Supplementary material: Measurement-device-independent quantum key distribution
for Scarani-Acin-Ribordy-Gisin 04 protocol

Akihiro Mizutani,’ Kiyoshi Tamaki,? Rikizo Ikuta,! Takashi Yamamoto,' and Nobuyuki Imoto’

! Qraduate School of Engineering Science, Osaka University, Toyonaka, Osaka 560-8531, Japan
*NTT Basic Research Laboratories, NTT Corporation,
8-1, Morinosato- Wakamiya Atsugi-Shi, 243-0198, Japan

I. DETAILS OF THE SIMULATION

Here we describe the details of our simulation. The quantum efficiency and the dark counting of the detectors are
n = 0.045 and d = 8.5 x 10~ 7, respectively. The loss coefficient of the quantum channel is ¢ = 0.21dB/km. We denote

a = cos(m/8) and b = sin(7/8). We define that pET;gn )is a probability that the photons are detected as the successful
event of Type 4 conditioned that Alice and Bob emit n and m photons in the states |p,) and |¢p) for a,b=0,...,3,
respectively. ¢; 45 is the probability of the successful detection of Type ¢ conditioned that Alice and Bob emit photons
in |pe) and |gp), respectively. Assuming that Eve is in the middle of Alice and Bob, the channel transmittance to
Eve from Alice is the same as that from Bob. Denoting that [ is the distance between Alice and Bob, the channel

transmittance for Alice and Bob is
T — 10—{0.51/10. (1)
In the following, we give the experimental data for the simulation (i) when Eve postselects the events with n < 1 and

m < 1 by the QND measurement before mixing the pulses from Alice and Bob (see Fig. 2(a)), and (ii) when Alice
and Bob use quasi single photon sources by the SPDC (see Fig. 2(b)).

A. Case (i) Eve performs the QND measurement.

Each of Alice and Bob uses a phase randomized weak coherent pulse with the mean photon number of p. The
probability p,, for n-photon emission is

For later use, we define the equations

fi = (1=d)?2n%a®V* (1 + 3d) + 2n(1 — n)d + 2(1 — n)*d?), (3)
fo = fi—(1—d)*2a°Vn?, (4)
fs = (L—d)*(nd +2(1 — )d2>7 (5)
fr = (1—d)*2d% (6)

fs = (1—ad)?2n%a®b*(1 + d) + 2n(1 — n)d + 2(1 — n)?d?).
(7)

In the following, we give an’m and el(rélT).
For Typel, we have

QY = PR @pted + iy + iy /4, (8)
ehil = pRlpth ”/(2@“ 1y, (9)
Q1 = pi(wpa(w)2os) + o) + p'3)/4, (10)
e = pulpa(u)pten /205, (11)
Q" = (2q1,00 + q1,01 + q1,12)/4, (12)
e = q1,00/(2Q1). (13)



Here the probabilities are expressed as

P = T2f+20(1=T)fs+ (1 - T)*fu, (14)
Pl = T2f +2T(1 = T)fs + (1 - T)*f, (15)
pi = T2fs +2T(1—T)fs + (1 - T)%fu, (16)
Pl = (L=T)T%fo+T(1 = T)fs + pi'so), (17)
P = (L=T)T*f +T(1-T)fs +pis), (18)
) = Q=TT fs + T(1 - T)fs + {33, (19)
q1,00 = Pg(Th)fa+ 2p0(T)p1(T) f3 + pi(Tw) f2, (20)
qro1 = p(Tw) fa+ 2p0(Tw)pr (T f5 + pi(Tw) f1, (21)
qr12 = po(Tw) fa+ 2po(T)pr(Tw) f5 + pi(T) fs. (22)

For Type2, we have

(1) (pSLae) + pS'50) /4,
o ()pser /(4Q5Y)
(1)

1,1
QY = p?
_ .2
€2b1t =D

1,2 1,2 1,2
QY = pi(wp2(w)(Pssr) + p52)) /4,

(23)
(24)
(25)
e = pr(wp2(p)psey /(4Q8), (26)
(27)
(28)

Y = (g2,00 + g2,01)/4, 27
eg()t = Q2,01/(4Q§0t)7 28
where
1,1 1,1
pg oo) = pg 01)7 (29)
1,1 1,1
pg 01) = pg 00)7 (30)
1,2 1,2
Pg 00) = Pg 01)» (31)
1,2 1,2
pg 01) = pg oo)> (32)
42,00 = q1,01, (33)
42,01 = {q1,00- (34)

B. Case (ii) Alice and Bob use the heralded single photon sources.

From Ref. [1], the probability distribution function of the thermal state conditioned that the detector Dy clicked in
Fig. 2(b) is

L prl=(1—n)"+d)

P, = , 35
Pclick (1 + M)n+1 ( )
where Pk is the probability that the detector Dg clicks, which is described by
1+d)(1+ -1
Pelick = ( )1< HT]) . (36)
+pn

By defining ni, = 0T, the probability that n photons exist before the BS conditioned on the click of Dy is

Q, = " ((1 +d)(pnin)"” (ki (1 = m))" ) . (37)
Pclick (]- + ,U/nin)nJrl (1 + /j‘(nin + n—- Uinﬂ))nﬂ



(n,m)

(n,m)
and ey y;* are expressed by

For Typel, the relevant equations for

Y = pRepl + el +pihe) /4, (38)

et = PPpild /(201"Y), (39)

12 = PR pld + ol +p1i2) /4, (40)

e = Ppaplly) /2017, (41)

QY = (2q1,00 + q1,01 + q1,12)/4, (42)

e = q1,00/(2Q1"), (43)

where
Poc = hgs + 20m(1 = mn)g2 + (1= mn)2g1, (44)
Py = n2gs + 2ma(l = mw)g2 + (1 — 7)1, (45)
P = s + 20a(1 — gz + (1= mn) 201, (46)
pio0 = mhge + 202 (1 = mn)ga + 0 (1 — mw)g7 + 3 (1 — 7n) 202 + (1 = 7n) g1, (47)
P50 = nhos + 20301 = mw)gs + nA (1 — mn)g7 + 3mn (1 — 7i) 202 + (1 — 1)1, (48)
P1Y = nhgs + 2051 = min)gs + 1 (L = 1hin)g7 + 3 (L = 1in) g2 + (1 = 1) g1, (49)
q00 = Q5g1 +2QoQ192 + Q194 + 2Q0Qag7 + 2Q1Q296 + Z QnQm (50)
n,m=2

qro1 = Q4g1 +2Q0Q192 + Q1gs + 2Q0Q297 + 2Q1Q295 (51)
g1z = Qfg1 +2Q0Q192 + Q1 gs + 2Q0Q297 + 2Q1Q299. (52)

We note that in equation (50), we took the pessimistic scenario that all of the events for n > 2 and m > 2 are detected
as the bit error. Here g¢1,..., g9 are given by

g = (1—d)*2d? (53)
g2 = (1-d)*d, (54)
gs = (1—d)*(2a°b° + (a* +b")d), (55)
g1 = g3 — (1 —d)*2a%V?, (56)
g5 = (1—d)*(9(a*p® + a®b*) + 3(a® 4 b°)d) /4, (57)
g6 = (1—d)*((a"0* + a®b*) + 3(a® +b°)d) /4, (58)
gr = 93/2, (59)
gs = (1—d)*2a*b*(1 +d), (60)
go = (1 —d)*(a® +b° + 3(a** + a®b*)d) /4. (61)
For Type2, we have
&Y = PRpSes +pier)) /4, (62)
sV = Ppi) /(4QY), (63)
2 = PPy(plad) + pSed) /4, (64)
651,2) = P1P2p2 01)/(4Q(1 2 ) (65)
QY" = (g2.00 + q2.01)/4, (66)
ex' = qo,01/(4Q5"), (67)



where
pioe = pilol, (68)
it = Pl (69)
Phion = piors (70)
Phor = piiso (71)
42,00 = 41,01, (72)
¢2,01 = q1,00- (73)
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