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About Quemix / Quemix&(E Quemix
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The Quantum Technology Company Quemix is a guantum software technology startup. We remain experts in quantum
technology, achieve breakthroughs leading the era, and realize the future humanity
has dreamed of.
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Challenging of current quantum computer/IREFRICH T DEFETEHFAMNA DPKEL Quemix

HEHOYPHERS ST /N1 A(NISQ)FR - - - EFEIREBRISEHNICI I 2L —23 0T 2DOD EEE

Noisy intermediate scale quantum (NISQ) era---Quantum simulation results are classically hard to simulate

Google’ s 54 qubits processor IBM’ s 127 qubits processor

Task: sampling Task: Ising Hamiltonian simulation

L LA

Arute et al., Nature 574, 505 (2019). Kim et al., Nature 618, 500 (2023).
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Challenging of current quantum computer/IREFRICH T DEFETEHFAMNA DPKEL Quemix

IN—FII7IEEAEBENISQ. BEHIFTQC. FTQCICHIFTTEHEREISERU TS
HW is advancing step by step for useful NISQ, early FTQC, and FTQC.

needed for chemical simulations, financial portfolio
optimizations, break RSA 2048 keys
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Probabilistic Imaginary-Time Evolution method: PITE®R/fEXENEREIFREE Quemix

PITEIL. FTQCEHADMEIT THRESINZ SNV DV IVIN—TH S
PITE(L, HEEHEHKICL SmELE . mBILDTZH DZSH DN B GIFR DRI TGIE
STREDRHSEFINEYT D& E R

PITE is a solver for many-body Hamiltonian, designed toward FTQC era.
PITE is a non-variational method that does not require classical optimization.
Confirmed that the quantum acceleration occurs from resource analysis.

PITE circuit o
10—1_.
10-3 —e— PITE
W | —=— multi-step PITE
—— QPE
103+ L.
10°7 :
10? 10 106 108 1010

Computational cost

Kosugi, Nishiya, Nishi and Matsushita, Phys. Rev. Res. 4, 033121 (2022).
Nishi, Kosugi, Nishiya, and Matsushita, Phys. Rev Res. 6, L022041 (2024).
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Application of PITE®/PITE®RDI:H

/FRIIOE BAEL

Central absorption (upper)
: S /HUERIRIR ()
| ot Local creation & absorption
Kosugi et al., PRR 2, 033043 (2020). 3 e (lower)/ R Rk - TR (F)
B Electrons under magnetic field :: |
/R OET L st
Kosugi et al., JJAP 62, 062004 (2023). ST e T In preparation/stES/EH
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Kosugi et al., PRA 101, 012330 (2020).

Material science/###lZ

B Crystal structure prediction/&sigssa
Kosugi et al., npj Quantum Information 9, 112 (2023).
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AsahiKASEI
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MBItk =115/ Asahi Kasei Corporate Profile AsahiKASEI

14,/ Trade name £t President
B{bRtk =+t Tk ==PUER

Asahi Kasei Corp. Koshiro Kudo

A%t Head office BAFE Paid-in capital*
REETFAHEX 1,034/&HM

Tokyo, Japan ¥103.4 billion

EEE (GEFE) Employees

(consolidated)*

gl Founding

10225
49,295\
2023 FEx=EGER)
Fiscal 2023 rejl’cjsh(consolida’ced)>X< As.of%%ijfgﬁ;;g%zi\
soLis 2J)k7,84918H
Net sales ¥2,784.9 billion seA (HEHR)
= 1A 1,407EHM Head Office

Operating income ¥140.7 billion



/ HEMAH, Corporate Configuration AsahiKASEI

> MBALAL S )V — T I A THBMBILRE , TONTEERAERIZIC,
IRFUPIATEEIT AL RS 7 1035 CREZRRL TV SHALEX—N—TT.

Centered on the operating holding company Asahi Kasei Corp. and seven core operating
companies, the Asahi Kasei Group is a diversified global manufacturer with three business
sectors of Material, Homes, and Health Care

hB{L Rk &4t Asahi Kasei Corporation B RIEE / Holding company function

MLk 7 7 — <X a1t

B EM&#E Operating function Asahi Kasei Pharma Corp.

EEEZEZE Pharmaceuticals
B U 2> 2 HBAL R — A XAkt At \
Environmental Solutions Asahi Kasei Homes Corp. TBILEE X T 14 DIIVERT 4t

FEUTARA VY HR MY TILEE NP Asahi Kasei Medical Co., Ltd.
. _ _ _ Mohility & Industrial_ — — — _ EEHRHomes B R Medical Care

: SATA ) R— 5 FE

| Life Innovation TB{L R MR L4t ZOLL Medical Corporation
I Asahi Kasei Construction Materials Corp. oV T 4 HLr 7EZE Acute Critical Care
—_ s AL
)‘Iﬁﬂ_’,ﬁﬁl L7tR=7 zﬁﬁﬁﬁ ZBHMEZ Construction Materials

Veloxis Pharmaceuticals, Inc.
EEZEZ Pharmaceuticals

<7 Y 7 ILEEEMaterial F=£4%818 Homes ~JL R 7798 Health Care
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JTFU7IVEE FESSAE / Examples of Main Products AsahiKASEL

V70N == P |¥
Acrylonitrile

NARFT™. )LH—Fe
Hipore™ and Celgard™

FH2R 7L H U K EfFIE
Alkaline water electrolysis
system at FH2R

AL ¥EDinamica®
Dinamica™ artificial suede

F—T14F - KA X@EITLSI

=05 o0 970
Y7797 LSIs for audio & voice

Saran Wrap ®©
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Asahi Kasei achieves technological

breakthrough with innovative electrolyte

Proof of concept for lithium-ion batteries with improved power output and service life

https://www.asahi-kasei.com/jp/news/2024/ze240607.html

BIEDR&DKEYSY X1, /Recent R&D Topics1

AsahiKASEI

LFP cylindrical cells were used for POC
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BITDR&DKEYOX2,//Recent R&D Topics2 B
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Press Releases

Crystal IS and Asahi Kasei have achieved 99%

usable area on 100 mm bulk aluminum nitride
substrate

'l‘l'l..ll".l_l.llll'.llrllrlll»r-lll'llll'lllllllll"l-lulllavll.llllllljillllllIIIllﬂllrl(l'llllllllqllww
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BEICEE L /- FERTEEEmEI%DAINER () LS REIREICHKII L-[F99.3%D
Following the first reported 100 mm diameter AIN in 2023, the company now announces £k (%)

improved wafer quality based on specification for UVC LEDs Comparison of Crystal IS 100 mm bulk aluminum nitride substrate from CY24

Q1 (left) with 90% usable area and CY24 Q2 (right) with 99.3% usable area.

https://www.asahi-kasei.com/jp/news/2024/ze240612.html 13
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Examples of the study for cyber space material design

> MBET—IR—ADIET > aoFEaEETE AT A E RadonPy
Materials database Automated calculation of polymer properties
> IMRN—FYhyTaL—v3Y > Za=SNARYRTI—ORT IV J* MATLANTIS
High-throughput simulation Neural network potential
> =EMIY—)U > BRFAIITANTADRAT IV T A—L1A
olymRize
Advanced MI tools Polymer informatics product g

> BEFIEI1—Y—F#EAT Quantum Computer Technology Survey
> MHAEHEHEEIL Combination Quantum Optimization

> a=FiEmEE Machine learning

> 2TFEFE Quantum Chemistry > Quemix
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Example of the study for Quantum Machine Learning(’' 22/11/8)

www.nature.com/scientificreports

scientific reports

W) Check for updates

OFEN Noise-robust optimization
of quantum machine learning
models for polymer properties
using a simulator and validated
on the lonQ quantum computer

Yuki Ishiyama®*, Ryutaro Nagai®, Shunsuke Mieda'?, YukiTakei'?, Yuichiro Minato® &
Yutaka Natsumel*

Quantum machine learning for predicting the physical properties of polymer materials based on the
molecular descriptors of monomers was investigated. Under the stochastic variation of the expected
predicted values obtained from quantum circuits due to finite sampling, the methods proposed in
previous works did not make sufficient progress in eptimizing the parameters. To enable parameter
optimization despite the presence of stochastic variations in the expected values, quantum circuits
that improve prediction accuracy without increasing the number of parameters and parameter
optimization methods that are robust to stochastic variations in the expected predicted values, were
investigated. The multi-scale entanglement renormalization ansatz circuit improved the prediction
accuracy without increasing the number of parameters. The stochastic gradient descent method using
the parameter-shift rule for gradient calculation was shown to be robust to sampling variability in
the expected value. Finally, the quantum machine learning model was trained on an actual ion-trap
quantum computer. At each optimization step, the coefficient of determination R? improved equally
on the actual machine and simulator, indicating that our findings enable the training of quantum
circuits on the actual quantum computer to the same extent as on the simulator.
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Joint research with Asahi-Kasel
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Target material: wide-gap semiconductor /74— &: D14 RX vy THE(R Quemix

B (KEIRIVF—HEDIZOHDINT—FTIN1RX  Power devices for low power consumptionRF
m 5G-6GHHRICAIFIZERET/N\T1X Devices for 5G/6G technologies
m EEMRAOUV-UV-C LED (f1:J03914JVR)  UV/UV-C LED for disinfection (e.g. COVID-19)

Silicon Carbide Aluminum Nitride Diamond
E,=5.5eV

E, =3.3eV E; = 6.0 eV

Tiaa gy,
lll‘;"lll""""'l':"'"""”’ll
i,
R
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3,

'y,

COCCCTETE L LT L T T HR AR URRARRRRRRRRAAY

https://www.rohm.co.jp/news-detail?news- https://www.asahi- https://newatlas.com/electronics/2-
title=2020-06- kasei.com/news/2022/e221005.html inch-diamond-wafers-quantum-memory-
17 news 4gsic&defaultGroupld=false billion-blu-rays/

Copyright © 2024 Quemix Inc. All Rights Reserved 17


https://www.rohm.co.jp/news-detail?news-title=2020-06-17_news_4gsic&defaultGroupId=false
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https://www.asahi-kasei.com/news/2022/e221005.html
https://www.asahi-kasei.com/news/2022/e221005.html
https://newatlas.com/electronics/2-inch-diamond-wafers-quantum-memory-billion-blu-rays/
https://newatlas.com/electronics/2-inch-diamond-wafers-quantum-memory-billion-blu-rays/
https://newatlas.com/electronics/2-inch-diamond-wafers-quantum-memory-billion-blu-rays/

Defects in wide-gap semiconductor/J4 R¥ vy HEMARD K

RERPORMEE—RENICIET NI ADEREEBILSE D, — AT . EF LI DI 3B RIMGIIFFRIEEZEEIFET D,

Defects in a crystals generally worsen the device performance.

On the other hand, defects emerges new function such as quantum sensor

Defect as a device killer
/TN RAFZT—EUTDRIE

SiO,
High quality interface  } 3.
. /amBETE

Kobayashi, Matsushita et al., APE 13, 091003 (2020).

Defect as a qubit

/BEFEYREUTDRE
L o RS,

/ \\

\
N_ i

J

_ J

~\ —I’,

NViZA—

/NV-center

https://www.ast.go.jp/site/ials/29442.html

Copyright © 2024 Quemix Inc. All Rights Reserved

Quemix
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Quantum sensing/2Ft Y25 Quemix

MV EIRRONVEIY—EEICRAEVDRBELV TN A (EFLARIVOIVNR)DE S ICHRDFED.
SFEIIVTFEEIIN T EIRVREEERIMFAGREEVIFHZERT .

AINICEWTENVHRLT I TED R EERRICRIEZEEZAT S ETHUVEDEIR DN AR EHF TN D,
Spin localized near the NV-center behaves like a small magnet (atomic-level compass).

Quantum sensing exhibits high-sensitivity and room temperature operation.
The introduction of defects can generate new functions in AlN, as in NV-center.

Molecular structure Thermal measurements In vivo magnetic
determination with nanodiamonds activity in animals

; Py e Magnetometer
Spin G =
probe
$labels | \\.'/ ! (diamond/OPM)
\,1;/
117 L 2 ==
“‘v- e Gl )

Diamond Glass slide s
Subcellular organelle Electrical activity studies Clinical diagnostics
metabolic studies in cellular cultures in humans
Cell r _Probe OPM probe array
: | | 0000000080008 — ‘
CY X 3
LY LT X LN
e geety
J =
NV ensemble Dense NV ensemble
/NV-center >
Molecular scale Cellular scale Organism scale

Aslam et al., Nat. Rev. Phys. 5, 157 (2023).

Copyright © 2024 Quemix Inc. All Rights Reserved
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Limitation of density functional theory (DFT)/DFTDIESR Quemix

FEKRICHU T DFTIZZ<DREINZERDZRERY T —RGFiE,

— AT TIRF vy THEEFPDOREVEFE Y FDECBIFEEUL,

For semiconductors, DFT is the most standard and successful method.Difficult to correctly describe the
spin qubit in wide-gap semiconductors.

2.5
SE B—DAL—9—1TIR TRINDIAE=FIAKRE(S=1) = DFTIZEL)
2.0° BHOZL—9—1THRTREIND ALY —BERE(S=0) = DFTOREEE(L
\ 1A1
< 1.5; L I Spin triplet states (S=1) is described by single Slater = DFT works well
‘-qi Spin singlet states (S=0) is described by multiple Slaters = DFT does NOT work
2 1.0
o =
05 Fa 0.51(|estesyarrary) — [eyreyairany)) + 0.19(|ey earerya1r) — |eyreatesyary))
o | S — 0.45(|eyres a1ta1)) — |ey €x101101)))
0.0{ =L ¥
S=1 S=0
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Ab-initio downfolding method/&—8B5 0 JA4—IL7T12T5 Quemix

e FIRETIV(ERPORMB) IFEFIVEI—FICEODTIEKRETTES

fRRR EEETIVASABEMNICEULES (AR DA ZNVHLU. ZOH UV ZEFIE1—5THE

Problem: Computational model (defects in crystal) is too BIG for QC.

Solution: Cut out only intrinsically difficult part (called effective model) from the computational model, and use a QC
to solve only that difficult part.

ERP CAEVEFEYNRREIFAIIL THFE

> EmDREZERIRE UV TRAEVICHRYAD
Spin qubit is isolated in crystal
=Renormalize effect of crystal to spin qubit

,,,,,,,,
'''''

e ,.4J§E~ ‘94.- [l e R ST EU<[ETRILE—ZRITRERL
T \S'QI&' “\lﬁl\ " "QI\Q‘l Note: formulated as energy space correctly

; $EMkﬂLw$ﬁ(ﬁ%Ei)
* Difficult part (effective model)

Screening effect/ &R Aryasetiawan, Imada et al., Phys. Rev. B 70, 195104 (2004).

Copyright © 2024 Quemix Inc. All Rights Reserved 21




Simulation of spin qubit/AEVEFEYrDUI2L—a Y Quemix

TJPAIRIDE>EY ., &Fit8#zF > (&FR(REVEFEYN) DI AL—30%F1TD
Simulate quantum system (spin qubit) using quantum computer as Feynman said

BAIXEHNTIEDYFEREA.EUVBARADYI2L—23 V%L
LWDTHNIK. EFHAFNICTIBVENHYEXT, ]
“nature isn't classical, dammit, and if you want to make a simulation of

nature, you'd better make it quantum mechanical”

Feynman, International journal of theoretical physics, 21, 467, (1982).

Copyright © 2024 Quemix Inc. All Rights Reserved 22



Quantum Error Detection (QED)/&F&BViEH

FTQCHEXICHIFT/25—3&UT. QEDZPITE(C3E3E
As a first step toward FTQC era, we implemented QED on PITE

Data qubits

/T—5E YR |

(k qubits)

Qubits
/TLREWK
(m qubits)

Quantum Error Correction/E2F:2WETIE

¥) —

Redundancy |0)

Encode

Quantum Error Detection/EF&2VIRHE

Logical qubits |¢> Syndrome meas.
/mEgTeyr /L

/U RO—LBEE

/5

Gate ERROR a | .. | g

0) — H l

Quemix

Recover

/87T

Ancilla qubits
/fEBhEY

0) LA =
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Trapped-ion quantum computer Quemix

DA T4 227 LHT-1EFESAEHOFHEILX. QEDEPITEICEDTEFULLY,

Feature of Quantinuum H1-1 quantum computer, suitable for QED & PITE

99.9%MEW\_EF7 —FEZEE High fidelity two-qubit gates, 99.9% ‘ﬁ OUANTINUUM

L5 All-to-all connectivity
EFEFEGAZE S BFIFA Mid-circuit measurement and reuse

No. qubits

/E2FEW MK 20
Quantum volume 920
[ ETFATE

Single qubit gate fidelity

B R 75— R 99.9979(3) %
Two qubit gate fidelity

I— BT — R 99.914(3) %

https://www.quantinuum.com/hardware/h1 ,,

Copyright © 2024 Quemix Inc. All Rights Reserved
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Quantum circuit for encoded PITE/fAFS{t S N7ZPITEDEFEIFS Quemix

9o 10)
q; 10)
q, 10)
q; 10)
qx 0)
qz 10)
Quo 10
A1

Detection

apoous-ay

"SEaLU SWOIPUAS YlIM
"SEAW BWOIPUAS ylm
EI_I.IdO

Vo RO—-LBEEPITEDHEIE Y MAIE T, FRERIEAIE & BF A

Mid-circuit measurement & Reuse @ Syndrome meas. & PITE-ancilla

qaubit meas.

Copyright © 2024 Quemix Inc. All Rights Reserved
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Results: spin singlet state of Zr,Vy in w-AlN Quemix

PITERICKW. . IREDIA VIV ITEFIVEI—FIN
HIEK -Gt IAREZIREMAFTQCHOBR ELEE L TI8%DFEE THS
Using PITE®, present trapped-ion quantum computer provides ground and excited state with 98% accuracy

compared to ideal FTQC results.

\ Lo . \ Lo
Ground state/E[EKIRRE Excited state/RIEIRRE
0.61 mmm Initial State 0.6 1 B |nitial State
05 Exact ' Exact
' Noiseless 0.5 - Noiseless
20.4{ mmm H1-1E 504_ B H1-1F
%03_ - H1-1 27| s H1-1
g B H1-1 (w/o QED) 50.3- B H1-1 (w/o QED)
o (a1
0.2 0.2
0.1 0.1-
0.0 - M | 1 - i | nl 0.0 ==l x In . | I
\l'ac'\ a\,‘\ 2y 3 2y 3 eut\‘\ 0 3 a\,\\ ax\‘\ \13('\ a\,‘\ N 3 a\,\‘\ e+ 3 2% 3 a\,"\ a 3
N A\
\eat‘ e 2N ert et et " \eqa‘ \ewt" n'  erd et ery "
ert ey ey ey’ ey et NG\J\‘ 8y eyt ey
\67L \B‘J \e*l \e"l \Ci \8"- \3‘1 \e\l \G‘J \Gi
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Summary of joint research with Asahi-Kasei/tAZZ7—VIHREDFE 6 Quemix

FTQCRAADE—HEUL T, ER EICQEDTDPITEZRE.

e PO RMBE VD BREICHL T S7=HIC RIRIVF—FMERI =82,
ZE7IVIZULROREHIEFEIT—EUTORVEREZTR I CENGh o7,

As a first step for FTQC era, we implemented PITE with QED on a real device.
Constructed a low-energy effective model to address defects in a crystal.

Defects in AIN exhibits high potential for quantum sensor.

[0001]

Copyright © 2024 Quemix Inc. All Rights Reserved 27



Concluding remarks
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7 %?:I"Jto].—@—/\o),ﬁﬂﬁ Expectations for Quantum Computer

S UINO T

Expectations for Technology
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