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B A S I C  I N G R E D I E N T S  O F  Q U A N T U M  C O M P U T E R

• Classical computer works on bits, quantum 
computers have qubits

•  Qubits are two-level quantum systems of the form 
  |ᴪ〉 = 𝛼|0〉 + 𝛽|1〉

• 𝛼 & 𝛽 are complex numbers  (𝛼*𝛼 + 𝛽*𝛽 = 1) – in 
principle store much more information in these 
continuous numbers than in discrete bits.

• Qubits and quantum gates are the basic 
ingredients of QC

• Quantum gates changes the state of a qubit

• There are single-qubit gates and multi-qubit gates



V A R I A T I O N A L  Q U A N T U M  E I G E N S O L V E R

• Quantum algorithms for many-body systems:

o Quantum Phase Estimation (QPE)

o Trotterized time evolution 

o Variational Quantum Eigensolver (VQE)
• NISQ-era:

o Noisy qubits

o Intermediate number of qubits

o Limited circuit depth

o Variational algorithms are preferred
• VQE:

o Hybrid quantum–classical algorithm

o Uses a parameterised quantum circuit (ansatz) to prepare trial states.

o A classical optimiser updates circuit parameters to minimise the 

expected energy.



N U C L E A R  S H E L L  M O D E L

A. Pérez-Obiol et al., Sci. Rep. 13, 12291 (2023)

• Single particle state (n, l, j, jz, tz) --> Qubit:

o p-shell   --> 12 qubits

o sd-shell --> 24 qubits

o pf-shell --> 40 qubits



U N I T A R Y  C O U P L E D  C L U S T E R  ( U C C )  A N S A T Z :

• The UCC involves cluster operators that act on a reference state |ψ0 ⟩

• These operators can be decomposed into singles, doubles,.. etc.

From Pennylane



E X A M P L E  O F  U C C ( D )  A N S A T Z

o 6Li (1+): M = 0 --> 10 SDs

o p-shell: 12 single particle states



A N  A L T E R N A T E  Q U B I T  M A P P I N G  S T R A T E G Y  

• Deep circuits are required for mid shell nuclei if we follow single particle state to qubit mapping.

• Many body configuration (SD) to qubit mapping can be done with low-depth circuit.

C. Sarma and P. D. Stevenson, Discov. Quantum Sci. 2, 6 (2026)



C O M P A R I S O N  B E T W E E N S P -  A N D  S D -  M A P P I N G

SD-mapping SP-mapping



H E A V Y  T W O - N U C L E O N  S Y S T E M S

• Two higher mass nuclei, 210Po and 210Pb, beyond 208Pb core. 

• Require 44 proton single proton states and 58 neutron single 
particle states: 44 and 58 qubits following SP --> qubit mapping 

•  Require 62 and 99 qubits following SD --> qubit mapping 

• Considered SDs that are combinations of two time-reversed 
single particle states having the same |jz| with opposite signs: 
210Po (22 qubit) and 210Pb (29 qubit) 



R E D U C I N G  N U M B E R  O F  Q U B I T  W I T H I N  S D -

M A P P I N G

C. Sarma and P. D. Stevenson,
 arXiv:2605.30261

• SD-mapping:
o SD to qubit
o pSD + nSD to qubit
o SD to qubit state

• 10B (M = 3) --> number of SDs = 26
o SD-mapping = 26 qubits
o pnSD-mapping  = 20 qubits
o cSD-mapping = 5 qubits



S O M E  O T H E R  W O R K S

 arXiv:2603.11156

 arXiv:2607.21563

Extend the application of cSD 
mapping within FS-VQE method 
for nuclear excited states



S U M M A R Y

• Demonstrated feasibility of SD-based qubit mapping 
onseveral nuclei (from light Li isotopes to heavier nuclei 
such as 210Po and 210Pb) with successful simulations 
on both noisy simulators and IBM quantum hardware. 

• Compact SD mapping is important from scaling point of 
view and can be extended to evaluate excited states.

• As quantum computation start transitioning from NISQ- 
to FTQC-era, new algoritms are being developed.
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