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Quemix

The Quantum Technology Company
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A Software R&D Venture Focused on Quantum Computing

2019427 B 20% (MFBIRE: 144)

Established in 2019 | 20 members, including 14 researchers

i Quantum Tachmology Company
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We've been developing FTQC(Fault-tolerant quantum computer) algorithms since our
establishment
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We've been focusing on developing algorithms for FTQC since our establishment in 2019
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We conduct R&D on practical qguantum algorithms that could become industry standards

ETLFEHE CAERtHE HwmrE

Quantum Chemistry Computer Aided Machine Learning
Calculation Engineering




Development roadmap Q cuanTinuum
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Hardware with over 100 logical qubits and an error rate below 10-®> will be realized by 2029: Beginning of eFTQC
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Quemix’s Challenge: Striving for Quantum Supremacy
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We aim to achieve quantum supremacy in all the following fields within the next five years

ETLFEHE CAERtHE HwmrE

Quantum Chemistry Computer Aided Machine Learning
Calculation Engineering
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Accelerating Quantum Chemistry Calculations by FTQC: Quemix’s Technologies

BFLEHE

Quantum Chemistry
Calculation
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Towards Practical Quantum Chemistry Calc. Scheme
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Problem: The practical problem as a whole is too large for eFTQC machines
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Realistic solution: HPC-FTQC Hybrid Computing
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Practical Quantum Chemistry Calc. Scheme

HPC-FTQC Hybrid Computing

R 225 i R YRR
DFT Calc. Extraction Ground State Calc. Property Calc.

Quemix technology B fiieTrL¥—
Semtestaeatataatateataing” BNV =T RERNERE%EEE (PITE) Excitation Energy
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&Easy part (can be handlecl wnth co:ventlonal) Effective Hamiltonian L_ cl: % %?bﬂ;@ - &HXX 7 }\ 4

o Absorption Spectra
4= Zztﬁa;% Quantum speedup by Probabilistic . ete.

] Imaginary-Time Evolution (PITE®)
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Quemix technology
o RN QPERALISEEEGHE
Quemix technology 2~ U FEICKBEFINHE
BHNINLPZTUBE BB 0/ 9nvER ¥ Response Func. Calc. Using QPE and

its mathematical verification of
speedup

leflcult part (effectlve model) + Jij (awa;pawaﬁ, + a;ra Ipajpaja) }
Screening effect/##izhE

Accumulation of expertise in constructing effective Hamiltonians

ETOEERFMIPRE-- -

All the necessary technological components were in place
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Quantum algorithm for ground state calculations

Quemix technology
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(Difficult point to realize)

Kosugi and HN, Phys. Rev. Res. 4, 033121 (2022). Nishi et al., Phys. Rev. Res. 6, L022041 (2024).
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Quantum algorithm for ground state calculations
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Kosugi and HN, Phys. Rev. Res. 4, 033121 (2022). Nishi et al., Phys. Rev. Res. 6, L022041 (2024).
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Quantum algorithm for response functions
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Quantum algorithm for response functions
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The quantum circuit for XAFS calculation using quantum phase estimation (QPE) The photoabsorption spectrum for N, molecule
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Dipole-applied ground state
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The sampling results of QPE output become XAFS spectra
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Practical Quantum Chemistry Calc. Scheme

HPC-FTQC Hybrid Computing
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DFT Calc. Extraction Ground State Calc. Property Calc.

Quemix technology B fiieTrL¥—
Semtestaeatataatateataing” BNV =T RERNERE%EEE (PITE) Excitation Energy

A (ERETHRELCIRZ Z) HHELAE ; i i —- . g ~
&Easy part (can be handlecl wnth co:ventlonal) Effective Hamiltonian L_ cl: % %?bﬂ;@ - &HXX 7 }\ 4

o Absorption Spectra
4= Zztﬁa;% Quantum speedup by Probabilistic . ete.

] Imaginary-Time Evolution (PITE®)
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Quemix technology
o RN QPERALISEEEGHE
Quemix technology 2~ U FEICKBEFINHE
BHNINLPZTUBE BB 0/ 9nvER ¥ Response Func. Calc. Using QPE and

its mathematical verification of
speedup

leflcult part (effectlve model) + Jij (awa;pawaﬁ, + a;ra Ipajpaja) }
Screening effect/##izhE

Accumulation of expertise in constructing effective Hamiltonians

ETOEERFMIPRE-- -

All the necessary technological components were in place
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Executing end-to-end quantum chemistry calculations using a real machine

Collaboration with HONDA

=7y I BEMBDOXAFSZARZ v Hardware: H1-1 series (Quantinuum)

Target: XAFS spectrum from a battery material

QUANTINUUM

re Quantum

Intensity (arb. units)

710 715
Energy (eV)
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XAFS Spectrum: Need to carefully consider electron-correlation effect
P y Hardware with mid-circuit measurement, high fidelity,

and all-to-all connectivity
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Simulation result for XAFS

Experiment
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Intensity (arb. units)

Simulator

Intensity (arb. units)

$754 bE— 2 AL EROXAFSRAR Y ML EBH

Reproduce experimental XAFS spectrum including satellite peaks : l 7i5 720
Energy (eV)
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Executing end-to-end quantum chemistry calculations using a real machine

Collaboration with HONDA

SWEDEF/N— FOMURZHELEVICeFTQCL T 5720, EFT 77— (QED) AL :

We can effectively transform the current quantum computer hardware into a simulated eFTQC by using quantum error detection (QED).

QEDFRFEH WFTQCT LTV X L%aFETL, EREBEMRAIgEAYEBEFEZ BRI TEIT
Executing FTQC algorithms on logical qubits and performing the first-ever physical quantity calculations directly comparable with experiments
arXiv: 2505.08612 (2025).

Qo 10)
q, 10)
g, 10)
g; 10)
ax 10)
gz 10)
Quo 0)

Am1
c

EFEERRFDO - DEMFAFEICK VIR TER

Development of technology for quantum circuit implementation
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MELYREFE Y 56 — 8

Required # of physical qubits: 56 — 8

QEDTF =5 & 1) B FUBHEE 2 WL o XAFSETE WRIRT — FRIFE T 120D 1A

Required # of gate operations: reduced to 1/12

Quantum phase estimation with QED code for XAFS spectrum
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Results: XAFS spectra
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LT1.8x102mEETHEB (T 2L —42TI36.1x1073)

Using QPE, present trapped-ion quantum computer provides XAS spectra with 1.8 x 102 error compared to ideal FTQC results
(6.1x10°2 by emulator).

E=#/0PU (H1-1) Emulator (H1-1E)

\ — w/QED 1 w/QED (H1-1E)

— w/o QED —— w/0 QED (H1-1E)
-== Noiseless ---- Noiseless

3EBET LA

I
]
]
]
1
I
1
]
]
I
'l Used 3 orbitals model
]
]
I

\
"
i
1
1
i
[
11
1\
1)
[
1)
I 1
1 1
1 1
1 1
I 1
I 1
I 1
I 1
I 1
1 1
1 \}
) \

1
i
1
|
|
|
1
1
1
|
1
1
1
1
\
\
\
\

Intensity (arb. units)
Intensity (arb. units)

Energy (eV) Energy (eV)




ERANGEFILFAERF—L4

Practical Quantum Chemistry Calc. Scheme

BRI £ 534 EERREE WEEHE
DFT Calc. Extraction Ground State Calc. Property Calc.

Quemix technology B FiieTrL¥—
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] Imaginary-Time Evolution (PITE®)
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its mathematical verification of

Accumulation of expertise in constructing effective Hamiltonians speedup

SELIA DS FiBil

Aiming for quantum supremacy in byears

1 —RT —REHEFFRZEHF

Seeking use cases and collaborative research
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Accelerating CAE Calculations by FTQC: Quemix’s Technologies

CAEFHE

Computer Aided
Engineering
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Practical CAE Calc. Scheme

HPC-FTQC Hybrid Computing

Quemix technology

EXRNESRREEE PITE circuit

Quemix technology (PITE)ICL B ) . Missing Piece---

b" sk2 \i
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Convert the data into an easily O NOF

encodable form using a classical ‘

computer and input it into quantum ‘ _ o

computer ‘ The biggest challenge in utilizing
_ quantum computers

arXiv: 2409.18559 (2025).
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Readout : Barrier to Quantum CAE Calc.

Readout

EFAYE2a—Z2ORWEZADNEEL

This undermines the advantages of QC

BEFEY MIRBRZNVRI) -V OEXBER (BEFER »Z->TWLBEH,
MAMZEI ETBE, o RIEROERERLMIEETHALE S GREROUUE)

Quantum bits contain a vast amount of information (quantum information) in full, but
when attempting to read it, only a single pixel's information remains, with all the rest disappearing

(wavefunction collapse).

S FIRREETI I L OATEFATE L ISIFEFCAEETE T H U 1F 00

Without effective readout, quantum CAE calculations are impossible
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Practical Quantum Chemistry Scheme

HPC-FTQC Hybrid Computing

Quemix technology Collaboration with

Eﬁgﬂ"lﬁﬁﬂ% Fﬂﬂ%,iif PITE circuit HONDA
(PITE)IC& B Quemix technology

o . Fe # B EhNE &y B30
TA—FLPTULEIR Exponential speedup by - mil LZ21Th 7,
HHECTZEL TEFCAAN  PITE® method BHEOHEHRELT
Convert the data into an easily HHIAVE 2 -2 THERK

encodable form using a classical : [NEW TECH.]

computer and input it into quantum : Extracting only features without direct

computer - readout, and then reconstructing on a
: cC

arXiv: 2409.18559 (2025). arXiv: 2505.08613 (2025).

ETOEERFMIPRE-- -

All the necessary technological components were in place

Quemix technology
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Challenges in readout

EFEyY FMHENT 31FE, EFIREOFHRAM L ICKELBIERZAH 800
As a first step toward FTQC era, we implemented QED on QPE

5 qubits 9 qubits A7 @)% 1,000[a]

1,000 measurements

2. HIE A BUR R
Black: Exact

EFEY MDPEBZ D IFERBMOREEINEDTLDT, SVKBELNNE

The magnitude of coefficients decreases as the number of qubits increases. High precision is required.
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Feature extraction & reconstruction of quantum states

BRI SRR A BBEEE N, PHDO5 A — R THESIISNB I EHSL

In amplitude encoding, the cost of quantum computation increases as the number of qubits increases.
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Feature extraction
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Methodology for an efficient amplitude encoding

Kosugi et al, Phys. Rev. A 110 062407(2024)
Kosugi et al., arXiv 2501.07211(2025)
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Quantum state readout

EFHHENAT Yy FREICK
EM@z?ﬁwwﬁﬁa%m&

Extract feature of target state by Q/C -
hybrid calculation EFELRYEERE

Quantum overlap calc.

Feature extraction

\_
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(Class.) Maximizing fidelity

Gd = kSG

|‘/’tgt> ~ Z de|Y,)
7




BUEETE G

Numerical example

ZEFEY MIALBWAERM TEFINREZTRAHT Z LIk
Successfully readout quantum state using fewer measurements for a large number of qubits
AITE 8124 1,000[=]

1,000 measurements

---- This work (» meas.)

¢ direct
This work

Infidelity
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Number of qubits

Xj
E—JE - @5 oNiEe

Cases of given peak centers and width
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Practical Quantum Chemistry Scheme

HPC-FTQC Hybrid Computing

Collaboration with

IMZEAICKDBRRZ—RKRT Quemix technology
%I:l)l éﬁfb‘f:f:g i—a_ Egm&ﬂ%rﬂﬂ%,ﬁif PITE circuit HONDA

(BFLFFHETOTa-F) | (PITE®) =& 2 Quemix technology

Fe Z B EUhNE ez Eitseiid

) Exponential speedup by - s LZ1Th7.,
' T a—=FLPTULREIC PITE® method BHEDHAZMBLT
HBCTEEL TEFCAAN ROV 21— 2 THIER

6
| Convert the data into an easily ) : [ENtEW tT_ECH']l ot R
| . . - Xtracung only Teatures withou Irec
| encodable fo"‘.“ usm_g a classical : readout, and then reconstructing on a
i computer and input it into quantum ' cC
: computer

arXiv: 2409.18559 (2025). arXiv: 2505.08613 (2025).

Quemix technology

ETOEERFMIPRE-- -

All the necessary technological components were in place
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Practical Quantum Chemistry Scheme

eFTQCEHIDEFT7INITY X L

Quantum Algorithm for eFTQC Era

Method

System Size Accuracy # of Qubits
Dependence

O FBHELINE A

Exponential speedup

O ZIAEZINE

Polynomial speedup

Application Era

SE LI D2 FiBik
Aiming for quantum supremacy in byears
31— R — R RFAREE TS

Seeking use cases and collaborative research




PITE®7Z O Y X LDFEAEETEADE

Applications of PITE algorithm to fluid dynamics simulations

AL RAE T IERDGEICE FEUIED R
S, PITE IZDEF 7L TV XL EERT
HER&E

MAEDFRER (FEIT-X F—7 XHER)

% = —Hu(r,t)

u(r,t) = —exp(—Ht)u(r,t = 0)

EREEREET GE1=%Y)
— PITE" TEEATAE

ERMEREICL SRR R ETEE AHEORMED (BF vs. &)

Quantum circle for evolution equation based on imaginary-time evolution Evaluation of cost (quantum vs. classical)

IEEEIDNED FTRE e exponential speed-uj
¥ REABKRUFHEAH U ZIR<  statevec. preparation and readout NOT included

EHES 2R B RILEBAER

Advection-diffusion equation in two dimension via Qiskit

q:'/b *“Bﬂ&l& (£) central absorption (upper) EPT4ERL - BRUX(T) local creation & absorption (lower)

Huang and YM, arXiv: 2409.18559(2024).
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Accelerating Machine Learning by FTQC: Quemix’s Technologies

FyASAIILEBIRREZ—FKRT
BASETWEEZXY
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Machine Learning
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We aim to achieve quantum supremacy in all the following fields within the next five years

O1— R — REFEFRFFREE

Seeking use cases and collaborative research

ETLFEHE CAERtHE HwmrE

Quantum Chemistry Computer Aided Machine Learning
Calculation Engineering




Empower the Future with Quantum Power

Quemix

The Quantum Technology Company




