Measurement-based QIP with
minimal resource graph states
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sIntroduction to Graph States and their properties
i -Welghted Graph States
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«Summary and Outlook




Q: What is a graph state?
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Introduction to Graph States and their properties

A simple graph state 2) Application of CZ’s

1) Preparation of |+>

CZ: (020> ~> 0> 0>
: 1> > [0>[1> .

> |1> |05
e R ek

| P> = |+:=- |+:=- |+:=- |+:=-

| P> = 1!4(|+:=- |+:=- |+:=- |+:=- + |+:=- |-:=- |+:=- |-:=-

+ |-> |+ |-> |+ = |-> |-> == |-> )
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More complicated graph states
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Hein et al., Socesdings of e infarmationa! School of Bhysics
"Ervico Farmit on "Cuanium Compuiters, Algorithms and Chaos”,
Warenna, [taly, July, 2005; also at guant-ph/0E02096

-Hein, Eisert and Briegel, PRA (2004)
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General Properties

if {a,b} € E,

otherwise.

Petersen Graph

Hein et al., quant-ph /0602096
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Entanglement in graph states is not always what it seems...

L Lecal Unitary (LU)
S A 3": by, equiﬁé]ént B

A nice example of local complementation and graph isomorphism
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Entanglement in graph states is not always what it seems...

Local Unitary (LU)
equivalent

-Hein et al., guant-ph/08020%96
-Hein, Eisert and Briegel, PRA (2004)
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Entanglement in graph states is not always what it seems...

10, Ric, 0, HR 10,0, H R0,
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Producing a box cluster in an experiment F walther et al Nature (2005)

F. Prevedel et al., Mature {2006)
+other groups. ..

(Geap) = (]0000) +[0011) + [1100) — [1111)); 234

Reafabafvertices 2 and 3

{ +Relabal vertices 2 and 3)




Introduction to Graph States and their properties

Producing a box cluster in an experiment

(Geap) = (]0000) +[0011) + [1100) — [1111)); 234

Therefore

{ +Relabalvertices 2 and 3)
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General classes of graph states: n=2, 3 and 4

List of connected graphs
up to 4 vertices that are
not equivalent under LU
transformations and graph
isomorphisms

Numberof non-
isomorphic but
LU-equivalent
graph5 e.g. All other

Not LU
equivalent

graphs are But equivalent
isomorphic to under LU and
these 4 isomorphism

Complete LU equivalence class another LU equivalence class
of graph No. 1 {Orbit)
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General classes of graph states up to n=6:

-Hein et al., guant-ph/0&02096
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Linear optical O 1 group — Zhao et al., Nature (2004)

Experimental generation: Many groups :
1 group — Lu et al., Nature Physics (2007)

Mot so many groups
1 group - Lu et al., arxXiv:0710.0278 (2007)
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General classes of graph states, n=7

-Hein et al., guant-ph/0802096
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Q: Why should we generate them at all?
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Grover's Algorithm:

Protocols!

Deutsch’s Algorithm:
W, S; Taime etal, PRL {2007)

F.Walther et al., Mature (2005)
K. Frevedel et al;, Mature (2006)

Decoherence-free
subspace processing:

W = Tame et al
MNP (Z2007)

F. FPrevedel et al_,

PRL (2007
(20%¢) Quantum Games:

M. Paternostro, M. S Tame, M. 5. Kim, MNJP (2005)
K. Frevedel et al., NJP (2007)




Protocols.

Grover’s Algorithm: and active feed-forward!
L k. Grover, Phys. Rev. Lett. 79, 325 (1997).




Protocols.

Deutsch’s Algorithm:

M. 5. Tame et al., PEL (2007)

(1/v2)[(=1)7]0) + (=1)7V 1)




Protocols.

Linear optical setup

Q...)

e

Ha o

R. Prevedel, M. 5. Tame, A. Stefanoy,
Information transfer protocol: 4 physical qubits M. Paternggtrgf M. S. Kimand A, Zeilinger

PRL (2007)

See also;
Kwiat et al., Science 290, 493-501 (2000)
for single qubit CFS encoding.




Protocols.

Quantum Games:

J. Eisert, M. Wilkens, M. Lewenstein, PRL (19949)
M. Paternostro, M. 5. Tame, M. S Kim, MNJF (2005)
E. Prevedel et al., NJF (Z2007)

Pareto Optimal f Nash thilibrium
(3,3) Payoff




Weighted Graph States

A simple weighted graph state 2) Application of €Z°

1) Preparation of |+> CZ° = diag(1,1,1, ")

SZ 05 10> > (0> 10>

RECRRRN0> (1> E S ST i o
L |1200> S T j0R S g
11> |1> ->exp[io] [1>|1> -

|q;>=|+> |+:=-

|G > = (10> [+> + [1> |->)
| Gw > =(|0> |+> + |1> |0.>)




Weighted Graph States

A simple weighted graph state

Concurrence

C(p) = max{0, Ay — Az

where the A's are the square roots of the eigenvalues of the non-Hermitian
matrix v = p{o, « o,)p* (o, = o) in decreasing order. Here p* is the complex
conjugate of p in the computational basis and each A; is a non-negative real

controlled phase (identity) e oy




Thanks for listening

References:

R‘Q;uagendﬂr :

7

gayne and Brﬁgel PRA 63, 022312 (2003).

meﬁt alf m@@ﬁﬂe?n@ﬁaﬁmgSMf of Physics 1

fk“?'mrfca;‘:&mf o "Ouanizim Computers, Algoritfrns and Chaoss
Varenna, taly, July, 2003; also at quambphﬁﬁ&ﬂ@@%

- ¥ n: - Hein, Eisert and Briegel, PRA [ 2004)
g --Browne and Rudolph, FREL (2005)

- P Walther et al., Mature (2003]

- R. Prevedel =t al |, MNature (2006)

- M. Paternostro I 5. Tame, M. S Kim, NJF 12005)
- R. Prevedel et al  NJIF (2007

-M. 8. Tame =t al ., NJF (2007)

- R. Prevedel et al |, PREL (2007)

-M. 8. Tame et al., PRL (2007)




