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Refined finite-size security analysis of discrete-modulation continuous variable
quantum key distribution based on reverse reconciliation 
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Our Results

3. Problems of the previous results

1. Previous result

2. Refined security proof

2. Idea of the security proof 

Question… Can we develop a refined security analysis that
leads to a tighter lower bound on the key rate? 

1. Summary of our results

3. Numerical simulation
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@⨂@… Bit error,   B⨂B… Phase error 

C *DEFGH IJKL
DMN,(E) + *RSDRGH T UV(E) − *RXYDLGH Z U[G(E) ≤ >(T, Z)

=1 when phase error 
occurs in Signal

=1 when Alice’s qubit 
is in | ⟩− in Trash

= Λ^,X <=(E) − −1 Y_ ` in Test, where

C UV(E) ≤ −1 Y_ a(E) −1 Y_ holds
T, Z: positive numbers (dual parameters)

Expectation w.r.t. arbitrary 
conditional state at b-th round

2B8�N!3B2�CKN�3(B�/QNB�+K22�#(!--B+

�N!-2IF22FK-�AF23!-#B��*I 
���������������	���������������
��������������(���������������)��������������*�

2B
8�

N!
3B

�/
BN

�/
Q+
2Bq 2B8�N!3B�N!/FA+8�AB#NB!2B2�!D!F-23�3N!-2IF22FK-�AF23!-#B�Q-ABN�/QNB�+K22�

q �(F2�?B(!RFKQN�F2�IQ#(�SKN2B�3(!-�3(!3�!-3F#F/!3BA�CNKI�3(B�!28I/3K3F#�
!-!+82B2�KC�AF2#NB3B�IKAQ+!3FK-�.��52��

q �(F2�I!8�?B�?B#!Q2B�KC�3(B�Q--B#B22!NF+8�23NK-DBN�NBMQFNBIB-3�K-�2B#QNF38�

q �B�ABRB+K/BA�!�NBCF-BA�2B#QNF38�/NKKC�3(!3�!#(FBRB2�
!+IK23�K/3FI!+�*B8�N!3B�2#!+F-D�F-�3(B�!28I/3K3F#�+FIF3�

q �(B�FI/NKRBIB-3�F-�3(B�*B8�N!3B�F2�2Q23!F-BA�F-�CF-F3B�
2FVB�#!2B2��?Q3�+K23�Q-ABN�3(B�BTF23B-#B�KC�BT#B22�-KF2B2�

2B8�N!3B2�CKN�3(B�/QNB�+K22�#(!--B+

�N!-2IF22FK-�AF23!-#B��*I 

2B
8�

N!
3B

�/
BN

�/
Q+
2B

• The logarithm of the asymptotic 
key rate scales (almost) linearly 
against transmission distance.

• Even finite-size key rates surpass 
the asymptotic key rate of the 
previous analysis.
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2B8�N!3B�!3�J = 10H`
• The key rates are largely degraded 

when the excess noise is present.
• Excess noise as small as c = 10Gd.f

at the channel output (untrusted 
noise) restricts the performance.
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ℱ ah = ∫jk l′(m)ah l′(m)n,

where l′(m) = oDMN(k) | ⟩0 p| ⟩0 qr⟨ |k h + | ⟩1 p| ⟩1 qr⟨ |−k h

upon “Success”
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* The idea comes from the equality condition of the entropic uncertainty relation.
(See also arXiv:2009.08823)

à Entangled measurement tqqu
± to optimally distinguish Bob’s | ⟩± on >
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Aim at transforming into 
a state | ⟩+ ⊗xyz{ with
• A syndrome extraction 

(=privacy amplification 
in the actual)
• Pauli-@ operations 

(=no effect in the actual)
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;

5′H 5′` ;
;

Eve

In the virtual protocol…

Can do arbitrary quantum 
operations as long as all the 
statistics and information to 
Eve are the same as those in the actual

Information


