


Digital quantum simulation

Time Evolution

Quantum system

6(0)) = lo(1))

A

Quantum simulator

(0)) B 1y (1))

Evolution

Preparation Measurement

= Analog quantum simulation: quantum system that
emulates a target system

= Digital quantum simulation: quantum computation of
Time Evolution through a circuit model

Digital quantum simulators
After encoding |3(0)) on the computational basis,

() = e Ht|Y(0)) is directly computed through a sequence of
single and two qubits gates
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Digital quantum simulation

Suzuki-Trotter decomposition

= Most Hamiltonians of physical interest can be mapped into a sum of L local terms: H = Zf Hk

= Then, map the original Hamiltonian into the QC algebra (i.e. SU2):

= jf [H[,H/,] — () then U:Hexp{_i H,t} is exact
l

= otherwise, it is needed to apply the Suzuki-Trotter decomposition

A

U(IL) — e—i?:(t ~ (e—i?:LlT o e—i’}:lLT)n _ 1‘,/71,

= Program the Time Evolution through simple and two-qubit gates on the real hardware
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Steps to Time Evolve your models

Time Evolution through Suzuki-Trotter decomposition

Original Hubbard model fermionic Hamiltonian Original Ising transverse field model spin Hamiltonian
N N
A.‘.A A+A A A .
H=—t Z (b; b]' + b]- b;) + VE(n,-Tn,i) H, = b(S;* + S,%) +j(5,%5,%)
<i,j> i

‘ Jordan-Wigner Built-in Aqua ‘
OR
Transform

functions

Unitary evolution with Suzuki-Trotter decomposition
Spin Hamiltonian

}[Spin

‘ Choose your own problem to Time Evolve!

2 to n sites Hubbard model

2 to n sites Ising model (transverse magnetic field)
2 to n sites Heisenberg model

Unitary evolution with Suzuki-Trotter decomposition
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Heisenberg model, n=2

Time Evolution through Suzuki-Trotter decomposition

Original Heisenberg model Hamiltonian
7!
H =] (Sx1Sx2 T Sy1 Syz2 + 5z1522)tBg(Sz1+ Sz2)

Mapped Hamiltonian Unitary evolution

Hy; = J(0x10x2 + 0y1 0y + 021032)+h(021+ 037) - g~ tHat — o—iHyxt o —LHyyt e‘inzte‘ih(azl'l' 0z2)t

Circuit model for the unitary evolution ‘




<S >

Physics models

Heisenberg model, n=2

Time Evolution through Suzuki-Trotter decomposition

h:O Mapped Hamiltonian
’ ] Hy; = J(0x10x2 + Oy1 Oy + 0,1052)+h(0,1+ 053)
Initial state
0.8 .
S ot (100> +|01>) /2
——s_, exact
0.6 — — s _, decomp, n=1
— S, decomp, n=1
e s, circuit, n=1 Results
0.4 rouit, n=1 _
o Sx2 CIrcult, n < O-xl > (t)’ < O.xz >(t)
0.2 |
. 1 l l | | 1 TO DO: change h
0 0.5 1 1.5 2 2.5 3 3.5 4
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Native and decomposed gates implemented on IBM Q

Native gates Decomposed gates
(/1 0
U =(; ) inies
oS g —eih sing = &— 1) —b
U3 (19, /1, (p) =
9 J
el(p sin — el(;l+(P) COS —
2 2 mT T /4 YA
— %32 2 (3-3)
- _eili Single e~ T
2 2 = — U,|—=, = & U,(21) & U T_mn =
U (9, 4) = 1 \/—1 qubit (73 O v :(373)
el? — elld+e) __ rotations
V2 V2
- 2\U¢, UZ(O:O)
1 0 0 O o U, (m, )
cx=[0 1 0 0 CNOT: two-qubit g~ lAo7 0;
{0 0 0 1 entangling gate — U, (m, ) éd— v.2h) —D U,(0,00 f—
0O 01 0
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