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1 . Fi nding ion temperatures in а hot p1asma is essent ia1 in 

studying contro11able t hermonuc 1e a r synthesis (see for examp1e 
r eviews 1 , 2) . ТЬ е nuc1ear physics activation methods based оп 

rea ct ions with charged partic1es are of particu1ar importance 
among t he various method s pr opo s ed Ьу now for different tempe­
rature intervals because of their high sensit ivity and effec­
tiveness i n the mos t interes ting temperature interva1 of 
1-10 keV /1,2 / • ТЬе importance ari s cs f r om the strong ехропеп­
tia1 dependenc e o f t he nuc 1ear cros s sections o f ch a r ge d par­
tic1e induced r e a c tions оп the incident-parti c1 e energy in the 
subbar r i e r range . 

О пе o f t he 1ik e me thod s proposed recent1y / 3/ i s based оп 
measuring the yie1d of t he ann i h i 1a t i on y - qua n t a (Еу=0.511 MeV ) 
from the r e a c t i on 1Ов + D .... 11 с + n with subsequent S +-decay of 
t he p r oduc e d llе isotope with 1ifetime 7= 20 . 5 mi n .However,the 
proposed method requ i r e s that а thick boron-c on t aining targe t 
shou1d Ье p1aced in the hot deut e rium p1 a sma /3 /, wh ich i s in­
convenient fo r some reasons . 1n particu1ar , the measurements 
wi 11 invo1ve s ub stan tia 1 e rrors / 3 / b ecaus e o f r apid evapora­
tion of s uch а t a r ge t and, besides, deuterium p1 asm a wi 11 соп­
tain so me ex t reme1y unde sirabl e impur i t i e s of he av y e1ements . 

2. ТЬ е present work p r oposes ап a1ternative and , i n our op i ­
nion, more attractive nuc1ear phy s i c s method f or finding i on 
temperature Т and, pos sible, even for determ i ning the basic 

1 
parameters of the function of deuterium ion distribution in а 

hot p1asma. The method is based оп а re1ative1y 10w-concentra­
tion 6Li ion injection into а hot p1asma. We studied the basic 
parame ters and the kinetics of hot D 6Li plasma pre1iminari­
1y / 4,5/ and found, in particu1ar, that admixture of 6 Li i ons 
ир to concentrations n Li - 0 .1 n 1» (where по is the concent ra­
tion of deu ter ium and n D _ 10 15 ст-3) to а deuterium p1asma did 
not deteriorate t he basic parameters of deuterium p1asma (since 
ап inc rea se of 10ss is co mpensated Ьу а respective increase of 
energy re1ease owing to the strong exothermic reactions in the 
D + Li p1asma which p r oceed with "р горе г" c ro ss s e c­
tions /4- 7/). We те ап h ere , f i r s t of a1l, t ha t fo r DL i plas­
та with the g iven ~Li-con ce nt ra t ion, t he ignit ion temper a t u r e 
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i s turned r elatively l ow (_ 50 keV) / 4.5/ . (Н should Ье men­
tioned that several f acto r s facilitating the r eaction i gnit i ­
оп were disre~ ard ed in the calculation and t h a t ext r apola t e d 
values of low-energy cross sections for D + 6 Li used were un­
derestimated b e cau s e in any way reliable e xper i men ts in the 
range o f 30-50 k eV had not Ьееп carried ou t ye t ) . Neverthe­
less, under th is cond i tion the value s o f n I Т Е (where n i i s 
the ion concentration and ТЕ is the energy conf i nement time) 
were found to Ье quite comparable with the value s fo r pure 
deuterium plasma . 

Among several reactions proceeding i n s uch а plasma , it is 
convenient to use the following two proc esses fo r ion diagnos­
tics: 

6 Li + О ... 7 Ве * (0.431 Mev ) + n , 
( 1) L 'Ве + у 

6 Li +0 ... 7 Li * (0.478 Mev) + р . 

( 2 ) L 'Li + у 

which give monochromatic y-quanta of а well-de fined e nergy* . 
(I t is i nteresting to note that detection of 0.478 MeV у­

quan t a emitted from 7 Li * was proposed recently to Ье a n а с си­
rate method for determining 10 в content in the ab s or b i ng ele ­
ments of а nuclear reactor / 8 / ) . The y - quant um y i e ld i n reac ­
tion (1) was r ecently measured / 91 within а good accura cy at 
63 keV < E < 160 k eV, whereas the s econd rea c tion (togethe r 

d 
in/ 10 1 with the first) was studied 

3. For the purposes of plasma diagnos tics a t temperature s
 
Т < 50 keV, the experimental cross sections o f reac t i ons (1 )
 
and (2) must Ье extrapolated to low energie s (with subsequent
 
calculations of the reaction rate <a V > ).
 

In the present note the cross sections were extrapolated
 
Ьу the formula used extensively in nuclea r physics and in
 
astrophysics:
 

* йорр л.ез: broadeni ng о! the сохтевропаьпа У -иnе8 i8 вта'П:
 
(t.EDop• =1 0 keV) ' аnd аое в not depend оп the р 'Ьавта Еетрепагиз-е,
 
8ince y-quanta are emi t t ed Ъу the 8til. l. unther>ma l.ized exci t ­
ed ' Li and 'Ве nucl. ei ( Т ьаи-ше « т thermallzation ) . 

The S- f actor8 о! reac­
5Ш tion8 ( 1) and ( 2) cal. ­( rnb-krv) Ii 7. 

~ ,--- Li(d,n)B. (431КеУ) cul.a t ed from the ехре ­
Ii ., . r imental. c r088 8ection+,-'- Li(d,p) Li (~78".Y) 

3 da t a . The approximation 
о! the S- f ac t or 8 Ъу the 

z 2x - cr i terium . 

~ t10 " 9 - J--- ---It - - - _11. - - 1 - - - - - - - - - - - - - --1 
.i-'+ '- '-'r-._ ..L. '--"-'-'_0-A­а ., 
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S(E)
а (Е) = -Е--Р(Е) , (3) 

where S(E) is the S-factor depending lit t l e (in nonresonance 
case) оп energy ; Р( Е) i s the Coulomb bar rier penetrability. 
The pene trab i li ty Р (Е ) was f ound directly in c a s e of the d + 6Li 

po tential barrier ca l cu l ated ex act l y i n / 4 •51 ,while the S-
f a c to rs were f oun d f r om the experimental r esults 19 , 101 Ьу the 

in / 11/ )fitting method (the detailed calculation s mау Ье f ound . 

The S-fac tor s (which proved to Ье independent of energy to 
within а good accuracy) and the r espective experimental results 
are shown i n the Figure.A good quality of the approximation of 
t he expe r i men t a l values is quit e ev i de n t . The corresponding va ­
lues of the ext r a pola t ed cross s ections a r e presented in ТаЬ­
l e 1. Assuming now the ion energy dist r i bution is Maxwellian 
at t emperature Т, we mа у calculate the rates <a V> 
of r eactions (1) and (2) . In this case the <a V> values are 
found as 

1/2 12 00 М Е Е 
(8/ IТkT) М З r а (Е) ехр {- - '-"'" I "т:ffi" dE<о ч » = --2- m k.l. К .I. ( 4 ) 

m О 

where М is the reduced mass of interacting pair ; m and Е a re 
respectively the mass of incident particle a nd i t s ene r gy i n 
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Table 1 
The va lues of the extrapolated low- energy cros s s ections 

of r eactions (l )J °l J and ( 2 )J ° 2 

E C . M. (KeV) ° 1 (mbarns) ° 2 (mbarns) 

-1110 6.04 x 10-11 5.25 x 10 
20 1.31 x 10 - 6 1 . 14 x )0 - 6 

30 9.87 x 10-6 8.60 x 10-5 

40 1.23 x 10-3 1.07 x 10-3 

60 1.99 x 10-2 

80 1.07 x 10-1 

100 5.28 x 10-1 

I n the O:s E C.M. :s 130 keV range the cr oss sections 01 and 
02 may be described proper[y by the ana l ytica l f ormu la 

1/ 2 
01,2 = [A1.2 / EL]expl-B1.2 / EL \, 

where 
A 1 =421O.1 barn . keVJ 

8 1 = 101.4 (keV) 112 

A 2 =4703.5 barn . keVJ 
8 2 = 133 . 07 (keV) 1/ 2 

E = .!.. E 
L 3 C . M. 

the laboratory coordinate system. The results obtained are 
presented in Table 2. The data can be used further for esti­
mating the values of y-quanta flux in real thermonuclear re­
actors with magnetic con f inement of plasma. The y-quanta are 
amenable to being recorded by y-ray detectors. The typical 
aperture of such a detector is - 10 cm2. Therefore, at T­
- 10keV the number Ny of y-quanta from either of reactions 
(1) and (2) entering a detector located at 1m from a reactor 
in unit time is of the order of 

-20 (quant)
N - 10 n D n Lly sec 

which gives quite an appreciable value Ny = 10 4 _~~ at 
se c 

10 14 -3 10 - 3 . .
0 0- cm and nLI - 10 cm . In case of open t r a ps W1 t h 

Table 2 
The reaction rates <a1 v> and < a 2 v> 

T keV <a 1 v> cm 3 sec -1 < a v> 
2 

cm 3 sec­1 

4.77 x 10-32 4 .15 x 10 
-32 

2 3.09 x 10-28 2.68 x 10 -28 

3 2.07 x 10 -26 1.83 x 10-26 

4 2.80 x 10-25 2.58 x 10 -24 

6 6.48 x 10 -24 6.91 x 10-24 

8 4.95 x 10-23 5.34 x 10-23 

10 2.27 x 10 -22 2.28 x 10-22 

20 1.12 x 10 -20 9.82 x 10 -21 

30 7.17 x 10-20 5.69 x 10-20 

40 2.18 x 10-19 1.67 x 10-19 

50 4.51 x 10-19 3.55 x 10-19 

magnetic confinement of plasma, the y-quantum yield increases 
substantially (at the same concentrations) because of the high 
values of the operative ion temperature 1 121 • The principal 
error in measuring the monochromatic y-quanta fluxes will be 
introduced by the backgroundy-quanta produced in the neutron 
radiative-capture reactions occurring in the thermonuclear 
process and showing a continuous spectrum.Although at the pre­
sent level of investigation the background is aifficult to 
estimate, it can most probably be reduced considerably by 
shielding the detectors properly and selecting an optimal geo­
metry of their arrangement.Besides quite a definite energy 
of the diagnostics y-quanta can also raise the signal-to-noisc 
ratio. 

4. The last remark concerns the possibility, in pr~nciple, 
of using the described method to infer the ion energy distri­
bution function. In the absence of background and assuming the 
Maxwellian ion spectrum, it is sufficient to measure the y­
yield of only one of reactions (1) and (2). The yield of other 
reaction can then be obtained from Table 2 as a mere consequ­



Therefore, any disagreement between the so predicted у ­

yie1d from the second reaction and the measured y-yie1d is in­
dicative of а distortion of the Maxwe11ian distribution func­
tion and,in princip1e, permits the distorting parameters of 
strict1y defined va1ues to Ье introduced in the distribution 
function. Any comprehensive examination of the problem requi­
res, however, that the intensity and the energy distribution 
of the continuous у -background shou1d Ье known at Е у ranging 
from -400 to 500 keV. 
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Камаль М., ;( ук улин В . И . , Во рон че в В.Т. Е4-88-802 
JIдерно -физ ическа н д иа гно с тика ионной темп ературы 

в горячей ,содержа ще й д ейт ерий пл а зм е 

Предпа гае т с я ядерн о -фиэ ич еский метод для нахождения 

ионной тем перату р ы в горячей, сод ержащей дейтерий плазме. 

Этот ме тод ос н о ва н на использовании иона 6Li и соответст­

вующем изме ре н и и в ых о д а у -квантов в реакциях 

6Li(d, n ) 7 ве * .... 7 Ве +у (Е у = 431 к эВ ) 

и 

6Li (d, Р) 7Li * .... т ы + у (Е = 438 кэВ ).
у 

Раб ота в ы пол не н а в Лаборатории теоретической физики 

ОН ЯН. 
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А nuc1ear-physics method for findin g ion temperature 
оЕ hot deuterium-containing p1asma is proposed. The mе­
thod is based оп 6Li ion injection a nd subsequent measu ­
rements оЕ y -quantum yie1d from tl1e reactions 
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