SDP 7%t PCS-16-QAM LW Az} 7] Huj o

A2 B 71E A

(e}
71 /Ré

ofs

1
ae st A7) A =}sk )
SDP-Based Asymptotic Secret-Key Rate Lower Bound
for PCS-16-QAM CV-QKD

Seonguk Kim® Jun Heo
Dept. of Electrical Engineering
Korea University
djm06145@korea.ac.kr’ junheo@korea.ac.kr

i

o o

-
i+ Semidefine program(SDP)E &-8-3} ] 16-QAM(Quadrature Amplitude Modulation)S 7] ¥+2.
t CV-QKD(Continuous Variable Quantum key distribution) A] =8l 4] 2] key rate 3} 3+ =% 3}
S tET SDP ¥4 2 covariance matrix | A alice ©F bob 9] correlation Z gt2] 33k %

H]-/\] OE‘ o]\__ cve Oﬂ 7'" 7]’ %a?—ﬂ' }\]—ic}% 7]—%(—;{3]]}\1 key rate % 7:”}1\_]_"8]'"5‘ z_\]gi E}OC}:?:S}
modulation 3 A AL A 7S FT 5 ).

o rir

o

o orle wuorle
I

1. ME + Pauli Z matrix: diag (1,—1), € is excess noise,
CV-QKD & I AE Jele] A=A s o] g3k Xne = UT-l+e |t

D2 v FeAHe s3] AR Hel 1

2 F = Gaussian modulation & HA| 2 whds] gt Z :< Vi VTZgyo, )

SHAIRE AAl Mx7]E= Fdllso]l f3ste] constella- VTZeyo, TV + Xpe ),

tion 7} o]AFAQl SHAIZF k. ¥ 7] whiEell, Dis-

crete modulation o] T3t key rate 3}3gto] & Q3}r}[1] HAe] ATFEL Zpy = Zeyd AN 7= HSE

AB

HoF Zwo] theke g ow AFEa 9Ed B FHol Wol o]Fo]X] Gaussian modulation 7]¥F key
=19 A & semidefine program(SDP)E &30 rate T2 & AFSA] &8sk} [4][5] SFAIRF SDP 7]
A5l 7|9y FAE| = ofghS ghsbalAl gkt [2] HE &8t S AWIEHE Zp,e HAxwS do
=] XJQOMI keyrate e s 5 o
2. 28 SDP 9 7|9& g3t 2ohz = (p0) F4< 1t
T2 E TS Entangle based = S71EElm B 7 ToE minimal?& Z & T8l 215 ot e}
53 12 2 EA9 22d At uEoR alice, HTh
bob ] correlation = _1/\5}5‘}‘: SDP & Devetak Win-
ter A9 &L £Eelt PAo] AET. of L= 00
2l weto] A w A3E wEez 16 QAM 01] tr(p) =
SDP & #&38}o] H24 SKR 3aS AEwh 2 r(pCy) = 2¢,
[3]o W=, Gaussian modulation®l] 4] 2] A11ce, {r(pCZ)T= 262
Bob covariance matrix ZABE F3dY. g gHE r (p(l'l®b b)) = s
o2y At v=v,+1, + alice®] ¥+ modu- p>0
lation variance (SNUZ|Z&), Z(;M =VV2 -1 & Gauss- C:=ab+athto]la o= (C) (xax5) — (papp)°l™
ian modulation®] A ¢]  Alice?} Bob2| correlation©] = r(pO)E HAstele AL 29 HEHgs 2=
. T Ad @&, L+ 2x2 identity matrix, o, A% FdskH o= key rate/] sheks AlEgrh. 3



HA =AM 1 alice 7} HU+= state & H - AHE]
ot} o= PM Z2EFO| EM L2 EZF I FAUS
Hol= AL =R alice £9 AEf7} laser source 2] mod-
ulation &= 13+ JEfe} F A oF S on| gt
FHA 2AE ¢ = —(xAxB)i alice ¢} bob ¢ A

7} #5E dlolE ol aFeThE Aoln AWA
1% o]ef fFAFSH ¢ =—(—(pApB))E A Ro R
#59 Holy ol A34 4H8E 7Hxivs 9
otk UHA =72 22 RHE A O = bob
ol ks AdeA 54T gtem nAT Ao
o oA A 2712 pakol posmve semidefinite 2}
oguz 54 gEo] YA A FEHE 9n|t o]
3k 215 &ollA SDP & ol &ste] Z9 Hgk=
28k 2= 9},

16QAM o] A-&3] B AW $-A, coherent state = T

w3 2ol 7= 7hsstth (6]
_ 2 3 . 2 3
A = a g (k—z)'i‘la’ § (l—z)
k=1=0,123

o] 3 PCS o &|d3F+= Gaussian distribution &<

Zleshd vt gk

Pryi~exp (—v(x* +p?))

o (D= D

vE ZAWA keyrate 7} Hul7l He AHS S
T 9 ‘:‘r Asymptotlc limit SKR 52} SKR = Bl,5 —
Spr= Y3 mutual information, holevo information
e gt ol Ao

LyB hom = lng(l + 21T E)
TV,
hisnee =102 (14 357 )

Covariance matrix © Uh&3 o] Fo&HH
symplectic eigenvalue & T-8FH T3 2}

oo Va+ 1D, Z'o, ]
AB T 70, (1+TV,+T €,

VAL

14TV, +T€

*2

1+TV,+TE€

A3 hom = \/(VA + DV +1- )

/13,het = VA + 1_

Correlation coefficient Z*= ts3 o] A4tHE T}
@,atS annihilation ¥} creation operator ©] 1L €+ total
excess noise, T = modulation ©] density matrix ©] T},

1

Z(Te)_Z\/_tr<% 124 ) V2T ew
w= Zpkdak)aiafla,c)—|<ak|aflak>|2)

9l ?*ﬁ”—éa AFste] keyrate 3t S 3
t}.
3. 7=|§

SDP & &&%t DM T2 EF9| keyrate =& 4 S

Autd oz Amnodrt. dAAQ JaqdigdL o
I} Zt}. 1. Modulation W2]ol W& coherent state &=
Z, 2. Entangle based & %7]3L 23 %}:Cg Zo
= SDP & At F Zigoand HAEHEES ¥, 3.EB
ERoAN De ZpE VNS Z, = min (Zpy, Zes) S
AH&3Fo] Holevo #t& 4t&, o] % keyrate &2 ol 4
43t key rate 3H3HES 74]@}%;_}1:}_ 0] WAL Zow
Zeu©] ZAFE Wl Gaussian modulation & HIEO. 2 S
key rate T2 AREShE AXRT ¢ dHEEA s
e T AUnk E=g H Y] HARA gpES TS
2 eve 7} 71 el s VHEEIA B oE
key rate & 9= "/F Ut

4. Acknowledgments

AT E S AFAEIST ] A8
ArEdAz FEd AdUT. (50%) °f =
BE-(F7| =g Ao Ador AT
@] AehS ol = AT No. RS-2023-
00242396, 50%)

i)l
ror

5. &0 F

[1] A. Leverrier and P. Grangier, “Unconditional Security
Proof of Long-Distance Continuous-Variable Quantum
Key Distribution with Discrete Modulation“Phys. Rev.
Lett. 102, 180504 (2009).

[2] A. Leverrier and P. Grangier, “Unconditional Security
Proof of Long-Distance Continuous-Variable Quantum
Key Distribution with Discrete Modulation“Phys. Rev.
Lett. 102, 180504 (2009).

[3] Fossier, Simon, et al. "Improvement of continuous-
variable quantum key distribution systems by using
optical preamplifiers." Journal of Physics B: Atomic,
Molecular and Optical Physics 42.11 (2009).

[4] Djordjevic, Ivan B. "Optimized-eight-state CV-QKD
protocol outperforming Gaussian modulation based
protocols." IEEE Photonics Journal 11.4 (2019)

[5] A. Becir et al., “Continuous-variable quantum key
distribution  protocols with eight-state  discrete
modulation,” Int. J. Quantum Inf., vol. 10 (2012)

[6] Sayat, Mikhael T., et al. "Satellite-to-ground continuous
variable quantum key distribution: The Gaussian and
discrete modulated protocols in low earth orbit." /EEE
Transactions on Communications 72.6 (2024)



