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Recap of lecture 11 Aw
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1.Description of a Gaussian state on phase
space (covariance matrix, first moments).

2. Gaussian Wigner function.

3. How to transform the covariance matrix and the
18t moments under symplectic transformations.

4.Symplectic eigenvalues.
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1. Working out transformations.

2. Partial trace.
3. Thermal states.
4. CV teleportation.
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2-mode squeezed vacuum state T
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1 0 0 O
1 :
Vacuum state (2-modes) Vo = 2 8 0 (1) 8 No displacements
0 0 0 1
cosh¢ sinh¢ 0 0
| sinh&  cosh¢ 0 0
2-mode squeezer S¢ = 0 0 coshé  —sinhe |’ £>0
0 0 —sinh &  coshé
COS (g) 0 — sin (g) 0
1 phase shift for each mod 0 eos(g) 0 —sin(3)
phase shift for each mode 5, 4 = sin (9) 0 cos (2) 0
0 sin (%) 0 cosS (%)
_ Tv. T T _ 1 1
/ 0 cos (9%) 0 sin (9%)
cos <9+—¢) 0 sin <9+_¢) 0
M = 2 2
0 sin (%) 0 — Cos (%)




A 3-mode squeezed state

A

THE UNIVERSITY
OF ARIZONA

X

X

DO === = e

(-

~—"

E |
— apm—— i

Initial CM: V) = 2546
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We pay attention on
which modes each
transformation acts on

Transformation between steps 0 and 1:

Sor =diag(e”, 1, e, e ", 1, €")

512 =

Transformation between steps 2 and 3:

N =
—/1—n VN 0
0 0 1

Transformation between steps 1 and 2:
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0 N 1—7
0 —V1—7 /T /

S = S23312501

V = SV,St



2-mode thermal state from TMSV (partial trace) T@w
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_ _ 1 / g 0
re=0 0 2D Cainh 26
When we trace out a part of the @’

system we discard the CM
elements that contain momentum
and/or position of the system to be v 1 (Cosh 26 0 )

traced out. 0 cosh 2¢
Which in the form of a thermal state as we
saw in previous lecture for A = tanh ¢

A% = %,M: thermal photons

Problem 60: Trace out one of the modes of the following CM:

( 0 CcOS (9+7¢) 0 sin (9+7¢

cos ( 42 0 sin (#)

N—
J

(V)
-

V = % cosh 2§]2><2+% sinh 2&

-
N
— o
-]
VRS
>
h
-
N—
o
|
Q
@)
N
VR
D
_|_
-
N—




A

n-mode thermal state HE UNIVERSITY
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p=(1—-|\? Z IA*"n)(n], 0 < |A| <1 Thermal photons
1+|,\|
Vi, = 1 =N\ 02 1 cosh 2& 0 m
! 2 0 % 2 0 cosh 2€ M, —|—

Tensor product of n al states - Symplectic eigenvalues
1
M+ 5 \
; Mode 1

. Mode n
\ M, +1)

Remember: n-mode thermal state = generic Gaussian state, i.e, we can construct any
Gaussian state by applying symplectic transformations on a thermal state.

Therefore, the symplectic eigenvalues v; of any CM are of the form M; +2 : and their
minimum value is - when thermal photons are O (pure states). That is, v; > Where equality
holds for pure states
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(1), . e — .
: ] 1 :
(2, )
i - i i B ........... . E
3y X | i @_@_{_ .
v v v P
to tl t2 3
le(to) _ d1(0) le(tl) _ qu(tO) le(t2) _ (31(751)\;562(?51) _ @i/(g) _ Q2(to)—;(§3(to)
42(750) _ QQ(O)GT wgz(tl) _ QQ(tO)\—/l—%jg,(to) @42(752) _ (il(tl)\—/i-%b(tl) _ ‘fi/(g) 4+ QQ(to);ds(to)
G3(to) = G2(0)e™ qs(t1) = (b(tO)\;i(jB(tO) G3(t2) = G1(0) — V241 (t2) — v243(0)e™"

Similarly, for momentum ops:

Ps(ta) = p1(0) — v2pa(t2) + V2p3(0)e"



CV teleportation of any state Aw

OF ARIZONA

(1),

@ X By
(3) X 5 Q Q L
! tl t2 3
Gs(t2) = ¢1(0) — V241 (t2) — v243(0)e™" G3(t2) = G1(0) — ¢ — v243(0)e™"
A A A - Hom. Mes. A A o
p3(ta) = p1(0) — V2Pa(t2) + v2p3(0)e™" P3(t2) = p1(0) — p+ v2ps(0)e™"
Dis%cing
In CV teleportation, the protocol Gs(ts) = G1(0) — V245(0)e—"

is perfect in the limit of infinite
squeezing r. P3(ts) = p1(0) + v2p3(0)e™"
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CV teleportation of a coherent state e s
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|a) Unknown state to be teleported




Upcoming topics Aw
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Wigner functions and the rest of quasiprobabilities.
More physics into the picture.

More topics on Gaussian states: Getting more familiar
with the calculations. Fidelity, relative entropy etc -
Gaussian metrology.

No-go theorems.
Non-Gaussian states, photon subtraction/addition.
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