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Intro On importance of having
a shared reference frame

T(p)=[dQU@QpU ()=}

No SRF: no info transmission in one qubit

I'(p): lack of SRF works as a decoherence
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Intro Bartlett, Rudolph, Spekkens,
Phys. Rev. Lett. 91, 027901 (2003)
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Two qubits  7,(p,,) = [dQU,(Q®U(Q)pUL(QUL(L)

7 o
% L]

Four qubits (for dummies)

081)R0D1)=0D101000182=02 1% ®2

|

Invariant subspaces j=0,j=1
can be used to transmit one bit

N qubits (for dummies)

N
Total # of invariant subspaces = # cbits= log, [N /2]
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Four qubits (0®D)®O®N=001O1D0D1D2

|
0,)=]0;0)[0;0) |L,)=—=(ILDL-1)~[L0)[1;0)+[L-1)[L1))
J3
Three qubits 1Q1Q1=10183
Invariant subsystem 1@1-'1Q@C’
actionof Q: U(Q)=U,(QSU, (QQ)= X1,

cQ®p—>31,Qp
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0,)=1:0D)=F(ID-H-1-1l3)lz) logical basis
L) =502 =—Z(H-D+FHB)IE+ VAR5
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L 2 + Ignorance is power!
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Unitary Lorentz

Intro transformations

U)|p,o)= Step 1:
> D, [W (A, p)]|Ap, &) standard states &
5

standard Lorentz transformations

massive particles: £, =(m,0,0,0)

- =L K,
massless particles: k£, =(1,0,0,1) e

Step 2: state conventions

p,o)=U(L,)

k., >
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classical info

UN)

p,0)=
> D, [W(A, p)l|Ap.¢&)
&

Step 3: arbitrary
transformation
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4|~— spin
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p.0)=U(L,U(LLAL) |k, 0)
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U(AN)| p, O'> —
Intro ZDfa‘]AP=§>

4|~— spin
momentum Step 3: arbitrary
F classical info transformation
I

Step 4: little group W (A, p) = L‘

IN

L, L

Wksz ks ks—>p — p—)ks




U(N)| p, O'> —
Intro ZDJJ‘]AP=§>

4|~— spin
momentum Step 3: arbitrary
F classical info transformation
I

Step 4: little group W (A, p) = L‘

U(A)

L, L

Wksz ks ks—>p — p—)ks

Step 5: U(A)

p,6)=U(LLAL,)|Ap,o)




Intro

spin
momentum
classical info

Massive particles
k. =(m,0,0,0)
o =spin==;

W e SO(3)
D= em-ﬁ&,,,/z

On two vareties
of a little group

U(A)|p,o)=
> D [W (A, p)l|Ap, &)
&

Photons
k. =(1,0,0,1)
o = helicity=+1
W =358(a,P)R.(p) e E(2)

D, =¢&%6

5o e



On spolling of qubits by
Intro | orentz transformations
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classical info
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On spolling of qubits by
| orentz transformations

spin

momentum

classical info

U(A)|p,o)=
ZDfo'[W(Aﬂ p)]‘Ap, §>
&

*Wigner rotation for
momentum eigenstates
*Decoherence from the
lack of knowledge of A



On spolling of qubits by
Intro | orentz transformations

spin
momentum
classical info

v, (p)
W\ =[d
k3 I,u(p)[w(p)]w

Peres and Terno, Rev. Mod. Phys. 76,

U(A)|p,o)=
ZDfa'[W(Aﬂ p)] ‘Apn §>
=

‘Wigner rotation for
momentum eigenstates
*Decoherence from the
lack of knowledge of A

*Decoherence from spin-
momentum entanglement

93 (2004)
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How to make qubits

+

Objective: sharp momentum and position

W)= e ) = [jj] [dup)e=wp)lp)

v o G
w:Ng_p /24 A= Emec K mc

(W|W_)~exp(—a’A®/4h*) a>i/e

A W)= x[p)= [f}]m
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How to encode articles

JRPXW =@, e W) )= x|p)
U, (A)=®".U (A, p) D,y (€)= D(Q)®"

T (1), (¥]) = [ dAf (MU (M)F),, (P (M)

T (| 2)y (x]) = [ dF( QD (Q)| ), (21D (Q)

assume the worst case: 7(Q)=const

... and now it Is possible to use 4—1, 3—1...
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How to encode artidles

JRPXW =@, e W) V)= x|p)
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Spin-momentum P = J‘ d u( p)[% (p)]p>

entanglement w (p)

+Simple example:

w(p)=Nze® ™, Am<<l Pi=XX

5 i
T()OA) PA[1_4] ( O,pP,40, +JPAJy)§
2
1ﬁzl 1-4° A

S m

Recoverable, but info on both A and y Is required
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