|\
r

5 = - s
P T x
3 11—
P
v N — i
AT e e
= E}i —— 4
4 b D
= e . &
| ——— i
e | e E—
] i. - ——
£ & suzod =
o ! oo
= —

i o il %6 v re—
CLEAN PAPER

/—A’;\

WHAT THE PAPER SAYS - WHAT IT DOESN'T - WHY IT MATTERS

Mot may fusion lam néng plasma bang cach
ép n6 — budc tién that, va nha mdy dién ma
né chwa phai

LM26 ctia General Fusion nén plasma deuterium tit héa bang ldp 6t lithium co sdp va
quan sdt plasma néng lén — nhiét do electron tdng hon ba lan tdi dinh do khodng 0,72
keV (718 + 80 eV, gan 8 triéu °C), vdi phan lon nhiét duoc phan tich la dén titr chinh sy
nén, co ché ma cach magnetized-target-fusion phu thuéc. Pay la mot chot ky thudt that
cho con dwong fusion nay. Nhwng day cting chi la 11 phdt dau trén mét mdy, mo td trong
preprint ctia cong ty chua qua binh duyét, & nhiét dé van thdp khoang muoi lin so vdi
plasma chdy can — khong ndng lwong rong, khéng breakeven, khong dién. Mot co ché
duoc cho thdy, khong phdi nha mdy dién dwoc xay.
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vat ly plasma

Mot mday fusion lam néng plasma bang cach ép
né —budc tién that, va nha mdy dién ma no chwa
phai

D& mot 10 fusion tré lai nhiéu nang lwgng hon lwgng can dé van hanh, plasma nhién liéu phai
dong thoi da néng, da dac va dugc gitt da lau — ba dai lugng gop vao diéu cac nha vat ly
goi 1a tiéu chi Lawson. Phan 16n linh vuc theo dudi muc tiéu nay bang nam chim siéu dan
khéng 16 (tokamak nhu ITER) hoac dan laser cyc 16n (giam gitt quan tinh, nhu tai US National
Ignition Facility). Mot nhém coéng ty nhé hon dat cugc vao con duong thi ba, magnetized
target fusion (MTF): tao plasma am da tir hoa roi ép né that nhanh bang co hoc dé chinh sy
nén tao nhiét — giong dong co diesel dot nhién liéu bang nén thay vi tia Iita.

Théang 6/2026, cong ty Canada General Fusion cong bd két qua tir Lawson Machine 26 (LM26)
kiém tra liéu canh bac trung tdm dé cé that sy ding: nén co hoc plasma da tir héa c6 that sy
lam né néng lén nhu mo6 hinh hita hen khong? Qua 11 phat nén dau tién — plasma deuterium
dang tokamak cau dugc ép bdi mot ldp [6t lithium ran co sap vao trong — cac phat t6t nhat
cho thdy plasma néng hon, ddc hon va tit h6éa manh hon ro rét khi bi nén, va phan tich cta
cong ty quy phan 16n mitc tang nhiét cho chinh qua trinh nén.

Dbay 1a mot két qua k§ thuét that, cu thé cho cach tiép cdn MTE. Nhung day cling chi 1a nhém
phat ban dau tién, dugc mo ta trong preprint ctia cong ty chwa qua binh duyét, 6 nhiét do
van thip xa so vGi plasma chay cin — va khong phai ning lugng fusion, khong phai breakeven,
khong phai nha may dién.

[video pending]

Pay 13 video quang ba cua General Fusion, dua vao dé cho thay LM26 tréng nhu thé nao; né khéng phai bang
chiing ddc 1ap rang may sé dat cac cot moc fusion tuang lai.
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A real heating step, far below a burning plasma

Temperature is only one Lawson quantity: density and confinement time still matter.

temperature (log scale)

burning D-T plasma: ~10 keV (100+ mill

General Fusion milestone: 1 keV

vat ly plasma

[ LM26 peak: ~0.72 keV (~8 million C)

Boundary: heating shown; a burning plasma is an order of magnitude, and two more quantities, away.

M6t thang nhiét do: dinh ~0,72 keV clia LM26, cot méc 1 keV cua General Fusion va ~10 keV méa plasma

deuterium-tritium chay can. Nhiét dé chi 1a mét trong ba dai lugng Lawson.

Original diagram — The Clean Paper CC BY 4.0

The magnetized-target-fusion bet

Form a warm magnetized plasma, then squeeze it so compression does the heating.

1. form plasma 2. implode liner 3. heat by
compression
-— —
warm, magnetized mechanical squeeze what LM26 tests

# not net energy

Boundary: compression heats the plasma; it does not show net energy or confinement long enough for a burn.

Magnetized target fusion: tao plasma dm dé ti hda, rdi nén né bang 18p 16t co sap dé luc ép tao nhiét — canh
bac kiéu nén diesel. LM26 kiém tra rang nén lam plasma néng |&n; khéng kiém tra n&ng lugng rong hay thsi gian
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giam gilt du cho burn.

Original diagram — The Clean Paper CC BY 4.0

"Magnetized target fusion”, "keV" va tiéu chi Lawson nghia la gi

Nhiét do plasma fusion thwong duwoc bao bang kiloelectronvolt (keV) thay vi do: 1 keV
khoang 11,6 triéu °C. Nhién liéu deuterium-tritium can dat khoang 10 keV (trén 100
triéu °C) dé fusion hiéu qua — nhung nhiét d chi 1a mot trong ba diéu phai théa cung
lic. Tiéu chi Lawson ndi 10 con can dd mat do va dd thei gian giam git, thwong gop
thanh “tich ba” (nhiét d6 x mat dé x thoi gian giam git). Lam néng plasma la can thiét,
nhung riéng né con rat xa magi du.

Magnetized target fusion (MTF) la con duong gitra hai cach chinh. Thay vi gitt plasma
noéng lau bang nam cham khéng 16, hay 1am néng muc tiéu nhé gan tic thoi bang laser,
MTTF tao plasma tir héa r6i nén co hoc trong vai microsecond. Néu hoat dong, sy nén vira
lam néng plasma vira tdng mat do — c6 kha nang tién t&i diéu kién fusion ma khong can
nam cham c& ITER hay laser c& NIF. Liéu nén c6 that su tao ra lugng nhiét y trong mot
may that hay khong chinh la diéu phép thi nhw LM26 can tra 1oi.

Cac tac gia da lam gi

Xay va van hanh LM26, may magnetized-target-fusion cia General Fusion: tao plasma
deuterium dang tokamak cau roi nén bang mot 16'p 16t lithium ran co sap vao trong —
twong duwong khoang nén ban kinh 3 x.

Chay 11 phat nén dau tién vdi rat nhiéu thiét bi chan dodan, tai dyng nhiét do, mat do va
tlr treong plasma theo thoi gian, ghi neutron, tia X va anh sdng nhin thay phat ra, cung &nh
camera nhanh cta twong tac plasma-thanh.

Xay mot mo hinh vat 1y tich hg’p can bang nhiét do nén véi nhiét Ohmic (tir dong dién
cta chinh plasma) va niang lwgng mat ra bién, roi so véi dit liéu do dé xac dinh nhiét that
su dén tur dau.

Ho tim thay gi

Plasma nong 1én khi bi ép. Trong cac phat tot nhat, nhiét dd electron tang hon 3x, mét
dd electron khoang 10x va tlt trudng poloidal khodng 10, do nén ban kinh 3x. O phat tét
nhat, bai bdo do nhiét do electron cwc dai khoang 0,72 keV (718 + 80 eV bang tan xa
Thomson) — xap xi 8 triéu °C.

Phan 16n nhiét dwgc quy cho sw nén. M6 hinh tich hop két luan phdn lén tang nhiét dén
tir chinh nén co hoc — co ché ma toan bo cdch MTF phu thudc — chit khong phai nhiét
Ohmic.

Phat xa neutron tang trong qua trinh nén, phu hop véi plasma deuterium néng va dac
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hon.

biéu nghién ctru nay khong cho thay

bay khong phai nang lwong fusion, breakeven hay logi nang lwgng rong. Khong c6 gi & day
tao nhiéu nang lwgng hon lwgng can dé van hanh. Két qua noi vé lam néng plasma — mot
buéc trong chu trinh fusion — khong phdi can bang nang lwong cia lo.

Nhiét @6 van thidp khoang mwoi 1an so v6i plasma chay. Khoang 0,72 keV twong duwong
gan 8 triéu °C; nhién liéu deuterium-tritium can c& 10 keV (trén 100 triéu °C) va du mat
d6 x thoi gian giam gitt dé duy tri burn. C6t maoc tiép theo cia chinh General Fusion 1a 1
keV — ban than no van con xa ignition.

“Phan 16'n nhiét dén tr nén” la két luan dwa trén moé hinh, khong phai sé doc tryc tiép.
N6 dén tir md hinh vat 1y tich hop khdp véi cac chan doan; mitc tin vao cach chia gitra nén,
nhiét Ohmic va ton that phu thudc mic tin vao mo hinh do.

bay la preprint cia cong ty, chwa qua binh duyét. Két qua do chinh nhém xay may va
huy dong von dya trén 10i hitra ctia né ty bdo cdo; chwa c6 ddnh gia doc lap.

Tang neutron khéng phai san lugng fusion cé y nghia nang lwgng. Mot sé neutron duoc ky
vong tw deuterium trong cac diéu kién nay, thap hon xa mic httu dung cho phat dién.

N6 khong noéi gi vé tuyén bo riéng clia cong ty rang mot nha may twong lai sé cap dién
1én lwéi — mot tuyén bé ma bdo chi doc 1ap da ti€p can vdi sy than trong 1én.

Bang chirng manh dén dau

Tuyén bo co6t 16i hep va cé thé kiém tra. “Ching téi nén plasma tir hda va né néng 1én,
phan 16n vi sy nén” chinh 1a phép thit co ché ma cach MTF phai vugt qua, va bai bdo ho trg
bang mot tap phat ban dugc do day cung mo6 hinh can bang nang lwgng twong minh. Néu
vuot qua binh duyét, day la xdc nhan that — du s6ém — cho céach tiép can.

Cac lwu y 1a cdu tric, khong phai m§ pham. Muoi mot phat, mot may, moét nhém, chuwa
dugc binh duyét, va nhiét do6 noi bat thap hon plasma chdy mot bac do 16n. Két luan ganh
trong lwong — phan lon nhiét ttt nén — dua trén mo hinh, nén cau hoéi trung tdm cia binh
duyét la cach phan tach dy c6 vitng khong.

Trang thai trung thwc la co' ché da dwo'c minh chivng, khong phai c6t méc nang lwong
da dat. N6 day MTF tlr “nén nén lam plasma néng” tGi “nén cé lam plasma néng”, va khong
16n hon thé.



THE CLEAN PAPER vat ly plasma

Visao n6 quan trong

biéu thu vi & magnetized target fusion 1a kinh té, khong phdi ky luc. Néu nén co hoc cé thé
lam plasma néng tGi diéu kién fusion, cd thé tién t¢i d6 ma khong cadn nam cham c& ITER hay
laser c& NIF — con duwong ré hon, ldp thiét ké nhanh hon, néu né hoat déng. Chir “néu” la toan
b0 tro choi, va né xoay quanh céc chot khong hao nhoang nhu chot nay: nén cé that su cung
cdp muc nhiét mo hinh hita hen khong? Cau tra 16i cia LM26 trong cac phat dau la mot tiéng
“c6” c6 diéu kién. biéu d6 dang ghi nhan chinh vi c6 diéu kién — mot bac trén chiéc thang dai,
do chinh nhitng nguoi dang leo bao cdo, chwa ai khac kiém tra va con xa dinh.

Tém tat gon

LM26 ctia General Fusion nén plasma deuterium tir hda bang 16p 16t lithium co sap va cho thay
plasma néng 1én — nhiét do electron tang hon ba lan téi dinh do khodng 0,72 keV (718 + 80 eV,
~8 triéu °C) — v&i phan tich cta cong ty quy phan 1én nhiét cho chinh sy nén, co ché ma cach
magnetized-target-fusion cia ho phu thudc. Pay la budc ki thuéat that va cu thé cho con duong
fusion nay. Nhung day cling chila 11 phat dau trén mot may, mo ta trong preprint ciia cong ty
chua qua binh duyét, & nhiét do thap khodng mudi lan so véi plasma chdy can, khong cé nang
lugng rong, khong breakeven va khong dién. Mot co ché dugc minh chirng, khéng phai mot
nha may dién dugc xay.
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