRqWa0CZRXOlOhA3lTNKmZZbTTqIpFhGn7Wh8NfPbD1QbpuSdnSQ0FHgoWcwItk5q3fSzoDrtl8p+xZ8DLZHzBQlypQw5Gv3SR2+gSCqotIRjY7qBn9gww9oywum02EsNTTAZ4yHtOiqxoCbM5tdO0alTBihW2pW0aK4uT2RYGDMRkesU2I7Mb28m/uV1UxtfhhmTSWqpJItFccqRVWj2OhowTYnlE0cw0czdisgIa0ysC6joQvj+FP1PWtVK4FeC21q5XsvjKMAxnMAZBHABdbiGBjSBwD08wjO8eMp78l69t0XripfPHMEPeO9f/W6OsA==</latexit><latexit sha1_base64="QNfISRhQjPfuriUDIpq1Pgf1GZc=">AAAB7XicdVDLSgNBEOz1GeMr6tHLYBA8hd0Q0WPAi94imAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJFkhihY0FFXddHdFCWfG+v6nt7K6tr6xWdgqbu/s7u2XDg5bRqWa0CZRXOlOhA3lTNKmZZbTTqIpFhGn7Wh8NfPbD1QbpuSdnSQ0FHgoWcwItk5q3fSzoDrtl8p+xZ8DLZHzBQlypQw5Gv3SR2+gSCqotIRjY7qBn9gww9oywum02EsNTTAZ4yHtOiqxoCbM5tdO0alTBihW2pW0aK4uT2RYGDMRkesU2I7Mb28m/uV1UxtfhhmTSWqpJItFccqRVWj2OhowTYnlE0cw0czdisgIa0ysC6joQvj+FP1PWtVK4FeC21q5XsvjKMAxnMAZBHABdbiGBjSBwD08wjO8eMp78l69t0XripfPHMEPeO9f/W6OsA==</latexit><latexit sha1_base64="QNfISRhQjPfuriUDIpq1Pgf1GZc=">AAAB7XicdVDLSgNBEOz1GeMr6tHLYBA8hd0Q0WPAi94imAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJFkhihY0FFXddHdFCWfG+v6nt7K6tr6xWdgqbu/s7u2XDg5bRqWa0CZRXOlOhA3lTNKmZZbTTqIpFhGn7Wh8NfPbD1QbpuSdnSQ0FHgoWcwItk5q3fSzoDrtl8p+xZ8DLZHzBQlypQw5Gv3SR2+gSCqotIRjY7qBn9gww9oywum02EsNTTAZ4yHtOiqxoCbM5tdO0alTBihW2pW0aK4uT2RYGDMRkesU2I7Mb28m/uV1UxtfhhmTSWqpJItFccqRVWj2OhowTYnlE0cw0czdisgIa0ysC6joQvj+FP1PWtVK4FeC21q5XsvjKMAxnMAZBHABdbiGBjSBwD08wjO8eMp78l69t0XripfPHMEPeO9f/W6OsA==</latexit><latexit sha1_base64="QNfISRhQjPfuriUDIpq1Pgf1GZc=">AAAB7XicdVDLSgNBEOz1GeMr6tHLYBA8hd0Q0WPAi94imAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJFkhihY0FFXddHdFCWfG+v6nt7K6tr6xWdgqbu/s7u2XDg5bRqWa0CZRXOlOhA3lTNKmZZbTTqIpFhGn7Wh8NfPbD1QbpuSdnSQ0FHgoWcwItk5q3fSzoDrtl8p+xZ8DLZHzBQlypQw5Gv3SR2+gSCqotIRjY7qBn9gww9oywum02EsNTTAZ4yHtOiqxoCbM5tdO0alTBihW2pW0aK4uT2RYGDMRkesU2I7Mb28m/uV1UxtfhhmTSWqpJItFccqRVWj2OhowTYnlE0cw0czdisgIa0ysC6joQvj+FP1PWtVK4FeC21q5XsvjKMAxnMAZBHABdbiGBjSBwD08wjO8eMp78l69t0XripfPHMEPeO9f/W6OsA==</latexit>

I31
<latexit sha1_base64="qFAQtzkVJEDjVjzhcAOI9oX4ToI=">AAAB7XicdVBNSwMxEJ3Ur1q/qh69BIvgqexqRY8FL3qrYGuhXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtF2hij4YeLw3w8y8MBHcWM/7RIWl5ZXVteJ6aWNza3unvLvXMirVlDWpEkq3Q2KY4JI1LbeCtRPNSBwKdheOLqf+3QPThit5a8cJC2IykDzilFgnta572ak/6ZUrXtWbAS+Qsznxc6UCORq98ke3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8FHTunjSGlX0uKZujiRkdiYcRy6zpjYofntTcW/vE5qo4sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI35/i/0nrpOp7Vf+mVqnX8jiKcACHcAw+nEMdrqABTaBwD4/wDC9IoSf0it7mrQWUz+zDD6D3L/71jrE=</latexit><latexit sha1_base64="qFAQtzkVJEDjVjzhcAOI9oX4ToI=">AAAB7XicdVBNSwMxEJ3Ur1q/qh69BIvgqexqRY8FL3qrYGuhXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtF2hij4YeLw3w8y8MBHcWM/7RIWl5ZXVteJ6aWNza3unvLvXMirVlDWpEkq3Q2KY4JI1LbeCtRPNSBwKdheOLqf+3QPThit5a8cJC2IykDzilFgnta572ak/6ZUrXtWbAS+Qsznxc6UCORq98ke3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8FHTunjSGlX0uKZujiRkdiYcRy6zpjYofntTcW/vE5qo4sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI35/i/0nrpOp7Vf+mVqnX8jiKcACHcAw+nEMdrqABTaBwD4/wDC9IoSf0it7mrQWUz+zDD6D3L/71jrE=</latexit><latexit sha1_base64="qFAQtzkVJEDjVjzhcAOI9oX4ToI=">AAAB7XicdVBNSwMxEJ3Ur1q/qh69BIvgqexqRY8FL3qrYGuhXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtF2hij4YeLw3w8y8MBHcWM/7RIWl5ZXVteJ6aWNza3unvLvXMirVlDWpEkq3Q2KY4JI1LbeCtRPNSBwKdheOLqf+3QPThit5a8cJC2IykDzilFgnta572ak/6ZUrXtWbAS+Qsznxc6UCORq98ke3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8FHTunjSGlX0uKZujiRkdiYcRy6zpjYofntTcW/vE5qo4sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI35/i/0nrpOp7Vf+mVqnX8jiKcACHcAw+nEMdrqABTaBwD4/wDC9IoSf0it7mrQWUz+zDD6D3L/71jrE=</latexit><latexit sha1_base64="qFAQtzkVJEDjVjzhcAOI9oX4ToI=">AAAB7XicdVBNSwMxEJ3Ur1q/qh69BIvgqexqRY8FL3qrYGuhXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtF2hij4YeLw3w8y8MBHcWM/7RIWl5ZXVteJ6aWNza3unvLvXMirVlDWpEkq3Q2KY4JI1LbeCtRPNSBwKdheOLqf+3QPThit5a8cJC2IykDzilFgnta572ak/6ZUrXtWbAS+Qsznxc6UCORq98ke3r2gaM2mpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUkpiZIJtdO8FHTunjSGlX0uKZujiRkdiYcRy6zpjYofntTcW/vE5qo4sg4zJJLZN0vihKBbYKT1/Hfa4ZtWLsCKGau1sxHRJNqHUBlVwI35/i/0nrpOp7Vf+mVqnX8jiKcACHcAw+nEMdrqABTaBwD4/wDC9IoSf0it7mrQWUz+zDD6D3L/71jrE=</latexit>

1 2 3

Can be looked at as six zero modes, out of which two are coupled

Karzig et al. 2016



Summary 
1. The relative phase is a user-friendly parameter to use 

on the way to topological superconductivity.
2. First-order phase transition where the system self tunes 

itself to the topological regime.
3. When the superconductors are narrow – relation to a  

multimode wire
4. Disorder localizes the Majorana modes.
5. Scheme for Majorana braiding. 




