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Majorana construction of 3-qubit pure 
symmetric state with 2 distinct spinors
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2-qubit reduced state of 
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Bell-CHSH Inequality

Correlation probabilities
evaluated based on the
measurement outcomes

of the observables
of Alice and Bob

Maximum value    

two largest eigenvalues of   

Correlation matrix of  𝜌𝑅

Absolute values 

𝑪𝑯𝑺𝑯 𝑨𝑩 = 𝑨𝟏 ⊗ 𝑩𝟏 + 𝑨𝟏 ⊗ 𝑩𝟐 + 𝑨𝟐 ⊗ 𝑩𝟏 − 𝑨𝟐 ⊗ 𝑩𝟐  

𝑨𝒊 ⊗  𝑩𝒋 = 𝑻𝒓 𝝆𝑨𝑩𝑨𝒊 ⊗  𝑩𝒋 , 𝑨𝒊= 𝝈. 𝒂𝒊, 𝑩𝒋 = 𝝈. 𝒃𝒋, 𝒊, 𝒋 = 𝟏, 𝟐 

Pauli observables with orientation directions 𝒂𝒊, 𝒃𝒋 of qubits 𝑨, 𝑩.
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Monogamy trade-off relation in the case of 3-qubit states 

Monogamy constraint imposes the trade-off relation 

𝕸𝑨𝑩𝑪 ≡ 𝑪𝑯𝑺𝑯 𝑨𝑩
𝟐 + 𝑪𝑯𝑺𝑯 𝑩𝑪

𝟐 + 𝑪𝑯𝑺𝑯 𝑨𝑪
𝟐 ≤ 𝟏𝟐 

❑ 3-qubit permutation symmetric states

𝑪𝑯𝑺𝑯 𝑨𝑩 = 𝑪𝑯𝑺𝑯 𝑩𝑪 = 𝑪𝑯𝑺𝑯 𝑨𝑪  

Any arbitrary 2-qubit state extracted from 3-qubit permutation symmetric system 
cannot violate CHSH inequality, even though the constituent qubits are entangled. 

CHSH Monogamy relation



02-07-2023 5

Verification of monogamy relations using open access IBM quantum computer ibmq_lima

❖ Using IBM open-source software kit Qiskit we initialize the 3-qubit  state | ൿ𝜳𝟑,𝟐  

for 𝜷 = Τ𝝅
𝟔 , Τ𝝅

𝟒 , Τ𝟑𝝅
𝟖 , Τ𝟗𝝅

𝟏𝟔  , 𝝅. 
❖ Recording measurement data  on the 2-qubit reduced density matrices and 

construction of correlation matrix T 
❖ Experimental verification of monogamy relation  𝕸𝑨𝑩𝑪 ≤ 𝟏𝟐 

Measurement of the X or Y Pauli matrices requires 
application of unitary rotation operation so as to
rotate the X - or Y –axis to be the Z-axis.                 

X measurement
Measurements of Pauli gates X, Y and Z

Y measurement

Z measurement
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𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡 on qubits 1 & 2: C𝑜𝑢𝑛𝑡𝑠 for 𝜷 = Τ𝝅
𝟒 (ibmq_lima)

Total number of trials: 8192
XX XY XZ

YX       YY       YZ       

𝑻𝟏𝟐
𝑬𝒙𝒑𝒕𝒍

=
𝟎. 𝟎𝟑𝟏𝟓 𝟎. 𝟎𝟑𝟔𝟖𝟔 𝟎. 𝟐𝟐𝟏𝟔
𝟎. 𝟎𝟐𝟖𝟖 𝟎. 𝟎𝟕𝟑𝟒𝟖 𝟎. 𝟏𝟎𝟓

𝟎. 𝟏𝟏𝟗𝟖𝟕 𝟎. 𝟏𝟓𝟖𝟔 𝟎. 𝟕𝟖𝟎𝟕
; 𝒕𝟏

𝑬𝒙𝒑𝒕𝒍
= 𝟎. 𝟕𝟏𝟒𝟗, 𝒕𝟐

𝑬𝒙𝒑𝒕𝒍
= 𝟎. 𝟎𝟎𝟐𝟕

 𝒕𝟏
𝑻𝒉= 𝟎. 𝟗𝟗𝟖𝟕, 𝒕𝟐

𝑻𝒉 = 𝟎. 𝟎𝟑𝟔𝟎  

𝑪𝑯𝑺𝑯 𝑨𝑩
𝑬𝒙𝒑𝒕𝒍

=1.6943, 𝕸𝑨𝑩𝑪
𝑬𝒙𝒑𝒕𝒍

 =9.2728 ; 𝑪𝑯𝑺𝑯 𝑨𝑩
𝑻𝒉 =1.9987, 𝕸𝑨𝑩𝑪

𝑻𝒉  =11.9855

Total number of measurements for each 𝜷: 𝟐𝟕
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Conclusion: Shareability places restrictions on CHSH non-locality.  
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