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Abstract: <span>The notion of weak-degradability of quantum channels is introduced by generalizing the degradability definition given by Devetak
and Shor. &nbsp;Exploiting the unitary equivalence with beam-splitter/amplifier channels we then prove that a large class of one-mode Bosonic
Gaussian channels are either weakly degradable or anti-degradable. In the latter case thisimplies that their quantum capacity Q is null. In the former
case instead, this allows us to establish the additivity of the coherent information & nbsp;for those maps which admit unitary representation with
single-mode pure environment.</span>
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Open quantum systems %

The theory of open quantum systems describes the interaction
of a quantum system with its environment

Quantum Mechanics
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Evolution in Time or Space

» p'=D(p)

(after a tme mterval)
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Quantum channels, unlike classical channels. appear to have several different
natural definitions of capacity for transmitting information.
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Quantum capacity measures “how good™ 1s a channel to preserve the quantum coherence
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Quantum channels, unlike classical channels, appear to have several different
natural definitions of capacity for transmitting information.
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---------------------------------------------------------------------

S.Lioyd FPR4 1997 H Bamum

Q(¢D) lim — w-f(p tb”') P2i 198 T Devest 228
Trans. Inf. Theory 2005.

b Coherent information J (p, (I)) — S(p 1‘) - S(PE u)
where
Von Neumann entropy S(p) - Tr[plogzp]
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Quantum channels, unlike classical channels, appear to have several different
natural definitions of capacity for transmitting information.
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Quantum capacity measures “how good™ 1s a channel to preserve the quantum coherence
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Coherent information J(p,([)) S(p l*) S(PE')
Von Neumann entropy S(p) - Tr[PIOg,_p]

S Llioyd PR4 1997 H Bammm
MA Nielsen B, Schumacher
PR4 1998 1 Devetak IEEE
ITrans. Inf. Theory 2005.
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Weak-degradability and anti-degradability
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Characteristic functions and Gaussian states %
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Complementary channel
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One-parameter family of unitaries %
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Beam-splitter and amplifier channel
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Degradability propertie
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Degradability properties %
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Degradability properties
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Degradability properties %
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A better bound for maps with Q=0

i

AS. Holsvo, R.F. Wamar PR4 2001

: 1 [ > +1
4' E M};-( , _l)
i 3 2\ |- —1|
i oz
3t é )
& % -11
- 53]
2 E J Fgz. 2006
;7 |2
@"'33? ° 8,
i B 4 |
. e |
”~ 0.5 1 = 2
Pirsa; 07080004 k Page 62/133

T (N, 1s the averace photon mumber of the sinele environmental mode in a thermal state)



Conclusions and Outlook

Page 63/133

F. Caruso and V. Giovannetty, Physical Review 474, 062307 (2006), quant-ph/0603257



Conclusions and Outlook

4 The notion of weak-degradability of quantum
channels 1s mtroduced by generalizng the :mnmem

degradability defmition given by Devetak and

Shor. We consider the physical picture of the i l
noise evolution of an open quantum system

interactmg unitarily with an environment

prepared m a mixed state.
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Conclusions and Outlook
% The notion of weak-degradabilitv of quantum

channels 1s mtroduced bv generalizmg the uunmam
degradability defmition given by Devetak and
Shor. We consider the phvsical picture of the ‘ l
noise evolution of an open quantum system
interactmg unitarily with an environment
;n'lf:-;:».':\rt:di n a mixed state.
L # We prove that the Bosomic Gaussian
a —.D_’ _ channels are etther weakly degradablf or anfi-
Y .’ degradable. ie. either Q=Q' (additivity) or
P—Fﬂfﬂ > Voo foiiis Q0. respectively, exploiting the fact that
— . p— these maps are umtanly equivalent to Beam-
< Splitter’ Amplifier channel.
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Conclusions and Outlook
% The notion of weak-degradability of quantum

channels 1s mtroduced by generalizing the Lmnment
degradability defmnition given by Devetak and
Shor. We consider the phvsical picture of the i l
noise evolution of an open quantum system
interactmg unitarily with an environment
prcparcd m a mixed state.
k w'- ffa- B # We prove that the Bosomc Gaussian
a —.b_’ _ channels are etther weakly degradable or anti-
Y ." degradable. ie. either Q=Q' (additivity) or
P—Fﬂf‘n - Voo b= giis Q0. respectively, exploiting the fact that
— . p— these maps are umtanly equivalent to Beam-
< Splitter/ Amplifier channel.
l‘—m+qﬁ

4 A new set of channels which have nuil -n.,r
quantum capacity is identified. This is done by
exploiting the composition rules of one-mode
Gausstan maps and the fact that anti-degradable
channels cannot be used to transfer quantum
mformation (1.e.. Q=0).
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{1 “Gaussianity implies weak-degradability™: 1s it true for finite-d systems?
¥ The answer 1s YES !!!
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p = 3[[+r-0]

(R

[f + (t + Tr]*n'l
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- q = . H*E!!
Qubit quantum operations )

Bloch representation
p = 3[[+r-o]
pra \ MB. Ruskai. S. Szarek. E. Wemer, Lin Alg Appi 2002

[ 1 0 0 0

D (l}[f +r-rr]) = l}[f +(t + Trl*n‘l

- '\, 0 0
0 N O
\ C) 0 A3
t i i
5
_;_{-‘-“ Y
& ‘ /
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Qubit quantum operations )

2
Bloch representation
|
= %[I+r'g] ‘I’(;[f—-i—r-n]) [ {t+Tr]+rT|
PP | \ MB. Ruskai S. Szarek. E Wemer, Lin 4Alg Appl 2002

(1 0 0 0

&\-—*
e =

h:al--

T — C\ 0 0
0 A | 0
\ L

t j |

Qubit channels with qubit environment in a pure state

(1—A2)(1="%2)






Qubit Gaussian channels

D(p) = Y AipAl 0)=Y A 6A,
(p) ; kPA, —— I‘I’H( ) ZR: L OA,

Schroedinger picture TI'[(I)([J') 9] i TI'[/J' (I)H(Q)] Heisenberg picture

Qubi1t Gaussian channels

B (D(€)) = D(a€ + bE) f(€

Bosonie Gaussian channels
p D@ =DE" D) (KL
n g
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Qubit Gaussian channels

(o)=Y  A.pAl 0)=9 Alegl’
() ; %% T Jual channel F”” ; T as

Schroedinger picture TI'[(I’([J') (.)] = TI'[]J' @H(g)] Heisenberg picture

Qubit Gaussian channels

B (D(€) = D(a€ T bE) (€
X'(§)) = x(a& + b&*) f(&)

Bosm::lc Gaussian channels
p D@ =DEK"DEK?)
S

-5



Qubit Gaussian channels

dual channel

Schroedinger picture TI'[‘I)([J') (.)] = Tr [/) (I)H((.))] Heisenberg picture

d(p) = ZAkpAI_ — FH(B) = Z AleAl
k k

Qubi1t Gaussian channels

Dy (D(E)) = D(a& +bE7) (€
X' (€)) = x(a& + b&™) f(€)

Bosonie Gaussian channels

S
‘fg‘/ If AMAo= A3 & i =1 =1
kS
A1+ A2 Al — A t
- / _ 1L TA2, AL~ A2, 13 o
- x@)—-x( e f)[l fg]
.



Some examples of qubit channels

# Bit flip or dephasing channel

# Bit-Phase flip channel

#Amplitude damping or BS channel
#Generalized amplitude damping or BS channel

Gaussian
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Some examples of qubit channels

# Bit flip or dephasing channel

# Bit-Phase flip channel

#Amplitude damping or BS channel
#Generalized amplitude damping or BS channel

Gaussian

Bit flip or dephasing channel: it flips (0> to |1> with probability 1-p
do = VpI=\p (:} I:)

_ _ 0 1
Ay = v’l-ﬂﬂ::v“”(l u)

ty =t =t3 =0 (unital map)
/\1=1- A2=A3=2p-1
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Some examples of qubit channels

# Bit flip or dephasing channel

# Bit-Phase flip channel

#Amplitude damping or BS channel
#Generalized amplitude damping or BS channel

Gaussian

Bit flip or dephasing channel: it flips |0> to |1> with probability 1-p
1 0

A = ﬁf:ﬁ(u l)'

b - e (3)
ty, =ty =t3=0 (unital map)
/\1=1. )'4.2=/\3=2p—1

Phase flip chamnel: it flips |1> to -|1> with probability 1-p

s vir=vi 1 9).

— | (0
A vi—po \_L—p(“ [)
, & t) =ty =t3 =0 (unital map) X (&) = Xe(E)tXal{2p—1)E)
Pirsa: 07 84 _.\;{ . j_ ‘ ;\]‘ i ,‘\-1 i -)I“ N 1 %!J‘i} |' — f;).. '.-f_,l b 2 -Ir}q_.l'! -ijag&Sﬂ@

- — Phase dampine channel



Some examples of qubit channels

# Bit flip or dephasing channel

# Bit-Phase flip channel

#Amplitude damping or BS channel
#Generalized amplitude damping or BS channel

Gaussian

Bit flip or dephasing channel: it flips (0> to |1> with probability 1-p
Ao vpI=Vp ( {Il Ill )

| 4 = ViTpa=vip (] ,)

tp =t> =t3 =0 (unital map)

/\1=1- )12=A3=2p-1

- = 1 0
— V!‘" = P 01 )
= +/1—po; -vi—p('ll _”1)

& t) =ty =t3 =0 (unital map)
Pirsa: 07 4 A:;:l_ /\1 =,\2=2p—l

‘lf Phase flip chamnnel: it flips |1> to -|1> with probability 1-p










Qubit-qubit channels (pure environment)

Qubit channels with qubit environment in a pure state |()) é
XD = (11— X) ¢,—*.¢
g all Gaussian channels!

Ay = cosf# 0O e 0 sino
=0 0 coso )T 2T \sing 0

cos(26) — cos(20)
2

ty =ta =0 ty =

26 3(2
A1 = cos(@ — ¢) Ao =cos(@+¢) A3= cos(26) :I;COb( Q)
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3= (1= A1 =AY

all Gaussian channels!

Ay = cos/ 0O & 0 sino
T 0 coso )0 2T \sind 0

cos(26) — cos(20)
2

L=t =0 o

cos(26) + cos(20)
9

A1 = cos(f — @) A2 =cos(@ 4+ @) A3 =

5 cos(26) — cos(20) _ .
(&) = x(&cosBcoso — £ sinfsino) [1 + =) - ) ¢ }

Pirsa: 07&&4 Page 92/133

* 0s(26) — cos(2
) S ®p(D(€)) = D (EcosBcos & — £ sin b sin o) [1+“’( ) = ook "’55-]



2=(1-A)(1—X3)

all Gaussian channels!

Ay cosf 0O A, — 0 sino
=0 0 cosep ) 2T \sind 0

cos(26) — cos(20)
2

t =1t =10 ty =

cos(26) + cos(20)
2

cos(26) — cos(20) .
1 <

A1 = cos(f — ©) Ao =cos(f+ @) A3 =

< Y (&) = Y (Ecosbcoso — £ sinfsino) [l +

08(26) — cos(2
7 Py (D(E)) = D (Ecosfcoso — £ sinfsin o) [1 & cosi2d) : Cos(20) E.]

" 4 &g =4 Bit-Phase flip channel o
. 7 Ty Amplitude dampine or BS channel






Qubit-qubit channels (pure environment) .

®,..(0.9)

Qubit-qubit channel

D (6, @)

Qubit-qubit complementary channel

wliy

P ™

)

0)Q
: —*—w

9
0)Q

-
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Qubit-qubit channels (pure

Qubit-qubit channel

Qubit-qubit complementary channel

cos(@) =

Y (§) = x(Ecos@sing — £*

F
&

A
el

'

5
S
&

G (D(E))

‘o,
-

Pirsa: 070 84

e

environment)

sin @ cos o) [1

= D (&cosfsing — £ sinf cos @) [1 +

LEol

0)Q

.

0)Q
=

sm(@)

9
¥y

cos(26) + cos(20)

. E_E’]

cos(26) + cos(2 o)”xl
1 oS

the complementary map is a Gaussian qubit-qubit-meap!



Weak-degradability of qubit-qubit maps (pure env.) g
. =

e ?

‘Ij O (I)q”f”f {) = Ei)qu.bii (p)
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wiy
Weak-degradability of qubit-qubit maps (pure env.) %
=

0—* ? *

—~

lIf (I)qubef — (I)qu-bf-f (p)

-----------------------------------------------

—
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e

Weak-degradability of qubit-qubit maps (pure env.) %

2/
0) : ! 0) ! 0)

(‘I’ O (Dr;-ubif)(p) = (un.bfi (ﬂ)

-----------------------------------------------
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.‘&\-ﬂ'

et

Weak-degradability of qubit-qubit maps (pure env.) §

[0); ! 10) », |

—~

(‘I, O (I)q'ubif)(p) = (I)qu.f)-ii‘.(p)

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

)
10)

—

\P = (brllu.f}if(etr- G),I') ({unhﬁ(g.r- m.r] O {I’quh;r.)(ﬂ) — I)qufur(ﬂ)

0s(26) — cos(2 2 (2
degradable cos(20,) = CoN ) “"“’( 0) + 2cos(26) cos(20)
0s(26) + cos(20)

c-hamlels : (20, ) cos(260) — um(Qr;-J} — 2c0s(26) cos(20)
— COS| £¢ r
(i.e., Q=0Q") VAR cos(260) + cos(20)
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z

Weak-degradability of qubit-qubit maps (pure env.) &&
0)

—~

(‘I’ O (I’qubif)(p) — (I)fa'“bﬁ(p)

lllllllllllllllllllllllllllllllllllllllllllllll

’

10)

—

"P — (I)q“f;j_t (91'; . @,r) ( {I)quhif ( 9.1' «Dr ] Q {I)quhif ] ( )O) = (I)quhir { f))

cos(260) — cos(2¢) + 2cos(20) cos(20)
cos(26) + cos(20)

degradable cos(20,) =

c.hannfi{s ) aghe _cos(20) — cos(2¢) — 2 cos(26) cos(20)
. (ie, Q=Q) cos(20:) = cos(260) + cos(20)
B i cinsvisviiilBoevooiioissopinnosninoollucs
-.sé:? * fOI' COS(QQ ) / COS(Q(D) g 0' MM Wolf, D. Perez-Garcia, quant-ph/ 0607070 (2006)

& ‘ / ................................................ | 3
-e'! anﬁ_degmdable ((I’Ij ub:f( b {DI) o (I)qubf?t )({)) — (I)qu.bif ({))

cos{ 26) + cos(20) — 2 cos(28) cos(20)

sl =
- channels soRta) c0s(28) — cos(20)
S 0s(260) + cos(20) + 2 cos(20) cos( ZHF 101
- L con(28) + cos(26) + 2oos(20) coslZ8
( Q ) cos( 20 ) rervel THYY . vl Den )







.
Weak-deeradability of qubit-qubit maps (pure env.) §
- e ubit-q ps (1 )

—gie_. -

—

(LI; O q)q'ub-it)(p) = (I)qubit(p)

lllllllllllllllllllllllllllllllllllllllllllllll

0)

—

‘I’ — <I)q”};it (91;-_. @I) ((I)qu.f:if(g.r- 0.:‘] Q {I)q'uhif)(p) = (I)quhir(f) )

cos(26) — cos(2¢) + 2 cos(26) cos(20)
cos(260) + cos(20)

degradable cos(26,)

chammels : ) c0s(26) — cos(20) — 2 cos(26) cos(20)
— cos( 20, —
. (i.e., Q=Q) A cos(260) + cos(20)
RN e eesssassnsesnsesilianie
é‘? fOI' COS(ZQ)/ COS(Q(D) g 0- MM. Wolf. D. Perez-Garcia, quant-ph/0607070 (2006)

! anﬁ_degmdable ((I’qu.b-it( IOI) © (i)qubit)(p) . (I)qubif(p)

cos{ 26) + cos(20) — 2 cos(20) cos(20)

ek <) =
- channels coR(ts) c0s(20) — cos(20)
i (l e. Qzu) cos(2,) = cos(20) + cos(20) + 2 cos(20) cos( ZdF 101

rernel THYY . peval Den )







Qubit-qubit channels (mixed environment)

plOy Ol + (1 — p}1){1]

3 @, (p) = BopB} + B1pB} + BopB} + B3pB]
~0s ¢ 0
By = /pAg = V’ﬁ( HH ) By = /1 —p o.:400:

COS O
0 sino R s . A0,
By = /pA, = \/I_J( <in @ ’ 0 ) By =+\/1—-po.:A0
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Qubit-qubit channels (mixed environment)

plOy Ol + {1 — p)[L) (1]

& ®,.,(p) = BopBl + BipB} + BapBl + BspB]
osf 0
By = \/ﬁ:l” = \/ﬁ( (‘(3 ) B‘Z — V = P J.I'-‘;l-(]ff.r

COS @
B[ — \/}3‘_11 = \/}3 U S @ B;; =\ 1 — P rT_r:llfTr
sin ¢ 0
0s(26) — cos(2
q(D(&)) = D(&cosBcoso — £ sinfsino) [l +(2p — l)“h{' ) " SO O}EE"
all Gaussian channels!
{f

n g
.*S‘é >
b ‘ /
~
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Qubit-qubit channels (mixed environment)

pIOY Ol + (1 — p}|1) (1]

& @, (p) = BopB} + BipB} + BopB} + BspB,
08 ¢ ()
By = /pAo = \/ﬁ( ”H ) By = \/1—po,A90;

COS
0 sino e - Ao,
R S P '

cos(26) — cos(20
H(D(&)) = D (£cosBcoso — £ sinfsin o) [l +(2p—1) i 1 S lff‘]

all Gaussian channels!

é pl0Y{0] + (1 — p)|1) (1]

9

‘i) m

qubit(P) = Trs[U (p ® (pl0)(0] + (1 — p)[1)(1])) U]
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Qubit-qubit channels (mixed environment)

plO Ol + (1 — p}1){L]

cos ()
By = /pAo = /P ( " )

0 COS O

By = +/1—po,A00:
By = /pA = \/3—5( . S ) B; =\/1—-po.A0;

sin ¢ 0

.l. b T

0s(260) — cos(2
H(D(&)) = D (£cosBcoso — £ sinflsino) [l + (2p — l){” ) ﬂ}cc']

all Gaussian channels!

é pl0}{0] + (1 — p)|1) (1

& & @0 (p) = Trs[U (p = (p|0)(0] + (1 — p)[1)(1])) U]
..;».‘ ~

A 5

¥ ) *08(26) + cos(20) _
-y ®F(D(E)) = [De(f) + (2p — 1)Dy( f)] [H“” )4“” "”EE*J

Page 108/13
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Qubit-qubit channels (mixed environment)
plOY Ol + {1 — p)| L) (1]

Py (p) = Tre[U (p = (pl0) (0] + (L —p)[1)(1]) UT] ¥

3 ", (p) = BopB} + BipB} + B2pB} + BspB;
0s 6 ()
By = /pAg = \/5( (‘(:g - ) Bs = /1 —p 0,:490:

COS ()
() Siﬂ@ B —a l —_ r‘-l r
By pia= ‘/ﬁ( sin/ 0 ) ; i

08(260) — cos(2¢
(D)) = D (£cosBcoso — £ sinflsino) [l +(2p — l){“ LLP) — OO ﬁjf_f‘]

1
all Gaussian channels!

& _pl0}{o] + (1 —p)|1){1]
*D';’,;m«(ﬂ} Trs[U (p @ (p|0){0] + (1 — p)|1){1])) U]

)

cos(20) + cos(20) __,
(2p - 1 ] [1 ( ) _]: Pa]geElO§/13:;|

i F = fcosBsind — £ sinf cos o



Qubit-qubit channels (mixed environment)
plO {0l + (1 — p)|1)(1]

Bppi(p) = Tre(U (o= (pI0) (0] + (1 — p)[)(1) UT] I

3 ®,.,(p) = BopBl + B1pBj + BapB} + BspB]
08 6 0
Bp = /pAg = \/ﬁ( ”3 : ) By = /1 —p 0,490

COS
0 SN Q@ Q = —_ g >
By = /pA = \/}3( - . 6 ) By =\/1—-po.:Ao

‘0s(26) — cos(20
P (D(E)) = D(&cosBcoso — £ sinfsino) [l + (2p — 1){”‘{' i IEE']

4
all Gaussian channels!

é plOY O] + (1 — p)|1) (1]

®,0(p) = Trs{U (p  (pl0){0] + (1 = p)[1)(1])) U]
the complementary map is not a qnblt-qnbtt
map with mixed environment!
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~ ®T(D(E)) = [De(f) + (2p — 1)Do(f)] [1 cos(26) —I—c-.oﬁ(‘l’@]&:]

g F = fcosBsinod — £*sinf cos o



Qubit-qubit channels (mixed environment) %

plOY Ol + {1 — p)|1) (1]

P, (p) = BopB} + B1pB} + BapBl + B3pB]
08 6 0
Bp = /pAo = /P ( ﬂg ) By = /1 —p o490

COS
0 5in @ B —_ aid -

0s(20) — cos(2
T(D(€)) = D (EcosBcoso — £ sinfsino) [l +(2p—-1)— L, " = D}EE']

all Gaussian channels!

é pl0Y{0] + (1 — p)|1) (1]

P (p) = Trf_.;[U (p & (pl{)}':nl +4{1 “PHI}{IIHE"?!

ﬁ' qubit
& = - -
& = ¢ the complementary map is not a qubit-qubit
& ‘ / map with mixed environment!
l ¢ the complementary map is NOT Gaussian!
F, 171 : 005(29) = C%(QO] *
- : Py (D(E)) = [De(f) + (2p — 1) Do(f)] [1 o ) —eS

g f =fcosfsind — E*sinf cos o



- i " " ' &
Weak-deg. of qubit-qubit maps (mixed env.) &
for cos(260)/cos(26) > G (¥ 0 ®yipir)(p) = Pgipic(p)

pl0} (0] + (1 — p)|1) (1] pi02{0] + (1 —p) 1)1

a
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.
Weak-deg. of qubit-qubit maps (mixed env.) %
:.:................--..........-.: ----------- m m o

for cos 26)/‘305 20) > 0: (lll Ot r;uhif)( r;ufnf(p!

plO3 {0l + (1 —p)|1){ plO}{0| + (1 — p}1)

e g - -‘#&

cos(28) — cos(20) + 2 cos(26) cos( 20

‘Teak]'}' dEgradable Poeaner = cos{ 26} + cos( 20)
Chﬂﬂﬂ@l& cos(2.) = cos( 20) — cos(20) — 2cos(28) cos{ 20)

cos{ 26 + cos(20)
|
! 50>

O | Phase flip channel

e
£
-
S
C

e‘-“/
o,
~
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r|.

------------------------------------------

&u’
Weak-deg. of qubit-qubit maps (mixed env.) )
fol LUH(ze)/C(J‘a 20) > (): (W o o, }p) = p' (;0;

............................................ qubit ‘f”b"f
plO} O] + (1 — p)|1)! plO}{0l + (1 — p)1)
: cos{ 20} — cos|20) + 2cosi26) cos(20)
“.Eak‘ly degradable Setel = cos{26) + cos(20)
= w5l 28) — eos{20) — 2 cos(28) cosi{ 2o)
Chaﬂnels co8(26.) — cos| 28 ) — cos| 20 cos( 20) cos{ 20)

cosi 26 ) + ¢ sl 20)

0)

O | Phase flip channel

------------------------------------------
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. ¥
Weak-deg. of qubit-qubit maps (mixed env.) )
:--............---....-...-.-.--------------: m = m e/

for cos 26)/'{(]"(70) > 0 (‘II o< qubsf)(p) qubn‘(p!

;:|{] Ol 4+ {1 —p) 1) ;Jlﬂ Ol +(1 —p)l}

e g - %

cos{ 26} — cos{ 20) + 2 cos(26) cos( 2

“‘ Eﬂl\l\f de"]rﬂd‘lble £ EH'F'I = Cos| T'|E|'| = 0S| }r_i

cosl 20) — cos|( 20) — 2cos(28) cos( 20)
Challnels cos{2e:) = - -
cos{ 260) + cos(20)

O | Phase flip channel
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Weak-deg. of qubit-qubit maps (mixed env.)

: ------------------------------------------ r"!

for cos(26)/ cos(2¢) > (): (Woc r;ubsr

plOY (0] + (1 — p)|1) (1] x”'ﬂ \0

plly
¥ 17

qubit )O!

+ (1 —p)|1){]

—le— —gife - %

cos{28) — cos{20) + 2 cos(26) o

weakly degradable RoEL0e) = cos(20) + cos(20)

cos{ 20 ) + cos( 20)

channels (5. cos{ 26) — cos(20) — 2 cos(28) cos{20)
cos(20,) = T
<m>

O

Phase flip channel

& ior cos(26)/ cos(20) < 0
& /‘ (I):;:tb”(ﬁ)) = (I)qu.hit (,0) + (1 — p) Oz :;:,It.bf!

(rpoy)0,

Page 116/133
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Weak-deg. of qubit- 1 ubit maps (mixed env.) %

=/

sz bt ol s |
for cos(26)/ cos(28) 2 & (¥ 0 iir)(p) = Pnir(p)

pl0) (O] + (1 —p)|1) (1] ;:lﬂ {0l + (1 = p)|1) (1]

—*—-—1#—- —}i&-

cos( 28) — cos(20) + 2 cos(26) o

weakly degradable o W) = cos(28) + COs(20)

08(20) — cos(20) — 2 cos(20) cos(2¢
Channels cos(2d;) = con — if'l = s Sd,
| cos(26) + cos(20)

O | Phase flip channel

(1 —p) 02Pgpit(02p0z)0 2

.Q-'."‘
ol

) / (I):;:ﬂut( ) =} (I)f,l'if-h'if(p_)
‘o

Page 117/133

e | Dese gubit-gubit maps vith mixed environment cannot transfei guaninm miormaten:.
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e
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el
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pe—
e—
[—
Jra—y
2
r
rﬂ—\
Yl
r—.
o
[ —
-

E
o Gos 391/ GBI S (0 @)(p) = ()

plOY 0l + (1 — p)| 1) (1] plO}{0| + (1 — p)|1) (1]

—e g -

cos(28) — cos(20) + 2 cos(260) cos{20)

“'Eakly dﬁ‘gl‘adﬂble e ) = cos(26) + cos(20)

. 08| 20) — cos{20) — 2cos(28) cos( 20
channels cos(26.) — cos{ 28) — cos(20) cos( 20) cosl 20
cos{ 20) + cos( 20)
0)

O | Phase flip channel

--------------------------------------------

& ® T

/ (I)qubff(p) =} (I)Q'H-hﬁ(p) .y (1 - p) Ox :;:ibéf(g-l?pa-l‘)g

| T
o Q=0 s Q=0
d 07& 4 /mmp by using a “bottleneck™ mequality gq) ) 0 s 1

<. These gubit-gubit maps with mixed environment cannot transfer guantum information!

] 1=
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Conclusions and Outlgok

# We prove that the Bosonic Gaussian #

channels are etther weaklvy degradable or anti- _ & s e
degradable. ie. either Q=Q' (additivity) or '_’b_'

. . : 3
Q=0. rtsptct:tvcbn cxplothng the fact that these % v S
maps are umtanly equivalent to Beam- = Vo= o JFB
Splitter’ Amplhifier channel. .
v
P —I'c-rﬁ
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Conclusions and Outlook

¢ We prove that the Bosonic Gaussian

channels arc cither weakly degradable or anti- & g ¥~ Fa S
degradable. ie. either Q=Q' (additivity) or “_’b_'

Q=0. respectively. exploiting the fact that these = v i i
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p'=D(p)

p&

Ca m;}l menta
Bosonic Gaussian Channel (I)(p)

and

2'@)=2(K'2) §(K2)

Im
K. K, are linear maps between the phase spaces and Z = \/E
Re u

where
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' Complementary channel
" ~a " . ' —_— D
Bosonic Gaussian ( }'1311_1'161 pl = (I)(p)

and

2'@)=2(K"2) &(K}2)

Im x
K. K, are linear maps between the phase spaces and Z = \/E
Re u

where

Page 133/133

A Balse=s B F Wammases PR 4 TN



