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We study the entanglement properties of a class of N-qubit quantum states that are generated in
arrays of qubits with an Ising-type interaction. These states contain a large amount of entanglement
as given by their Schmidt measure. They also have a high persistency of entanglement which means
that ~N /2 qubits have to be measured to disentangle the state. These states can be regarded as an
entanglement resource since one can generate a family of other multiparticle entangled states such as the
generalized Greenberger-Horne-Zeilinger states of <N /2 qubits by simple measurements and classical
communication.
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We present a scheme of quantum computation that consists entirely of one-qubit measurements on a
particular s of entangled states, the cluster states. The measurements are used to imprint a quantum
logic circuit on the state, thereby destroying its entanglement at the same time. Cluster states are thus
one-way quantum computers and the measurements form the program.
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One-way quantum computation

New kind of quantum computation

@ Is realized using only local conditioned projective measurements applied to a
highly entangled state called the cluster state,

@ as it is entirely based on local measurements, instead of unitary evolution, the
computation is inherently irreversible in time,

@ the technical requirements for the one-way quantum computation can be
much simpler than those for the standard circuit model.

L. G. E. Arruda (IFSC - USP) IWQCD1 - Cali - Colombia September 24, 2012



One-way quantum computation

L. G. E. Arruda (IFSC - USP) IWQCD1 - Cali - Colombia September 24, 2012



One-way quantum computation

PHYSICAL REVIEW LETTERS week ending

PRL 95, 210502 (2005) 18 NOVEMBER 2005

Experimental Analysis of a Four-Qubit Photon Cluster State

Nikolai Kiesel," Christian Schmid,"? Ulrich Weber,"? Géza Téth,? Otfried Giihne,?
Rupert Ursin,” and Harald Weinfurter'?
'Max-Planck-Institut fiir Quantenoptik, D-85748 Garching, Germany
2Department fiir Physik, Ludwig-Maximilians-Universitit, D-80797 Miinchen, Germany
Slnstitut fiir Q1 ptik und Q: information, Osterreichische Akademie der Wissenschaften, A-6020 Innsbruck, Austria
"I/L\limtf[ir Experimentalphysik, Universitit Wien, A-1090 Wien, Austria
(Received 29 June 2005; published 16 November 2005)

Arruda (IFSC - USP) IWQCD1 - Cali - Colombia



One-way quantum computation

eek ending
PRL 95, 210502 (2005) PHYSICAL REVIEW LETTERS 1S NOVEMBER 2005

Experimental Analysis of a Four-Qubit Photon Cluster State

Nikolai Kiesel," Christian Schmid,"? Ulrich Weber,"? Géza Téth,? Otfried Giihne,?
Rupert Ursin,* and Harald Weinfurter'?
'Max-Planck-Institut fiir Quantenoptik, D-85748 Garching, Germany
2Department fiir Physik, Ludwig-Maximilians-Universitit, D-80797 Miinchen, Germany
Slnstitut fiir Q1 ptik und Q: information, Osterreichische Akademie der Wissenschaften, A-6020 Innsbruck, Austria
"I/L\limtf[ir Experimentalphysik, Universitit Wien, A-1090 Wien, Austria
(Received 29 June 2005; published 16 November 2005)

LETTERS

Experimental entanglement of six photons
in graph states

CHAO-YANG LU, XIAO-Ql ZHOU', OTFRIED GUHNE2, WEI-BO GAO!, JIN ZHANG', ZHEN-SHENG YUAN',
ALEXANDER GOEBEL®, TAO YANG' AND JIAN-WEI PAN'.3*

" Hefei National Laboratory for Physical Sciences at Microscale and Department of Modern Physics, University of Science and Technology of China, Hefei, Anhui 230026,

People’s Republic of China

2|nstitut fiir ik und i ion, O ichis Akademie der i 21A, A-6020 Innsbruck, Austria
Institut, Universitat Hei il 12, D-69120 Heil Germany

*e-mail: cyl il.ustc.edu.cn; jian-wei, i.uni-hei de

E. Arruda (IFSC - USP) IWQCD1 - Cali - Colombia September 24,



One-way quantum computation

L. G. E. Arruda (IFSC - USP) IWQCD1 - Cali - Colombia September 24, 2012



One-way quantum computation

week ending

PRL 103, 160401 (2009) PHYSICAL REVIEW LETTERS 16 OCTOBER 2009

Experimental Entanglement and Nonlocality of a Two-Photon Six-Qubit Cluster State

Raino Ceccarelli,"* Giuseppe Vallone,>"* Francesco De Martini,"** Paolo Mataloni,"* and Adédn Cabello*
"Dipartimento di Fisica della “Sapienza” Universita di Roma, Roma 00185, Italy
and Consorzio Nazionale Interuniversitario per le Scienze Fisiche della Materia, Roma 00185, Italy
2Centro Studi ¢ Ricerche “Enrico Fermi”, via Panisperna 89/A, Compendio del Viminale, Roma 00184, Italy
3Accademia Nazionale dei Lincei, via della Lungara 10, Roma 00165, Italy
“Departamento de ca Aplicada II, Universidad de Sevilla, E-41012 Sevilla, Spain
(Received 4 May 2009; published 13 October 2009)

Arruda (IFSC - USP) IWQCD1 - Cali - Colombia



One-way quantum computation

" o cek ending
PRL 103, 160401 (2009) PHYSICAL REVIEW LETTERS 16 OCTOBER 2009

Experimental Entanglement and Nonlocality of a Two-Photon Six-Qubit Cluster State

Raino Ceccarelli,"* Giuseppe Vallone,>"* Francesco De Martini,"** Paolo Mataloni,"* and Adédn Cabello*
"Dipartimento di Fisica della “Sapienza” Universita di Roma, Roma 00185, Italy
and Consorzio Nazionale Interuniversitario per le Scienze Fisiche della Materia, Roma 00185, Italy
2Centro Studi ¢ Ricerche “Enrico Fermi”, via Panisperna 89/A, Compendio del Viminale, Roma 00184, Italy
3Accademia Nazionale dei Lincei, via della Lungara 10, Roma 00165, Italy
“Departamento de ca Aplicada II, Universidad de Sevilla, E-41012 Sevilla, Spain
(Received 4 May 2009; published 13 October 2009)

n
LETTERS ‘ﬁ‘“"-
PUBLISHED ONLINE: 17 OCTOBER 2010 | DOI: 10.1038/NPHYS1777 p ySlCS

Optical one-way quantum computing with a
simulated valence-bond solid

Rainer Kaltenbaek'**, Jonathan Lavoie'?, Bei Zeng?3, Stephen D. Bartlett* and Kevin J. Resch'™*

Arruda (IFSC - USP) IWQCD1 - Cali

Colombia



One-way quantum computation

L. G. E. Arruda (IFSC - USP) IWQCD1 - Cali - Colombia September 24, 2012 10 / 34



One-way quantum computation

The Cluster state

L. G. E. Arruda (IFSC - USP) IWQCD1 - Cali - Colombia September 24, 2012 10 / 34



One-way quantum computation

The Cluster state

|Bini) = [Yin); @ |+)2 ® [+)3 Q@ |[+)2 @ |+)5

L. G. E. Arruda (IFSC - USP) IWQCD1 - Cali - Colombia September 24, 2012 10 / 34



One-way quantum computation

The Cluster state

|Bini) = [Yin); @ |+)2 ® [+)3 Q@ |[+)2 @ |+)5
1

[+)n 7

(10)n + [1)n)

L. G. E. Arruda (IFSC - USP) IWQCD1 - Cali - Colombia September 24, 2012 10 / 34



One-way quantum computation

The Cluster state

|Bini) = [Yin); @ |+)2 ® [+)3 Q@ |[+)2 @ |+)5

1
= E (|0>n + |1>n)

|@) = S|Pins)

[+)n

L. G. E. Arruda (IFSC - USP) IWQCD1 - Cali - Colombia September 24, 2012 10 / 34



One-way quantum computation

The Cluster state

|Bini) = [Yin); @ |+)2 ® [+)3 Q@ |[+)2 @ |+)5

1
= E (|0>n + |1>n)

|@) = S|Pins)

[+)n

. -
H=hg) fla—a) 5 5

a,a’

L. G. E. Arruda (IFSC - USP) IWQCD1 - Cali - Colombia September 24, 2012



One-way quantum computation

The Cluster state

|Bini) = [Yin); @ |+)2 ® [+)3 Q@ |[+)2 @ |+)5

1
= E (|0>n + |1>n)

|@) = S|Pins)

[+)n

. -
H=hg) fla—a) 5 5

a,a’

for a linear chain whose interaction is between first neighbors:
fla—a)=day1a

L. G. E. Arruda (IFSC - USP) IWQCD1 - Cali - Colombia September 24, 2012



One-way quantum computation

The Cluster state

|Bini) = [Yin); @ |+)2 ® [+)3 Q@ |[+)2 @ |+)5

1
= E (|0>n + |1>n)

|@) = S|Pins)

[+)n

. -
H=hg) fla—a) 5 5

a,a’

for a linear chain whose interaction is between first neighbors:
fla—a)=day1a

L. G. E. Arruda (IFSC - USP) IWQCD1 - Cali - Colombia September 24, 2012



One-way quantum computation

The Cluster state

|Bini) = [Yin); @ |+)2 ® [+)3 Q@ |[+)2 @ |+)5

1
= E (|0>n + |1>n)

|@) = S|Pins)

[+)n

. -
H=hg) fla—a) 5 5

a,a’

for a linear chain whose interaction is between first neighbors:
fla—a)=day1a

L. G. E. Arruda (IFSC - USP) IWQCD1 - Cali - Colombia September 24, 2012



One-way quantum computation

L. G. E. Arruda (IFSC - USP) IWQCD1 - Cali - Colombia September 24, 2012 11 /34



One-way quantum computation

The Cluster state

L. G. E. Arruda (IFSC - USP) IWQCD1 - Cali - Colombia September 24, 2012 11 / 34



One-way quantum computation

The Cluster state

S1Pu) = [t 0)2l-)al00al )5

B % [%in)1 [0)2]+)3[1)4l+)s
_ % 9501 11)2l4+)3]0)al—)s

1
+ 5 Wi D2l=)sl)al+)s

L. G. E. Arruda (IFSC - USP) IWQCD1 - Cali - Colombia September 24, 2012 11 / 34



One-way quantum computation

The Cluster state

S1Pu) = [t 0)2l-)al00al )5

B % [%in)1 [0)2]+)3[1)4l+)s

_ % [¥5)1 112l +)310)a]—)s

1
+ 5 Wi D2l=)sl)al+)s

where [135,), = 0 [gsa), = @[0), — B[1), and [ =), = 2= ([0} — 1))

L. G. E. Arruda (IFSC - USP) IWQCD1 - Cali - Colombia September 24, 2012 11 / 34



One-way quantum computation

The Cluster state

S1Pu) = [t 0)2l-)al00al )5

B % [%in)1 [0)2]+)3[1)4l+)s
_ % 9501 11)2l4+)3]0)al—)s

1
+ 5 Wi D2l=)sl)al+)s

where [135,), = 0 [gsa), = @[0), — B[1), and [ =), = 2= ([0} — 1))

The computation

B; (¢;) = { 10), + €3 [1), [0), — €' |1), }

V2 o V2

L. G. E. Arruda (IFSC - USP) IWQCD1 - Cali - Colombia September 24, 2012



One-way quantum computation

Example: How to implement a BIT-FLIP

L. G. E. Arruda (IFSC - USP) IWQCD1 - Cali - Colombia September 24, 2012



One-way quantum computation

Example: How to implement a BIT-FLIP

o) + (1)1
Bl (0) - \/5 - |+>1
BQ (—7‘(‘) _ |0>2 +\j;m—|]‘>2 _ |0>2\;§|1>2 _ |_>2
B (0) = 2y,
B0y = Dt

L. G. E. Arruda (IFSC - USP) IWQCD1 - Cali - Colombia September 24, 2012



One-way quantum computation

Example: How to implement a BIT-FLIP

o) + (1)1
Bl (0) - \/5 - |+>1
BQ (—7‘(‘) _ |0>2 +\j;m—|]‘>2 _ |0>2\;§|1>2 _ |_>2
B (0) = 2y,
B0y = Dt

L. G. E. Arruda (IFSC - USP) IWQCD1 - Cali - Colombia



One-way quantum computation

Example: How to implement a BIT-FLIP

L. G. E. Arruda (IFSC - USP) IWQCD1 - Cali - Colombia September 24, 2012 13 / 34



One-way quantum computation

Example: How to implement a BIT-FLIP

So, we have four projectors: I = [+)1(+], Ty = |-)a(—]|, 5 = |+)3(-+|, and
Iy = |4)a{+|

L. G. E. Arruda (IFSC - USP) IWQCD1 - Cali - Colombia

September 24, 2012 13 / 34



One-way quantum computation

Example: How to implement a BIT-FLIP

So, we have four projectors: I = [+)1(+], Ty = |-)a(—]|, 5 = |+)3(-+|, and
Iy = [+)4(+]|
Our input and expected output are:

|win>1 = |0>1 = |w0ut>5 = ‘1>5

L. G. E. Arruda (IFSC - USP) IWQCD1 - Cali - Colombia

September 24, 2012 13 /34



One-way quantum computation

Example: How to implement a BIT-FLIP

So, we have four projectors: I = [+)1(+], Ty = |-)a(—]|, 5 = |+)3(-+|, and
Iy = [+)4(+]|
Our input and expected output are:

|win>1 = |0>1 = |w0ut>5 = ‘1>5

We begin with the following disentangled state:

L. G. E. Arruda (IFSC - USP) IWQCD1 - Cali - Colombia September 24, 2012



One-way quantum computation

Example: How to implement a BIT-FLIP
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Example: How to implement a BIT-FLIP

Applying these four measurements in the Cluster state we obtain the following
state:

T IT3TTo0T, S| ®ins) = |+H)1]—)a|+)3|+)4]0)s
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@ They consider a N-qubit system interacting with a common and a
independent dephasing environment.

@ The symmetry of the Hamiltonian allows the completely determination of the
propagator.
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@ They consider a N-qubit system interacting with a common and a
independent dephasing environment.

@ The symmetry of the Hamiltonian allows the completely determination of the
propagator.

@ The dynamical evolution of a N-qubit state is calculated exactly.

@ The solution of the particular case of common dephasing environment allows
an analysis of different time and temperature scales.
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Exact dissipative dynamics

The Hamiltonian:

H= Ze U”)—i—Zekakak—l—hZU”)( kak—i—gkak)

n=1 n,k
—— %,_/
System Environment Interaction

The System's Hamiltonian: Hg

Q ¢, = hw(()") is the energy gap between the ground and excited levels of the
n-th qubit,

(2] w(n) is the transition frequency between the levels of the n-th qubit,

Q az ) is the Pauli o, operator of the n-th qubit.
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Exact dissipative dynamics

The Hamiltonian:

H= Ze U”)—i—Zekakak—l—hZU”)( kak—i—gkak)

n=1 n,k
—— %,_/
System Environment Interaction

The Environment’'s Hamiltonian: Hg
@ ¢, = hwy is the energy associated with the k-th mode of the field
@ wy, is the field frequency of the k-th mode

Q az and ag, are the customary creation and annihilation operators which

follow the Heisenberg's algebra {ak,aH = Ok’
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Exact dissipative dynamics

The Hamiltonian:

H= Ze U”)—i—Zekakak—l—hZU”)( kak—i—gkak)

n=1 n,k
—— %,_/
System Environment Interaction

The Interaction’s Hamiltonian: Hi.t
(1] ch RF,
Z U(n)
Q@ E=h), (gkal +g75ak),

@ gi is the coupling constant.
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Exact dissipative dynamics

The evolution of the N-qubit state is:

p% () = Tr |Us ()2 (0) @ " (O) U] ()]
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Exact dissipative dynamics

The evolution of the N-qubit state is:

Z = Tt exp (—BHp)

B=1/kpT

kp = The Boltzmann constant and T'= The environment temperature.

L. G. E. Arruda (IFSC - USP) IWQCD1 - Cali - Colombia September 24, 2012 18 / 34



Exact dissipative dynamics

The evolution of the N-qubit state is:

Z = Tt exp (—BHp)

B=1/kpT

kp = The Boltzmann constant and T'= The environment temperature.

The time evolution operator
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Exact dissipative dynamics

PE iy (8) = (inin, . in|p® (8) |1, 2s - i)

in,y Jn = £1
jn are the eigenvalues of the o{™ Pauli operator associated with |0),, and |1),,

i are the eigenvalues of the o™ Pauli operator associated with (0] and ,,(1].

L. G. E. Arruda (IFSC - USP) IWQCD1 - Cali - Colombia September 24, 2012 19 / 34



Exact dissipative dynamics

PE iy (8) = (inin, . in|p® (8) |1, 2s - i)

in,y Jn = £1
jn are the eigenvalues of the o{™ Pauli operator associated with |0),, and |1),,

i are the eigenvalues of the o™ Pauli operator associated with (0] and ,,(1].

The evolution of the element pgn_jn}:

p{Qimjn} (t) =expq —T'(t,7)

N 2
S (i - m]
n=1

n=1

N 2 N 2
X exp {10 () (Z%L) - <Z]n) p?in,jn} (0) (1)
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Exact dissipative dynamics

In the continuum limit

I'T) = /de (w) ¢ (w, t) coth <QZ:T) , (2

O(t) = /de(w) s(w,t), (3)
with ¢ (w, 1) = 255D and 5 (w, 1) = Linlel)
In our model we assume an ohmic spectral density,
J (w) = nuwe™w/«e, (4)

7 is a dimensionless proportionality constant that characterizes the coupling
strength between the system and the environment.
The result of the integration is also well-known and reads:

O (t) = nw.t — narctan (w,t) (5)
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Exact dissipative dynamics

@ The decoherence effects arising from thermal noise can be separated from
those due to the vacuum fluctuations,
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@ this separation allows for an exam of different time scales present in the
dynamics,

@ the shortest time scale is determined by the cutoff frequency, 7. ~ w !,

@ the other natural time scale, 70 ~ w;l, is determined by the thermal

frequency wr = —”k;fT

Quantum regime:

Te <t < 7Tp

In the low temperature
limit, when w, > wr,
the relaxation factor
behaves as

T (t,T) =~ 2nln (wet)
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Exact dissipative dynamics

@ The decoherence effects arising from thermal noise can be separated from
those due to the vacuum fluctuations,

@ this separation allows for an exam of different time scales present in the
dynamics,

@ the shortest time scale is determined by the cutoff frequency, 7. ~ w !,

@ the other natural time scale, 70 ~ w;l, is determined by the thermal

frequency wr = —“k;fT

Quantum regime: Thermal regime:

T <t <Tr t>Tr

In the low temperature for a sufficiently
limit, when w, > wr, high-temperature
the relaxation factor environment, i.e.,
behaves as hwe 2 kpT:

T (t,T) =~ 2nln (wet) T (t,T) =~ nwrt
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Oscillatory fidelity dynamics

The fidelity for a pure as a function of time in the interaction picture:

F(t) = Tr {o (0) 2 (1)}
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Oscillatory fidelity dynamics

The fidelity for a pure as a function of time in the interaction picture:

F(t) = Tr {o (0) 2 (1)}

@ In this section we are interested to know when the fidelity dynamics of an
N-qubit system, interacting collectively with a dephasing environment, will
oscillate in time.
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Oscillatory fidelity dynamics

The fidelity for a pure as a function of time in the interaction picture:

F(t) = Tr {o (0) 2 (1)}

@ In this section we are interested to know when the fidelity dynamics of an
N-qubit system, interacting collectively with a dephasing environment, will
oscillate in time.

@ Following the paper of Prof. Quiroga and Prof. Reina, we notice, for the
quantum regime, a necessary condition for the non-monotonical behavior to
be present.
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Oscillatory fidelity dynamics

The fidelity for a pure as a function of time in the interaction picture:

F(t) = Tr {52 (0) 2 (1)}

@ In this section we are interested to know when the fidelity dynamics of an
N-qubit system, interacting collectively with a dephasing environment, will
oscillate in time.

@ Following the paper of Prof. Quiroga and Prof. Reina, we notice, for the
quantum regime, a necessary condition for the non-monotonical behavior to
be present.

The oscillatory term in the evolution of the element p?z.mjn}:

N 2 N 2
exp { 1O (1) (Zzn> —(Z%) p{%mjn}(o)

n=1
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Oscillatory fidelity dynamics

The fidelity for a pure as a function of time in the interaction picture:

F(t) = Tr {52 (0) 2 (1)}

@ In this section we are interested to know when the fidelity dynamics of an
N-qubit system, interacting collectively with a dephasing environment, will
oscillate in time.

@ Following the paper of Prof. Quiroga and Prof. Reina, we notice, for the
quantum regime, a necessary condition for the non-monotonical behavior to
be present.

The oscillatory term in the evolution of the element p?l.mjn}:

N 2 N 2
exp { 1O (1) (Zzn> —(Z%) p{Qimjn}(O)
n=1 n=1

= The oscillatory behavior of the fidelity dynamics of qubits interacting with a
common dephasing environment is strongly dependent upon_.the initial condition
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Oscillatory fidelity dynamics

The oscillatory term in the evolution of the element /)gmjn}:

exp < 10O (t) (Zzn> —(Z]ﬁ)

n=1
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Oscillatory fidelity dynamics

The oscillatory term in the evolution of the element /)gmjn}:

N 2 N 2
exp < 10O (t) (Zzn> —(Z]ﬁ)
n=1 n=1

When (zlein)z = (= )2, e, when |20 iy

N .
= ‘Zn:l jn

= The fidelity dynamics WILL NOT OSCILLATE!!!
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Oscillatory fidelity dynamics

The oscillatory term in the evolution of the element /)gmjn}:

N 2 N 2
exp < 10O (t) (Zzn> —(Z]ﬁ)
n=1 n=1

When (zlein)z - (Zlejn)Q, e, when |20 iy

N .
= ‘Zn:l jn

= The fidelity dynamics WILL NOT OSCILLATE!!!

But ZnN:1 jn are the eigenvalues of the total o7 Pauli operator associated with
the eigenstates |j1,j2,- .-, jn):
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Oscillatory fidelity dynamics

The oscillatory term in the evolution of the element /)gmjn}:

N 2 N 2
exp < 10O (t) (Z“’) —(Z]ﬁ)
n=1 n=1

When (zlein)z - (Zlejn)Q, e, when |20 iy

N .
= ‘Zn:l jn

= The fidelity dynamics WILL NOT OSCILLATE!!!

But ZnN:1 jn are the eigenvalues of the total o7 Pauli operator associated with
the eigenstates |j1,j2,- .-, jn):

N
O—Z|jlaj23"'ajn> = <Z]n> |j17j27---7jn>
n=1
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Oscillatory fidelity dynamics

@ Thus, if the initial state of the N-qubit system is a coherent superposition of
eigenstates of the agT) operator, whose eigenvalues are equal in modulus, the
condition ‘Zi\le zn‘ = ’25:1 jn‘ is automatically satisfied and the fidelity

dynamics does not oscillate at all.
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dynamics does not oscillate at all.

is automatically satisfied and the fidelity

@ On the other hand, a state of N qubits that is not written in this way, i.e., a
state that is written as a coherent superposition of the aiT) eigenstates
whose eigenvalues are not all equal in modulus (e.g., if exist at least one
eigenvalue different from the others in modulus), has a fidelity which indeed

oscillates in time.
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Oscillatory fidelity dynamics

@ Thus, if the initial state of the N-qubit system is a coherent superposition of

eigenstates of the agT) operator, whose eigenvalues are equal in modulus, the

condition ‘ZnNzl zn’ = ’Zgzljn
dynamics does not oscillate at all.

is automatically satisfied and the fidelity

@ On the other hand, a state of N qubits that is not written in this way, i.e., a
state that is written as a coherent superposition of the aiT) eigenstates
whose eigenvalues are not all equal in modulus (e.g., if exist at least one
eigenvalue different from the others in modulus), has a fidelity which indeed

oscillates in time.

The necessary condition for the non-monotonical behavior of the

fidelity dynamics

£

N
D in
n=1

N
> n
n=1
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@ Fidelity dynamics in an MBQC
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Fidelity dynamics of an MBQC

@ Here we will see how the previous result brings crucial consequences to the
MBQC scheme.
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Fidelity dynamics of an MBQC

@ Here we will see how the previous result brings crucial consequences to the
MBQC scheme.
@ Adopting the most general input state:

[Yin); = a|0); + B1),

laf + |8 =1
@ We assume, for simplicity, that the first measurement is applied at to = 0,
then:
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Fidelity dynamics of an MBQC

@ Here we will see how the previous result brings crucial consequences to the
MBQC scheme.
@ Adopting the most general input state:

[Yin); = a|0); + B1),

laf + |8 =1
@ We assume, for simplicity, that the first measurement is applied at to = 0,
then:
o+
[B2..50) = S 01)a10)l s
a+p
- 0)2[+)3[1)al+)s
f
— Dyo|4)3]0)4|—
2\@| )2[+)3|0)4|—)s5
a—f
+ Do|—)3|1)a|+)5.
2\/§| )2|—)3|1)al+)s
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Fidelity dynamics of an MBQC

The state fidelity:
@ For the input state |¢in)1 = [0)1 061
(a=1)
@ In the quantum regime
e with » = 1/1000, w. = 100, and
wr = 1

State Fidelity

3 3 1 1
Flyp. o (1) = ?)(,—MFOT) cos [160 (¢)] + Er,—4r<t.T) cos (40 (1)) + [E s (a*3+ rLj*)z] €3I (05 (120 (1))
+ =3 + - (a*B+ (19}*)2 T cos (120 (1)) + LN ("B + m'i*)Q e 64T @T)
16 32 o ) 128 128
L gy aez| caenemy, P s saxdl . 3D
- - = 8 3 ’ — (a”} B .
[s e } : + g5 (AP + g
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Fidelity dynamics of an MBQC

The state fidelity:
@ For the input state |¢in)1 = [0)1 o8-
(a=1)
@ In the quantum regime
e with » = 1/1000, w. = 100, and
wr = 1

State Fidelity

; ; : ; )
0 20 40 60 80 100
ot

3 3 1 1
Flyys..s t) = 37(»—1“@“ cos [16© (t)] + Ee-mf-ﬂ cos (40 (1)) + [E s (u*.-'s+m*)2] e3TT) o5 (120 (1))
+ =3 + - (a* B+ m}*)g T cos (120 (1)) + LN (a*B+ m'i*)Q e 64T @T)
16 32 o ) 128 128
L gy aez| caenemy, P s saxdl . 3D
- - = g8 3 ’ — (a”} B .
[8 o (a* B+ apB") ] € + 128 (a"B+apf™)" + 128

With this in mind, what can we say about the fidelity of quantum computation in
this peculiar regime? J
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Fidelity dynamics of an MBQC

®) —
BT, T, T e Ty The gate fidelity:

é &!w é O00=0 o At ¢y = 0 we consider that the
e aarll I five-qubit state is already entangled
— on o

tgap and each qubit is ready to be

measured,

@ besides, the first qubit is also
projected at tg = 0.

The gate fidelity:
TWO SCENARIOS:
@ In (a) we suppose that the three subsequent measurements are applied at

different instants of time and the qubits evolve non-unitarilly between the
measurements

@ In (b), after wait a time gap, the other three subsequent measurements are
made instantaneously at ¢ = t finq
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Fidelity dynamics of an MBQC: Measurements performed
at different times

The NOT-GATE fidelity:

o Iy = [—)2(—|, II3 = |+)3(+| and "1
Iy = [+)a(+|

@ [$in)1 = [0)1 = |Pout)s = [1)5

° (tl;tQ;tfinal)

o (6/wc,8/we,10/w,) = F = 35,4%

o (14/we,16/we, 18/w.) = F = 53% :

o (15.2/we, 15.7/we, 16.2/w,) = F =

84% with n = 1/1000, we = 100, and wp = 1

° (15(;5/%,157/%,15-9/%) sl The NOT-GATE fidelity:
90%

State Fidelity

o (7,8/we;23,4/we;39/w.) = F =
50%

o (15,7/we;31,4/we; 47,1 /we) =
F =176%
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Fidelity dynamics of an MBQC: Measurements performed
at different times

The HADAMARD-GATE fidelity:

® H2 = |_7y>2<_,y|'
H3 = |+7y>3<+7y|' and
Iy = |+)a(+|, where
£,9) = 25 (10) £4[1))

O |11ﬁin>1 = [0); = [Yout)s =
1 (10)5 +11)5) Vv

o (6/we,8/we,10/w.) = F = 39% ot

o (14/we,16/w., 18/w.) = F = 52%

o (15.5/w.,15.7/w.,15.9/w.) = F =
85%

>

State Fidelity
S

with n = 1/1000, we = 100, and wp = 1

The HADAMARD-GATE fidelity:
o (7,8/we;23,4/we;39/w.) = F =
50%

o (15,7/we; 31,4 /we; 47,1 /we) =
F =176%
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Fidelity dynamics of an MBQC: Measurements performed
at different times

The PHASE-GATE fidelity:

o Il = [+)a(+|, I3 = [+, y)a(+, yl,
and II, = |+>4<+|

® |Yin), = \/Li (10), + 1)) =
|¢out>5 = \/Lg (|0>5 +i |1>5)

e (6/we,8/we,10/w.) = F = 48%

State Fidelity

o (14/we, 16/w., 18/w.) = F = 65% S
o (15.5/we, 15.7/we, 15.9/w.) = F =
95% ) with n = 1/1000, we = 100, and wpr = 1

The PHASE-GATE fidelity:

o (7,8/we;23,4/we;39/w.) = F =
46%

o (15,7/we; 31,4 /we; 47,1 /we) =
F = 85%
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Fidelity dynamics of an MBQC: Measurements performed

at the same time

The NOT-GATE fidelity:

@ tyqp is greater than 0,8/w. (where
the gate fidelity is 93%),

® tgqp = 15,7/w,, when it reaches
93% again.

@ Times such as t4qp = 31,4/w, or
tgap = 47,1/we, we still get a gate ‘ ‘
fidelity better than 80%, o

@ while at times such as
tgap — 57 8/&)5 we obtain a gate with n = 1/1000, we = 100, and wp = 1
fidelity of 70%.

Not Gate Fidelity
° °
8 &

°
3

°
3
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Fidelity dynamics of an MBQC: Measurements performed

at the same time

The HADAMARD-GATE fidelity:

o Fidelities greater than 80% at times o
such as tgqp = 15, 7/w,
tgap = 31,4/we or tgep = 47,1/ we,
o Fidelities less than 40% at times
such as tgqp = 7,8/we, o2
tgap = 23,5/we of tgap = 39,2/we.

Hadamard Gate Fidelity

4

with n = 1/1000, we = 100, and wp = 1
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Fidelity dynamics of an MBQC: Measurements performed

at the same time

The PHASE-GATE fidelity: “1

o At times like tgqp = 15,9/w, 08
tyap = 31,6/we O tyap = 47,3 /w,
we have a gate fidelity of 96%, 95%
and 93%, respectively,

Phase Gate Fidelity

@ while at times such as oa]
tgap = 8’4/"‘)81 tgap = 24, 8/wc or 014
tgap = 40,4/w. we have a gate T s s s %

fidelity of 22%, 34% and 44%.

with n = 1/1000, we = 100, and wp = 1
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Outline

@ Conclusion
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Conclusion

o Exists a necessary condition for the system fidelity to present a
nonmonotonical behavior,
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@ this approach reveals that this characteristic depends only on the geometry of
the state,
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Conclusion

o Exists a necessary condition for the system fidelity to present a
nonmonotonical behavior,
@ this approach reveals that this characteristic depends only on the geometry of

the state,
o this oscillatory behavior of the state fidelity brings crucial implications to the

MBQC fidelity

September 24, 2012 33 /34

L. G. E. Arruda (IFSC - USP) IWQCD1 - Cali - Colombia



Conclusion

o Exists a necessary condition for the system fidelity to present a
nonmonotonical behavior,

@ this approach reveals that this characteristic depends only on the geometry of
the state,

o this oscillatory behavior of the state fidelity brings crucial implications to the
MBQC fidelity

under the action of a common dephasing environment, this nonmonotonical time
dependence can provide us with appropriate time intervals for the preservation of

better computational fidelities.
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T'VE INVENTED A QUANTUM ACCORDIMNG TO CHAOS

SHIFT HAPPENS.

COMPUTER, CAPABLE OF [g| THEORY, YOUR TINY
INTERACTING WITH MATTER [ 4| CHANGE TO ANOTHER 1
FAOM OTHER UNIVERSES |2 UNIVERSE wWILL SHIFT |:
TO SOLVE COMPLEX Z| 17Ts DESTINY, i
EQUATIONS. 3| POSSIBLY KILLING 3
N | every .
INHABITANT, :

2 ) -

s\ [l Om 5

Copyright 2 1997 United Feature Syndicate, Inc.
Redistribution in whale or in part prohibited

One way quantum computers may be useful...
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Thanks for your atention
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