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Binding energy between the proton and the neutron
inside Deuteron nucleus

H, = 5.9067091 + 0.218291Z, — 6.125Z,

N-1
. —2.143304 (Xo X, + Yo Y1),
Hy = Z W' |(T + V)|n)a!,a,.
: ; n': I Inja,, an Hs = Hy + 9.625(1 — Z,)
o ~3.913119 (X, X2 + V1 Y2).
—0.36 —+— SLSQP
—037, | - Reference: -0.43658110999999966 12
. [ —=— sSLsQP
N —0.38+ 10| ﬂ ------ Reference: -1.7491598763215306
@
=
= ~0.39; S gl '
9 Q
@ —0.40- =
c L
L a 6 p
L -0.41 ; .
:1_: 4
~ -0.42- o
~0.43 T ? |
044l . ‘ . . ‘ . . . 0 —
0 5 10 15 20 25 30 35 40
Cost Function Evaluations o frmemere e S N

0 50 100 150 200 250
1BM Quantum / © 2021 IBM Corporation Cost Function Evaluations



More results
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Usefuls Oiskit tools for the
Deuteron problem

FermionicOp

For writing the Hamiltonian in terms of
creation and annihilation operators (e.g. using
sparse labels).

QubitConverter and JordanWignerMapper
For the process of conversion of a
Hamiltonian written in terms of creation and
annihilation operators to a Hamiltonian
written in terms of Pauli operators.

VQE

For the computation of the binding energy
(optimal_value).

VOQEProgram

Allows highly efficient execution of the VQE
on a real quantum device.

Z2 symmetries

Since the Hamiltonian has Z2 symmetry, we

IBM Quantum / © 2021 IBM Corporation

can reduce the problem by 1 qubit.
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Heisenberg model on ditterent lattice configurations

H=Y 8-8;=Y X:X;+YiY; + ZZ,
(4,7) (1,3)
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Higher Kagome lattice configurations

H=Y 8-8;=Y X:X;+YiY; + ZZ,

(2.7) (4,9)
20 qubits

12 qubits 16 qubits
l 18 qubits

(2716 x 2"16) matrix

~ 64 GiB of memory



2D MATERIALS | RESEARCH UPDATE

I Kagome geometry produces magnetism in a 2D organic
Kagome lattice Eageme

29 Oct 2021 Isabelle Dumé

The star-like "kagome™ structure of the molecules in this 2D metal-organic material (shown in an STM image
on the left and a non-contact AFM image on the right) produces strong electronic interactions. (Courtesy:
FLEET)

ADVANCED MATERIALS | RESEARCH UPDATE

Unusual superconductivity appears in a Kagome metal

06 Jul 2021 Isabelle Dumé

1.0L(2)
H//c

0.8F

0.6+

(
- 0
06T = 07T
08T + 09T
1T

R/R(6K)

b2
5

IBM Quantum / © 2021 IBM Corporation The normalized resistance under magnetic fields and anisotropic upper critical magnetic fields of the
CsV3Sbs single crystal. (Credit: Chinese Physics Letters)



Results

Energy conggrgence for the Hamiltonian of Heisenberg Model in the line lattice
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Energy convergence for the Hamiltonian of Heisenberg Model in the square lattice
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Energy convergence for the Hamiltonian of Heisenberg Model in the pentagon lattice
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Energy conveggoence for the Hamiltonian of Heisenberg Model in the hexagon lattice
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Energy convergence for the Hamiltonian of Heisenberg Model in the five-pointed star lattice
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Creating an ansatz tor lattice
problems with first order
Interactions
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More flexible and easier ansatz

H=Zh ¥ ik W= Lhy e [hep hig)=0

=, _{MH RSP

o ~ 1T ¢
W= |
And WG we @ fake  Ho Lo be ot W Bi,
Time 1\)0\ Yiow — C/‘\r(/u}&r /\V\W\r1
L&‘g\,\ m ‘LIMZH #)030& o \ J\J‘
0

e = T& Te " e U@ =TT 71 o

IBM Quantum / © 2021 IBM Corporation



2-qubit gate ansatz Fud ol C@wa»ujfw(\r Sechory
T e e

(i) (i) . . NSRS
-LQHL, ’—‘L@q\f\d‘

*Lkzo%\ qo —§p—mm¢9— e R

= ho = G5 ot
Y e
C 7 emeomom
vbexl)\(] qg_g_—_ﬁz_

= g —Bx _@h__ Rz _5':_



Advantages and results
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Usefuls Qiskit tools for the
Heisenberg model problem

e Pauliand PauliOp
For writing the Hamiltonian in terms of Pauli
operators.

e VOE
For the computation of the ground state
energy (optimal_value).

® Retworkx
Allows the creation of the graph that
represents the lattice configuration.

® 72 Symmetries
Heisenberg’s Hamiltonian has the trivial symmetry
o; — —o; (the problem is that we don’t know which is
the correct sector)
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Final product

We want to construct two tutorials explaining in detail how we use
Qiskit tools to tackle the physical problems that we chose.

We also want to give some feedback about our experience to help in
the construction of new tools in Qiskit Nature.
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Thank you!
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