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Chemistry Beyond Exact Solutions on a Quantum-Centric Supercomputer

Javier Robledo-Moreno,' * Mario Motta,' ! Holger

Simon Mar

Haas

' Ali Javadi-Abhani,' Petar Jurcevic,! Willlun Kirby,?
wl.” Kunal Sharma.* Sandeep Sharma.® Tomonori Shirakawa, ™™ 7 Iskandar Sitdikov,* Rong-Yang
Sun.*%7 Kevin J. Sung.' Maika Takita,' Mink C. Tran,? Seiji Yunoki,** " * and A

mio Mezzacapo' ¥

YIBM Quantums, IBM T.J. Watson Research Center, Yorktown Mewghts, NY 10598
*IBM Quantum, IBM Resesrch Combridge, Cambridge, MA 02142, USA
YIBM Quantum, IBM Fronce Lob, Orsay, France

Unieersity
A

' Department of Chem

*

RIKEN Center for (€

*Quandum

RIKEN Center for Quantum

"RIKEN Interdusciplinary Theoretical and Me
*RIKEN Center for Emergent Matter Science

A universal quantum computer can be used as
a simulator capable of predicting properties of di-
verse quantum systems [1). Electronic structure
problems in chemistry offer practical use cases
around the hundred-qubit mark [2]. This appears
promising since current quantum processors have
reached these sizes. However, mapping these use
cases onto quantum computers yields deep cir-
cuits, and for for pre-fault-tolerant quantum pro-
cessors, the large number of measurements to
estimate molecular encrgies leads to prohibitive
runtimes []. As a result, realistic chemistry is out
of reach of current quantum computers in isola-
tion. A natural question is whether classical dis.
tributed computation can relieve quantum pro-
cessors from parsing all but a core, intrinsically
quantum component of a chemistry workflow,
Here, we incorporate quantum computations of
chemistry in a quantum-centric supercomputing
architecture, using up to G400 nodes of the su-
percomputer Fugaku to assist a Heron supercon-
ducting quantum processor. We simulate the N,
triple bond breaking in a correlation-consistent
co-pVDZ basis set, and the active-space electronic
structure of [2Fe-2S] and [4Fe-48] clusters | 1], us-
ing 58, 45 and 77 qubits respectively, with quan-
tum circuits of up to 10570 (3590 2-qubit) quan-
tum gates. We obtain our results using a class

of quantum circuits that approximates molecular
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CE

rent error rates, our results show that classical
distributed computing coupled to quantum pro-
cessors can produce good approximate solutions
for practical problems beyond sizes amenable to
exact diagonalization.

The most common task in theoretical quantum chem
istry is the computation of ground-state energies by soly
ing the Schrodinger oquation H|W EW) in the Bors
Oppenbelmer approximation. Exact muserical solutions

it a finite basis set bave a cost growing combinatorially

in the number of electrons and orbitals. This limits ex

act diagonalization in the full configuration internction

» Systesn s close to 22 electrons in 22 orbitals
22¢.220) and (26.230) For systemn sizes bevond

the reach of FCL one must rely on approximate ethods

g, diagrammatic techniques, wavefunction ansatzes
and Monte Cardo imegration |

ered a Hurry

Progress in quantum computing has trigg

mal chemistry over

of theoret sposals for comput

g ). At the same time, attempts
have been made at implementations on pre-fanlt-toberant
Quantum procossors but these have so {ar been
limited to small systems, for two main reasons.  First
despite numerous cfforts to improve on the measure

problem (e, ), runtizne for ex

LY CXpec

tation value estimation on interesting systetns remains

ot of any reasons timescale.  Second, the depths

of chembcally-motiva quantum creuits for computa-

tions of chemistry are very high. For unitary coupled
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