Simulating atomic nuclei in a quantum computer
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Quantum simulation

Quantum many body problems are hard (exponential scaling)
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Nuclear shell-model

1. Primordial shell model (IPM, naive):
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Nuclear shell-model

1. Primordial shell model (IPM, naive): 2. Interaction shell model:

= Mean field: = Mean field + residual two-body
interactions:
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Nuclear shell-model

1. Primordial shell model (IPM, naive): 2. Interaction shell model:

= Mean field: = Mean field + residual two-body

Interactions:

V(r) = %ha)r2+D72+ Cl-5
= Predicts magic numbers

= V\alence space + effective interactions
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Number of parameters/CNOTs needed

quantum circuit simulation (gibo, GPUs, Marenostrum 4)

Num. ansatz layers

shell| Ng» | Nsp |nucleus| Niayers | €z bound | N¢ (bound)
6 .5 °Be 2 10z - 42 (80)
10 | i 9 10~7 | 92 (176)
£ s 5 Be a8 L0 ¢ asT6)
bl 'Be | 48 10! 62 (176)
42 | ¢ 17 10~° 77 (176)
4+ 0 5 10 99 (176)
v [ 0 | 3) 10~° 85 (176)
- 81 | O 70 10~° 98 (176)
142 | 20 | 117 10~° 93 (176)
640 | = Ne | 16¢ [2 <10 | 13¢ (368)
24 1 4206 | **Ne | 236 |2x 1072 | 137 (368)
7562 | **Ne | 345 [2x1072| 138 (368)
30 Ca | 9 1072 | 116 (304)
565 | “*Ca | 132 1072 | 153 (304)
Pf |20 | 3950 | 46Cq | 124 | 1072 | 139 (304)
12022| “®Ca | 101 10~ 137 (304)
12276] »Ca | 291 1072 | 130 (304)



Number of circuits
— X N shots X IV, calls

rerms

4+ * 4+

grows as O(S*)  grows as - depends on
S = num. orbitals ez optimizer, nucleus

group into terms that
self-commute

shell | N, | Ny, Nhp, N terms
6 2 10 (9) 13 (12)
P 121 4 109 114 (49 reduces NV,,. .a
12 | 8 203 212 factor 3

24 | 16 1389

f 20 | 20 | 1507
P 10 | 40 | 10572

(
(44)
o (86) (95
1389 (518) | 1406 (53
(570) | 1528 (59
(3459) | 10613 (3500)
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preprint at:
arXiv:2302.03641

other recent work:

quantum simulation for graphene
PRA 106, 052408 (2022)

check Maria Cea’s poster
ultracold gases in digital QC



