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Why nuclear theory?

d=cl= SREFBL XHAZ 2 AMFHEO|C;H

S/ ESS

stable nuclei

3Is (known nuclei)

’redicted nuclei (lifetime > 1ns)

\uclei discovered and synthesized by RIKEN
2ossible production by increasing RIBF strength
viagic number

Chart of nuclides: #EWE CPYM . B3

Nuclear theory x quantum-HPC

Source: uploaded KISTI HANGANG proposal deck; nuclide chart from RIKEN figure embedded in proposal materials.
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Combinatorial growth
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Nuclear theory x quantum-HPC 04

Source: user-provided SQD workshop materials.



KISTI HANGANG opportunity

o X|aQl7}: KISTI 627] St 2 A At =22 M| S/H

8,496 600 PF 205 PB
o | it E NVIDIA GH200 GPUs peak-class performance storage

AV xzzze 10X 205pB Iiﬂ
100Gbps FIEERERE  400Gbps

23x+ QPU

CPU 8,5697Me72 com 718 HAH CPU 9,936, GPU
3 e ‘ network 557| i 28 H& lonQ Tempo A& =H
o HCHA LS} npr2osens A
Lt 3PF3 014 2A & BI0|E LAy U= =
o HolEf2 ”
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ZHW Al )
¥ CPU(Central Processing Unit) : S&8t =8 ¥ CiYe Hojot AMog X,
= — AS it
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o = o S (=) L = ==
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Nuclear theory x quantum-HPC 05

Source: KISTI/HPE/NVIDIA/lonQ public materials and uploaded KISTI HANGANG proposal deck.



Our quantum-computing journey

Fole| S2E: HXT 2X Xt SIEF 00| A H|AE A[Ef

= .
D-Wave IBM-Q Z| 4l Heron QPUE Noise SQD/SKQD HANGANG
. N = | | | s |
Annealing VQE Atgct A4S ohA| =l et A=
HILLUUULLIVIL WU yudlilulil wolnpuier 2 -
: " EEplE R
D-wave Quantum Annealer . IBM-Q ION-Q

i bt
: 4 Hamiltonian — QPU ME™ — 2Z HPC — =2 AXY d3 - oYy
i
i
| H 1z g 2RSS &
! chiraltEFT/(no core) sEhe;lT SQD-SKQD 2Acztst - =9 - HISE AH / 3H benchmark
| model / VQE 0| sample 7|¢t TN/ffsim/ Xttt Hxg - SYAE Clg ME 4

- D-wave Adva‘ntage 2 (2023) : 5 [BM-Q Ion-Q EDF / GOM kernels Q P / / = =

> 7(?00++ q.ublt“ I > 400++ qubit

- High applicability and accuracy of | 4 Targeiquanfumienor B . . B

quantum rrjeasuterT\ent : > Programmable Fig. oo 2= QpU MESD Bl HPC SHEIE Zeldls B2 Y ZE=292 272 Bir)
#: Programnmming difficulty 1 - Require more qubits
- Require more qubits &

Fig. 27| AT0JA] D-Wave annealerS} gate-based quantum computerE 2= HJ Lt

Nuclear theory x quantum-HPC

Source: user-provided D-Wave/IBM-Q benchmark slides and KISTI HANGANG proposal materials.



Actual result I: quantum annealing for a nuclear benchmark

D-WaveOj|A| deuteron HtEHEH Of L X| A|AHZE 1}

Deuteron Binding Energy with 3 Ancillary Qubits

-2.10
-2.121 I
-2.14 1
~2.16 1

-2.181

§
)
o
[
©

Binding Energy (MeV)

~2.201

242

0 200 400 600 800 1000
Iteration

Fig. 3749/ ancillary qubitE AFE &t deuteron binding energy Z1f A2 OF —2.19 MeV.

Nuclear theory x quantum-HPC

Source: user-provided D-Wave deuteron benchmark slide.

Ancillary Binding Energy QPU Access Time (ms)
Qubits (MeV)
1 -0.22 79.76
2 -1.69 1222
3 -2.19 1595

Fig. ancillary qubit 70 £ binding enerqy % QPU access time.

Deuteron2 =2 L AMA L] T E
benchmark

Lt annealing 1sing/QUBO X
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Y SR AL XEN|ELCH SESY
OO & HamiltonianS CtE= 4
&{70| Al KFA}
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Actual result Il: molecular sanity check

22 22 X benchmarkOM = QPdxo 2 X5 3lC}

Ground State Energy vs. Number of Reads

of o] 2utE =717
-1.10
" « EAtQt B2 B Hamiltonianl| MO LH4X| 174
g Ef =X & S etCh.
5 114 wee—e—— . . . « 22 benchmarkO| A StER|H 2d-2X2[AS
E | MKtE L
| « i many-bodyZE & M 2ot mappingdf
=5 s sampling Z4Zt= A QUCt
6 260 460 6(')0 8(']0 1OI00
Number of Reads (n)
* Quantum Annealing using D wave
. —~1.137308 hartree 2 EH2ts & StEHIO0M 27X W6l =

o

i

N e~

H2, 627| ACHe| workflow E A2 0| ZIC},
Thartroa — 77 711Aa\

Fig. D-Wave quantum annealing= O|& 8F Hz ground-state energy. Z1 —1.137308 Hartree.

Nuclear theory x quantum-HPC

Source: user-provided D-Wave hydrogen molecule benchmark slide.



Backup

VQE formalism: Pauli words2} expectation value

Variational Quantum Eigensolver

H= Z P Where P; =g/, n={xy2} & j= qubit index

Algorithm 2
FE R e Algorithm 1
QPu CPU

; [ e B R 5
" Bl o iy : With serial processing, time scales linearly with numl|
2 quantum module 2 e s ‘ R ‘ B
: - : of Pauli words
2 P e —— Q. —
: i
e () | Y (1) g BK transformation generates O(N#) Pauli words

et barnateri o e nad b e

Fig. VQEE Pauli word expectation valuesE = &S} classical optimizer?f ansatz parameterE Z1!38H}.

Nuclear theory x quantum-HPC

Source: user-provided backup slides from Dr. Scott N. Genin's presentation



Actual result lll: IBM-Q/VQE baseline

Gate-based VQE: O| &A Al =2 0|E{ 0| A= A

T -.—.--.—"- il _.- ) e e e e Cost Function Evaluations
+ VQE optimization performed using COBYLA R
~ 12 -=- Reference Value: -1,74915987632153!

+ Backend: Statevector E » i
+ Final energy: Eyog = —1.748865 Mel/ " Qo h—

9y: Evoe 5 . m
* Reference value: E,f = —1.748860 Mel/ & « o
« Absolute error: g 0 ’

= coiiing

* |E—Epefl=47x107°

o 5 10 15 20 25

COBYLA — Constrained Optimization BY Linear Approximatior
(Gradient- and Derivative-free optimizer)

Behavior of the expectation value of H; when we vary 6 in the ansatz. Expectation value of the observables Zg, Z1, XoX; and YpY; when we vary 8 in the ansatz.
P = y 1 — .z
& . - —‘\\‘. -~ " oy, oz
%, 2 o7 e & s ' o xix
s * S '.'.~, K SR
s § ° :
2 =
= g o
= @ .
g % o] w ) [
g g o 3
. L 0259 %
= g | %,
o3 8 -0s0 * g
o [ b
o ~ -5 *, K
o, - s s "
R sl ol T i, O -

Fig. 2-qubit deuteron Hamiltonian0 CH 3t statevector 7| BF VQF Z1} O A] At SF 4.7x107° MeV +5

Nuclear theory x quantum-HPC

Source: user-provided IBM-Q deuteron VQE benchmark slide.
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M A
I bm_fez X Abstract Gates Circuit

1019
981
Details v 1000 -
Qubits 2Q error (best) 2Q error (layered) CLOPS
- - 750 A
156 1.49E-3 4.52E-3 220K
H
Status Region QPU version @ Processor type (@ ;
® Online Washington DC (us-east) 1.3.27 Heron r2 ) 500
Basis gates Pending jobs @D Median CZ error Median SX error
cz, id, rx, rz, rzz, sx, x 0 2.643E-3 2.593E-4 250 4
Median readout error Median T1 Median T2
9.644E-3 142.41 us 98.43 us 0
S
8§

(a) Abstract gates circuit and measurement results
Aria Noise Model

987 560
1000 A
750
a—
c
3
G 5001
@ A
q p 0
' . 7 250 1
9 Gpiz MG ‘ spi2MGpi2 .
9 " o2 F
meas 0l 12 3 7 1 2 7 4 6 3 8
b) Transpilied gates circuit and S &§ 5§ 3 § 3 8§ 3 & &8 & 7
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Example: Decomposition of Toffoli/Controlled-U gate

Global Phase: 5n/8

Go Qo
N —
a2 a2
Toffoli gate
(CCX gate)

Global Phase: y/2 + N4 + /4 -1

do do m l
ql E o ql

Controlled U gate
(CU gate)




taken from Dr. Scott N. Genin’s presentation

Unitary Coupled Cluster

Quantum computers cannot directly encode
U - exp(Tl + Tz —+ '“)

l Trotterized
U= (exp (%) exp (%) )M M>1

Even simplest fermionic operators are lengthy combination of Pauli terms

T 1 T 1
(5,030, — 0,030,405
[
- g (Xo¥4 + Z1X223YV4 — VoXy — Z1YV22Z3Xy — Vo X4Z5 — Z1Y2Z3X4Z5 + XoVaZs + Z1 X234 75 )

Lengthy combinations of Pauli terms increases quantum circuit depth

LiIH/STO-6G, C. Hempel et al. Phys. Rev. X 8, 031022 (2018)



From experience to algorithmic shift

o VQE %| X317 {227} noise-induced fake minima

J2j M gradient-based optimizer::
@ COBYLA2} &2 gradient descent A€ 2 H

Expectation value of H3 when we vary 6 (with n fixed to optimum)
& 0|3 noise-induced dipOilA EFEA EChH
o B

..0°'°""o
o®
o...
e
° ®
o \ s
e \ °
4 e B
f .oni‘ B e (H3)
®

=== Binding Energy: -2.046 MeV

3 =2 =1 6 1 2 3
Theta - 6
+E dip7t ¢ 20| M7ZIC}: 1. LO|=E HHE2E 42 £X 2 decoherences= depth0i H| 2|5}/

HZ0ll landscape AAM|Z} Off iteration =34 Bgt
nizer?t ¥ &= Sh1. landscape #E, 2

Fig. &= O/ =7} £0{28 smooth2F O X] landscapedf ZHE -2 Z(fake minima)9| &7 optimizer’f 2/8 + 2ICt.

Nuclear theory x quantum-HPC

Source: user-provided VQE/noise analysis slide.
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Actual result IV: real-hardware limitation

ofX| 2k, &X| QPUGIM = gate depth?t HE = Adt7t WEH ESTICE

Gate Depth T

H2 Energy vs 6 (Hardware, fast mode) H3 Energy vs 6 (Hardware, fast mode) "§I|-§- 7}%'5'.[:'."5 EI-% I:EI-OIEI'-
10.0 %
l' “ "l
7.5 1 /
il 1| H =E0|ME AXE FY FE} |
»-y & =olct,
| ‘  H3 O| & 0| A| = gate depth®f
a ! ‘ " entanglement &0 A=7F HZEICH
R e — -lu' ' "’ ---------- « NISQO| A= wavefunction TX|E VQEZ
IR A QR Rrh ME JE 2R
== IR =f0| O 2&HO|LCt.
-754 === Exact
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3

Fig. & IBM QPUOA! 22 Hz/Hs enerqy landscape. H3 X & deothZ} /X 51 noise fluctuation O] 7{ &Lt

Nuclear theory x quantum-HPC

Source: user-provided IBM-Q real-hardware benchmark slide.



Heron/Nighthawk experience

IBM SlES0l= 34 o0& X2 VQE =Xl= =0l UL}

With 133 or 156 fixed-frequency qubits

and tunable couplers, the Heron family of I~ O I
: : Z0LX| ™A
o

processors is our highest-performing yet Ty L :
and the core of our System Two
architecture.

» T1/T2, readout error, 2-qubit gate fidelity7F 7§
« shallow circuit2| 2t 0| Z7}
« O A|ARIE 23 OF7 Bl X7 2

L—

133/1568 3 7E=3

250K

CLOPS

View available A
Heron QPUs

Heron%| 8 AH|

) 7 AY . 3 i
o <1;;néble1§%uplebr5(§§ 753 HE) 2 > T: energy relaxation time — |1) &7} |0) 2 decaysts AlZt M.

uofts " . = qubits ) ) . a _
fgl‘g’e:cg;?g;:c?“?,:bcﬁéﬁ;é’_:rf:} I *Fixed-frequency qubits + tunable couplers T.: dephasing time — « ‘0) + Be“b ‘ ].) STENC| ATHel2 ([b7|' A== A AT

HICHOIA MICHOl OFZIEI

*EPLG = 3.7 x 1073

Fig. Eagle — Heron — Nighthawk MCH B8} Heron=2 tunable couplerE & cross-talkSf 27 &2 &&= Z0ICf

o _

I Details

1L

156

® Online

Median readout er
9.644E-3

adeje g2 =5

1.49E-3 4.52E-3 220K =

Wi S e - VQEE= EH= A M3t F landscape AHH| 7} noise2 £ &

o i « 57 overhead®} optimizer sensitivity7} active space ZH&H0]| F <F
"E2 SIE "o 2 = F W Hamiltonian2 HIE 7| O{ELt

Fig. & IBM backend AlE 3}FH 0f. 7HIE =+, gate error, readout error & calibration F2E 2/ 0I5/ & 243t}

Nuclear theory x quantum-HPC

Source: user-provided IBM hardware/Heron benchmark slides.



https://www.ibm.com/quantum/blog/qdc-2025

Chip architecture IBM Quantum Nighthawk chip (Credit: IBM)

IBM Quantum Nighthawk's qubit plane
includes 120 qubits arranged in a square

lattice.

IBM Quantum

%
.
Z

nghthawk (2024—2025 EI'OJ ?:l-l) | SQUARE-LATTICE
v &%

*"Square lattice"2t= T&X 7| =2t KA
*Heronit &2 tunable-coupler 7|8t Or7| &l X
Ef, CHA 2 A 2ROl M Ef(tile) FENZ & SHTYEI=F ZA S lattice
‘BM2| & A|AHI(System Two)Of| A 3ﬂ§+ At
v 2x

”EH'ELE THE &2 o2 & AZESIY =0 LAF A AH F35

«= HeronO| £+l )goe Z|CHztok £ O[2HH,
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Post-VQE route

Hef ek e dA XM “E2 ME + B2

SQD/SKQD

- : QPUZt 58%t " .
3|27} amplitude®t phaseE & o . B otZ 0l M projected
X ES bltstrlng/conflgluratlone o= HamiltonianS CHZtS}
sQD2| 2: ¥XHH2 2 Hilbert SZH A "01 C|S %OF ot=X|" o1,
AH HPCZL O FE28Z0IM 2 ﬁlﬁ% Aotrt.

Nuclear theory x quantum-HPC

Concept based on user-provided SQD/SKQD and KISTI HANGANG proposal materials.
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IBM QLP2025, “The dawn of quantum advantage”, Borja Peropadre, PhD., Head of Quantum Algorithm Engineering, IBM Quantum

80
70
[].lﬁ}\/;
60 | ARTICLE
Receivnd 5 Dec 2013 | Accepted 27 May 2014 | Publihed 23 Al 204 OPEN
A variational eigenvalue solver on a photonic
quantum processor
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a noisy quantum processor
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Error mitigation extends the computational reach of
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Data Sources: https://arxiv.org/pdf/2212.02482, https://arxiv.org/pdf/2312.00178,
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Support discovery

SQD Al HamiltonianO|

4amiltonian B 211 U2 | , ground-state support & {EH &=7t?

H — _% (33 < 35) i % (a:2 . y2) Imaginary time

energy gap — amplitude damping

2D Simple Harmonic Oscillator

Real time / Krylov

phase difference — interference filtering

2 : SQD/SKQD = LAIS| 27 ekt A8 HIE 2HE7| 817| 2Ch, H 7t ZEsH= $2% configuration
support £ sample 2 311, 1 90|A H S CHA| CHZststict .

Fig. SHO toy example: imaginary-time filteringZf real-time/Krylov filtering2 low-enerqy suppontE &2 BH}.

Nuclear theory x quantum-HPC

Source: user-provided SQD/SKQD SHO intuition slides.
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o L O|=7} AGEFE recovery@t filterings Sl M
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Sample-based Krylov Quantum Diagonalization

SKQD/Krylov: A|ZtH7| &Ef & 2O} &} 2|

Km = Span{ ‘¢0>, U|§b0>, U2‘¢0>, cer Um—1’¢0> } [J = o AtH

reference time evolved

measure support set
|o) — UKlpo)

diagonalize
bitstrings

damping
 Real time / Krylov

« &0l phaseE O| &3l excited components

S={la1),|as),...,|an)} Hg = PgHPq Moz ARl

 Nuclear target

Fig. reference state — time-evolved states — measurements — support set — projected diagonalization.

L
22O =2 Kt 7|._
Imaginary time Real time / Krylov

—T7H . —7(E,—FE . —itH | —itE ‘
e ™. B damping e ™ e phage rotation
energy gapO| 245 excited state?} G 2| AF2}RIL|C} St SEi= damping | X| R&LICEH O] AlZte| HEHE
7HE AEH XtA|Zt ground state2 =3 BfLICt. My Zgtet il phase interference?| excited

E AMMSHL
Fig. imaginary-timeZf real-time/Krylov filtering2 A1Z CFEX[BE 2= Jow-enerqy supportE &SI} components "'H = | EI-'

Nuclear theory x quantum-HPC

Source

= O

H o
_I% 'I?I'T'_"c'??_l'E |:||-E|:|.

iagonalz « O 4X| gapOll [t2f excited components

e ground state® OfL|2}

user-provided SQD/SKQD workshop materials.

SQD/SKQD = support discovery by H + classical diagonalization




Imaginary-time SHO GIF: density7}

EOI

Q= ©

2| 3 —.—I filtered density, 2 2% ?|: sampled support, Of2H: energy2}t low-energy weights.

Imaginary time: e~ (-tH) damps excited states by energy gaps | T = 0.00

Imaginary-time filtered state |@(T)|?

Energy expectation

X PowerPoint 20| E4 B EO|A GIFZF R 4& LT},

Support discovered by sampling

Low-energy eigenstate weights

EO El E2 E3 E4

SMO 2 £Z6111 sample support?t

O] ZFHOM & A

27| wavepacket2 ground state?t Cr=LC},
e—TtH}7} high-energy components& X[
XM O 2 suppression®HCt.

density’} SHO 452 ZQIC}

1 MEHE FH-SHH ground-state support =
N7t et EHo 2 MEECt

enetey gap = amplitude damping = Support samplng



hase interference 2 ground-state-like Z¢2 H5

AEHE 8%l phase-filtered/Krylov-combined state.

Real-time SHO GIF

EZ: o2 A2t

212 real-time state X}A|, 2

Real time: different phases e”(-iE_n t) enable interference filtering | T = 0.00

Real-time evolved state |w(t)|?

Phase-filtered / Krylov-combined state

o ¥HUM = A

real-time state XtX{|= damping=|X| =L

SHX|ZF 2+ eigencomponent?| phase?t E_n
Of k2t EfE71| =Lt
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Nuclear workflow design

ol Hamiltonian SQD ¥3AE22: MEY-SH-FES{-EHS F=

Sl Hamiltonian

chiral EFT / shell model / GCM

kernels noisy bitstrings recovery / symmetry filtering Lanczos / Davidson AlS. ™ benchmark

Lanczos / Davidson:

2 3|2 Hamiltoniang A& CH2slsX| 4,
F23U48 TS0 MoHX| 1FHEE S

SQD/SKQD, shell-model, GCM A &to] sid] =X 2| =42 & EICY.

VQEE A|AEIO| 37|17t Z743|| S| LEL|OO] X0 HEM S E3} 7|chzt AA0| 7|8l24K o2 St
YRARELE S YAIBRE SO WA U1K S YANEIRRE MEYsD, 0|8 LEI 702 LIEHY
SHUEL|OHS £ (project) 5tT CH2A2}5L0] DY OLIXIS Alaket a“l = —— . ol A . o
& X i °_lIIEEI :gl' 24 hlxl"l': par'tY: ZII-_I'—_%%'::
= ] T o . . = >
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Fig. SQD O X workflow: sampling — configuration recovery — projected Hamiltonian diagonalization.
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Source: user-provided SQD examples and KISTI HANGANG proposal materials.
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SQD molecular benchmarks

=X} benchmark0j|A] SQD= 0|0| HZFX xljsidd = B =L

SQD(6-31G) / SQD(cc-pVDZ) / CCSD(cc-pVDZ) /

reference
Molecule  RI[A] GS_%DG c:;?VDDZ cgg\slgz Reference
HeH* 0.7743 -2.9323 -2.9608 -2.9608 -2.9787
ArH* 1.2767  -526.9249 -527.1055 -527.1029 -527.1827
H.0 0.95782 -76.11896 -76.2353 -76.2380 -76.2417

my
rlo

basis 0llA SQD(cc-pVDZ) = CCSD(cc-pVDZ) E iR
704 A ®H#

Fig. HeH"*

© ArH’* H20 benchmark: SQD(cc-pVDZ)= CCSD(cc-pVD2)E mHa +Z 2= A&,

Nuclear theory x quantum-HPC

Source: user-provided SQD molecular benchmark slides.
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Molecule — nucleus bridge
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Fig. 2= X} determinants$} 24 shell-model configurations= SQD Z& 0JA! F& X 2! ‘important-state selection” 22 & + SIL}
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Source: user-provided SQD “molecule to nucleus” concept slide
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HANGANG-based integrated platform

H|M: K-Quantum Nuclear Foundry
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Source: user-provided KISTI HANGANG proposal deck



What to do first on HANGANG

17=2|: Nuclear SQD/SKQD benchmark suite

What are these
problems?

Modeling molecules, atoms, electrons,
and quarks with unprecedented accuracy

: 7~ \
N=Eh=
- ap=
i TN
........................ : =
[aFe-4S] using an active space of 54 HY = EY

electrons in 36 orbitals from the
TZP-DKH basis set

We are already using quantum
(Heron, 77 qubits) and HPC
(Supercomputer Fugaku) to
achieve results comparable
with the best classical
approximate methods (DMRG)
in accuracy and timing

Classical exact method | 63 PiB of memory?

Classical approximate 8 hours??
method (DMRG)

Quantum method 12 min using 77 qubits
(QCsC) +1.5 hours
supercomputer time?

Scmnce Advances vol. 11,00, 25 2025)
3. Chern. Thecey Comp. 20 (2024): 775-786
1. Chern. Phys. 159, 234801 (2023}

1
2.
3

Fig. chemistry QCSC proof-of-concept: SAF MEIF XS AF ZEZZF A0 ZEtEl 2.

iy
MHo
Tu
12
ofo
Jio
el

Quantum-centric
supercomputing

Quantum-centric Supercomputing Cluster

Workload Management
Middleware =
- Clusical Nodo  Clasical Node | Closecal Node

18M Quantum Quantum Chemistry Application
System Map
Runtime
Node —  Optimize

Controller * Exccute

[Coutiguration

77 qubits = J
10570 quantum gates l ol
3590 two-qubit gates

Subsample
t_£1 Runtime - W
% Node Eigenstate Esgenstate|  [Bigenstat
— \ Solver Solver J
4 E. Contraller I
Fu gaku Collect and
Average
6400 nodes @ 4
32GB o ‘ | Chemistry Application
1024 GB/s
48 cores

18/ Quantuem

Fig. QPUS} supercomputerE &2 3l closed-loop quantum-centric workflow.

light nuclei - shell-model active spaces - nuclear lattice model - GCM reaction kernels

43 exact diagonalization, DMRG/CI/CC, &% At&, variational upper bound

Nuclear theory x quantum-HPC

Source: uploaded KISTI HANGANG proposal deck and QCSC/SQD benchmark materials.

In typical applications, the data
transfer between quantum and
classical is limited to expectation
values and circuit parameters.

In contrast, here we use the largest
possible data transfer and send all
bitstrings sampled from the
quantum device.

Information from all the samples is
used to obtain accurate, noise-
resilient estimates.
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Classical-HPC production stream

2=9%1: KIDS EDF global mass tablel} =L =X} &3t GjjO| E

PHYSICAL REVIEW C 108, 044316 (2023)
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of 6=27| X&0| ERTHI|?

=

M SHE HFB Ak S
Sl
UQ/covariance

S| Eolea

=ICF,

=
=
=3 XHEH EoS

I

& =: KIDS EDF mass table v1.0 - charge radii -
drip-line map - covariance - benchmark report

Black lines denote the results for O, Ca, Ni, Sn, and Pb isotopes, respectively.

Fig. KIDS EDF 2|8t global mass table:2 &1 S4Z & E-EHE drip line-EoS 0JZ9/ 7| EF0] £ICF

Nuclear theory x quantum-HPC

Source: uploaded KISTI HANGANG proposal deck; KIDS EDF mass-table materials.
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Reaction and collective dynamics stream

3=%: GCM/TDGCME 2 a1 EO|A 4K BtS-eiXlz 2

i

B
=

?’? KSTAR/ITER/DEMOS) G 7AEl= 188! AL = ALY EE/9 &2

Nuclear theory x quantum-HPC

Source: uploaded KISTI HANGANG proposal deck; KSTAR image embedded in user materials.

Hthxte 48

B2, B3, pairing, neck, distance

A A4

norm / Hamiltonian kernels

=Sk
o -

TDGCM / GOA / SCIM

o TIL2k
HtS ZH=EF

fission yield, transfer, reaction probability



Infrastructure-aware workflow

stZoAM East 7= A CPU-GPU-QPU-Data layerE %

HE dd 22 2 - 2F 2el/9A|
GPU layer tensor network - circuit simulator - ffsim - Al proxy

distributed diagonalization - HFB/GCM kernels - UQ/optimization

SHXt= DB - checkpoint - reproducibility - workflow logs
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e

o
HE

QPU/
space
GgM pr

o

=z

PC loop 25
FQ P @<

duction ¥ fusion-relevant nuclear data &

-+
JotL

iv
S

A8 |y
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OOk
g
SN
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Nuclear theory x quantum-HPC

Source: uploaded KISTI HANGANG proposal deck.
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Conclusion

Take-home messages

o1 A== EXERYL XpAL 2 7|x1s S 0|t

AH| StEL0{0N 2H-EX} benchmarkE MWD, 20| = AuE FRULCEL

D-Wave deuteron, IBM-Q VQE, Heron ZA&0| C}2 £HA| Q| 7|HIO| L},

03 VQERICEE EE0| BE3siCL,
NISQ noise®t optimizer 5 W20 SQD/SKQD7t ¥ AA post-VQE 4 ELF.

04 KISTI 627| etZ2 H=e| U¥X-HPC L E S8 = 7|=2|Ct.
SQD/SKQD + KIDS EDF + GCM/TDGCM + X2 EsiZ o= HASIC},

| un @7 ZHoM S, 637 ATfel $0|2 A4 BHEC = ULt

Twenty-
four
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Toward an Open Quantum Nuclear Many-Body Community

Nuclear Quantum Computing & Hybrid Calculations Study Group
An open working group for quantum computing, quantum annealing, and Quantum—-HPC hybrid methods
in nuclear theory.
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