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Symmetrization

9" Sequence of unitary transformation = Average Hamiltonian Theory (AHT)

L. Viola et al., Phys. Rev. Lett. 82, 2417 (1999)




Symmetrization

9" Sequence of unitary transformation = Average Hamiltonian Theory (AHT)

=

Sa — HQ(Sa) — % Zk Q;LSagk

« symmetrization operation »

L. Viola et al., Phys. Rev. Lett. 82, 2417 (1999)




Symmetrization

Q If G = {gx} isasgroup..

G-invariant
. subspace

L. Viola et al., Phys. Rev. Lett. 82, 2417 (1999)
P. Zanardi, Phys. Lett. A 258, 77 (1999)



Symmetrization

-

Sa — Hg(sa) — % Zk glzsagk

Q If G = {gx} isasgroup..
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Symmetrization

Sa |_> Hg(sa) - N Zk glzsagk

Q If G = {gx} isasgroup..

If the symmetry is inaccessible,
the system is decoupled from its

environment

« decoupling group »




SU(2) symmetries
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Sa > g(Sa) = § g giSas

\é We focus on global SU(2) pulses R(n, 9) — e~ n-J



SU(2) symmetries

-

Sa > g(Sa) = § g giSas

\é We focus on global SU(2) pulses R(n, 9) — e~ n-J

- Majorana constellation 3 "
'



Majorana constellation for pure states

spin-j state |1))

y Information stored in the
position of the stars

E. Majorana, Nuovo Cim 9, 43-50 (1932)



Majorana constellation for pure states

. SU(2
spin-j state |1)) 2) U 1)
Majorana
representation
SO(3)

E. Majorana, Nuovo Cim 9, 43-50 (1932)




Majorana constellation of operators

Information stored in :

Set of constellations with e Position of the stars

different sizes and radius
* Radius of the sphere

* Coloring of the stars

E. Serrano-Ensastiga and D. Braun, Phys. Rev. A 101, 022332 (2020)



Majorana constellation of operators

SU(2

(2) K SU(2) symmetries \
Majorana Rotational symmetries in

representation \ the constellation /
SO(3)

E. Serrano-Ensastiga and D. Braun, Phys. Rev. A 101, 022332 (2020)



Majorana constellation of operators

SU(2)

Majorana
representation

( SU(2) symmetries \

Rotational symmetriesin

the constellation
\ /

= The highest accessible symmetry depends on
the number of points in the constellation

' we can list all inaccessible

. ’

"\~ symmetries for each

’

= constellation

E. Serrano-Ensastiga and D. Braun, Phys. Rev. A 101, 022332 (2020)



Symmetrizing a Majorana constellation

Ser —> Hg(sa) = %Zk Q;L'Sagk
h R(n,0) = e~ ¥mJ
Accessible symmetry Inaccessible symmetry
Ig
Sa l::> Sa

Majorana
representation
2




Symmetrizing a Majorana constellation

Ser —> Hg(sa) = %Zk Q;L'Sagk
h R(n,0) = e~ ¥mJ
Accessible symmetry Inaccessible symmetry
Hg Hg
S, —— > Sa E— Hg(Sa)

Majorana Majorana
representation representation

z Radius collapses to
zero |




Example : interacting spins

‘ ‘ b i = Hgie = Hgp
Hdis :Zézmz § Jz
5 © ‘ |




Example : interacting spins

‘ ‘ b i = Hgie = Hgp
Y,
‘f Hyis = chzmz . J?
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Example : interacting spins

‘ ‘ b i = Hgie = Hgp
Y,
‘f Hyis = chzmz . J?

Haip, = ZAza leij - I°] [eij - 3] = J"- )
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Tetrahedral
symmetry
inaccessible |




Example : interacting spins

{F,3C5,8Cs}

— Decoupling group !



Example : interacting spins

(E,3C,,8Cs)




Example : interacting spins

Vertex = element of the group

&

Edge = generator

{E,?)CQ,SCg} [] b_( ¥z, %,%)7?)

L. Viola et al., Phys. Rev. Lett. 90, 037901 (2003)



Example : interacting spins

{E,3C3,8C3} B o=((£.31).5)

L. Viola et al., Phys. Rev. Lett. 90, 037901 (2003)



Leveraging existing symmetries

H = Hajs + Hdip

/Hdls Z o;m; - J°

Rotating wave Hdlp Z Azj e” Z [eij ' Jj] —J Jj)

approximation <y

‘L‘H ‘ ? Hdis:Z(SiJi

é:‘ 0 ) Haip = ;A” (3JiJ7 — 3" J)




Leveraging existing symmetries




Leveraging existing symmetries




Leveraging existing symmetries

. C, already there

T=CD,
We need to symmetrize w.r.t.

the remaining subgroup




Leveraging existing symmetries

Cayley Eulerian
— m— LI11001]
B o= ((VEo%)7)
{E,3C:} B o= ((-& %))




Conclusion

* Decoupling groups €= inaccessible symmetries

* SU(2) (operators) €< SO(3) (Majorana constellation)



Conclusion

* Decoupling groups €= inaccessible symmetries

* SU(2) (operators) €< SO(3) (Majorana constellation)

Novel sequences based on
the symmetry groups of
Platonic solids

l Global SU(2)
Versatile pulses

Eulerian €<= robust

e.g. universal for spin-j<3,
K-body interactions, qubit-
qutrit, ...



Conclusion

* Decoupling groups < inaccessible symmetries

- Optimization of these sequences (optimal
Eulerian path, optimal generators,
concatenation,...)

* SU(2) (operators) €< SO(3) (Majorana constellation)

Novel sequences based on
the symmetry groups of
Platonic solids

l Global SU(2)
Versatile pulses

- Compatible with dynamically-corrected
gates

- Any use for Hamiltonian engineering ?

Eulerian €<= robust

e.g. universal for spin-j<3,
K-body interactions, qubit-
qutrit, ...
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« Platonic » dynamical Majorana constellation
decoupling for operators

Quantum 9, 1661 Phys. Rev. A 101, 022332
(2025) (2020)




