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I. DENSITY MATRIX ELEMENTS OF DIFFERENT DECOHERENCE CHAN-
NELS

Decoherence caused by an unavoidable interaction between a system and environment can
be expressed by the corresponding Kraus operations acting on the system state. As men-
tioned in the main text, given a generalized three-qubit W state pguw, when only Charlie’s
qubit under a quantum channel with the decoherence strength d, the state p,ir evolves to
e(papc) = >0 (I @ 1P @ KS)pyw(I* ® IP @ KS)T. With the corresponding Kraus op-
erators shown in Table / in the main text, the nonzero matrix elements p;; of the evolved

state in the ADC becomes
P11 = 042d, P22 = 042(1 - d), P23 = P32 = aﬁm,
P33 = B2, pas = psa =Vl —dy/1—a2—p2 (1)
pss = pss = B/ 1—a%— B2, pss=1-a— 3

the nonzero matrix elements p;; of the evolved state in the PDC becomes

paa = %, pag = p3a = afV1 —d,
pss = 3%, /325:/)52:04\/1—61\/1—@2—52, (2)
pss = pss = BV/1—a? =2, pss=1-0a -3,

and the nonzero matrix elements p;; of the evolved state in the DC becomes

pu=a’d[2, pp=a’(2—d)/2, py=pp=ab(l-d),

pss = 22— d)/2, pas = ps2=a(l —d)y/1-a? = 32,

p3s = pss = B2 —d)V/1—a? = 32/2, pu = 3d/2, (3)
pis = pea = Bd\/1— a® — B2/2,

pss=(2—d) (1—a® =) /2, pes=d(1—a*—3%) /2.

In addition, the reduced state between Alice and Bob, Alice and Charlie, Bob and Charlie
can be obtained by taking the partial trace of the density matrix e(papc), i-€., €(pap) =

Trele(papc)], e(pac) = Trple(pasc)], and €(ppe) = Trale(papc)]. The nonzero matrix

elements p;; of the state e(pap) in the PDC becomes

P11 = 042; P22 = 527 p33=1— o — 527 P23 = P32 = 5\/ 1—a?— /2% (4)



The nonzero matrix elements p;; of the state e(pac) in the PDC becomes

/)11:52, /)22:062; /)33:1—042—52; /923:/332206\/1—d\/1—042—52- (5)

The nonzero matrix elements p;; of the state e(ppc) in the PDC becomes

/)11:1—042—52, 1022:042; ,033:527 P23 = p32 = affV1 —d.



