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5 Principle of muon - catalyzed fusion cycle
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5 Schematic diagram of muon-catalyzed fusion reaction vessel

The window of muon-injection
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Strategic Positioning
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Elaborate on uCF as an alternative
fusion path with unique paradigm
advantages and clarify its disruptive
Vv
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Muon-catalyzed nuclear fusion (LCF) is a brand-new technological approach

that is logically self-consistent, has profound physical essence, and features a
completely different engineering path.

RTELIZR (ICF)

Inertial Confinement
Fusion (ICF)

PREANFEEFE FRUERLIR ARCCRIEEEMEEBILUR ARZ2F (w) BRETERBEEERETF/ATF, £
9], IR, BEpSFRhin AEE, RFEIEREIEE RRERKESETFEAE, EERABTREME.

ENER ESYIEN. Employs negative muons (n) to replace
Uses magnetic fields to Uses lasers to inertially

LR (MCF)

Magnetic Confinement Fusion (MCF)

ZFHEL (ucF)
Muon-Catalyzed Fusion (1CF)

electrons and form ultra-compact
confine plasma, relying  compress fuel pellets,

atoms/molecules, compressing nuclear
on extreme conditions also facing extreme

separation to the femtometer scale

like high temperature and engineering and physical and dramatically enhancing quantum

strong magnetic fields. challenges. tunneling probability
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Paradigmatic Core Advantages

WCREI MR RI RZMTIERIR, AEaE. IiE.

BITRZEFHEAMEERE.

LCF bypasses the limits of macro engineering through micro - manipulation and has
disruptive advantages in aspects such as temperature, engineering, operation, and safety.

|
iR R
Room Temperature Reaction
AL IR R (300-800K) , 75
R HZEFE TR, IWRA LHE
T EREE I REES S —EE MR
AEETRBR.,
Fuel target operates near room
temperature (300-800 K),
eliminating the need for >108 K
plasma confinement and thus
avoiding plasma instabilities and
first-wall thermal load limits.

TiEREE
Simplified Engineering
RA MR B RESR RN
", TomB SRR BB ERES,

S EARIEEL.

The core of the system only
requires a "'muon generator +
reaction vessel" and does not
need superconducting magnets or
giant laser arrays, significantly
reducing the complexity.

A

|
ELLETT
Continuous Operation
EsLI 100/ \HELERTETT, T
FICFRIBKFIN TR0, BEiFEe
HeeE.

A continuous fusion operation for
100 hours has been achieved,
which is far superior to the pulsed
operation mode of ICF and has the
potential for continuous energy

supply.

.A

BB&Z:
Inherent Safety

Flm5FRERE. Tl ., (EHEED
®1F, ZEFEERENFERM,
AR RS,

No critical mass, no chain
reaction, and the reaction stops
once the reactor shuts down. Its
safety characteristics are closer
to those of a chemical reaction
rather than a nuclear fission

| system.
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Research Bottlenecks

A2 T uCFSE IR W JTET kA o
=B ONEE . YIIBYLEIARE,. BEEIE -
o AE. RITHEBERHIE,

Three core gaps that must be overco
in the practical process of the system %
dlagn05|s MCF: unclear physical

icient energy gain, and
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Mystery of Physical Mechanism

a MM N R BRI EHD .. R i XEiREEXEENNZ LIRSS FoT (ddp* ) BRRIRZEZLD H1.2X101/F
MESESTT (ddw) RBE109F . XNMERABBUCFDHLER# T X 52K kIE -

The a sticking effect is the most crucial scientific problem. Recently, some literature reported that the formation rate of the
resonant state muonic molecule (ddu * ) was directly observed for the first time, which is about 1.2 X1011/s, while that of the
traditional ground-state molecule (ddp) is only 108/s. This result provides a key experimental basis for understanding the core

mechanism of uCF.

0 1 o B SBUR 0 BEKRZiE 0 3 MBRERIEHER

o-Sticking Effect Density-Dependent Enigma Existing Theoretical Directions

KT HETERpRT, FEFAAEHE  ECTEEABTEMAULR, ERET  —FERSIA R R PRI
BN, RRIMENIERRIROEE. S MR R ERFZ3000R AL, HIEEHH (an) BFSRES FRNHEESRIELIRE, 8
E5RWTEHA, O IREY TR SCIR I,
The core issue affecting catalytic efficiency. One possible mechanism suggests that it
Fusion-produced a particles capture A fundamental mystery. Theoretical originates from the collision-induced
muons to a particles capture muons to predictions suggest a single muon can stripping process between the (ap)* ions
form alpha-muon atoms (ap), catalyze ~111 cycles, but experiments formed by sticking under high density and
permanently removing muons from the show this can jump to over 300 cycles at the surrounding molecules, but the

catalytic cycle. high fuel densities. The physical theoretical model still needs experimental
echanism remains unexplained. nfirmation.



geEISEIS;8Energy Gain Gap
5?‘.*..@?Mﬁ%%ﬁ%?ﬁfﬁlh%ﬁﬁﬁiﬂgﬁgﬁ, eIl FEe =i e E KRR T2k .

The energy consumption for producing muons is much higher than the energy released by

their catalytic fusion. Achieving a net energy gain is a huge engineering challenge.
IS 6Ee
Yield and Energy Consumption
B BB et R T IR SR IR A TR, BN THRFREYS 0.5-1GeV FISHEERE. (DeepTechi®FlH, 2024712
7HD
Current state-of-the-art proton drivers require ~0.5—-1 GeV equivalent energy per usable muon, depending on target &
collection efficiency. ( DeepTech, December 7th, 2024 )
SEIQ 1A
Path to Achieve Q 21
#0150K B2 R RLRE R Z12.64 GeVEEE > Qffi = 0.5- 2.0 (REKBRS) .
Catalyzing 150 fusions releases ~2.64 GeV - Q = 0.5-2.0 (highly system-dependent).

@ SERAREIE

Current Technological Gap
A CIKENEINA RN S Re AN B LASHER BERK, HIG™IRR TR EiaR,

Existing methods like laser-driven sources are far from meeting the requirements for commercial reactors, facing sever
engineering trade-offs in muon vield and efficiency.
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Reactor Vessel Dilemma

REERSTHESEHEERNNBIRRIRENE, EERNRATIEHEE,

A complex systems engineering problem

01 02 03

RI¥E ZBESEET IQEETRR

Size Paradox Density vs. Scattering Breeding Layer Layout
BHEHMIKEEXRSIZRIT KF10cm, mPF SR AT R T 2 NORERFHHD S kbR, 238l EEEE T auE, AUSXKERF
BERE N ESk R Re]ge/\ABREEH AT, BSNIRIZFrIZREEHRE, FBNE. RBF, ([FEUWEREEERL
The muon slowing-down length requires the High fuel density boosts the reaction rate The uranium-238 breeding layer must be
vessel to be larger than 10 cm, while neutron and suppresses a-sticking, but it also placed in a stringent location. Otherwise, it
wall loading requires the vessel to be as small  increases multiple scattering losses of will capture a large number of muons,
as possible to reduce thermal load. muons, creating a trade-off. causing the catalytic cycle to fail directly.

IEEEE——S—————————
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Innovative Research Ideas
YRR, REOMERA{T
. BURESERICIFTIHRES %, TaRk
RN,

Propose five feasible and forward-looking

research directions to form a complete
closed-




Solving a-Sticking

IREDURACIHEIEERAR, MR EETNGEREFoFhFEIMERR,

R o S EEg LR

The bipolar collaborative regulation technology is proposed to actively solve the a-sticking
problem at the root and transform the "black box" problem into a "white box" problem.

AR TR I RAG R EE
Microscopic Physical Bipolar Control Model

Intervention

EETHoMRERR MEBRMSTHR (BLRBIE) , HERBBEIK
WHIESIEARS, MIAMY &/ = EFFFNE B R A K EERE, thE
ALIMNERERER., i K Ll

Instead of optimizing the Muon beam polarization is

external environment, experimentally established; synergistic
directly intervene in the o\ ¢1-0] of fuel target conditions (low-T,

; ic physical . . qs .
HHCTOSCOPIE PAYSIEA hioh-P) may indirectly influence nuclear
process of a-sticking.

IBieiTEAER
Theoretical Calculation
Effect

SSERAL AT SEokbPEEEER w fEIE
1_40 60%, BEIEMNRSTENL
IREIM148) RERFHE300-3500K

Complete polarization can
reduce the a-sticking
probability ws by 40-60%,
directly increasing the number
of catalytic cycles per muon

SEhEHRIAN I

Implementation
Roadmap

DFEHA (SEIRIGIE) . FPHR (BBRMFF
&) . KEB (B4EhE) =2E
fRX,> 500K, Q=2 2.06,

A three-step plan: short-term
(experimental verification),
medium-term (target material
development), long-term (multi-

dimensional synergy), aiming for

spin alignment. from 148 to 300-350. X, > 500 cycles and Q > 2.
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A Dynamic Reactor Design
BEEHSRIHEN, R SF HHLRE HISERRNEEE, SSIEEINR.,

Transcend the static design paradigm, construct a dynamic intelligent reaction vessel of
"muon - fuel co - evolution", and achieve precise synergy.

HRARFES

Co-evolution
System Concept

BAEMASEZFIE
MA— LR IR, o
SHEENR—&RR.
Regard the fuel state and
the muon process as a
unified system with real-
time feedback and
dynamic coupling.

BEME X BRERiminBI A
Gradient Fuel Zone Intelligent Droplet
Design Flow Technology

@ﬁ%V\J“B X, MRENDBE REREERERSE, Lk
2, IR R BIRES, FES SR IAHT

—.—E—{?EEI’JE EXE, fj REIMELE,
Internal partitioning of the The integrated sensors on the
container, with an increasing droplet surface provide real-time

gradient of fuel pressure, keeps  feedback on the status, and the
muons within the density range trajectory is corrected at the
with the optimal catalytic millisecond level through an
efficiency at all times. external electric field.

[RLZERFIEA
In-situ Diagnosis
and Control Loop

M M EEFBGRES AT,
HIEERERIREMEIEANR
%8, FoRESIAER,

Use the inner wall FBG array to
monitor the status, and the
data is directly fed back to the
fuel injection system to form a
control closed-loop.

SRR
Platform

Construction Plan

AIECSNS —ERFHER B TR,
2027FRiIFCh B EFEEAL
1.

Relying on the proton beam
upgrade in the second
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Muon Source
{KIECIADS/HIAFFREIZREMESBEZ FIR, NEFEACRTRRIBMHEIEFRM, SRKFHE
FEREN TR,
Rely on large scientific facilities such as CiADS and HIAF to construct a high-intensity muon source,
provide experimental conditions for u CF research, and realize the "secondary empowerment" of large

scientific facilities. 04
01 02 03 SRS IAETH
BE#HIKE =ATIZ6IER EEEH iR Strategic Value
The Potential Path  Three Engineering Innovatio Muon Yield Goal Dimension Upgrade
REREMAIHTRE TOAADST et O SBAMMITE.  CAOSHIMUIFEIALO ks, IEREAURNNERIRIE,
ZoRi) BUHERZTRIFTRE pomeenremyiogm FORE EORIEIA10 1 /s, L ARELBAS AR
[FI RSP B PR AT A (B0t 42 sapqpamess, AL

Wzl FEARINEZ T .

. - i Phase IT of C1ADS plans to
Investigate feasibility of high-flux Adopt a rotating gradient composite

achieve a yield of 10" p7/s, Transform the nation's huge
muon sources using upgraded target to disperse heat load, use a _ . . : -
. L with a theoretical limit of 10'° investment in infrastructure
domestic facilities (e.g., CIADS superconducting solenoid to improve _ .
s. into a globally leading core

proton beam), while monitoring collection efficiency, and implement

pulse compression and polarization technology output platform.

global advances (laser-driven,
| . control.
plasmga-based muon generation), 2
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Redefining the Uranium Layer

op . GENESHE
(ERINEERIE 154238 LB B SR S L ESRE
Traditional Functional BEARFNEESYIREHR erification and Promotion
Limitations Iy, EYEZEERER. 2026-2028FFEARIFEE FIGTIRY, /S50
: P T B HETE.
fegmRiteh, MEEBFARRARLN F—E Reconstruct the uranium- PRI TBER TS
BhLs” . ThigEa—, ] Validate performance on large-scale
In traditional designs, the uranium 238 breedi ng Iayer froma scientific facilities from 2026-2028,
layer serves solely as the "first line of simple shield into the energy and then build a heat supply reactor to
defense" for shielding, with a single and material conversion complete the entire process chain.
. —rAER
function. center of the system, and =HiEffiE
Eo Aol W Three-Stage Value Realization
definiti . reShape the nuclear energy RTHIR P FRERIZIETRE,; (SHERREGA- 2391 E AT L,
Redefinition as a Core Engine landscape. SRS SINERORHERR, SRR M <L BT E>00%,

BEERE NS, SNRIERSIREKHG, Mk uring the fusion phase, it absorbs neutrons to
RUERSE |,

Reconceptualize it as a multi-functional, multi-

lease fission energy. During the shutdown phase, it

xtracts plutonium-239 to support fission power

stage center for energy and material conversion, stations. In the ultimate form, it enables a closed fuel

becoming the strategic engine of the system. cycle, boosting uranium resource utilization from

<1% to >90%. p
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Building a Digital Twin

IHEESLRRN 2

FEMCHIFZER", IEEIH

BN EISIEE BRI AIBRE],

Constructing a "Muon Catalysis Digital Twin" to drive the research paradigm shift

(EGHRIITRER

Limitations of
Traditional Simulation

EHNZRE. ZYEpeaadE, &
RPN TSR BRI R,

Facing multi-scale, multi-
physics strongly coupled
processes, traditional
simulation methods have

reached their limits.

BRIFEES

Super Simulation
Platform

Bi&DFT. GEANT4, CFDE#28%
3 (ML) BIBRIFEFA.

Develop a platform that
integrates DFT,
GEANT4, CFD, and
Machine Learning (ML).

ZICYSHE
Core Features

VASBRCIGEUE ) |1 5ERESEL, Al IstidduE
MAEFRS, AEMFEIEEZITHERRMNE,
Calibrate parameters using global
experimental data as a training set. It can
receive real-time data streams and update

states, using reinforcement learning

algorithms to find global optimal solutions.

LRiE%E

Development Roadmap

2026FFENEREE, 2027-2029F TR FE
SRR, 2030+ F/EAFRAIRIT
S e N

Launch the alliance in 2026,
complete subsystem twin
development from 2027-2029,
and become the "central brain"
for all design and experiments

by 2030+
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Conclusion and Outlook

7
PEEUCFRIMNME, SBIRSRIEETE P
(CSSERAOSCHRE JH, ETFHEehERK, I &,
Summarize the core values of uCF, emphasiz j e~
that we are currently standing at the critical Q \
threshold of engineering breakthrough, and call

ture.
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From Mini Sun to Civilization
BFEMNZETZAEEATR, Mea—KHRHISeUBRIN I BT RS,

Muon-catalyzed nuclear fusion is not a technical backup option, but an independent
fusion energy technology route with unique paradigm advantages.

JRITRISE=RET &R {EFRTE MIRIBIEIIER T 250
An Independent Third Path The Core Value From Proof-of-Principle to
Engineering Breakthrough

Hiz MM EET RIS SRE 7 A ERZMES A TR, MmIFY BB &E RE TR, T
M TR SRk, 1R T HRRTEIT, CeEMIIEERR, XIERHERAEOFIE. FEIEuL R TR IR I L.
Its core value lies in using the subtle force Its core task is to solve engineering and We have completed the "principle
of microscopic physics to bypass the technical problems, rather than tackle feasibility verification" stage and are
challenges of extreme conditions in fundamental physical challenges. This is now at the critical threshold of
macroscopic engineering, thus providing precisely the source of its fundamental "engineering breakthrough."

strategic options. confidence. p
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Towards the Age of Creators
FHIRENAKREIFIBIEEN T — 1N =EZNARRRR R, 8—LHBEHANIEISSIESIISIER

BiERT .

The five major innovative ideas proposed in this book constitute a complete closed-loop
R & D system, with each step supported by clear theories and verifiable milestone nodes.

AIRAREF
A Closed-Loop R&D System

MIFEHEZYIRRS, ZEENZIHIIRERE; WIRZ
BRI, BRARRRZERDIE,; MKEREZRETHS
AN, BEREEERARIZEENIMSEAIEE.

Shift from passively accepting physical limitations to
actively designing physical processes; from optimizing
single isolated links to multi-objective collaboration at
the system level; from relying on single national inputs

SR TERIIIHE R AehEE
A Historic Threshold Becoming Creators

BANEWE—1 AR iR E, 2 ARES, FAVEABNZMESE, T,
TR MERE BEERECFR  BRLES.

AL,

We are standing on a historic At that time, we will no
threshold. The "mini sun"

longer just be observers.

1gnited by muons could become
a reality in our lifetime. We will be the creators.

to activating the networked empowerment of national
largesscale scientific facilit P
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