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Vahid Karimipour,
Sharif University of Technology,
Tehran, Iran.




Riyadh -

e uniso:,_l.t

Emi
.3 Saudi Arabia

aSe
o




T E=En :
S N \UZBEKISTAN
AZERBAIIAN

TURKMENISTAN

KUWAIT

oo B B BAHRAIN*

Iran, Iraq, and Kuwait [ _ QATAR

0 1000 200 300 400 | - o * UNITED ARAB
e , EMIRATES

Kilometers 1 T SRR, L

© World Sites Atlas (sitesatlas.com)| + ' Fg




5 e ] e

| —-4“"“:4-‘"1"’
e onrer i 2




& Signin ‘q become a supporter  subscribe O, search findajob dating more~ International edition ~
-

theguardian

A UK world sport football opinion culture business lifestyle fashion environment tech travel = browse all sections

home ) world ) middle east cities development europe US americas asia australia africa

= Take it to the bridge: the Tehran architect
striking the right chord in Iran and
beyond

Leila Araghian was 26 when she came up with Tabiat bridge. Five years on,
the 270-metre structure is a reality, despite sanctions, garnering awards and
paving the way for a new, more avant garde generation of Iranian designers




i nl&

a8 |
na:

‘ -~ - . 4 b - Y . ! ‘s » .'A “ 3
'—’Iil' w 3| i . | - || LT AT (e *jnmm v SEELEL










al0) + 61)

k“ Og 90 0600
90 000006006




State Transfer Through Heisenberg Chains
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S. Bose, Quantum Communication Through an Unmodulated Spin Chain,

Phys. Rev. Lett. 91, 207901 (2003).
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What we like to happen
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What actually happens
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Perfect State Transfer



A clever ldea, Rotation in Spin Space
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= Christandl, Datta, Ekert, Sandahl, Physical Review Letters, 2004.



If H=S.

and t, =T
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|s the Hamiltonian Local?



Yes, the Hamiltonian is Local
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Perfect State Transfer in long chains

N
1
H = 5 kz_:l J1 ($k$k+1 + ykyk+1)

J, = JJk(N -k)

» Christand|, Datta, Ekert, Sandahl, Physical Review Letters, 2004.



Can we use uniform couplingsr

= Perfect state transfer in small chains
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Almost uniform couplings

XY Hamiltonian

= Pemberton-Ross and Kay, Physical Review Letters, 2011.



The basic idea
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A simple Twist

Karimipour, Sarmadi and Asoudeh, Physical Review (R), 2012.



Hadamard Switch



The next Hadamard Matrix
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Karimipour, Sarmadi and Asoudeh, Physical Review (R), 2012.



Perfect State Transfer in 2 and 3 dimensional
lattices
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=Karimipour, Sarmadi and Asoudeh, Physical Review(R), 2012.
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A particle is ready for uploading




If we do nothing the particle stays there.
















L Control Planes

1- You can guide multiple particles at the same time,

2- You can avoid imperfections and defects in the lattice.



Downloading the particle
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Quantum Circuits




Quantum Computing VS Classical
Computing

Quantum Circuit Classical Circuit
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* Horizontal lines represent flow of time * Horizontal lines represent direction in

. . space
» Gates correspond to localized operations i

In time * Gates correspond to localized operations

_ In space
* A great deal of external control is needed i

* No external control is needed




Quantum Gates
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Interaction Zone

Time Independent Universal Computing with Spin Chains:
Quantum Plinko Machine

Kevin Thompson, Can Gokler, Seth Lloyd and Peter

Shor.
New Journal of Physics (2016)



CNOT |p)

Universal Set of Gates = {Single Qubit Gate, CNOT}



Time independent Quantum Circuit
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Time independent Quantum Circuit
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Dispersion-less Gaussian wave-packets
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T.J. Osborne and N. Linden, Phys. Rev. A, 2004.
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Dual Encoding
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D. Burgarth and S. Bose, Phys. Rev. A 71, 052315 (2005).
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The Gate ¢ 0X
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CZ =

A two qubit gate

CZ =evmH

o O

)



qubit 1

qubit 2

The drawback is long-range interactions



Another Simple Twist

Time independent quantum circuits with local interactions,
Seifnashri, Kianvash, Nobakht and Karimipour,
Phys. Rev. A 93, 062342 (2016)
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A lesson from gauge theory

Using gauge particles to mediate long-range interactions

Time independent quantum circuits with local interactions,
Seifnashri, Kianvash, Nobakht and Karimipour,
Phys. Rev. A 93, 062342 (2016)



The effective interaction

CZ

ey — >

So we need an ancillary chain with

1- Doubly degenerate ground state

2- Large gap

3- an inter-chain Hamiltonian whose effective
interaction generates CZ
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Photon=Ancillary Rail




The ancillary rail has two degenerate ground states ‘ Q> ‘ W>
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The large gap, allows us to always stay in the ground space



The local interactions
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The effective interaction
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Summary
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Thank you for your attention



