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« ADAPT-VQE (use case)
« Hard-core bosons vs Jordan-Wigner
OUTLINE

e Redl hardware comparisons
e IONQ results
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WHY QP ENGODING?



QUBIT REDUCTION
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READOUT ERROR

Ref state °Be (QMIO - CESGA)
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READOUT ERROR

Reference state °Be QP framework (QMIO CESGA)
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JORDAN-WIGNER VS QP HARD-GORE BOSONS
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JORDAN-WIGNER VS QP HARD-GORE BOSONS
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1 ADAPT Layer °Be (QMIO - CESGA)
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1 Layer ADAPT °Be QP framework (QMIO CESGA data)
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OTHER ADVANTAGES

o Simpler Hamiltonian
e Particle projected wave-function reconstruction

e Preciser energy measurements

14



Probability

Full roto-ADAPT QP framework (IONQ Forte-1)
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PERSPEGTIVES & OPEN GHALLENGES

e Superconducting qubits vs trapped ions
 Non-semimagical nuclei

e Scalability of the algorithm
o Explore the optimization of the parameters
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THANKS

amoronro30@alumnes.ub.edu
https://github.com/ArnauMoron/quantum-nuclear-simulation
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OTHER ADVANTAGES

o Simpler Hamiltonian
e Particle projected wave-function reconstruction

e Preciser energy measurements
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JORDAN-WIGNER VS QP HARD-GORE BOSONS
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OTHER ADVANTAGES

o Simpler Hamiltonian
[at least 9 measurements)

4.699 (T)
—0.138 (X X1 X357, X5)
—0.13 (XY Y2X5)
—0.138 (X2, X5, X3.X,)
—0.138 (X Z, Y2 Y3 X )
—0.47(X02,Z5Y3X,Y5)
+0.13 (Y X1 Y5 X3)
+0.13 (Yo Y1 X2 X5)
—0.138 (Yo Y1Y324Y5)
—0.138 (Y5 2, Y2 X3.X,)
— 047 (Y2, Z3X3Y, X5)
—0.392 (Z)
—0.596 (X, X5Y,Y5)
+0.276 (X1 Z2 Z3.X,)
+0.345 (Y1 Xo YV, X5)
+0.276 (Y1 Z5Z3Y))
+0.276 (2, X237, X5)
—0.035(Z,Zs)
—0.357 (Z5)
—1.185(Z,)

+0.13 (X0 X, X0 X5)
—0.138 (X X 1Y32,Y5)
+0.138 (X Y1 X32Z,Y5)
—0.138 (X Z, X, Y3Y})
— 047 (X2, Zy X3 X, X5)
— 047 (X2, Z5Y3Y, X5)
—0.138 (Yo X1 X352, Y5)
+0.13 (YoY1Y2Y3)
—0.138 (Y0 Z, X2, X3Y5)
—0.138 (Yo Z1Y2Y3Y))
+0.47 (Y Z1 Z5Y3 X4 X5)
—0.423 (Zy Z3)
+0.345 (X, Y5 X, Y5)
—0.276 (X, Z3X,)
—0.596 (Y1Y5.X, X5)
—0.276 (Y1 Z35Y,)
+0.276 (Z,Y2 Z32,4Ys)
—0.276 (X3 737, X5)
—0.035 (Zy Z4)
+0.085 (Z4Zs5)

+0.13 (X X, Y5Y5)
+0.13 (X Y1 X5Y5)
—0.138 (X Y1 Y37, X5)
+0.138 (X Z, Yo X5Y})
+0.47 (X021 25 X3Y,Y5)
—0.13 (Yo X1 X, Y5)
+0.138 (Yo X1 Y574 X5)
—0.138 (YY1 X352, X5)
+0.138 (Yo Z1 X5 Y3 X 4)
—0.47 (Y Z1 25 X5X,Y5)
— 047 (Y02, Z,Y3Y,Y5)
+0.345 (X1 X2 X, X5)
+0.596 (XYY, X5)
+0.596 (V1 X5X,Y5)
+0.345 (Y1Y2Y,Y5)
—0.357(Z;)
—0.423 (2, Z5)
—0.276 (Yo Z3Z,Y5)
—0.392 (Z3)
—1.185 (Z5)
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OTHER ADVANTAGES

o Simpler Hamiltonian
[3/2 sets of measurements)

1.008 (I)
+0.522 (YpY))
+1.882 (X1 X,)

— 2.44(Zy)

+0.522 (X X, )
— 1.882 (Y, Ya)
+1.882 (V1 Ya)

— 1.882 (X Xo)
—0.784 (Z,)
—0.784 (Z,)
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1 Layer ADAPT °Be QP framework (QMIO CESGA data)

Probability
— o < o S e
g L S N =y =]
i ] i i i ]

o
f—a
i

<
=
|

N N
NN
(Quantum state

B Ideal

[ Experimental
B Readout corrected
B Particle projection

Fidelities:

Experimental: 0.6698
Readout corrected: 0.8234
Particle projection: 0.9826

23



Qubit

T1 (ps)

30.68

28.75

24.57

16.46

32.75

T2 (ps)

12.90

15.07

15.46

7.30

£

1Q Gate

99.92

99.90

99.90

99.81

99.92

Readout

90.7

90.4

86.8

89.3

80.9

20 Gate

1_0:91.07

1_0:91.07-2_1:93.07

2_1:9507-3_2:9556-4_2:95.56

3_2:95.56

4 2:95.50

24



