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Why Fusion Research?

« Controlling fusion on earth is a Grand
Challenge.

e Our long term research goal 1s Energy.
Our short term goal 1s Science.

« Excellent recruiting tool: Still easily
attracts high caliber students and staff.
(Idealism)

« Requires and utilizes wide variety of skill
sets of interest to the lab.

« Contains both science, energy and defense
components within fusion R&D i1ssues.

Los Alamos
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Plasma Physics



Power Bal. 5

L] 1 l ¥ L
PSR,
10— ¥ -
L (D-T) 4
O ]
o
» B N
>
Q.
" f f-
§ $ I §
N
A
>':‘_ |
o™ 1 |- i -
v ad
- ke
i e

REACTION PARAMETER,

.0l L

Figere 3.9 The Maxwellian averaged fusion rate parmtor,(ﬂ)/‘tz. " e
fenetion ¢f ion temperature for three fusion fwel eyeles (Mo, 2).



Powexr Bal. 4

The power of 14,2-MeV neutrons emitted per m3 is
= a4.2/3.5)Pa. (3.4)
Figures 3.4 and 3.5 show <ov> and <ov>/T2 versus T for various possible

fusion reactions., Note that <ov>/'l‘2 shows a broad maximum in each case.
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Figure 3.4 The mazweliiar averaged fusiom weaction rate, C(ov>, as & func-—
tion of ion temperature for the maim fusion rcactiom cycles (Ref. 2).



IGNITION AND LAWSON CONDITIONS FOR DEUTERIUM-TRITIUM FUEL

IGNITION CONDITION

3—7}1 r bnql 2 _ —éfhl(JV7Eo(
Le |
(Plasma power loss) ' (Fusion-alpha power)
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WSON CONDITION
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3InT 5 b h~T72 - 75)11@1/75{
.-CE Loses = r?;‘_“f:;";:w‘ % o ,,,usiwh\u, M
3nT ks
+ 1, (BT 4 b2 TR ek,
E ‘
(Electrical conversion of plasma power loss plus
fusion-neutron power)
n—CE = 3 T (l - 7’5)
L /2
‘f(J.V?(Eo('F —7.(:En)"" (,— ))t>bT
n = ng = 2ng e 2n | T=Tg=Ty
E. * 3.5 MeV E = 14.1 MeV 4 4.8 MV
b= 3,65x 10.15 with T in keV onendaw  hlewked

he= 0.3
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SIR DAVID ECCLES e
“You lock for the chap with the faitest wallet™ -

¢ .

Trade Chief's Rep.ort . - s !
British H-Power .
Near, Official Says

By Arthur lloppe i : ; ]
G-eat Brifain is on the thirshold of atlaining un-
0 ¥ed coneetime power thivigh taming the hydrogen
bomh, 2 dop British oificin] szid Lisve yvesjerday.
“We are very ncariy there,” Sir David Eccles, presi-
dent of Britain’s Beard ofy T
Trade, told a press confer-
ence. -
SAcvad if this mornt the
Frotuctian ef elevirie power
“ttrough {hermanuclosr en-
eroy within *““he next several
yrers,” he replied: “We Lope
" )
Jhere -ty been hints, re-
Po~s aind ron s in the press i P
e B DY setrntTete have , UE

S.P.toDrop
Two Commuter

Train Trips
Southern P;c!'fi;c :announo'l

'ars vesierday to discontd’
taa” *phierp-ak  hout

REACTOR ADVANGE

Plans Hydrogen Fusion Unit
to Yield More Heat Than
Is Needed to Run It

By KENXNEIT LOVE
Boecial to The Kew York Timen,

LOXDON, May 6 — Britain
hopes to begin construction this
summer of a hydrogen fusion
resclor theoretically caradble of
producirg more energy than will
be used to run it.

Informed sources disclosed to-
day that designs viere nearing
completion at the Atomic
Energy Research Establishment
at Harwell for a thermonuclear
reaclor twenty times more pow-
erful then the Zeta apparstus.
Zeta is believed here to have
achieved the world's first true
thermonuclear reactions im ex-
periments that began last 4u-
gust at temperalures uﬂ;in]:f
from two te 5,000,000 degrees
centigrade,

Accerding to its designers,

T \ :Ah&)
M'-)) ? !
TBRITAIN TNDICATES

(45Y

20th Arniversary

*“The experiences of 1he
Past have amply demonetrated
the fulility of the policy,

: ‘Every man
for himself,
the devil take
the hindmest.’
We are begin-
ning te ize
that ne man
can live unteo
himself alone.

; Sellish indi-
vidualism has gotten us no-
where, Altruistic ceoperation
points the way out, “—John D.
Fockelcller Jr. in a talk at
the Center Thcatre in March,
1638, inaugurating the Greater
New York Fund,

Your [generous response
with your fellow employes at
Your place of business will
help support the altruistic ce-
operation exemplified in the
Greater New York Fund for
twenty ycars. More tran 425
services berefit from the cur- |
rent campaign. 1

T l

ty that the report would notl
conlain ebsolute confirmation

that Zeta had schieved true
thermonuclear reactions,

the new reactor should be able]
to heat heavy hydrogen (deu-
terium) gas te 100,000,000 de-|
grees centigrade. At this
temperaturs, which is hotter!
than the core of the sun, hydro-|
gen fusiom reactions are theo-.
retically capable of producing a’
net surplus of energy. The re-:
action thus wouid be capable of
sustaining itself, i

This would be & major break-!
through in the race to tame the.
hydrogen bomb for the peaceful
production of energy.

The estimated cost of the
projecied reactor is £5,000.000
($14,000,000), or nearly seven-.
teea times the cost of Zeta,

Significance of Title

Urofficially designated Zeta'
IT, the new device will be built.
generally on the sams principle,
83 Zeta I, according to author-
itative informants, i
Ze's Iis shered lisie & douph-|
nut ten feet in Clarneler. The!
bore of the ring-shaped tuhe.!
calied a torus, is slightly more!
than three feet The gas, or|
p:asmae, of the deulerium nucle!
intice the torus is heated by!
pulsed ciectrical discharges of:
200 000 amperes.
' Zeta 1 is rew undergoing
med:licalions to increxse fie
heating capacity {o 25.000.010
€egiees. Additional concersers)
are being instalied to raise am-
perage.  Additional coils to'
strengthen the magnetic imner!
tube arve being wound eato

The rz:ireng emitied by F< 13
intide Zela during the c!octriﬂ.ﬂ
puites could be produced by col-
lisicnis between accelerat Mu-|
trons and relatively cold lmdl
siationary neutrons. Isolated'
fusion reactions from this type!
of nucloar collision canaet nu-‘
tain the process. i

Thermontcicar fusion resulis’
from collicions of uniformly agi-
wated ruciei in random motion,!
which either fuse on impact or;
bource with undiminished me-|
mentum to try again in subse-
quent collisions,

Tre number of reutrens re-
lezsed Ly Zeta thus far has not:
besn suific'ent to enable scien-,

ltists to dolerniine tevond doubt;

what ti ;e of fusion produced:
them. However, Britain's top.
nuclear physicists bave declared!
they were PO per cent certain'
thal the fucicns were thermo-|
Rucizar in tha!l (“ey sceorded!
with theoratical predicticns, The'
NELrens en'iled ere pariislee;
left over z’ter 1wo nuclel f‘:sci
o b=xome a single nucleus of a!
heavier element.

The cesign of the new appa-'
ratus showeg ‘hat Britain's'
Atemic Ernergy Avthority s’
eontent o crnitenttzie on oan’
fprroncl Exe thas for Zsta to,
the goal of produting lr-.e!us-;J
trially  veeful th:irmonuclear.
power,

Sugar Workers Reject Rise |

HONOLULVU, May € L-I’*——;.
Hawaiiaz sugar worless Te-; !
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CoNSERVATION OF p = W;/B IMPLIES CONFINEMENT FOR
(W, /%), > By/B, = 1/Ry
WHERE “0" REFERS TO THE MIDPLANE AND "M” TO THE MIRROR.  (PPL 713737)
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STABILIZED PINCH might be achieved: throagh a plasma. Tension would straighten kinks (left) and mutnal rc-pulsion‘ would re-
by putting a magnetic field (long arrows) sist constrictions (center). Circulur lines hold plasima away from conducting wall (righty.



TOKAMAKS USE MAGNETIC FIELDS TO
CONTAIN A PLASMA OF HOT GASES
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Glen and Family Inside JET2




7ZT-H 4MA Reversed Field Pinch

THEORICAL PHYSICSTS' DESIGH!
( Lowest Crder Only}






ZT-H 4MA Reversed Field Pinch

POWER ENGINEERS' DESIGN
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\ é ZT-H 4MA Reversed Field Pinch

EXPERIMENTAL PHYSICISTS' DESIGN
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PROGRESS IN MAGNETIC FUSION

23398y

FUSION POWER

PLT Princeton Large Tokamak TFTR Princeton Plasma Physics Laboratory

PDX Princeton Divertor Experiment ALCATOR C Massachusetts Institute of Ti

JET Joint European Torus ITER International Thermonuciear Experimental Reactor
Dill & Dii-D General Atomics Tokamak Experiments JT-60U Japanese Tokamak Experiment



Densityx Confinment Time(m-sec)

World Progress of Tokamak Plasmas
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Neutron measurements span a factor of one million

Total neutron Yield

10 18—

Preliminary Data

Surface -
Barrier
Diode

He?
Detector u

Uranium —
Detector il

L -mode Supershots
D-D D-D

Supershots L
D-T

Neutron Yield from the Activation System

TFTR

C.Barnes. LANI
H.Duong. GA

M . Loughlin. JE'
D. Jassby

L. Johnson

J. Strachan












MFE Team Projects

MTF

Magnetized
Target Fusion

SSPX

Sustained Spheromak
Physics Experiment

Alcator

IR Imaging

Los Alamos

NATIONAL LABORATORY Plasma PhyS’CS
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Temperature T (°K)

Pulsar

Magnetospheres il
RELATIVISTIC PLASMA
i _ _ EpxhgT
Magnetic Confinement (&) Inertial Confinement .
i TISORRRY Ti=1.7 keV
n=5x10" cm n=5x10%%cm>@®
IDEAL CLASSICAL PLASMA DEGENERATE
i QUANTUM
Wind PLASMA
Gas
i kgT~E; Discharges
_________________ 2, -1/3
- / EF =e“/n
. | nAp = | ///Eleciron
NO NOTICEABLE IONIZATION /5= 1 White
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Density n (cm™3)



Field Reversed Configuration (FRC)

scientific laboratory

of the University of California
LOS ALAMOS, NEW MEXICO 87344

[ \
An AHirmative Action  Equal Oppertunity Empleyer

PLASMA

IMPLOSION COIL

QUARTZ TUBE
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Field Reversed Configuration (FRC)

scientific laboratory

of the University of California
LOS ALAMOS, NEW MEXICO 87344

[ \
An AHirmative Action  Equal Oppertunity Empleyer
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CIC-1/99-0440 1/99

Deuterium-Tritium Fusion

Deuteron

«

Energetic
Neutron

. ~ Helium
Triton Nucleus



(D+D— He  +n+325 Mev
D+D— T +p+ 4 Mev

o D+T—He'+n+17.6 Mev



TABLE 1 FUSION REACTIONS

D=T D+ T —> n(l4.1) + %He(3.5)
Catalyzed D + D —> n(2.45) + 3He(0.82)

D-D

3He+ D —> p(14.7) e (3.6)

+
D+D—>p(3.0) + T (1.0)
+
T + D —> n(14.1) + ‘He(3.5)

(The T and 3He products are burned up at the same rate as
pProduced. ‘At least 80% of the tritium but only 20% of the 3He is
burned up before diffusion out of the discharge; the rest must be
injected back.)

D - JHe D+ 3He —> p(14.7) + “He(3.6)

(Some D-D reactions also occur. The tritium product is burned)

Catalyzed p + 6Li —> 3He + 4He + 4.0 MeV

—
B= B2 S3ye 4+ fLi > b+ 2%e + 16.8 Mev

(The_3He isAﬁgd back to be burned up at the same rate as produced.
In addition, there are 12 6Li-f-G.Li reactions, some of which qive
low-energy neutrons. )

p - 11p p+ B —> 3%e (8.7 Mev)

(4Be - llB reactions during 4He deceleration produce a very small

neutron flux.)

D.L. Janalmy
Jdly 1977



8.1

NOMENCLATURE

i

T(d,n)*He
*He (d,p)*He
D(d,p) T

T(T7 2”)4He

T(CHe, X)Y
H

®0 ® 0 0 O

B( p7'2 \‘4He) 4He

: Q *‘)\« M(“Q;/s'shol\/ U‘ ﬂ( I(L&MM“W
Coo=tug-i7  (17¢)
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Cress sections for several prominent fusion reactions.

(Nomenclature found on p, 8.1)
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