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spheres provides tools for dealing with higher spin systems and for symmetrized quantum circuits. Among other things, we provide implementations of:


	The “Majorana stars” representation of a spin-j state as a degree-2j complex polynomial defined on the extended complex plane (the Riemann sphere). The eponymous stars are the 2j roots of this polynomial and each can be interpreted as a quantum of angular momentum contributing 1/2 in the specified direction. This polynomial can be defined in terms of the components of a |j, m> vector or in terms of a spin coherent wavefunction <-xyz|psi>, where |psi> is the spin state and <-xyz| is the adjoint of a spin coherent state at the point antipodal to xyz.


	The “symmetrized spinors” representation of a spin-j state as 2j symmetrized spin-1/2 states (aka qubits). Indeed, the basis states of 2j symmetrized qubits are in 1-to-1 relation to the |j, m> basis states of a spin-j. Such a representation is naturally useful for simulating spin-j states on a qubit based quantum computer, and we provide circuits for preparing such states.


	The “Schwinger oscillator” representation of a spin-j state as the total energy 2j subspace of two quantum harmonic oscillators. Indeed, the full space of the two oscillators furnishes a representation of spin with a variable j value: a superposition of j values. This construction can be interpreted as the “second quantization” of qubit, and is appropriate for implementation of photonic quantum computers.




Everything is accompanied by 3D visualizations thanks to vpython (and matplotlib) and interfaces to popular quantum computing libraries from qutip to StrawberryFields.

Finally, we provide tools for implementing a form of quantum error correction or “stablization” by harnessing the power of symmetrization. We provide automatic generation of circuits which perform a given quantum experiment multiple times in parallel while periodically projecting them all jointly into the symmetric subspace, which in principle increases the reliability of the computation under noisy conditions.

spheres is a work in progress! Beware!

Get started:

from spheres import *
vsphere = MajoranaSphere(qt.rand_ket(3))
vsphere.evolve(qt.rand_herm(3))





Check out the documentation [https://spheres.readthedocs.io/].

For more information and reference material, including jupyter notebooks, visit heyredhat.github.io [https://heyredhat.github.io].

Special thanks to the Quantum Open Source Foundation [https://qosf.org/].









Indices and tables


	Index


	Module Index


	Search Page








            

          

      

      

    

  

    
      
          
            
  


spheres

Modules







	spheres.beams

	Majorana formalism for structured Gaussian beams.



	spheres.coordinates

	Coordinate transformations, mainly sphere related.



	spheres.oscillators

	Functions for dealing with oscillators, particularly in the case of double oscillators in the context of the Schwinger representation of spin.



	spheres.polyhedra

	Polyhedra related functions.



	spheres.relativity

	Functions related to Lorentz transformations/Mobius transformations.



	spheres.spin_circuits

	



	spheres.stabilization

	



	spheres.stars

	



	spheres.symmetrization

	Symmetrization related functions, particularly in the context of permutation symmetric multiqubit states.



	spheres.symplectic

	Functions for converting between Gaussian Hamiltonians, complex symplectic matrices, and real symplectic matrices.



	spheres.utils

	Miscellaneous useful functions.



	spheres.visualization

	Tools for visualizing spin states with vpython and matplotlib.










            

          

      

      

    

  

    
      
          
            
  


spheres.beams

Majorana formalism for structured Gaussian beams.

Functions







	animate_spin_beam(spin, H[, dt, T, size, …])

	Animates a spin state and its corresponding structured Gaussian beam side by side with matplotlib.



	colorize(z)

	Converts complex values into colors: hue represents phase and brightness magnitude.



	laguerre_gauss_mode(N, l[, coordinates])

	Returns a function evaluating a Laguerre-Gauss mode, which may take cartesian/cylindrical coordinates or vectors thereof.



	spin_beam(spin[, coordinates])

	Converts a spin state into a structured Gaussian beam, the latter being function of cartesian or cylindrical coordinates, expressing the intensity and phase of the classical light beam in the paraxial approximation.



	viz_beam(beam[, size, n_samples])

	Visualizes a structured Gaussian beam with matplotlib.



	viz_spin_beam(spin[, size, n_samples])

	Visualizes a spin state and its corresponding structured Gaussian beam side by side with matplotlib.










            

          

      

      

    

  

    
      
          
            
  


spheres.beams.animate_spin_beam


	
spheres.beams.animate_spin_beam(spin, H, dt=0.1, T=6.283185307179586, size=3.5, n_samples=200, filename=None, fps=20)[source]

	Animates a spin state and its corresponding structured Gaussian beam side by side with matplotlib.


	Parameters

	
	spin (qt.Qobj) – Spin-j state.


	H (qt.Qobj) – Hamiltonian.


	dt (float) – Time step.


	T (float) – How long to evolve for.


	size (float) – Size of plot.


	n_samples (int) – Number of samples of the beam function.


	filename (str) – Filename at which to save movie.


	fps (int) – Frames per second.
















            

          

      

      

    

  

    
      
          
            
  


spheres.beams.colorize


	
spheres.beams.colorize(z)[source]

	Converts complex values into colors: hue represents phase and brightness magnitude.

Adapted from https://stackoverflow.com/questions/17044052/mathplotlib-imshow-complex-2d-array.


	Parameters

	z (np.array) – Complex values.



	Returns

	c – Color values.



	Return type

	np.array













            

          

      

      

    

  

    
      
          
            
  


spheres.beams.laguerre_gauss_mode


	
spheres.beams.laguerre_gauss_mode(N, l, coordinates='cartesian')[source]

	Returns a function evaluating a Laguerre-Gauss mode, which may take cartesian/cylindrical coordinates or vectors thereof.


\[LG(r, \phi, z) = \frac{i^{|l|-N}}{w}\sqrt{\frac{2^{|l|+1}[\frac{N-l}{2}]!}{\pi[\frac{N+|l|}{2}]!}}e^{-\frac{r^2}{w^2}}(\frac{r}{w})^{|l|}e^{il\phi}L_{\frac{N-|l|}{2}}^{|l|}(\frac{2r^2}{w^2})\]

Where \(w=\sqrt{1+(\frac{z}{\pi})^2}\) and \(L_{a}^{b}\) is a generalized Laguerre polynomial.


	Parameters

	
	N (int) – An integer specifying the Laguerre-Gauss mode (N, l).


	l (int) – An integer specifying the Laguerre-Gauss mode (N, l).


	coodinates (str) – Whether to return a function of “cartesian” or “cylindrical” coordinates.






	Returns

	lg – (Vectorized) function of cartesian or cylindrical coordinates.



	Return type

	func













            

          

      

      

    

  

    
      
          
            
  


spheres.beams.spin_beam


	
spheres.beams.spin_beam(spin, coordinates='cartesian')[source]

	Converts a spin state into a structured Gaussian beam, the latter being function
of cartesian or cylindrical coordinates, expressing the intensity and phase of the classical light beam
in the paraxial approximation. A spin \(\mid j, m \rangle\) state is identified with LG mode (2j, 2m).


	Parameters

	
	spin (qt.Qobj) – Spin-j state


	coordinates (str) – “cartesian” or “cylindrical






	Returns

	sgb – (Vectorized) function of cartesian or cylindrical coordinates.



	Return type

	func













            

          

      

      

    

  

    
      
          
            
  


spheres.beams.viz_beam


	
spheres.beams.viz_beam(beam, size=3.5, n_samples=200)[source]

	Visualizes a structured Gaussian beam with matplotlib.


	Parameters

	
	beam (func) – Beam function.


	size (float) – Size of plot.


	n_samples (int) – Number of samples of the beam function.
















            

          

      

      

    

  

    
      
          
            
  


spheres.beams.viz_spin_beam


	
spheres.beams.viz_spin_beam(spin, size=3.5, n_samples=200)[source]

	Visualizes a spin state and its corresponding structured Gaussian beam side by side with matplotlib.


	Parameters

	
	spin (qt.Qobj) – Spin-j state.


	size (float) – Size of plot.


	n_samples (int) – Number of samples of the beam function.
















            

          

      

      

    

  

    
      
          
            
  


spheres.coordinates

Coordinate transformations, mainly sphere related.

Functions







	c_sph(c)

	Converts extended complex coordinate to spherical coordinates.



	c_spinor(c)

	Converts extended complex coordinate to a spinor.



	c_xyz(c[, pole])

	Stereographic projection [https://en.wikipedia.org/wiki/Stereographic_projection] from the extended complex plane to the unit sphere.



	sph_c(sph)

	Converts spherical coordinates to extended complex coordinate.



	sph_spinor(sph)

	Converts spherical coordinates to spinor.



	sph_xyz(sph)

	Converts spherical coordinates \((\theta, \phi)\) to cartesian coordinates \((x, y, z)\).



	spinor_c(spinor)

	Converts spinor \(\begin{pmatrix} a \\ b \end{pmatrix}\) to extended complex coordinate.



	spinor_sph(spinor)

	Converts spinor to spherical coordinates.



	spinor_xyz(spinor)

	Converts spinor \(\mid \psi \rangle\) to cartesian coordinates by taking the expectation values with the three Pauli matrices: \((\langle \psi \mid X \mid \psi \rangle, \langle \psi \mid Y \mid \psi \rangle, \langle \psi \mid Z \mid \psi \rangle)\).



	xyz_c(xyz[, pole])

	Reverse Stereographic projection [https://en.wikipedia.org/wiki/Stereographic_projection] from the unit sphere to the extended complex plane.





	xyz_sph(xyz)

	Converts cartesian coordinates \((x, y, z)\) to spherical coordinates \((\theta, \phi)\).



	xyz_spinor(xyz)

	Converts cartesian coordinates to a spinor by reverse stereographic projection to the extended complex plane, and then lifting the latter to a 2-vector.










            

          

      

      

    

  

    
      
          
            
  


spheres.coordinates.c_sph


	
spheres.coordinates.c_sph(c)[source]

	Converts extended complex coordinate to spherical coordinates.


	Parameters

	c (complex/inf or list/np.ndarray) – Extended complex coordinate(s).



	Returns

	sph – (List of) Spherical coordinates \(\theta, \phi\).



	Return type

	np.ndarray













            

          

      

      

    

  

    
      
          
            
  


spheres.coordinates.c_spinor


	
spheres.coordinates.c_spinor(c)[source]

	Converts extended complex coordinate to a spinor.



If \(c = \infty\), returns \(\begin{pmatrix} 0 \\ 1 \end{pmatrix}\).

Otherwise, returns \(\frac{1}{\sqrt{1+|c|^2}} \begin{pmatrix} 1 \\ c \end{pmatrix}\)







	Parameters

	c (complex/inf or list/np.ndarray) – Extended complex coordinate(s).



	Returns

	spinor – (List of) normalized spinor(s).



	Return type

	list or qt.Qobj













            

          

      

      

    

  

    
      
          
            
  


spheres.coordinates.c_xyz


	
spheres.coordinates.c_xyz(c, pole='south')[source]

	Stereographic projection [https://en.wikipedia.org/wiki/Stereographic_projection]
from the extended complex plane to the unit sphere. Given coordinate \(c=x+iy\) or \(\infty\):



If \(c = \infty\), returns \((0,0,-1)\).

Otherwise, returns \((\frac{2x}{1+x^2+y^2}, \frac{2y}{1+x^2+y^2}, \frac{1-x^2-y^2}{1+x^2+y^2})\).







	Parameters

	
	c (complex/inf or list/np.ndarray) – Point(s) on the extended complex plane.


	pole (str, default 'south') – Whether to project from the North or South pole.






	Returns

	Cartesian coordinates of point(s) on unit sphere.



	Return type

	np.ndarray













            

          

      

      

    

  

    
      
          
            
  


spheres.coordinates.sph_c


	
spheres.coordinates.sph_c(sph)[source]

	Converts spherical coordinates to extended complex coordinate.


	Parameters

	sph (list/np.ndarray) – (List of) Spherical coordinates \(\theta, \phi\).



	Returns

	c – Extended complex coordinate(s).



	Return type

	complex/inf or np.ndarray













            

          

      

      

    

  

    
      
          
            
  


spheres.coordinates.sph_spinor


	
spheres.coordinates.sph_spinor(sph)[source]

	Converts spherical coordinates to spinor.


	Parameters

	sph (list or np.ndarray) – Spherical coordinates \(r, \phi, \theta\).



	Returns

	spinor – Spinor(s).



	Return type

	list or qt.Qobj













            

          

      

      

    

  

    
      
          
            
  


spheres.coordinates.sph_xyz


	
spheres.coordinates.sph_xyz(sph)[source]

	Converts spherical coordinates \((\theta, \phi)\) to cartesian coordinates \((x, y, z)\).
We use the physicist’s convention: \(\theta \in [0, \pi]\), \(\phi \in [0, 2\pi]\).



\(x = \sin{\theta}\cos(\phi)\)

\(y = \sin{\theta}\sin(\phi)\)

\(z = \cos(\theta)\)







	Parameters

	sph (list/np.ndarray) – (List of) Spherical coordinates.



	Returns

	xyz – (List of) Cartesian coordinates.



	Return type

	np.ndarray













            

          

      

      

    

  

    
      
          
            
  


spheres.coordinates.spinor_c


	
spheres.coordinates.spinor_c(spinor)[source]

	Converts spinor \(\begin{pmatrix} a \\ b \end{pmatrix}\) to extended complex coordinate.



If \(a = 0\), returns \(\infty\).

Otherwise returns \(\frac{b}{a}\).







	Parameters

	spinor (list or qt.Qobj) – Normalized spinor(s).



	Returns

	c – Extended complex coordinate(s).



	Return type

	complex/inf or np.ndarray













            

          

      

      

    

  

    
      
          
            
  


spheres.coordinates.spinor_sph


	
spheres.coordinates.spinor_sph(spinor)[source]

	Converts spinor to spherical coordinates.


	Parameters

	spinor (list or qt.Qobj) – Spinor(s).



	Returns

	sph – Spherical coordinates \(r, \phi, \theta\).



	Return type

	np.ndarray













            

          

      

      

    

  

    
      
          
            
  


spheres.coordinates.spinor_xyz


	
spheres.coordinates.spinor_xyz(spinor)[source]

	Converts spinor \(\mid \psi \rangle\) to cartesian coordinates by taking the expectation values
with the three Pauli matrices: \((\langle \psi \mid X \mid \psi \rangle, \langle \psi \mid Y \mid \psi \rangle, \langle \psi \mid Z \mid \psi \rangle)\).


	Parameters

	spinor (list or qt.Qobj) – Spinor(s).



	Returns

	xyz – (List of) cartesian coordinates.



	Return type

	np.ndarray













            

          

      

      

    

  

    
      
          
            
  


spheres.coordinates.xyz_c


	
spheres.coordinates.xyz_c(xyz, pole='south')[source]

	Reverse Stereographic projection [https://en.wikipedia.org/wiki/Stereographic_projection]
from the unit sphere to the extended complex plane.



Given \((0,0,-1)\), returns \(\infty\).

Otherwise returns \(c = (\frac{x}{1+z}) + i(\frac{y}{1+z})\).







	Parameters

	
	xyz (list/np.ndarray) – Cartesian coordinates of point(s) on unit sphere.


	pole (str, default 'south') – Whether to reverse project from the North or South pole.






	Returns

	Extended complex coordinate(s).



	Return type

	complex/inf or np.ndarray













            

          

      

      

    

  

    
      
          
            
  


spheres.coordinates.xyz_sph


	
spheres.coordinates.xyz_sph(xyz)[source]

	Converts cartesian coordinates \((x, y, z)\) to spherical coordinates \((\theta, \phi)\).
We use the physicist’s convention:



inclination: \(\theta = \arccos{\frac{z}{\sqrt{x^2 + y^2 + z^2}}} \in [0, \pi]\)

azimuth \(\phi = \arctan{\frac{y}{x}} \in [0, 2\pi]\)







	Parameters

	xyz (list/np.ndarray) – (List of) Cartesian coordinates.



	Returns

	sph – (List of) Spherical coordinates.



	Return type

	np.ndarray













            

          

      

      

    

  

    
      
          
            
  


spheres.coordinates.xyz_spinor


	
spheres.coordinates.xyz_spinor(xyz)[source]

	Converts cartesian coordinates to a spinor by reverse stereographic projection
to the extended complex plane, and then lifting the latter to a 2-vector.


	Parameters

	xyz (list/np.ndarray) – (List of) cartesian coordinates.



	Returns

	spinor – Spinor(s).



	Return type

	qt.Qobj or list













            

          

      

      

    

  

    
      
          
            
  


spheres.oscillators

Functions for dealing with oscillators, particularly in the case
of double oscillators in the context of the Schwinger representation of spin.

Functions







	annihilators([n, cutoff_dim])

	Constructs annihilators for a given number of oscillators with given cutoff dimension.



	osc_spin(osc[, map])

	Returns (nonzero) spin-j states correspond to the 2D oscillator state (pure or mixed).



	osc_spinblocks(O[, map])

	Extracts spin-j blocks from a 2D oscillator operator.



	osc_spins(q[, map])

	Extracts spin-j states from a 2D oscillator state.



	osc_spintower_map(cutoff_dim)

	Returns permutation from the tensor basis of two oscillators to the basis organized by total N, in other words, to a tower of spin states.



	second_quantize_operator(O[, a])

	Upgrades a first quantized operator to a second quantized operator given a list of annihilators.



	second_quantize_spin_state(spin[, a])

	Upgrades a spin state to a second quantized creation operator given a list of annihilators.



	second_quantize_state(q[, a, state])

	Upgrades a first quantized state to a second quantized creation operator given a list of annihilators.



	second_quantized_paulis([cutoff_dim])

	Second quantized Pauli X, Y, Z operators on two harmonic oscillators.



	spin_osc(spin[, cutoff_dim, map])

	Returns the 2D oscillator state corresponding to a given spin-j state (pure or mixed).



	spin_osc_map(j[, cutoff_dim])

	Construct linear map from spin-j states into the Fock space of the 2D quantum harmonic oscillator.



	spin_tower_dimensions(d)

	Given the overal dimension of a spin tower, return the individual dimensions of the spin states.



	spinj_xyz_osc(osc[, paulis])

	<X>, <Y>, <Z> expectation values on the given double oscillator state.



	spins_osc(spins[, cutoff_dim, map])

	List of spin-j states to a 2D quantum harmonic oscillator state.



	vacuum([n, cutoff_dim])

	Constructs vacuum state for a given number of oscillators with given cutoff dimension.










            

          

      

      

    

  

    
      
          
            
  


spheres.oscillators.annihilators


	
spheres.oscillators.annihilators(n=2, cutoff_dim=3)[source]

	Constructs annihilators for a given number of oscillators with given cutoff dimension.


	Parameters

	
	n (int) – Number of oscillators.


	cutoff_dim (int) – Cutoff for the Fock space of the oscillators.






	Returns

	a – List of annihilators.



	Return type

	list













            

          

      

      

    

  

    
      
          
            
  


spheres.oscillators.osc_spin


	
spheres.oscillators.osc_spin(osc, map=None)[source]

	Returns (nonzero) spin-j states correspond to the 2D oscillator state (pure or mixed).


	Parameters

	
	osc (qt.Qobj) – Double oscillator state.


	map (qt.Qobj) – Map from tensor basis to the spin tower basis.
Automatically constructed if not provided.






	Returns

	spins – List of spins.



	Return type

	list













            

          

      

      

    

  

    
      
          
            
  


spheres.oscillators.osc_spinblocks


	
spheres.oscillators.osc_spinblocks(O, map=None)[source]

	Extracts spin-j blocks from a 2D oscillator operator.


	Parameters

	
	O (qt.Qobj) – 2D oscillator operator.


	map (qt.Qobj) – Map from tensor basis to the spin tower basis.
Automatically constructed if not provided.






	Returns

	blocks – List of qt.Qobj operators appearing along the diagonal.



	Return type

	list













            

          

      

      

    

  

    
      
          
            
  


spheres.oscillators.osc_spins


	
spheres.oscillators.osc_spins(q, map=None)[source]

	Extracts spin-j states from a 2D oscillator state.


	Parameters

	
	q (qt.Qobj) – 2D oscillator state.


	map (qt.Qobj) – Map from tensor basis to the spin tower basis.
Automatically constructed if not provided.






	Returns

	blocks – List of spins as qt.Qobj’s.



	Return type

	list













            

          

      

      

    

  

    
      
          
            
  


spheres.oscillators.osc_spintower_map


	
spheres.oscillators.osc_spintower_map(cutoff_dim)[source]

	Returns permutation from the tensor basis of two oscillators to the basis organized by total N, in
other words, to a tower of spin states. Automatically padded so that higher spins whose full Hilbert space
is truncated by the cutoff dimension have the right dimensionality.


	Parameters

	cutoff_dim (int) – Cutoff dimension of the Fock spaces.



	Returns

	P – Permutation operator.



	Return type

	qt.Qobj













            

          

      

      

    

  

    
      
          
            
  


spheres.oscillators.second_quantize_operator


	
spheres.oscillators.second_quantize_operator(O, a=None)[source]

	Upgrades a first quantized operator to a second quantized operator given a list of annihilators.
If no annihilators provided, it constructs them.


	Parameters

	
	O (qt.Qobj) – First quantized operator.


	a (list) – List of annihilators.






	Returns

	OO – Second quantized operator.



	Return type

	qt.Qobj













            

          

      

      

    

  

    
      
          
            
  


spheres.oscillators.second_quantize_spin_state


	
spheres.oscillators.second_quantize_spin_state(spin, a=None)[source]

	Upgrades a spin state to a second quantized creation operator given a list of annihilators.
If the annihilators aren’t provided, they are constructed.


	Parameters

	
	spin (qt.Qobj) – Spin-j state.


	a (list) – List of annihilators.






	Returns

	S – Second quantized creation operator for the constellation.



	Return type

	qt.Qobj













            

          

      

      

    

  

    
      
          
            
  


spheres.oscillators.second_quantize_state


	
spheres.oscillators.second_quantize_state(q, a=None, state=False)[source]

	Upgrades a first quantized state to a second quantized creation operator given a list of annihilators.
If the annihilators aren’t provided, they are constructed.


	Parameters

	
	q (qt.Qobj) – First quantized state.


	a (list) – List of annihilators.


	state (bool) – If True, returns the second quantized state itself, obtained by acting with
the creation operator on the vacuum.






	Returns

	Q – Second quantized creation operator (or state).



	Return type

	qt.Qobj













            

          

      

      

    

  

    
      
          
            
  


spheres.oscillators.second_quantized_paulis


	
spheres.oscillators.second_quantized_paulis(cutoff_dim=3)[source]

	Second quantized Pauli X, Y, Z operators on two harmonic oscillators.


	Parameters

	cutoff_dim (int) – Cutoff dimensions for the oscillator Fock spaces.



	Returns

	XYZ – Dictionary of operators {“X”: X, “Y”: Y, “Z”: Z}.



	Return type

	dict













            

          

      

      

    

  

    
      
          
            
  


spheres.oscillators.spin_osc


	
spheres.oscillators.spin_osc(spin, cutoff_dim=None, map=None)[source]

	Returns the 2D oscillator state corresponding to a given spin-j state (pure or mixed).


	Parameters

	
	spin (qt.Qobj) – Spin-j state.


	cutoff_dim (int) – Cutoff dimension.


	map (qt.Qobj) – Map from spin-j Hilbert space to double harmonic oscillator space. Constructed if not provided.






	Returns

	osc – 2D quantum harmonic oscillator state.



	Return type

	qt.Qobj













            

          

      

      

    

  

    
      
          
            
  


spheres.oscillators.spin_osc_map


	
spheres.oscillators.spin_osc_map(j, cutoff_dim=None)[source]

	Construct linear map from spin-j states into the Fock space of the 2D quantum harmonic oscillator.


	Parameters

	
	j (float) – j-value of the spin.


	cutoff_dim (int) – Cutoff dimensions of the Fock space.






	Returns

	map – Linear map from spin-j Hilbert space to the Fock space of the 2D oscillator.



	Return type

	qt.Qobj













            

          

      

      

    

  

    
      
          
            
  


spheres.oscillators.spin_tower_dimensions


	
spheres.oscillators.spin_tower_dimensions(d)[source]

	Given the overal dimension of a spin tower, return
the individual dimensions of the spin states.
E.g., 15 = 1 + 2 + 3 + 4 + 5


	Parameters

	d (int) – Overall dimension.



	Returns

	dims – Individual dimensions.



	Return type

	list













            

          

      

      

    

  

    
      
          
            
  


spheres.oscillators.spinj_xyz_osc


	
spheres.oscillators.spinj_xyz_osc(osc, paulis=None)[source]

	<X>, <Y>, <Z> expectation values on the given double oscillator state.


	Parameters

	
	osc (qt.Qobj) – Double oscillator state.


	paulis (dict) – Dictionary of second quantized Pauli’s. Constructed if not provided.






	Returns

	xyz – Array of Pauli expectation values.



	Return type

	np.ndarray













            

          

      

      

    

  

    
      
          
            
  


spheres.oscillators.spins_osc


	
spheres.oscillators.spins_osc(spins, cutoff_dim=None, map=None)[source]

	List of spin-j states to a 2D quantum harmonic oscillator state.


	Parameters

	
	osc (qt.Qobj) – Double oscillator state.


	cutoff_dim (int) – Cutoff dimension for the 2D oscillator Fock space.


	map (qt.Qobj) – Map from tensor basis to the spin tower basis.
Automatically constructed if not provided.






	Returns

	osc – Double oscillator state.



	Return type

	qt.Qobj













            

          

      

      

    

  

    
      
          
            
  


spheres.oscillators.vacuum


	
spheres.oscillators.vacuum(n=2, cutoff_dim=3)[source]

	Constructs vacuum state for a given number of oscillators with given cutoff dimension.


	Parameters

	
	n (int) – Number of oscillators.


	cutoff_dim (int) – Cutoff for the Fock space of the oscillators.






	Returns

	vac – Vacuum state with the right tensor dimensions.



	Return type

	qt.Qobj













            

          

      

      

    

  

    
      
          
            
  


spheres.polyhedra

Polyhedra related functions.

Functions







	equidistribute_points(n[, verbose])

	Returns n more or less equidistributed points on the sphere.










            

          

      

      

    

  

    
      
          
            
  


spheres.polyhedra.equidistribute_points


	
spheres.polyhedra.equidistribute_points(n, verbose=False)[source]

	Returns n more or less equidistributed points on the sphere.

Thanks to https://www.chiark.greenend.org.uk/~sgtatham/polyhedra/


	Parameters

	
	n (int) – Number of points.


	verbose (bool) – 






	Returns

	points



	Return type

	list













            

          

      

      

    

  

    
      
          
            
  


spheres.relativity

Functions related to Lorentz transformations/Mobius transformations.

Functions







	mobius(abcd)

	Given parameters \(\begin{pmatrix} a & b \\ b & c \end{pmatrix}\), arranged in a 2x2 matrix, returns a function which implements the corresponding Möbius transformation [https://en.wikipedia.org/wiki/M%C3%B6bius_transformation]










            

          

      

      

    

  

    
      
          
            
  


spheres.relativity.mobius


	
spheres.relativity.mobius(abcd)[source]

	Given parameters \(\begin{pmatrix} a & b \\ b & c \end{pmatrix}\),
arranged in a 2x2 matrix, returns a function which implements the
corresponding Möbius transformation [https://en.wikipedia.org/wiki/M%C3%B6bius_transformation]


\[f(z) = \frac{az+b}{cz+d}\]

which acts on the extended complex plane. Note that if \(c \neq 0\), we have:


\[ \begin{align}\begin{aligned}f(-\frac{d}{c}) = \infty\\f(\infty) = \frac{a}{c}\end{aligned}\end{align} \]

And if \(c = 0\), we have:


\[f(\infty) = \infty\]


	Parameters

	abcd (np.ndarray or qt.Qobj) – 2x2 matrix representing Möbius parameters.



	Returns

	mobius – A function which takes an extended complex coordinate as input,
and returns an extended complex coordinate as output.



	Return type

	func



	Raises

	Exception – If \(ad = bc\), then \(f(z) = \frac{a}{c}\), a constant function,
    which doesn’t qualify as a Möbius transformation.













            

          

      

      

    

  

    
      
          
            
  


spheres.spin_circuits

Modules







	spheres.spin_circuits.pytket

	Pytket circuits for preparing spin-j states as permutation symmetric multiqubit states.



	spheres.spin_circuits.qiskit

	Qiskit circuits for preparing spin-j states as permutation symmetric multiqubit states.



	spheres.spin_circuits.strawberryfields

	StrawberryFields circuits for preparing spin-j states.










            

          

      

      

    

  

    
      
          
            
  


spheres.spin_circuits.pytket

Pytket circuits for preparing spin-j states as permutation symmetric multiqubit states.

Functions







	Rk_pytket(k[, dagger])

	Single qubit operator employed in symmetrization circuit to prepare control qubits.



	Tkj_pytket(k, j[, dagger])

	Two qubit operator employed in symmetrization circuit to prepare control qubits.



	postselect_shots(postselection_indices, …)

	Given an array of shots data, postselects on certain bits having certain values.



	spin_sym_pytket(spin)

	Given a spin-j state, constructs a qiskit circuit which prepares that state as a permutation symmetric state of 2j qubits.



	spin_tomography_pytket(circ_info[, backend, …])

	Given a Pytket circuit preparing a spin state, runs tomography to reconstruct the density matrix.



	tomography_circuits_pytket(circuit[, on_qubits])

	Given a pytket circuit and a list of qubits, constructs a set of circuits that implement tomography on those qubits.



	tomography_dm_pytket(tomog_circs_info, …)

	Given a set of Pytket tomography circuits and the results of measurements (shots), reconstructs the density matrix of the quantum state.










            

          

      

      

    

  

    
      
          
            
  


spheres.spin_circuits.pytket.Rk_pytket


	
spheres.spin_circuits.pytket.Rk_pytket(k, dagger=False)[source]

	Single qubit operator employed in symmetrization circuit to prepare control qubits.


	Parameters

	
	k (int) – 


	dagger (bool) – Whether to return the adjoint.






	Returns

	O



	Return type

	pytket.circuit.Unitary1qBox













            

          

      

      

    

  

    
      
          
            
  


spheres.spin_circuits.pytket.Tkj_pytket


	
spheres.spin_circuits.pytket.Tkj_pytket(k, j, dagger=False)[source]

	Two qubit operator employed in symmetrization circuit to prepare control qubits.


	Parameters

	
	k (int) – 


	j (int) – 


	dagger (bool) – Whether to return the adjoint.






	Returns

	O



	Return type

	pytket.circuit.Unitary2qBox













            

          

      

      

    

  

    
      
          
            
  


spheres.spin_circuits.pytket.postselect_shots


	
spheres.spin_circuits.pytket.postselect_shots(postselection_indices, postselection_values, original_shots)[source]

	Given an array of shots data, postselects on certain bits having certain values.


	Parameters

	
	postselection_indices (list) – Indices to postselect on.


	postselection_values (list) – Desired values for each index.


	original_shots (list) – Shots data.






	Returns

	postselected_shots



	Return type

	list













            

          

      

      

    

  

    
      
          
            
  


spheres.spin_circuits.pytket.spin_sym_pytket


	
spheres.spin_circuits.pytket.spin_sym_pytket(spin)[source]

	Given a spin-j state, constructs a qiskit circuit which prepares that state as a
permutation symmetric state of 2j qubits. The circuit is probabalistic and depends on the control qubits
being postselected on the up/0 state.


	Returns a dictionary whose elements are:
	
	“circuit”: Qiskit circuit


	“spin_qubits”: Qiskit quantum register for the qubits encoding the spin


	“cntrl_qubits”: Qiskit quantum register for the control qubits


	“cntrl_bits”: Qiskit classical register for the control measurements


	“postselect_on”: “cntrl_bits” (which classical register to control on)


	“postselection”: [0] x len(cntrl_bits) (postselection state to impose)









	Parameters

	spin (qt.Qobj) – Spin-j state.



	Returns

	circuit_info



	Return type

	dict













            

          

      

      

    

  

    
      
          
            
  


spheres.spin_circuits.pytket.spin_tomography_pytket


	
spheres.spin_circuits.pytket.spin_tomography_pytket(circ_info, backend=None, shots=8000)[source]

	Given a Pytket circuit preparing a spin state, runs tomography to reconstruct the density matrix.


	Parameters

	
	circ_info (dict) – Information about the Pytket circuit.


	backend (pytket.backend.Backend) – 


	shots (int) – 






	Returns

	dm



	Return type

	qt.Qobj













            

          

      

      

    

  

    
      
          
            
  


spheres.spin_circuits.pytket.tomography_circuits_pytket


	
spheres.spin_circuits.pytket.tomography_circuits_pytket(circuit, on_qubits=None)[source]

	Given a pytket circuit and a list of qubits, constructs a set of circuits that
implement tomography on those qubits.


	Parameters

	
	circuit (pytket.Circuit) – 


	on_qubits (list) – If not provided, tomography performed on all qubits.






	Returns

	tomography_circuit_info –


	List of tomography circuits. Each element is a dictionary:
	
	”circuit”: Pytket circuit


	”pauli”: Pauli string corresponding to circuit


	”tomog_bits”: Pytket register.












	Return type

	list













            

          

      

      

    

  

    
      
          
            
  


spheres.spin_circuits.pytket.tomography_dm_pytket


	
spheres.spin_circuits.pytket.tomography_dm_pytket(tomog_circs_info, tomog_shots)[source]

	Given a set of Pytket tomography circuits and the results of measurements (shots),
reconstructs the density matrix of the quantum state.


	Parameters

	
	tomog_circs_info (dict) – 


	tomog_shots (list) – 






	Returns

	dm



	Return type

	qt.Qobj













            

          

      

      

    

  

    
      
          
            
  


spheres.spin_circuits.qiskit

Qiskit circuits for preparing spin-j states as permutation symmetric multiqubit states.

Functions







	Rk_qiskit(k)

	Single qubit operator employed in symmetrization circuit to prepare control qubits.



	Tkj_qiskit(k, j)

	Two qubit operator employed in symmetrization circuit to prepare control qubits.



	postselect_results_qiskit(circ_info, raw_results)

	Performs postselection on Qiskit results given information in the provided dictionary.



	spin_sym_qiskit(spin)

	Given a spin-j state, constructs a qiskit circuit which prepares that state as a permutation symmetric state of 2j qubits.



	spin_tomography_qiskit(circ_info[, …])

	Performs tomography on the provided symmetric multiqubit circuit, given postselection on the control qubits.










            

          

      

      

    

  

    
      
          
            
  


spheres.spin_circuits.qiskit.Rk_qiskit


	
spheres.spin_circuits.qiskit.Rk_qiskit(k)[source]

	Single qubit operator employed in symmetrization circuit to prepare control qubits.


	Parameters

	k (int) – 



	Returns

	O



	Return type

	qiskit.quantum_info.operators.Operator













            

          

      

      

    

  

    
      
          
            
  


spheres.spin_circuits.qiskit.Tkj_qiskit


	
spheres.spin_circuits.qiskit.Tkj_qiskit(k, j)[source]

	Two qubit operator employed in symmetrization circuit to prepare control qubits.


	Parameters

	
	k (int) – 


	j (int) – 






	Returns

	O



	Return type

	qiskit.quantum_info.operators.Operator













            

          

      

      

    

  

    
      
          
            
  


spheres.spin_circuits.qiskit.postselect_results_qiskit


	
spheres.spin_circuits.qiskit.postselect_results_qiskit(circ_info, raw_results)[source]

	Performs postselection on Qiskit results given information in the provided dictionary.

Removes classical registers corresponding to circ_info[“postselect_on”], leaving only those results with satisfy circ_info[“postselection”].


	Parameters

	
	circ_info (dict) – 


	raw_results (qiskit.Result) – 






	Returns

	postselected_results



	Return type

	qiskit.Result













            

          

      

      

    

  

    
      
          
            
  


spheres.spin_circuits.qiskit.spin_sym_qiskit


	
spheres.spin_circuits.qiskit.spin_sym_qiskit(spin)[source]

	Given a spin-j state, constructs a qiskit circuit which prepares that state as a
permutation symmetric state of 2j qubits. The circuit is probabalistic and depends on the control qubits
being postselected on the up/0 state.


	Returns a dictionary whose elements are:
	
	“circuit”: Qiskit circuit


	“spin_qubits”: Qiskit quantum register for the qubits encoding the spin


	“cntrl_qubits”: Qiskit quantum register for the control qubits


	“cntrl_bits”: Qiskit classical register for the control measurements


	“postselect_on”: “cntrl_bits” (which classical register to control on)


	“postselection”: “0” x len(cntrl_bits) (postselection state to impose)









	Parameters

	spin (qt.Qobj) – Spin-j state.



	Returns

	circuit_info



	Return type

	dict













            

          

      

      

    

  

    
      
          
            
  


spheres.spin_circuits.qiskit.spin_tomography_qiskit


	
spheres.spin_circuits.qiskit.spin_tomography_qiskit(circ_info, backend_name='qasm_simulator', shots=8000)[source]

	Performs tomography on the provided symmetric multiqubit circuit, given postselection on the control qubits.


	Parameters

	
	circ_info (dict) – 


	backend_name (str) – Qiskit backend.


	shots (int) – Number of shots.






	Returns

	dm – Reconstructed spin-j density matrix.



	Return type

	qt.Qobj













            

          

      

      

    

  

    
      
          
            
  


spheres.spin_circuits.strawberryfields

StrawberryFields circuits for preparing spin-j states.

Functions







	spin_osc_strawberryfields(spin)

	Returns a StrawberryFields circuit that prepares a given spin-j state as a state of two photonic oscillator modes.



	spinj_xyz_strawberryfields(state[, …])

	Returns XYZ expectation values of a spin encoded in two oscillator modes.










            

          

      

      

    

  

    
      
          
            
  


spheres.spin_circuits.strawberryfields.spin_osc_strawberryfields


	
spheres.spin_circuits.strawberryfields.spin_osc_strawberryfields(spin)[source]

	Returns a StrawberryFields circuit that prepares a given spin-j state as a state
of two photonic oscillator modes.


	Parameters

	spin (qt.Qobj) – Spin-j state.



	Returns

	prog – StrawberryFields circuit.



	Return type

	sf.Program













            

          

      

      

    

  

    
      
          
            
  


spheres.spin_circuits.strawberryfields.spinj_xyz_strawberryfields


	
spheres.spin_circuits.strawberryfields.spinj_xyz_strawberryfields(state, on_modes=[0, 1], XYZ=None)[source]

	Returns XYZ expectation values of a spin encoded in two oscillator modes.


	Parameters

	
	state (strawberryfields.state) – 


	on_modes (list) – Two modes encoding the spin, e.g., [0,1].


	XYZ (dict) – XYZ operators as real symplectic matrices. Constructed if not provided.






	Returns

	xyz – XYZ expectation values.



	Return type

	np.array













            

          

      

      

    

  

    
      
          
            
  


spheres.stabilization

Modules







	spheres.stabilization.pytket

	Pytket circuits for error stabilization via symmetrization.










            

          

      

      

    

  

    
      
          
            
  


spheres.stabilization.pytket

Pytket circuits for error stabilization via symmetrization.

Functions







	bitflip_noise_model([n_qubits, on_qubits])

	Bitflip noise model.



	build_pytket_circuit(circuit_info)

	Given a circuit specification (from random_circuit()), constructs the actual pytket circuit.



	eval_pytket_circuit_ibm(circuit[, …])

	Evaluates pytket circuit on IBM backend.



	eval_pytket_symmetrization_performance([…])

	Compares the performance of a random circuit with and without symmetrization.



	eval_symmetrized_pytket_circuit(circ_info[, …])

	Evaluates a symmetrized version of the provided circuit in the form of a dictionary (cf.



	ibmq_16_melbourne_noise_model([n_qubits, …])

	ibmq_16_melbourne_noise_model noise model.



	plot_symmetrization_performance(parameter, …)

	Given a parameter (e.g.



	process_symmetrized_pytket_counts(…)

	
	param sym_circ_info

	Symmetrized circuit info, i.e. from symmetrize_pytket_circuit.









	pytket_qiskit_counts(counts)

	Converts pytket counts into qiskit format.



	qiskit_error_calibration(n_qubits, noise_model)

	Initializes Qiskit error calibration.



	qiskit_pytket_counts(counts)

	Converts qiskit counts into pytket format.



	random_pairs(n)

	Generates a random list of pairs of n elements.



	random_pytket_circuit([n_qubits, depth])

	Generates a random circuit specification with a specified number of qubits and depth.



	random_unique_pairs(n)

	Generates a random list of pairs of n elements with no pair sharing an element.



	symmetrize_pytket_circuit(circuit_info[, …])

	Given a circuit specification, constructs a symmetrized version of the circuit for error correction.



	thermal_noise_model([n_qubits, on_qubits])

	Thermal noise model.










            

          

      

      

    

  

    
      
          
            
  


spheres.stabilization.pytket.bitflip_noise_model


	
spheres.stabilization.pytket.bitflip_noise_model(n_qubits=None, on_qubits=None)[source]

	Bitflip noise model.


	Parameters

	
	n_qubits (int) – 


	on_qubits (list) – 






	Returns

	noise_model



	Return type

	qiskit noise model













            

          

      

      

    

  

    
      
          
            
  


spheres.stabilization.pytket.build_pytket_circuit


	
spheres.stabilization.pytket.build_pytket_circuit(circuit_info)[source]

	Given a circuit specification (from random_circuit()), constructs the actual pytket circuit.


	Parameters

	circuit_info (dict) – 



	Returns

	circuit



	Return type

	pytket.Circuit













            

          

      

      

    

  

    
      
          
            
  


spheres.stabilization.pytket.eval_pytket_circuit_ibm


	
spheres.stabilization.pytket.eval_pytket_circuit_ibm(circuit, noise_model=None, shots=8000, backend=None, analytic=False)[source]

	Evaluates pytket circuit on IBM backend.


	Parameters

	
	circuit (pytket.Circuit) – 


	noise_mode (qiskit.providers.aer.noise.NoiseModel) – 


	shots (int) – 


	backend (qiskit backend) – 


	analytic (bool) – Whether to process the circuit analytically.






	Returns

	counts – Dictionary of counts (or distribution if analytic).



	Return type

	dict













            

          

      

      

    

  

    
      
          
            
  


spheres.stabilization.pytket.eval_pytket_symmetrization_performance


	
spheres.stabilization.pytket.eval_pytket_symmetrization_performance(n_qubits=2, depth=3, n_copies=2, every=1, pairwise=True, noise_model=None, noise_model_name='', error_on_all=True, backend=None, shots=8000)[source]

	Compares the performance of a random circuit with and without symmetrization.


	Parameters

	
	n_qubits (int) – Number of qubits in the original circuit.


	depth (int) – Number of layers in the original circuit.


	n_copies (int) – Number of copies of original circuit to symmetrize over.


	every (int) – How often to symmetrize.


	pairwise (bool) – Whether to symmetrize across all circuit copies or just pairwise.


	noise_model (func) – A function which takes (n_qubits, on_qubits) and returns a qiskit error model.


	noise_model_name (str) – Name for the noise model.


	error_on_all (bool) – Whether to apply noise to all qubits, including controls, or whether to exclude the controls.


	backend (qiskit backend) – 


	shots (int) – Number of shots.






	Returns

	experiment – Dictionary of information about the experiment run.



	Return type

	dict













            

          

      

      

    

  

    
      
          
            
  


spheres.stabilization.pytket.eval_symmetrized_pytket_circuit


	
spheres.stabilization.pytket.eval_symmetrized_pytket_circuit(circ_info, n_copies=2, every=1, pairwise=False, noise_model=None, backend=None, shots=8000)[source]

	Evaluates a symmetrized version of the provided circuit in the form of a dictionary (cf. random_pytket_circuit).


	Parameters

	
	circ_info (dict) – 


	n_copies (int) – 


	every (int) – 


	pairwise (bool) – 


	noise_model (qiskit.providers.aer.noise.NoiseModel) – 


	backend (qiskit backend) – 


	shots (int) – 






	Returns

	dists



	Return type

	dict













            

          

      

      

    

  

    
      
          
            
  


spheres.stabilization.pytket.ibmq_16_melbourne_noise_model


	
spheres.stabilization.pytket.ibmq_16_melbourne_noise_model(n_qubits=None, on_qubits=None)[source]

	ibmq_16_melbourne_noise_model noise model.


	Parameters

	
	n_qubits (int) – 


	on_qubits (list) – 






	Returns

	noise_model



	Return type

	qiskit noise model













            

          

      

      

    

  

    
      
          
            
  


spheres.stabilization.pytket.plot_symmetrization_performance


	
spheres.stabilization.pytket.plot_symmetrization_performance(parameter, experiments)[source]

	Given a parameter (e.g. “depth”) and a list of symmetrization experiments, plots the error varying the parameter.


	Parameters

	
	parameter (str) – Could be “n_qubits”, “depth”, “n_copies”, “every”, “pairwise”, “noise_model_name”, “error_on_all”.


	experiments (list) – List of experiments returned by eval_pytket_symmetrization_performance.
















            

          

      

      

    

  

    
      
          
            
  


spheres.stabilization.pytket.process_symmetrized_pytket_counts


	
spheres.stabilization.pytket.process_symmetrized_pytket_counts(sym_circ_info, sym_circ_counts)[source]

	
	Parameters

	
	sym_circ_info (dict) – Symmetrized circuit info, i.e. from symmetrize_pytket_circuit.


	sym_circ_counts (dict) – Dictionary of empirical counts.






	Returns

	results –


	“exp_dists”: Distribution of outcomes for each experiment.


	”avg_dists”: Average distribution of outcomes across the experiments.








	Return type

	dict













            

          

      

      

    

  

    
      
          
            
  


spheres.stabilization.pytket.pytket_qiskit_counts


	
spheres.stabilization.pytket.pytket_qiskit_counts(counts)[source]

	Converts pytket counts into qiskit format.


	Parameters

	pyt_counts (dict) – Pytket counts.



	Returns

	qis_counts – Qiskit counts.



	Return type

	dict













            

          

      

      

    

  

    
      
          
            
  


spheres.stabilization.pytket.qiskit_error_calibration


	
spheres.stabilization.pytket.qiskit_error_calibration(n_qubits, noise_model, use_remote_simulator=False, shots=8000)[source]

	Initializes Qiskit error calibration.


	Parameters

	
	n_qubits (int) – 


	noise_model (qiskit noise model) – 


	use_remote_simulator (bool) – 






	Returns

	filter



	Return type

	qiskit noise filter













            

          

      

      

    

  

    
      
          
            
  


spheres.stabilization.pytket.qiskit_pytket_counts


	
spheres.stabilization.pytket.qiskit_pytket_counts(counts)[source]

	Converts qiskit counts into pytket format.


	Parameters

	qis_counts (dict) – Qiskit counts.



	Returns

	pyt_counts – Pytket counts.



	Return type

	dict













            

          

      

      

    

  

    
      
          
            
  


spheres.stabilization.pytket.random_pairs


	
spheres.stabilization.pytket.random_pairs(n)[source]

	Generates a random list of pairs of n elements.


	Parameters

	n (int) – 



	Returns

	list



	Return type

	list













            

          

      

      

    

  

    
      
          
            
  


spheres.stabilization.pytket.random_pytket_circuit


	
spheres.stabilization.pytket.random_pytket_circuit(n_qubits=1, depth=1)[source]

	Generates a random circuit specification with a specified number of qubits and depth.
Returns a dictionary containing a history of gates, divided into layers.
We don’t return a circuit itself so we can continue to manipulate the circuit.


	Parameters

	
	n_qubits (int) – 


	depth (int) – 






	Returns

	circ_info –


	
	“history”: a list of circuit layers, each of which contains
	a list of dicts with keys “gate”: (‘H’, ‘S’, ‘T’, or ‘CX’) and “to”: list of qubits.







	
	”gate_map”: a dictionary mapping gate strings to functions that take a circuit
	and qubit indices and add the gate to the circuit







	”n_qubits”


	”depth”








	Return type

	dict













            

          

      

      

    

  

    
      
          
            
  


spheres.stabilization.pytket.random_unique_pairs


	
spheres.stabilization.pytket.random_unique_pairs(n)[source]

	Generates a random list of pairs of n elements with no pair sharing an element.


	Parameters

	n (int) – 



	Returns

	list



	Return type

	list













            

          

      

      

    

  

    
      
          
            
  


spheres.stabilization.pytket.symmetrize_pytket_circuit


	
spheres.stabilization.pytket.symmetrize_pytket_circuit(circuit_info, n_copies=2, every=1, pairwise=False, reuse_cntrls=False, measure=True)[source]

	Given a circuit specification, constructs a symmetrized version of the circuit for error correction.


	Parameters

	
	circuit_info (dict) – Dictionary of circuit information.


	n_copies (int) – Number of copies of the original circuit to evaluate in parallel.


	every (int) – How often to perform symmetrization, i.e. every every layers.


	pairwise (bool) – Whether to symmetrize across all circuit copies or across circuit pairs.


	reuse_cntrls (bool) – Whether to to reuse control qubits from symmetrization to symmetrization. Only useful
on quantum computers that allow for intermediate measurements.


	measure (bool) – Whether to measure all the non-control qubits in the end.






	Returns

	circuit_info –


	“circuit”: pytket.Circuit


	”n_copies”


	”every”


	”pairwise”


	”reuse_cntrls”


	”measure”


	”original”: original circ_info dict


	”qubit_registers”: list of qubit registers for each ‘experiment’


	”cbit_registers”: list of bit registers for each ‘experiment’


	”cntrl_qubits”: list of control qubits for each symmetrization


	”cntrl_bits”: list of control bits for each symmetrization








	Return type

	dict













            

          

      

      

    

  

    
      
          
            
  


spheres.stabilization.pytket.thermal_noise_model


	
spheres.stabilization.pytket.thermal_noise_model(n_qubits=None, on_qubits=None)[source]

	Thermal noise model.


	Parameters

	
	n_qubits (int) – 


	on_qubits (list) – 






	Returns

	noise_model



	Return type

	qiskit noise model













            

          

      

      

    

  

    
      
          
            
  


spheres.stars

Modules







	spheres.stars.mixed

	Implementation of the “Majorana stars” formalism for mixed states (and operators) of higher spin.



	spheres.stars.pure

	Implementation of the “Majorana stars” formalism for pure states of higher spin.



	spheres.stars.star_utils

	Useful Majorana star related functions.










            

          

      

      

    

  

    
      
          
            
  


spheres.stars.mixed

Implementation of the “Majorana stars” formalism for mixed states (and operators) of higher spin.

Functions







	operator_spherical_decomposition(O[, T_basis])

	Decomposes an operator into a linear combination of spherical tensors.



	operator_spins(O[, T_basis])

	Expresses an operator as a set of spins.



	spherical_decomposition_operator(decomposition)

	Recomposes an operator from its spherical tensor decomposition.



	spherical_decomposition_spins(decomposition)

	Expresses the spherical tensor decomposition of an operator as a list of unnormalized, integer \(j\) spin states.



	spherical_tensor(j, sigma, mu)

	Constructs spherical tensor operator for a given \(j, \sigma, \mu\).



	spherical_tensor_basis(j)

	Constructs a basis set of spherical tensor operators for a given \(j\), for all \(\sigma\) from \(0\) to \(2j\), and \(\mu\) from \(-\sigma\) to \(\sigma\).



	spins_operator(spins[, T_basis])

	Recomposes an operator, given a list of spin states.



	spins_spherical_decomposition(spins)

	Converts a list of spin states back into a dictionary of spherical tensor coefficients.










            

          

      

      

    

  

    
      
          
            
  


spheres.stars.mixed.operator_spherical_decomposition


	
spheres.stars.mixed.operator_spherical_decomposition(O, T_basis=None)[source]

	Decomposes an operator into a linear combination of spherical tensors. Constructs the latter if not supplied.
Returns the coefficients as a dictionary for each \(\sigma, \mu\).


	Parameters

	
	O (qt.Qobj) – 


	T_basis (dict) – 






	Returns

	T_coeffs – Takes (sigma, mu) to the corresponding coefficient.



	Return type

	dict













            

          

      

      

    

  

    
      
          
            
  


spheres.stars.mixed.operator_spins


	
spheres.stars.mixed.operator_spins(O, T_basis=None)[source]

	Expresses an operator as a set of spins. Constructs the spherical tensor basis if not provided.
This is a generalization of the Majorana representation: for an operator, instead of one constellation,
we have several constellations on concentric spheres, whose radii can be interpreted as the norms of the
spin states. They transform nicely under rotations and partial traces. Hermitian operators have constellations
with antipodal symmetry, which is broken by unitary operators.


	Parameters

	
	O (qt.Qobj) – 


	T_basis (dict) – 






	Returns

	spins



	Return type

	list













            

          

      

      

    

  

    
      
          
            
  


spheres.stars.mixed.spherical_decomposition_operator


	
spheres.stars.mixed.spherical_decomposition_operator(decomposition, T_basis=None)[source]

	Recomposes an operator from its spherical tensor decomposition. Constructs the latter if not supplied.


	Parameters

	
	decomposition (dict) – Takes (sigma, mu) to the corresponding coefficient.


	T_basis (dict) – 






	Returns

	operator



	Return type

	qt.Qobj













            

          

      

      

    

  

    
      
          
            
  


spheres.stars.mixed.spherical_decomposition_spins


	
spheres.stars.mixed.spherical_decomposition_spins(decomposition)[source]

	Expresses the spherical tensor decomposition of an operator as a list of unnormalized, integer \(j\) spin states.


	Parameters

	decomposition (dict) – Takes (sigma, mu) to the corresponding coefficient.



	Returns

	list – List of spin states.



	Return type

	list













            

          

      

      

    

  

    
      
          
            
  


spheres.stars.mixed.spherical_tensor


	
spheres.stars.mixed.spherical_tensor(j, sigma, mu)[source]

	Constructs spherical tensor operator for a given \(j, \sigma, \mu\).


	Parameters

	
	j (float) – 


	sigma (int) – Between 0 and 2j.


	mu (int) – Between -sigma and sigma.






	Returns

	spherical_tensor



	Return type

	qt.Qobj













            

          

      

      

    

  

    
      
          
            
  


spheres.stars.mixed.spherical_tensor_basis


	
spheres.stars.mixed.spherical_tensor_basis(j)[source]

	Constructs a basis set of spherical tensor operators for a given \(j\), for all
\(\sigma\) from \(0\) to \(2j\), and \(\mu\) from \(-\sigma\) to \(\sigma\).


	Parameters

	j (float) – 



	Returns

	spherical_tensor_basis – Takes (sigma, mu) to the corresponding tensor.



	Return type

	dict













            

          

      

      

    

  

    
      
          
            
  


spheres.stars.mixed.spins_operator


	
spheres.stars.mixed.spins_operator(spins, T_basis=None)[source]

	Recomposes an operator, given a list of spin states. Constructs the spherical tensor basis if not provided.


	Parameters

	spins (list) – 



	Returns

	operator



	Return type

	qt.Qobj













            

          

      

      

    

  

    
      
          
            
  


spheres.stars.mixed.spins_spherical_decomposition


	
spheres.stars.mixed.spins_spherical_decomposition(spins)[source]

	Converts a list of spin states back into a dictionary of spherical tensor coefficients.


	Parameters

	spins (list) – List of spins.



	Returns

	decomposition – Takes (sigma, mu) to the corresponding coefficient.



	Return type

	dict













            

          

      

      

    

  

    
      
          
            
  


spheres.stars.pure

Implementation of the “Majorana stars” formalism for pure states of higher spin.

Functions







	c_spin(c)

	Takes 2j roots on the extended complex plane and returns the corresponding spin-j state (up to complex phase).



	poly_roots(poly)

	Takes a Majorana polynomial to its roots.



	poly_spin(poly)

	Converts a Majorana polynomial into a spin-j state.



	roots_poly(roots)

	Takes a set of points on the extended complex plane and forms the polynomial which has these points as roots.



	sph_spin(sph)

	Takes 2j “stars” given in spherical coordinates and returns the corresponding spin-j state (up to complex phase).



	spin_c(spin)

	Takes a spin-j state and returns its decomposition into 2j roots on the extended complex plane.



	spin_poly(spin[, projective, homogeneous, …])

	Converts a spin into its Majorana polynomial, which is defined as follows:



	spin_sph(spin)

	Takes a spin-j state and returns its decomposition into 2j “stars” given in spherical coordinates.



	spin_spinors(spin)

	Takes a spin-j state and returns its decomposition into 2j spinors.



	spin_xyz(spin)

	Takes a spin-j state and returns the cartesian coordinates on the unit sphere corresponding to its “Majorana stars.” Each contributes a quantum of angular momentum \(\frac{1}{2}\) to the overall spin.



	spinors_spin(spinors)

	Given 2j spinors returns the corresponding spin-j state (up to phase).



	xyz_spin(xyz)

	Given the cartesian coordinates of a set of “Majorana stars,” returns the corresponding spin-j state, which is defined only up to complex phase.










            

          

      

      

    

  

    
      
          
            
  


spheres.stars.pure.c_spin


	
spheres.stars.pure.c_spin(c)[source]

	Takes 2j roots on the extended complex plane and returns the corresponding spin-j state (up to complex phase).


	Parameters

	c (list) – 2j extended complex roots.



	Returns

	spin – Spin-j state.



	Return type

	qt.Qobj













            

          

      

      

    

  

    
      
          
            
  


spheres.stars.pure.poly_roots


	
spheres.stars.pure.poly_roots(poly)[source]

	Takes a Majorana polynomial to its roots. We use numpy’s polynomial solver.
The number of initial coefficients which are 0 are intepreted as the number of
roots at \(\infty\). In other words, to the extent that the degree of
a Majorana polynomial corresponding to a spin-j state is less than 2j+1, we add
that many roots at \(\infty\).


	Parameters

	poly (np.ndarray) – 2j+1 Majorana polynomial coefficients.



	Returns

	roots – Roots on the extended complex plane.



	Return type

	list













            

          

      

      

    

  

    
      
          
            
  


spheres.stars.pure.poly_spin


	
spheres.stars.pure.poly_spin(poly)[source]

	Converts a Majorana polynomial into a spin-j state.


	Parameters

	poly (np.ndarray) – 2j+1 Majorana polynomial coefficients.



	Returns

	spin – Spin-j state.



	Return type

	qt.Qobj













            

          

      

      

    

  

    
      
          
            
  


spheres.stars.pure.roots_poly


	
spheres.stars.pure.roots_poly(roots)[source]

	Takes a set of points on the extended complex plane and forms the polynomial
which has these points as roots. Roots at \(\infty\) turn into initial
zero coefficients.


	Parameters

	roots (list) – Roots on the extended complex plane.



	Returns

	poly – 2j+1 Majorana polynomial coefficients.



	Return type

	np.ndarray













            

          

      

      

    

  

    
      
          
            
  


spheres.stars.pure.sph_spin


	
spheres.stars.pure.sph_spin(sph)[source]

	Takes 2j “stars” given in spherical coordinates and returns the corresponding spin-j state (up to complex phase).


	Parameters

	sph (np.array) – A array with shape (2j, 3) containing the 2j spherical coordinates of the stars.



	Returns

	spin – Spin-j state.



	Return type

	qt.Qobj













            

          

      

      

    

  

    
      
          
            
  


spheres.stars.pure.spin_c


	
spheres.stars.pure.spin_c(spin)[source]

	Takes a spin-j state and returns its decomposition into 2j roots on the extended complex plane.


	Parameters

	spin (qt.Qobj) – Spin-j state.



	Returns

	c – 2j extended complex roots.



	Return type

	list













            

          

      

      

    

  

    
      
          
            
  


spheres.stars.pure.spin_poly


	
spheres.stars.pure.spin_poly(spin, projective=False, homogeneous=False, cartesian=False, spherical=False, normalized=False, for_integration=False)[source]

	Converts a spin into its Majorana polynomial, which is defined as follows:


\[p(z) = \sum_{m=-j}^{m=j} (-1)^{j+m} \sqrt{\frac{(2j)!}{(j-m)!(j+m)!}} a_{j+m} z^{j-m}\]

Here, the \(a\)’s run through the components of the spin in the \(\mid j, m\rangle\) representation.
Note that \(\frac{(2j)!}{(j-m)!(j+m)!}\) amounts to: \(\binom{2j}{j+m}\), a binomial coefficient.

By default, returns the coefficients of the Majorana polynomial as an np.ndarray.

If projective=True, returns a function which takes an (array of) extended complex coordinate(s)
as an argument, and which evaluates the polynomial at that/those point(s). Note that to evaluate the polynomial
at \(\infty\), we flip the stereographic projection axis and evaluate the latter polynomial at 0
(and then complex conjugate). Insofar as pole flipping causes the highest degree term to become the lowest degree/constant term,
evaluating at \(\infty\) amounts to returning the first coefficient.

If homogeneous=True, returns a function which takes a spinor (as an nd.array or qt.Qobj)
and evaluates the (unnormalized) homogeneous Majorana polynomial:



\[p(z, w) = \sum_{m=-j}^{m=j} (-1)^{j+m} \sqrt{\frac{(2j)!}{(j-m)!(j+m)!}} a_{j+m} w^{j-m} z^{j+m}\]




If cartesian=True, returns a function with takes cartesian coordinates
and evaluates the Majorana polynomial by first converting the cartesian coordinates to extended complex coordinates.

If spherical=True, returns a function with takes spherical coordinates
and evaluates the Majorana polynomial by first converting the spherical coordinates to extended complex coordinates.

If normalized=True, returns the normalized versions of any of the above functions. Note that the normalized
versions are no longer analytic/holomorphic. Given a extended complex coordinate \(z = re^{i\theta}\) (or \(\infty\)),
the normalization factor is:


\[\frac{e^{-2ij\theta}}{(1+r^2)^j}\]

If \(z=\infty\), again since we flip the poles, we use \(z=0\).

If for_integration=True, returns normalized function that takes spherical coordinates, with an extra normalization
factor of \(\sqrt{\frac{2j+1}{4\pi}}\) so that the integral over the sphere gives a normalized amplitude.
Note that coordinates must be given in the form of [[\(\theta\)’s], [\(\phi\)’s]].

When normalized, evaluating the Majorana polynomial is equivalent to evaluating:


\[\langle -xyz \mid \psi \rangle\]

Where \(\mid xyz \rangle\) refers to the spin coherent state which has all its “stars” at
cartesian coordinates \(x, y, z\), and \(\mid \psi \rangle\) is the spin in the \(\mid j, m\rangle\)
representation. In other words, evaluating a normalized Majorana function at \(x, y, z\) is equivalent to evaluating:

spin_coherent(j, -xyz).dag()*spin





Which is the inner product between the spin and the spin coherent state antipodal to \(x, y, z\)
on the sphere. Since the Majorana stars are zeros of this function, we can interpret them
as picking out those directions for which there’s 0 probability that all the angular momentum is concentrated
in the opposite direction. Insofar as we can think of each star as contributing a quantum of angular momentum \(\frac{1}{2}\)
in that direction, naturally there’s no chance that all the angular momentum is concentrated opposite to any of those points.
By the fundamental theorem of algebra, knowing these points is equivalent to knowing the entire quantum state.


	Parameters

	
	spin (qt.Qobj) – Spin-j state.


	projective (bool, optional) – Whether to return Majorana polynomial as a function of an extended complex coordinate.


	homogeneous (bool, optional) – Whether to return Majorana polynomial as a function of a spinor.


	cartesian (bool, optional) – Whether to return Majorana polynomial as a function of cartesian coordinates on unit sphere.


	spherical (bool, optional) – Whether to return Majorana polynomial as a function of spherical coordinates.


	normalize (bool, optional) – Whether to normalize the above functions.


	for_integration (bool, optional) – Extra normalization for integration.






	Returns

	poly – Either 2j+1 Majorana polynomial coefficients or else one of the above functions.



	Return type

	np.ndarray or func













            

          

      

      

    

  

    
      
          
            
  


spheres.stars.pure.spin_sph


	
spheres.stars.pure.spin_sph(spin)[source]

	Takes a spin-j state and returns its decomposition into 2j “stars” given in spherical coordinates.


	Parameters

	spin (qt.Qobj) – Spin-j state.



	Returns

	sph – A array with shape (2j, 3) containing the 2j spherical coordinates of the stars.



	Return type

	np.array













            

          

      

      

    

  

    
      
          
            
  


spheres.stars.pure.spin_spinors


	
spheres.stars.pure.spin_spinors(spin)[source]

	Takes a spin-j state and returns its decomposition into 2j spinors.


	Parameters

	spin (qt.Qobj) – Spin-j state.



	Returns

	spinors – 2j spinors.



	Return type

	list













            

          

      

      

    

  

    
      
          
            
  


spheres.stars.pure.spin_xyz


	
spheres.stars.pure.spin_xyz(spin)[source]

	Takes a spin-j state and returns the cartesian coordinates on the unit sphere
corresponding to its “Majorana stars.” Each contributes a quantum of angular
momentum \(\frac{1}{2}\) to the overall spin.

Note: If given a spin-0 state, returns [[0,0,0]]. If given a state with 0 norm, returns a list of 2j 0-vectors.


	Parameters

	spin (qt.Qobj) – Spin-j state.



	Returns

	xyz – A array with shape (2j, 3) containing the 2j cartesian coordinates of the stars.



	Return type

	np.ndarray













            

          

      

      

    

  

    
      
          
            
  


spheres.stars.pure.spinors_spin


	
spheres.stars.pure.spinors_spin(spinors)[source]

	Given 2j spinors returns the corresponding spin-j state (up to phase).


	Parameters

	spinors (list) – 2j spinors.



	Returns

	spin – Spin-j state.



	Return type

	qt.Qobj













            

          

      

      

    

  

    
      
          
            
  


spheres.stars.pure.xyz_spin


	
spheres.stars.pure.xyz_spin(xyz)[source]

	Given the cartesian coordinates of a set of “Majorana stars,” returns the
corresponding spin-j state, which is defined only up to complex phase.


	Parameters

	xyz (np.ndarray) – A array with shape (2j, 3) containing the 2j cartesian coordinates of the stars.



	Returns

	spin – Spin-j state.



	Return type

	qt.Qobj













            

          

      

      

    

  

    
      
          
            
  


spheres.stars.star_utils

Useful Majorana star related functions.

Functions







	antipodal(to_invert[, from_cartesian, …])

	If given an extended complex coordinate, takes the point to its antipode on the sphere via the map:



	basis(d, i[, up])

	Similar to pauli_eigenstate, only parameterized by dimension.



	pauli_eigenstate(j, m, direction)

	Returns eigenstates of Pauli operators.



	poleflip(to_flip[, from_cartesian, …])

	Flips the pole of projection.



	spherical_inner(a, b)

	\(\langle a \mid b \rangle\) via an integral over the sphere.



	spin_coherent(j, coord[, from_cartesian, …])

	Returns the spin-j coherent state which is defined by having all its Majorana stars located at a single point on the sphere.










            

          

      

      

    

  

    
      
          
            
  


spheres.stars.star_utils.antipodal


	
spheres.stars.star_utils.antipodal(to_invert, from_cartesian=False, from_spherical=False)[source]

	If given an extended complex coordinate, takes the point to its antipode on the sphere via the map:


\[z \rightarrow -\frac{z}{|z|^2} = - \frac{1}{z^{*}}\]

If \(z=\infty\), \(z \rightarrow 0\) and if \(z=0\), \(z \rightarrow \infty\).

If given a spin state or polynomial coefficients, inverts the whole sphere.
This could be done by inverting the individual roots, or directly on the state/polynomial by
reversing the components, complex conjugating, and multiplying every other
component by \(-1\).

If from_cartesian=True or from_spherical=True, the argument is interpreted
as a single coordinate in terms of those coordinate systems and the flipped coordinate
is returned in the same.


	Parameters

	to_invert (complex/inf or qt.Qobj or np.ndarray) – Extended complex coordinate, cartesian coordinate,
spherical coordinate, or spin state/polynomial to invert.



	Returns

	inverted – Inverted extended complex coordinate, cartesian coordinate,
spherical coordinate or spin state/polynomial.



	Return type

	complex/inf or qt.Qobj or np.ndarray













            

          

      

      

    

  

    
      
          
            
  


spheres.stars.star_utils.basis


	
spheres.stars.star_utils.basis(d, i, up='z')[source]

	Similar to pauli_eigenstate, only parameterized by dimension.


	Parameters

	
	d (int) – Dimension.


	i (int) – Basis state.


	up (str) – “x”, “y”, or “z”.
















            

          

      

      

    

  

    
      
          
            
  


spheres.stars.star_utils.pauli_eigenstate


	
spheres.stars.star_utils.pauli_eigenstate(j, m, direction)[source]

	Returns eigenstates of Pauli operators.


	Parameters

	
	j (float) – j value of representation.


	m (float) – m value of representation.


	direction (str) – “x”, “y”, or “z”.
















            

          

      

      

    

  

    
      
          
            
  


spheres.stars.star_utils.poleflip


	
spheres.stars.star_utils.poleflip(to_flip, from_cartesian=False, from_spherical=False)[source]

	Flips the pole of projection.  If given an extended complex coordinate, this amounts to
projecting to the sphere via a South Pole projection and then projecting back to the plane
via a North Pole projection.

More simply:


\[z \rightarrow \frac{z}{|z|^2} = \frac{1}{z^{*}}\]

If \(z=\infty\), \(z \rightarrow 0\) and if \(z=0\), \(z \rightarrow \infty\).

If given a spin state or polynomial coefficients, flips the pole of projection for the entire state.
This could be done by flipping the individual roots, or directly on the state/polynomial by
reversing the components and complex conjugating.

This is useful for evaluating the Majorana polynomial at \(\infty\). We actually
need a second coordinate chart. We flip the projection pole and evaluate at \(0\) instead.

If from_cartesian=True or from_spherical=True, the argument is interpreted
as a single coordinate in terms of those coordinate systems and the flipped coordinate
is returned in the same.


	Parameters

	
	to_flip ((complex/inf) or qt.Qobj or np.ndarray) – Extended complex coordinate, cartesian coordinate,
spherical coordinate, or spin state/polynomial to flip.


	from_cartesian (bool, optional) – Whether to interpret argument as cartesian coordinates.


	from_spherical (bool, optional) – Whether to interpret argument as spherical coordinates.






	Returns

	flipped – Flipped extended complex coordinate, cartesian coordinate,
spherical coordinate or spin state/polynomial.



	Return type

	(complex/inf) or qt.Qobj or np.ndarray













            

          

      

      

    

  

    
      
          
            
  


spheres.stars.star_utils.spherical_inner


	
spheres.stars.star_utils.spherical_inner(a, b)[source]

	\(\langle a \mid b \rangle\) via an integral over the sphere.


	Parameters

	
	a (func) – Normalized Majorana function.


	b (func) – Normalized Majorana function






	Returns

	inner_product



	Return type

	complex













            

          

      

      

    

  

    
      
          
            
  


spheres.stars.star_utils.spin_coherent


	
spheres.stars.star_utils.spin_coherent(j, coord, from_cartesian=True, from_spherical=False, from_complex=False, from_spinor=False)[source]

	Returns the spin-j coherent state which is defined by having
all its Majorana stars located at a single point on the sphere.
This point can be given in terms of cartesian, spherical, extended complex, and spinorial coordinates.


	Parameters

	
	j (int) – j value which indexes the \(SU(2)\) representation.


	coord (nd.array or qt.Qobj or complex/inf) – Coordinates specifying the direction of the spin coherent state.


	from_cartesian (bool, optional) – Whether the provided coordinates are cartesian (default).


	from_spherical (bool, optional) – Whether the provided coordinates are spherical.


	from_complex (bool, optional) – Whether the provided coordinates are extended complex.


	from_spinor (bool, optional) – Whether the provided coordinates are spinorial.






	Returns

	spin_coherent – Spin-j coherent state in the specified direction.



	Return type

	qt.Qobj













            

          

      

      

    

  

    
      
          
            
  


spheres.symmetrization

Symmetrization related functions, particularly in the context of
permutation symmetric multiqubit states.

Functions







	spin_sym(spin[, map])

	Converts a spin-j state into a state of 2j symmetrized qubits.



	spin_sym_map(j)

	Constructs an isometric linear map from spin-j states to permutation symmetric states of 2j spin-\(\frac{1}{2}\)’s.



	sym_spin(sym[, map])

	Converts a state of 2j symmetrized qubits into a spin-j state.



	symmetrize(pieces)

	Given a list of quantum states, constructs their symmetrized tensor product.



	symmetrized_basis(n[, d])

	Constructs a symmetrized basis set for n systems in d dimensions.










            

          

      

      

    

  

    
      
          
            
  


spheres.symmetrization.spin_sym


	
spheres.symmetrization.spin_sym(spin, map=None)[source]

	Converts a spin-j state into a state of 2j symmetrized qubits. Constructs
the linear map if not provided.


	Parameters

	spin (qt.Qobj) – Pure or mixed spin state.



	Returns

	sym – Pure or mixed state of 2j symmetrized qubits.



	Return type

	qt.Qobj













            

          

      

      

    

  

    
      
          
            
  


spheres.symmetrization.spin_sym_map


	
spheres.symmetrization.spin_sym_map(j)[source]

	Constructs an isometric linear map from spin-j states to
permutation symmetric states of 2j spin-\(\frac{1}{2}\)’s.


	Parameters

	j (int) – j value.



	Returns

	S – Linear map from \(2j+1\) dimensions to \(2^{2j}\) dimensions.



	Return type

	qt.Qobj













            

          

      

      

    

  

    
      
          
            
  


spheres.symmetrization.sym_spin


	
spheres.symmetrization.sym_spin(sym, map=None)[source]

	Converts a state of 2j symmetrized qubits into a spin-j state. Constructs
the linear map if not provided.


	Parameters

	sym (qt.Qobj) – Pure or mixed state of 2j symmetrized qubits.



	Returns

	spin – Pure or mixed spin state.



	Return type

	qt.Qobj













            

          

      

      

    

  

    
      
          
            
  


spheres.symmetrization.symmetrize


	
spheres.symmetrization.symmetrize(pieces)[source]

	Given a list of quantum states, constructs their symmetrized
tensor product. If given a multipartite quantum state instead,
we sum over all permutations on the subsystems.


	Parameters

	pieces (list or qt.Qobj) – List of quantum states or a multipartite state.



	Returns

	sym – Symmetrized tensor product.



	Return type

	qt.Qobj













            

          

      

      

    

  

    
      
          
            
  


spheres.symmetrization.symmetrized_basis


	
spheres.symmetrization.symmetrized_basis(n, d=2)[source]

	Constructs a symmetrized basis set for n systems in d dimensions.


	Parameters

	
	n (int) – The number of systems to symmetrize.


	d (int or list) – Either an integer representing the dimensionality
of the individual subsystems, in which case, we work
in the computational basis; or else a list of basis
states for the individual systems.






	Returns

	sym_basis – sym_basis["labels"] is a list of labels for
the symmetrized basis states. Each element of the list
is a tuple whose length is the dimensionality of the
individual subsystems, with an integer counting the number
of subsystems in that basis state.

sym_basis["basis"] is a dictionary mapping
labels to symmetrized basis states.

sym_basis["map"] is a linear transformation
from the permutation symmetric subspace to the
full tensor product of the n systems.

The dimensionality of the symmetric subspace
corresponds to the number of ways of distributing
\(n\) elements in \(d\) boxes, where \(n\) is the number of
systems and \(d\) is the dimensionality of
an individual subsytems. In other words, the dimensionality
\(s\) of the permutation symmetric subspace is \(\binom{d+n-1}{n}\).

So sym_basis["map"] is a map from
\(\mathbb{C}^{s} \rightarrow \mathbb{C}^{d^{n}}\).





	Return type

	dict













            

          

      

      

    

  

    
      
          
            
  


spheres.symplectic

Functions for converting between Gaussian Hamiltonians, complex symplectic matrices, and real symplectic matrices.

Functions







	complex_real_symplectic(S, s)

	Converts a complex symplectic transformation into a real symplectic transformation.



	complex_real_symplectic2(S, s)

	Converts a complex symplectic matrix/vector to a real symplectic matrix/vector.



	gaussian_complex_symplectic(H, h[, expm, theta])

	Converts a Gaussian transformation (in the form of a Hermitian matrix and a displacement vector) into a complex symplectic transformation (in the form of a complex symplectic matrix and displacement vector).



	is_complex_symplectic(S)

	Test if an matrix is complex symplectic.



	is_real_symplectic(R)

	Test if an matrix is real symplectic.



	make_gaussian_operator(A[, B, h])

	



	omega_c(n)

	\(2n \times 2n\) complex symplectic form: \(\Omega_{c} = \begin{pmatrix}I_{n} & 0 \\ 0 & -I_{n} \end{pmatrix}\).



	omega_r(n)

	\(2n \times 2n\) real symplectic form: \(\Omega_{c} = \begin{pmatrix}0 & I_{n} \\ -I_{n} & 0 \end{pmatrix}\).



	operator_real_symplectic(O[, expm, theta])

	Converts a first quantized operator into a real symplectic matrix via: make_gaussian_operator(), gaussian_complex_symplectic(), \(complex_real_symplectic\).



	random_gaussian_operator(n)

	Returns random Gaussian transformation in the form of a Hermitian matrix and a displacement vector.



	symplectic_xyz()

	Returns Pauli matrices expressed as real symplectic transformations.



	upgrade_single_mode_operator(O, i, n_modes)

	Upgrades a single mode real symplectic operator O to act on the i’th of n modes (where the latter are represented in terms of their first and second moments.)



	upgrade_two_mode_operator(O, i, j, n_modes)

	Upgrades a two mode real symplectic matrix to act on subsystems i and j of n modes, (where the modes are represented in terms of their first and second moments).










            

          

      

      

    

  

    
      
          
            
  


spheres.symplectic.complex_real_symplectic


	
spheres.symplectic.complex_real_symplectic(S, s)[source]

	Converts a complex symplectic transformation into a real symplectic transformation.

We can use a complex symplectic matrix to perform a Gaussian unitary transformation on a vector of creation and annihilation operators.
At the same time, there is an equivalent real symplectic matrix \(\textbf{R}\) and real displacement vector \(\textbf{r}\) that implements the same transformation on a vector of position and momentum operators.


\[\vec{V} \rightarrow \textbf{R}\vec{V} + \textbf{r}\]

We can easily convert between \(\xi\), the vector of annihilation and creation operators, and \(\vec{V}\), the vector of positions and momenta, via:


\[\vec{V} = L\xi\]

Where \(L = \frac{1}{\sqrt{2}}\begin{pmatrix} I_{n} & I_{n} \\ -iI_{n} & iI_{n} \end{pmatrix}\).

This comes from the definition of position and momentum operators in terms of creation and annihilation operators, e.g.:


\[ \begin{align}\begin{aligned}\hat{Q} = \frac{1}{\sqrt{2}}(\hat{a} + \hat{a}^{\dagger})\\\hat{P} = -\frac{i}{\sqrt{2}}(\hat{a} - \hat{a}^{\dagger})\end{aligned}\end{align} \]

Therefore we can turn our complex symplectic transformation into a real symplectic transformation via:


\[ \begin{align}\begin{aligned}\textbf{R} = L\textbf{S}L^{\dagger}\\\textbf{r} = L\textbf{s}\end{aligned}\end{align} \]

If we’ve represented a Gaussian state in terms of its first and second moments, then the real sympectic transformations act on them!


	Parameters

	
	S (np.array) – Complex symplectic matrix.


	s (np.array) – Complex symplectic displacement vector.






	Returns

	
	R (np.array) – Real symplectic matrix.


	r (np.array) – Real symplectic displacement vector.


















            

          

      

      

    

  

    
      
          
            
  


spheres.symplectic.complex_real_symplectic2


	
spheres.symplectic.complex_real_symplectic2(S, s)[source]

	Converts a complex symplectic matrix/vector to a real symplectic matrix/vector.
Alternative construction:

If we write \(\textbf{S}\) as \(\begin{pmatrix} E & F \\ F^{*} & E^{*} \end{pmatrix}\), and \(\textbf{s}\) as \(\begin{pmatrix} s \\ s^{*} \end{pmatrix}\) then equivalently:


\[ \begin{align}\begin{aligned}\begin{split}\textbf{R} = \begin{pmatrix}\Re(E+F) & -\Im(E-F) \\ \Im(E+F) & \Re(E-F) \end{pmatrix}\end{split}\\\begin{split}\textbf{r} = \sqrt{2}\begin{pmatrix} \Re(s) \\ \Im(s) \end{pmatrix}\end{split}\end{aligned}\end{align} \]


	Parameters

	
	S (np.array) – Complex symplectic matrix.


	s (np.array) – Complex symplectic displacement vector.






	Returns

	
	R (np.array) – Real symplectic matrix.


	r (np.array) – Real symplectic displacement vector.


















            

          

      

      

    

  

    
      
          
            
  


spheres.symplectic.gaussian_complex_symplectic


	
spheres.symplectic.gaussian_complex_symplectic(H, h, expm=True, theta=2)[source]

	Converts a Gaussian transformation (in the form of a Hermitian matrix and a displacement vector)
into a complex symplectic transformation (in the form of a complex symplectic matrix and displacement vector).

Evolving all the creation and annihilation operators by a Gaussian unitary is equivalent to an affine transformation:


\[e^{iH} \xi e^{-iH} = \textbf{S}\xi + \textbf{s}\]

Where \(\textbf{S}\) is a complex symplectic matrix: \(\textbf{S} = e^{-i\Omega_{c}\textbf{H}}\) and \(\textbf{s} = (\textbf{S}-I_{2n})\textbf{H}^{-1}\textbf{h}\).

Here the complex symplectic form is \(\Omega_{c} = \begin{pmatrix}I_{n} & 0 \\ 0 & -I_{n} \end{pmatrix}\), and if \(\textbf{H}\) has no inverse, we take the pseudoinverse instead to calculate \(\textbf{h}\).


	Parameters

	
	H (np.array) – Gaussian operator.


	h (np.array) – Gaussian displacement.


	expm (bool) – Whether to exponentiate.


	theta (float) – Exponentiation parameter.






	Returns

	
	S (np.array) – Complex symplectic matrix.


	s (np.array) – Complex symplectic displacement vector.


















            

          

      

      

    

  

    
      
          
            
  


spheres.symplectic.is_complex_symplectic


	
spheres.symplectic.is_complex_symplectic(S)[source]

	Test if an matrix is complex symplectic.


	Parameters

	S (np.array) – 



	Returns

	is_symplectic



	Return type

	bool













            

          

      

      

    

  

    
      
          
            
  


spheres.symplectic.is_real_symplectic


	
spheres.symplectic.is_real_symplectic(R)[source]

	Test if an matrix is real symplectic.


	Parameters

	S (np.array) – 



	Returns

	is_symplectic



	Return type

	bool













            

          

      

      

    

  

    
      
          
            
  


spheres.symplectic.make_gaussian_operator


	
spheres.symplectic.make_gaussian_operator(A, B=None, h=None)[source]

	







            

          

      

      

    

  

    
      
          
            
  


spheres.symplectic.omega_c


	
spheres.symplectic.omega_c(n)[source]

	\(2n \times 2n\) complex symplectic form: \(\Omega_{c} = \begin{pmatrix}I_{n} & 0 \\ 0 & -I_{n} \end{pmatrix}\).


	Parameters

	n (int) – The dimension will be 2n.



	Returns

	W – Complex symplectic form.



	Return type

	np.array













            

          

      

      

    

  

    
      
          
            
  


spheres.symplectic.omega_r


	
spheres.symplectic.omega_r(n)[source]

	\(2n \times 2n\) real symplectic form: \(\Omega_{c} = \begin{pmatrix}0 & I_{n} \\ -I_{n} & 0 \end{pmatrix}\).


	Parameters

	n (int) – The dimension will be 2n.



	Returns

	W – Real symplectic form.



	Return type

	np.array













            

          

      

      

    

  

    
      
          
            
  


spheres.symplectic.operator_real_symplectic


	
spheres.symplectic.operator_real_symplectic(O, expm=True, theta=2)[source]

	Converts a first quantized operator into a real symplectic matrix via: make_gaussian_operator(), gaussian_complex_symplectic(), \(complex_real_symplectic\).


	Parameters

	
	O (qt.Qobj) – Operator


	expm (bool) – Whether to exponentiate.


	theta (float) – Parameter for exponentiation.






	Returns

	
	R (np.array) – Real symplectic matrix.


	r (np.array) – Real symplectic displacement vector.


















            

          

      

      

    

  

    
      
          
            
  


spheres.symplectic.random_gaussian_operator


	
spheres.symplectic.random_gaussian_operator(n)[source]

	Returns random Gaussian transformation in the form of a Hermitian matrix and a displacement vector.


	Parameters

	n (int) – The operator will be \(2n \times 2n\) dimensions.



	Returns

	
	H (np.array) – Gaussian operator.


	h (np.array) – Gaussian displacement.


















            

          

      

      

    

  

    
      
          
            
  


spheres.symplectic.symplectic_xyz


	
spheres.symplectic.symplectic_xyz()[source]

	Returns Pauli matrices expressed as real symplectic transformations.


	Returns

	XYZ – Associates “x”, “y”, “z” to the corresponding real symplectic matrices.



	Return type

	dict













            

          

      

      

    

  

    
      
          
            
  


spheres.symplectic.upgrade_single_mode_operator


	
spheres.symplectic.upgrade_single_mode_operator(O, i, n_modes)[source]

	Upgrades a single mode real symplectic operator O to act on the i’th of n modes (where the latter are represented in terms of their first and second moments.)


	Parameters

	
	O (np.array) – Single mode operator.


	i (int) – Which mode to act on.


	n_modes (int) – Of how many modes.






	Returns

	U – Upgraded operator.



	Return type

	np.array













            

          

      

      

    

  

    
      
          
            
  


spheres.symplectic.upgrade_two_mode_operator


	
spheres.symplectic.upgrade_two_mode_operator(O, i, j, n_modes)[source]

	Upgrades a two mode real symplectic matrix to act on subsystems i and j of n modes,
(where the modes are represented in terms of their first and second moments).


	Parameters

	
	O (np.array) – Two mode operator.


	i (int) – First mode to act on.


	j (int) – Second mode to act on.


	n_modes (int) – Of how many modes.






	Returns

	U – Upgraded operator.



	Return type

	np.array













            

          

      

      

    

  

    
      
          
            
  


spheres.utils

Miscellaneous useful functions.

Functions







	binomial(n, k)

	Binomial coefficient \(\binom{n}{k} = \frac{n!}{k!(n-k)!}\)



	bitstring_basis(bitstring[, dims])

	Generates a basis vector corresponding to a given bitstring, which may be a list of integers or a string of integers.



	compare_nophase(a, b)

	Compares two vectors disregarding their overall complex phase.



	compare_spinors(A, B[, decimals])

	Compares two lists of spinors, disregarding both their phases, as well as their ordering in the list.



	compare_unordered(A, B[, decimals])

	Compares two sets of vectors regardless of their ordering up to some precision.



	components(q)

	Extracts components of qt.Qobj, whether bra or ket, as a numpy array.



	density_to_purevec(density)

	Converts a density matrix to a pure vector if it’s rank-1.



	dirac(state[, probabilities])

	Prints a pretty representation of a state in Dirac braket notation.



	fix_stars(old_stars, new_stars)

	Try to adjust the ordering of a list of stars to keep continuity, so that they are in the “same order.” Not always reliable.



	flatten(to_flatten)

	Flattens list of lists.



	from_pauli_basis(coeffs[, basis])

	Given a dictionary mapping Pauli strings to components, returns the corresponding density matrix/operator.



	measure(state, projectors)

	Given a state and a set of projectors, calculates the probability of each outcome, and returns an outcome index with that probability.



	normalize(v)

	Normalizes numpy vector.



	normalize_phase(v)

	Normalizes the phase of a complex vector (np.ndarray or qt.Qobj).



	pauli_basis(n)

	Generates the Pauli basis for n qubits.



	phase(v)

	Extracts phase of a complex vector (np.ndarray or qt.Qobj) by finding the first non-zero component and returning its phase.



	phase_angle(q)

	Extracts phase angle of a complex vector (np.ndarray or qt.Qobj) by finding the first non-zero component and returning its phase angle.



	polygon_area(phis, thetas[, radius])

	Computes area of spherical polygon.



	qubits_xyz(state)

	Returns XYZ expectation values for each qubit in a tensor product.



	rand_c([n])

	Generates (n) random extended complex coordinate(s) whose real and imaginary parts are normally distributed, and ten percent of the time, we return \(\infty\).



	rand_sph([n])

	Generates (n) random point(s) on the unit sphere in spherical coordinates.



	rand_xyz([n])

	Generates (n) random point(s) on the unit sphere in cartesian coordinates.



	spinj_xyz(state)

	Returns XYZ expectation values for a spin-j state.



	tensor_upgrade(O, i, n)

	Upgrades an operator to act on the i’th subspace of n subsystems.



	to_pauli_basis(qobj[, basis])

	Expands a state/operator in the Pauli basis.










            

          

      

      

    

  

    
      
          
            
  


spheres.utils.binomial


	
spheres.utils.binomial(n, k)[source]

	Binomial coefficient \(\binom{n}{k} = \frac{n!}{k!(n-k)!}\)


	Parameters

	
	n (int) – 


	k (int) – 






	Returns

	binomial_coefficient



	Return type

	int













            

          

      

      

    

  

    
      
          
            
  


spheres.utils.bitstring_basis


	
spheres.utils.bitstring_basis(bitstring, dims=2)[source]

	Generates a basis vector corresponding to a given bitstring,
which may be a list of integers or a string of integers. The
dimensionality of each tensor factor is given by dims, which may
be either an integer (all the same dimensionality) or a list
(a dimension for each factor).


	Parameters

	
	bitstring (str) – 


	dims (int or list) – 






	Returns

	tensor_state



	Return type

	qt.Qobj













            

          

      

      

    

  

    
      
          
            
  


spheres.utils.compare_nophase


	
spheres.utils.compare_nophase(a, b)[source]

	Compares two vectors disregarding their overall complex phase.


	Parameters

	
	a (qt.Qobj or np.array) – 


	b (qt.Qobj or np.array) – 






	Returns

	equal



	Return type

	bool













            

          

      

      

    

  

    
      
          
            
  


spheres.utils.compare_spinors


	
spheres.utils.compare_spinors(A, B, decimals=5)[source]

	Compares two lists of spinors, disregarding both their phases,
as well as their ordering in the list.


	Parameters

	
	A (list) – 


	B (list) – 


	decimals (int) – 






	Returns

	equal



	Return type

	bool













            

          

      

      

    

  

    
      
          
            
  


spheres.utils.compare_unordered


	
spheres.utils.compare_unordered(A, B, decimals=5)[source]

	Compares two sets of vectors regardless of their ordering up to some precision.


	Parameters

	
	A (list) – 


	B (list) – 


	decimals (int) – 






	Returns

	equal



	Return type

	bool













            

          

      

      

    

  

    
      
          
            
  


spheres.utils.components


	
spheres.utils.components(q)[source]

	Extracts components of qt.Qobj, whether bra or ket, as a numpy array.


	Parameters

	q (qt.Qobj) – Qutip state.



	Returns

	n – Numpy array.



	Return type

	np.array













            

          

      

      

    

  

    
      
          
            
  


spheres.utils.density_to_purevec


	
spheres.utils.density_to_purevec(density)[source]

	Converts a density matrix to a pure vector if it’s rank-1.


	Parameters

	density (qt.Qobj) – 



	Returns

	pure_state



	Return type

	qt.Qobj













            

          

      

      

    

  

    
      
          
            
  


spheres.utils.dirac


	
spheres.utils.dirac(state, probabilities=False)[source]

	Prints a pretty representation of a state in Dirac braket notation.


	Parameters

	
	state (qt.Qobj) – 


	probabilities (bool) – If True, returns only the probabilities.
















            

          

      

      

    

  

    
      
          
            
  


spheres.utils.fix_stars


	
spheres.utils.fix_stars(old_stars, new_stars)[source]

	Try to adjust the ordering of a list of stars to keep continuity, so that they
are in the “same order.” Not always reliable.


	Parameters

	
	old_stars (list) – List of xyz coordinates.


	new_stars (list) – List of xyz coordinates.






	Returns

	fixed_stars – List of xyz coordinates.



	Return type

	list













            

          

      

      

    

  

    
      
          
            
  


spheres.utils.flatten


	
spheres.utils.flatten(to_flatten)[source]

	Flattens list of lists.


	Parameters

	to_flatten (list) – List of lists.



	Returns

	flattened – Flattened list.



	Return type

	list













            

          

      

      

    

  

    
      
          
            
  


spheres.utils.from_pauli_basis


	
spheres.utils.from_pauli_basis(coeffs, basis=None)[source]

	Given a dictionary mapping Pauli strings to components, returns the corresponding
density matrix/operator.


	Parameters

	exps (dict) – 



	Returns

	operator



	Return type

	qt.Qobj













            

          

      

      

    

  

    
      
          
            
  


spheres.utils.measure


	
spheres.utils.measure(state, projectors)[source]

	Given a state and a set of projectors, calculates the probability of each outcome, and returns an outcome index
with that probability.


	Parameters

	
	state (qt.Qobj) – 


	projectors (list) – 






	Returns

	index



	Return type

	int













            

          

      

      

    

  

    
      
          
            
  


spheres.utils.normalize


	
spheres.utils.normalize(v)[source]

	Normalizes numpy vector. Simply passes the vector through if norm is 0.


	Parameters

	v (np.array) – Numpy vector.



	Returns

	v – Normalized numpy vector.



	Return type

	np.array













            

          

      

      

    

  

    
      
          
            
  


spheres.utils.normalize_phase


	
spheres.utils.normalize_phase(v)[source]

	Normalizes the phase of a complex vector (np.ndarray or qt.Qobj).


	Parameters

	v (np.array or qt.Qobj) – 



	Returns

	v – Phase normalized state.



	Return type

	np.array or qt.Qobj













            

          

      

      

    

  

    
      
          
            
  


spheres.utils.pauli_basis


	
spheres.utils.pauli_basis(n)[source]

	Generates the Pauli basis for n qubits. Returns a dictionary associating
a Pauli string (e.g., “IXY”) to the tensor product of the corresponding Pauli operators.


	Parameters

	n (int) – n qubits.



	Returns

	basis



	Return type

	dict













            

          

      

      

    

  

    
      
          
            
  


spheres.utils.phase


	
spheres.utils.phase(v)[source]

	Extracts phase of a complex vector (np.ndarray or qt.Qobj) by finding
the first non-zero component and returning its phase.


	Parameters

	v (np.array or qt.Qobj) – 



	Returns

	phase



	Return type

	complex













            

          

      

      

    

  

    
      
          
            
  


spheres.utils.phase_angle


	
spheres.utils.phase_angle(q)[source]

	Extracts phase angle of a complex vector (np.ndarray or qt.Qobj) by finding
the first non-zero component and returning its phase angle.


	Parameters

	v (np.array or qt.Qobj) – 



	Returns

	phase_angle



	Return type

	float













            

          

      

      

    

  

    
      
          
            
  


spheres.utils.polygon_area


	
spheres.utils.polygon_area(phis, thetas, radius=1)[source]

	Computes area of spherical polygon.
Returns result in ratio of the sphere’s area if the radius is specified.
Otherwise, in the units of provided radius.

Thanks to https://stackoverflow.com/questions/4681737/how-to-calculate-the-area-of-a-polygon-on-the-earths-surface-using-python


	Parameters

	
	phis (list) – 


	thetas (list) – 


	radius (float) – 






	Returns

	area



	Return type

	float













            

          

      

      

    

  

    
      
          
            
  


spheres.utils.qubits_xyz


	
spheres.utils.qubits_xyz(state)[source]

	Returns XYZ expectation values for each qubit in a tensor product.


	Parameters

	state (qt.Qobj) – Tensor state of qubits.



	Returns

	xyz – Array of xyz coordinates.



	Return type

	np.array













            

          

      

      

    

  

    
      
          
            
  


spheres.utils.rand_c


	
spheres.utils.rand_c(n=1)[source]

	Generates (n) random extended complex coordinate(s) whose real and imaginary parts
are normally distributed, and ten percent of the time, we return \(\infty\).


	Parameters

	n (int) – Number of coordinates.



	Returns

	c – n extended complex coordinates.



	Return type

	complex/inf or np.array













            

          

      

      

    

  

    
      
          
            
  


spheres.utils.rand_sph


	
spheres.utils.rand_sph(n=1)[source]

	Generates (n) random point(s) on the unit sphere in spherical coordinates.


	Parameters

	n (int) – Number of coordinates.



	Returns

	xyz – n spherical coordinates.



	Return type

	np.array













            

          

      

      

    

  

    
      
          
            
  


spheres.utils.rand_xyz


	
spheres.utils.rand_xyz(n=1)[source]

	Generates (n) random point(s) on the unit sphere in cartesian coordinates.


	Parameters

	n (int) – Number of coordinates.



	Returns

	xyz – n cartesian coordinates.



	Return type

	np.array













            

          

      

      

    

  

    
      
          
            
  


spheres.utils.spinj_xyz


	
spheres.utils.spinj_xyz(state)[source]

	Returns XYZ expectation values for a spin-j state.


	Parameters

	state (qt.Qobj) – Spin-j state.



	Returns

	xyz – XYZ expectation values.



	Return type

	np.array













            

          

      

      

    

  

    
      
          
            
  


spheres.utils.tensor_upgrade


	
spheres.utils.tensor_upgrade(O, i, n)[source]

	Upgrades an operator to act on the i’th subspace of n subsystems.


	Parameters

	
	O (qt.Qobj) – Operator.


	i (int) – Which subsytem to act on.


	n (int) – Of how many.






	Returns

	upgraded



	Return type

	qt.Qobj













            

          

      

      

    

  

    
      
          
            
  


spheres.utils.to_pauli_basis


	
spheres.utils.to_pauli_basis(qobj, basis=None)[source]

	Expands a state/operator in the Pauli basis. Returns a dictionary associating
a Pauli string to the corresponding component.


	Parameters

	qobj (qt.Qobj) – State/operator



	Returns

	coeffs



	Return type

	dict













            

          

      

      

    

  

    
      
          
            
  


spheres.visualization

Tools for visualizing spin states with vpython and matplotlib.

Modules







	spheres.visualization.majorana_sphere

	



	spheres.visualization.matplotlib_spheres

	



	spheres.visualization.operator_sphere

	



	spheres.visualization.schwinger_spheres

	



	spheres.visualization.vp_object

	










            

          

      

      

    

  

    
      
          
            
  


spheres.visualization.majorana_sphere

Functions







	tangent_plane_rotation(theta, phi)

	Constructs rotation into the tangent plane to the sphere at the given point specified in spherical coordinates.






Classes







	MajoranaSphere(spin[, scene, pos, radius, …])

	MajoranaSphere provides a nice way to visualize (pure) spin-j states using vpython for graphics, whether in a jupyter notebook or in a standalone environment.



	SphericalWavefunction(spin[, pos, radius, …])

	Container for a 3D representation of a spin coherent wavefunction.










            

          

      

      

    

  

    
      
          
            
  


spheres.visualization.majorana_sphere.tangent_plane_rotation


	
spheres.visualization.majorana_sphere.tangent_plane_rotation(theta, phi)[source]

	Constructs rotation into the tangent plane to the sphere
at the given point specified in spherical coordinates.


	Parameters

	
	theta (float) – 


	phi (float) – 






	Returns

	
	T (np.array)


	A 3x3 matrix representing the linear transformation corresponding to the rotation.


















            

          

      

      

    

  

    
      
          
            
  


spheres.visualization.majorana_sphere.MajoranaSphere


	
class spheres.visualization.majorana_sphere.MajoranaSphere(spin, scene=None, pos=<0, 0, 0>, radius=None, sphere_color=<0, 0, 1>, sphere_opacity=0.3, sphere_draggable=True, star_colors=None, make_trails=False, show_rotation_axis=True, show_phase=False, show_reference_axes=False, show_norm=False, show_wavefunction=False, wavefunction_type='coherent', wavefunction_samples=15)[source]

	Bases: spheres.visualization.vp_object.VObject

MajoranaSphere provides a nice way to visualize (pure) spin-j states using
vpython for graphics, whether in a jupyter notebook or in a standalone
environment.


	
spin

	The spin-j state represented. If this attribute is set, the visualization
is automatically updated.


	Type

	qt.Qobj










	
j

	Its j value.


	Type

	float










	
xyz

	Majorana points in cartesian coordinates.


	Type

	np.ndarray










	
phase

	Complex phase of the spin state.


	Type

	complex










	
scene

	Scene in which to place the Majorana sphere. Defaults to a global scene.


	Type

	vp.canvas










	
show_rotation_axis

	Whether to show the expected rotation axis. If this attribute is set, the visualization
is automatically updated.


	Type

	bool










	
show_phase

	Whether to show the phase. If this attribute is set, the visualization
is automatically updated.


	Type

	bool










	
show_reference_axes

	Whether to show reference cartesian axes. If this attribute is set, the visualization
is automatically updated.


	Type

	bool










	
show_norm

	Whether to show the norm of the state as a label. If this attribute is set, the visualization
is automatically updated.


	Type

	bool










	
sphere_draggable

	Whether one can drag the sphere with the mouse. If this attribute is set, the visualization
is automatically updated.


	Type

	bool










	
make_trails

	Whether the stars leave trails. If this attribute is set, the visualization
is automatically updated.


	Type

	bool










	
show_wavefunction

	Whether to show spin coherent wavefunction. If this attribute is set, the visualization
is automatically updated.


	Type

	bool










	
wavefunction_type

	“majorana” or “coherent”. The former evaluates the amplitude on a spin coherent state at sample
points on the sphere. The latter evaluates the normalized Majorana function. The two should be
antipodal to each other.If this attribute is set, the visualization is automatically updated.


	Type

	str










	
wavefunction_samples

	Number of sample points.


	Type

	int










	
__init__(spin, scene=None, pos=<0, 0, 0>, radius=None, sphere_color=<0, 0, 1>, sphere_opacity=0.3, sphere_draggable=True, star_colors=None, make_trails=False, show_rotation_axis=True, show_phase=False, show_reference_axes=False, show_norm=False, show_wavefunction=False, wavefunction_type='coherent', wavefunction_samples=15)[source]

	Initialize self.  See help(type(self)) for accurate signature.





Methods







	__init__(spin[, scene, pos, radius, …])

	Initialize self.



	add_toggle(name, create)

	



	change_wavefunction_type()

	



	clear_snapshot()

	Clears the last snapshot taken.



	clear_trails()

	Clear star trails.



	create_norm()

	



	create_phase()

	



	create_reference_axes()

	



	create_rotation_axis()

	



	create_wavefunction()

	



	destroy()

	Destroys the Majorana sphere.



	destroy_vchildren(vchildren)

	



	evolve(H[, dt, T])

	Evolves the state, updating the visual in real time.



	mousedown()

	



	mousemove()

	



	mouseup()

	



	refresh()

	



	refresh_norm()

	



	refresh_phase()

	



	refresh_reference_axes()

	



	refresh_rotation_axis()

	



	refresh_spin()

	



	refresh_stars()

	



	refresh_trails()

	



	refresh_wavefunction()

	



	snapshot()

	Takes a snaphot of the stars, phase, and rotation axis.



	sphere_drag()

	



	start_sphere_dragging()

	



	stop_sphere_dragging()

	



	toggle(name[, value])

	







	
clear_snapshot()[source]

	Clears the last snapshot taken.






	
clear_trails()[source]

	Clear star trails.






	
destroy()[source]

	Destroys the Majorana sphere.






	
evolve(H, dt=0.05, T=6.283185307179586)[source]

	Evolves the state, updating the visual in real time.


	Parameters

	
	H (qt.Qobj) – Hamiltonian.


	dt (float) – Time step.


	T (float) – Time interval.













	
snapshot()[source]

	Takes a snaphot of the stars, phase, and rotation axis. In other words, makes a copy of them.













            

          

      

      

    

  

    
      
          
            
  


spheres.visualization.majorana_sphere.SphericalWavefunction


	
class spheres.visualization.majorana_sphere.SphericalWavefunction(spin, pos=<0, 0, 0>, radius=1, wavefunction_type='coherent', wavefunction_samples=15)[source]

	Bases: object

Container for a 3D representation of a spin coherent wavefunction.


	
__init__(spin, pos=<0, 0, 0>, radius=1, wavefunction_type='coherent', wavefunction_samples=15)[source]

	
	Parameters

	
	spin (qt.Qobj) – Spin-j state.


	pos (vp.vector) – Position.


	radius (float) – Radius.


	wavefunction_type (str) – “coherent” or “majorana”. The former evaluates the amplitude on a spin coherent state at sample
points on the sphere. The latter evaluates the normalized Majorana function. The two should be
antipodal to each other.


	wavefunction_samples (int) – Number of sample points.












Methods







	__init__(spin[, pos, radius, …])

	
	param spin

	Spin-j state.









	create_wavefunction()

	



	refresh_wavefunction([update_position, …])

	














            

          

      

      

    

  

    
      
          
            
  


spheres.visualization.matplotlib_spheres

Functions







	animate_spin(spin, H[, dt, T, show_arrows, …])

	Visualizes the evolution of a spin-j state with matplotlib.



	viz_spin(spin[, show_arrows, show])

	Visualizes a spin-j state with matplotlib.










            

          

      

      

    

  

    
      
          
            
  


spheres.visualization.matplotlib_spheres.animate_spin


	
spheres.visualization.matplotlib_spheres.animate_spin(spin, H, dt=0.1, T=100, show_arrows=True, show=True, html_animation=False, filename=None, fps=20)[source]

	Visualizes the evolution of a spin-j state with matplotlib.

%matplotlib notebook
animate_spin(qt.rand_ket(3), qt.rand_herm(3))






	Parameters

	
	spin (qt.Qobj) – Spin-j state.


	H (qt.Qobj) – Hamiltonian.


	dt (float) – Time step.


	T (float) – Time interval.


	show_arrows (bool) – If True, also shows vectors pointing to the stars.


	show (bool) – Whether to automatically display the figure.


	html_animation (bool) – Whether to return an HTML video.


	filename (str) – Where to save the resulting animation.


	fps (int) – Frames per second.






	Returns

	



	Return type

	matplotlib.animation.FuncAnimation or IPython.core.display.HTML













            

          

      

      

    

  

    
      
          
            
  


spheres.visualization.matplotlib_spheres.viz_spin


	
spheres.visualization.matplotlib_spheres.viz_spin(spin, show_arrows=True, show=True)[source]

	Visualizes a spin-j state with matplotlib.


	Parameters

	
	spin (qt.Qobj) – 


	show_arrows (bool) – If True, also shows vectors pointing to the stars.


	show (bool) – Whether to automatically display the figure.
















            

          

      

      

    

  

    
      
          
            
  


spheres.visualization.operator_sphere

Classes







	OperatorSphere(dm[, scene, pos])

	Visualization for density matrices and operators.










            

          

      

      

    

  

    
      
          
            
  


spheres.visualization.operator_sphere.OperatorSphere


	
class spheres.visualization.operator_sphere.OperatorSphere(dm, scene=None, pos=<0, 0, 0>)[source]

	Bases: object

Visualization for density matrices and operators. Using the spherical tensor decomposition, the operator
or density matrix is represented by a series of concentric spheres with their own constellations. The
operator/density matrix is represented by a list of integer valued spin states. The norms of these states
become the radii of the spheres, and the phases of the states become the colors. The spin-0 sector is
represented by the label at the bottom. For hermitian matrices, the constellations all have antipodal symmetry.
The lower spin states can be interpreted as the partial states in the permutation symmetric qubit representation.


	
__init__(dm, scene=None, pos=<0, 0, 0>)[source]

	Initialize self.  See help(type(self)) for accurate signature.





Methods







	__init__(dm[, scene, pos])

	Initialize self.



	destroy()

	Destroys the Operator sphere.



	evolve(H[, dt, T])

	Evolves the mixed state/operator, updating the visual in real time.



	mousedown()

	



	mousemove()

	



	mouseup()

	



	refresh()

	







	
destroy()[source]

	Destroys the Operator sphere.






	
evolve(H, dt=0.05, T=6.283185307179586)[source]

	Evolves the mixed state/operator, updating the visual in real time.


	Parameters

	
	H (qt.Qobj) – Hamiltonian.


	dt (float) – Time step.


	T (float) – Time interval.




















            

          

      

      

    

  

    
      
          
            
  


spheres.visualization.schwinger_spheres

Classes







	OscillatorPlane(state, pos)

	Container for a 3D representation of a 2D oscillator state in the plane.



	SchwingerSpheres([state, scene, pos, show_plane])

	Visualization for two oscillators as a tower of spin-j states.










            

          

      

      

    

  

    
      
          
            
  


spheres.visualization.schwinger_spheres.OscillatorPlane


	
class spheres.visualization.schwinger_spheres.OscillatorPlane(state, pos)[source]

	Bases: object

Container for a 3D representation of a 2D oscillator state in the plane. Amplitudes at discretized positions
are represented by arrows, and the expected position is a yellow sphere.


	
__init__(state, pos)[source]

	Initialize self.  See help(type(self)) for accurate signature.





Methods







	__init__(state, pos)

	Initialize self.



	destroy()

	



	refresh(state)

	














            

          

      

      

    

  

    
      
          
            
  


spheres.visualization.schwinger_spheres.SchwingerSpheres


	
class spheres.visualization.schwinger_spheres.SchwingerSpheres(state=None, scene=None, pos=<0, 0, 0>, show_plane=False)[source]

	Bases: object

Visualization for two oscillators as a tower of spin-j states. If show_plane=True,
displays a representation of the 2D oscillator position states.


	
__init__(state=None, scene=None, pos=<0, 0, 0>, show_plane=False)[source]

	Initialize self.  See help(type(self)) for accurate signature.





Methods







	__init__([state, scene, pos, show_plane])

	Initialize self.



	destroy()

	Destroys the Schwinger spheres.



	evolve([H, dt, T])

	Evolves the state, updating the visual in real time.



	lower_spin(spin)

	Lowers a spin-j state.



	measure(direction)

	Applies a projective measurement (with random outcomes).



	raise_spin(spin[, replace])

	Raises a spin-j state.



	random()

	Load in a random state.



	random_hamiltonian()

	
	returns

	H – Random Hamiltonian of the right dimensions.









	refresh()

	



	vacuum()

	Load in the vacuum state.







	
destroy()[source]

	Destroys the Schwinger spheres.






	
evolve(H=None, dt=0.05, T=6.283185307179586)[source]

	Evolves the state, updating the visual in real time.


	Parameters

	
	H (qt.Qobj) – Hamiltonian. If provided with a first quantized Hamiltonian, automatically second quantizes.


	dt (float) – Time step.


	T (float) – Time interval.













	
lower_spin(spin)[source]

	Lowers a spin-j state.


	Parameters

	spin (qt.Qobj) – 










	
measure(direction)[source]

	Applies a projective measurement (with random outcomes).


	Parameters

	direction (str) – “x”, “y”, “z”, or “q” (2D position).










	
raise_spin(spin, replace=False)[source]

	Raises a spin-j state.


	Parameters

	
	spin (qt.Qobj) – 


	replace (bool) – If True, raises the spin state from the vacuum.













	
random()[source]

	Load in a random state.






	
random_hamiltonian()[source]

	
	Returns

	H – Random Hamiltonian of the right dimensions.



	Return type

	qt.Qobj










	
vacuum()[source]

	Load in the vacuum state.













            

          

      

      

    

  

    
      
          
            
  


spheres.visualization.vp_object

Classes







	VObject([scene])

	Parent class for visual objects (using vpython), streamlining the automatic updating of visuals when attributes are changed, mouse interaction, and keeping track of sets of visual objects which might be toggled on or off.










            

          

      

      

    

  

    
      
          
            
  


spheres.visualization.vp_object.VObject


	
class spheres.visualization.vp_object.VObject(scene=None)[source]

	Bases: object

Parent class for visual objects (using vpython), streamlining the automatic
updating of visuals when attributes are changed, mouse interaction, and keeping track
of sets of visual objects which might be toggled on or off.


	
__init__(scene=None)[source]

	Initialize self.  See help(type(self)) for accurate signature.





Methods







	__init__([scene])

	Initialize self.



	add_toggle(name, create)

	



	destroy()

	



	destroy_vchildren(vchildren)

	



	mousedown()

	



	mousemove()

	



	mouseup()

	



	refresh()

	



	toggle(name[, value])

	














            

          

      

      

    

  

    
      
          
            
  


An Introduction to Majorana’s “Stellar” Representation of Spin


A “star”

We’re all familiar with the qubit.

[image: 1a15f9a4a4f6466eab53640588ad46bb]

It’s just about the simplest quantum system that there is.

To get started, let’s choose some basis states. If we quantize along the \(Z\) axis, we can write the state of a qubit as a complex linear superposition of basis states \(\mid \uparrow \rangle = \begin{pmatrix} 1 \\ 0 \end{pmatrix}\) and \(\mid \downarrow \rangle = \begin{pmatrix} 0 \\ 1 \end{pmatrix}\):

\(\mid \psi \rangle = \alpha\mid \uparrow \rangle + \beta \mid \downarrow \rangle = \begin{pmatrix} \alpha \\ \beta \end{pmatrix}\)

where \(|\alpha|^2 + |\beta|^2 = 1\).

There are many qubits in nature: in fact, any two dimensional quantum system can be used as a qubit. But the original point of a qubit was to represent the intrinsic angular momentum, or spin, of a spin-\(\frac{1}{2}\) particle. Indeed, a qubit is an irriducible representation of \(SU(2)\), which is the double cover of the 3D rotation group \(SO(3)\).

If we consider the expectation values \((\langle \psi \mid \hat{X} \mid \psi \rangle, \langle \psi \mid \hat{Y} \mid \psi \rangle, \langle \psi \mid \hat{Z} \mid \psi \rangle)\), with the Pauli matrices:

\(\hat{X} = \begin{pmatrix} 0 & 1 \\ 1 & 0 \end{pmatrix}\), \(\hat{Y} = \begin{pmatrix} 0 & -i \\ i & 0 \end{pmatrix}\), \(\hat{Z} = \begin{pmatrix} 1 & 0 \\ 0 & -1 \end{pmatrix}\)

we can associate the qubit uniquely with a point on the unit sphere, which picks out its “average rotation axis.” 