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Use of y-ray-generating nuclear reactions for temperature diagnostics of DT fusion plasma
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A diagnostic application ofy rays emitted inLi+D and Li +T nuclear reactions induced by admixing a
small amount of®Li in DT fusion plasma is investigated. It is shown that the reaction-produced monochro-
matic y quanta with energieg, = 0.429, 0.478, and 0.981 MeV can be used for ion temperature measurements
in DT plasma. The proposed measurements are expected to be essentially independent of the plasma density
and its local fluctuations. The required reaction cross sections and the Maxwellian rate parameters of the
SLi+T y-ray production are calculated within a realistic nuclear model.
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[. INTRODUCTION to Coulomb suppression and, therefore, the reaction yfeld
should be a very sensitive function of ion temperature.

Temperature diagnostics of hot plasmas is an important Thus, development of nuclear-physics methods of plasma
problem in controlled nuclear fusion research. Conventionalemperature diagnostics is of particular importance. In the
diagnostic methods based on atomic processes are able peesent work we examine the possibility of using
measure the electron temperature while the most significang-ray-producing nuclear reactions for ion temperature mea-
plasma parameters, such as its reactivity and the energy reurements in DT fusion plasma. These reactions seem to be
leased, are determined by the temperature of an ionic convery convenient for practical application. Gamma rays are
ponent. However, any information on ion dynamics obtaineccapable of escaping freely from the plasma burning area and
by conventional techniques is mainly indirect and is derivedpften can be separated from thebackground, since the
in many cases, under the additional assumption of thermapectrum of a fusion plasma can be recorded with high reso-
equilibrium between electron and ion components. lution.

Direct control of the plasma ion temperature can be real- The (d,y) capture reactions emitting rays of high en-
ized by nuclear-physics diagnostic methods based on deteatrgy
ing products of nuclear reactions between charged patrticles.

These methods should be sensitive and effective in the im- T(d,y) °He+ 16.70 MeV, ©)
portant temperature range 1-100 keV. Indeed, the yfeid 4

a nuclear reaction between species 1 and 2 in a plasma is D(d,y) "He+ 23.85 MeV )
given by

were proposed previously for diagnostic applicatip?s5].
1) It was suggested that information on ion dynamics could be
derived from measurements of theray yield[2—4] or from

. 4 . .
wherea,, equals 0.5 or 1 for reactions between identical orthe broadening of the [ y) "He y line [5]. Here we wish

different nuclei, respectivelyp; andn, are densities of the tﬁ drtaw the rt;aders attention to the other capiure process,
particles 1 and 2, anfov)4, is the reaction rate parameter, € (t,) reaction

yvh|ch' is a functhn of ion temperature. The vaIue{ofz;)lz T(t,v) ®He+ 12.31 MeV, (5)

is mainly determined by the reaction cross sections at ener-

gies close to the Gamow peak eneily. This peak corre- which also must accompany burning in the DT plasma. This
sponds to the maximum overlap of the cross section and theaction may give the interesting possibility of density inde-
product of the relative velocity of the colliding particles and pendent temperature measurements in the DT plasma. In
their velocity distribution function. For a Maxwellian plasma fact, the measurements could be carried out by comparing

Y= aNNy(ov) 12,

at ion temperaturd; the value ofEg equals[1] the y-ray yields from all three reaction®)—(5). Using Eq.
AA 13 (1) it is easy to show that the ratio of theray yields
Ec=6.254 2222—2. 72|  keV, 2
G % 1 2A1+A2 i e ( ) Y?,(TD) 4<0-U>'2|'(d,7)

=f(Ti). (6

_ Y,(DD)Y (TT)  (0v)p,y{oV)1(t,9)
where Z; (Z,) and A; (A,) are the charges and atomic
numbers of the reacting nuclei, respectively, andis ex-  This ratio does not include any plasma density parameter and
pressed in keV. Simple estimations show that at temperaturgs a function of ion temperature only. However, it is difficult
of 1 to 100 keV the value oE for light nuclei does not to draw a final conclusion about the sensitivity of this tech-
exceed a few hundred keV. In such a low-energy region tha@ique because the low-energytT¥) ®He reaction has not
nuclear cross sections are strongly dependent on energy dbeen well studied yet.
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A general disadvantage of radiative capture reactions i the SLi+T system must proceed and seem to be conve-
the small branching ratio of-ray to charged particle chan- nient for diagnostic application for the following reasons.
nels. For example, the branching ratio for the D reaction (i) The reactiong7) and (8) lead to formation of’Be*
at thermonuclear energies is about 50 ° [4]. Fortunately, and "®Li* excited nuclei which decay b1 electromag-
the dominant reaction channel d;f) “He is well known to  netic transition to the ground states and emit monochromatic
exhibit a strong resonant behavior at low energies, due te rays of the well-defined energidéy(7Be*)=429 keV,
which the Td,y) cross sections turn out to be quite large E7(7Li*):478 keV, anoEy(SLi*)=981 keV[11].
enough for experimental measurements. In particular, 16.7- (ii) The excited states have appropriate lifetimes of
MeV TD vy rays were recently reporteld] to have been ~10-200 fs, so that the widths of the respectjvines are
detected at the Nova Laser Facility and used for a study o$mall[11] and, hence, these lines could be resolved experi-
burn history. However, the situation with employing the mentally.

D(d, ) “He reaction is less optimistic. The branching ratio (i) Unlike the radiative capture reactions governed by
of this y-ray channel to the O{,p) T reaction is only 10’  electromagnetic force, the reactiof® and(8) are induced
[4] and values of the I, y) cross sections are rather small. by strong(nucleaj interaction and proceed with sizable cross
They do not exceed 1@ mb at deuteron energies below 1 sections. This suggests that even at a R concentration
MeV [7]. Therefore, reliable measurement of the BDays  (required to prevent a significant increase of radiation loss
from a DT fusion plasma is not a simple problem. from the plasmathe y-ray yield may turn out to be high

To avoid the specific difficulties of the radiative capture enough for experimental measurements.
processes other nuclear reactions appropriate for diagnostic (iv) An interesting remark concerns the procésig). Al-
applications can be induced in a fusion plasma by admixinghough this reaction is endothermic, its threshold en&gy
some light elements. For example, in nuclear-physics activais only 180 keV. Therefore, one may hope that the mono-
tion methods[8,9] it is suggested to expos¥N and °B chromatic 981-keVy rays could be detected at thermo-
samples to D-containing plasma and subsequently measuneiclear temperatures due to the contribution of the high-
the particle yields from¥N(d,n) *°0 and °B(d,n)*'C  energy part E>180 keV) of the ion distribution function in
nuclear reactions. These yields are expected to be found b#ie plasma. Moreover, the yield of thegeguanta should be
cause of induced radioactivity in the samples by countingan extremely sensitive function of ion temperature at a few
annihilationy rays accompanying™® decay of the unstable tens of keV because this range corresponds to the Gamov
nuclei *°0 and*!C. Another reaction channéfB(d,n) *'C*  peak energy close to the reaction threshBlg, where the
emitting 4.319-MeVy rays has also been noted to have di-energy dependence of the cross sections is especially strong.
agnostic applicatioh10]. The proposed methods, however, In addition, the threshold behavior completely excludes a
have some disadvantages. In particular, the measurement odntribution of the slow particles§<180 keV) to the re-
the C isotope yield can involve appreciable errors becausaction yield. This may help in inferring the behavior of the
a significant fraction of the induced radioactivity may be losthigh-energy part of the tritium distribution function, which is
due to rapid evaporation of the samp®9|. Besides that, somewhat distorted due to scattering of fast 14-MeV DT
the plasma is seeded with undesirable impuritie$®df and  neutrons by T ions in dense plasfi].

108 with large charge numbey=7 andZg=5 that may
substantially increase radiation loss. ' . Il. NUCLEAR REACTION CROSS SECTIONS

In the present work we propose an alternative and, in our
opinion, preferable diagnostic method capable of avoiding To verify the above suggestions and to explore the appli-
the above disadvantages. This method could be realized hyability of the ®Li-induced reactions for DT plasma diagnos-
admixing a small amount ofLi isotope in DT fuel. We will  tics at thermonuclear temperatures below 100 keV, it is nec-
study herey-ray-generating reactions induced Bli in the  essary to know the®Li+D and ®Li+T reaction cross
plasma and show that they can be used for the control mections at energies belowl MeV. The ®Li+D reactions
measurement of ion temperature in the DT plasma below 1007) have been studied previously in detail and experimental
keV. Moreover, the measurements are expected to be essemeasurementgl0,13—-16 supplemented by theoretical low-
tially independent of the plasma density or its local fluctua-energy extrapolationg17,18 cover the required energy

tions. range. The appropriate reaction rate parameters calculated
Among the various nuclear processes initiated by addindor the Maxwellian ion velocity distribution function are
SLi to the DT fuel the reactions given in[19,20. However, cross section data on the other
y-ray-producing reaction§Li+T (8) are still very scanty.
6Li(d,n) "Be*[0.429 MeV] + 2.95 MeV, (7a These processes have been measured at center-of-mass ener-

giesE above~2 MeV [21] only, while in the lower-energy
6Li(d,p) "Li*[0.478 MeV] + 4.55 MeV (7b) region experimental and reliable data are not available.
Therefore, finding the cross sections of tHa(t,d) “Li*

in the ®Li + D system and and CLi(t,p) 8Li* nuclear reactions at energi&below 2
. . MeV is an objective of the present work. The essential ele-
Li(t,d) Li*[0.478 MeV] + 0.51 MeV, (83  ment here is a calculation of the cross sections in the low-

energy region, which determine a major part of the reactivity
5Li(t,p) 8Li*[0.981 MeV] — 0.18 MeV (8b) at thermonuclear temperatures. The conventional factoriza-
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tion of the 8Li+T reaction cross sections(E) 800
Coulomb

(o)}

<

(=
T

S
o(E)= EW(E) 9

is employed to find the sub-barrier energy behavios(E).

The main energy dependence comes f\MM{E), describing
Coulomb suppression of théLi+T reactions in the low-
energy region. The astrophysicalfactor in Eq.(9) is gen-
erally a smooth function of energy and in certain cases may
be assumed to be constant.

In the present study we adopt this assumption but try to ©
reproduce a precise, physically justified, energy dependence
of W(E). Since theSLi+T nuclear reaction$8a and (8b) -200
have small positive and negati@values, respectively, their nuclear
cross sections are determined, in general, by Coulomb sup-
pression in both the entrance) and the exit 8) channels. -400
This means that th@/ factor is of the form R [fm]

i

<o

<
T

Li interaction [keV]
S
<

t+

W(E)= Pa(E)PB(E+QB)’ (10 FIG. 1. The realistic potential barrier in the-8Li system and
its nuclear and Coulomb components.

where the transmission coefficie@r penetrability P, g is
defined by the ratio of the particle flux traversing the poten-scription of experimental data far-6Li elastic scattering in
tial barrier between the participating nuclei in tae (8)  the forward hemisphere. This means that the potential
channel to the incident flux. In order to fif}, 5y we employ Vs ;(R) reproduces properly the peripheral part of the true
a technique developed by us earlige,23 and used to cal- interaction in the system and, hence, thebLi potential
culate low-energy cross sections of tAki(d,n)’Be* and  barrier should be of a realistic form. It is shown in Fig. 1
®Li(d,p) Li* reactions[18]. Very recently it was also ap- together with its nuclear and Coulomb components. The at-
plied for the extrapolation of ®Li(d,pa)T and tractive tail of the nuclear potential is seen to strongly affect
®Li(d,n@)*He nuclear reaction cross sections down to lowthe barrier shape and reduces the barrier height down to 480
energies typical of primordial nucleosynthef2el]. Accord-  keV. The calculated transmission coefficieftg e ;(E) of
ing to this techique, the transmission coeffici®{E) is de-  the realistict+°Li barrier in the entrance reaction channel
termined not for an idealCouloml but for a realistic are given in Fig. 2.
(nuclear-Coulompform of the potential barrier and is found  The penetrabilitie® z;(E+ Q) in the exit channels of the
by an accurate quantum-mechanical calculation. This barrier
explicitly includes a nuclear potential tail in the system and 10°
allows for the internal cluster structure of the participating
particles. The nuclear potential used to establish an exact
form of the barrier is determined in terms of a cluster folding
model involving no adjustable parameters. It is obtained by
folding the microscopic Hamiltonian of the system of the
reacting particles over their nuclear wave functions. This
folding model was successfully applied earlier to study inter-
action potentials betweefLi and the lightest nuclei with
A=1-4[22,25.

Using a three-bodyr+n+p model to describéLi one
can find thet+5Li nuclear potential in the entrance channel
of the reactiong8) from

Ve i(R)=(WeL;(anp) x¢(€)[Var+ Vi
+ V| Wei(anp) x(£)). (11 Lo ,

Here, We (np) is an accurate wave function 8t.i found 0 200 400 600
by numerical solution of the three-body Schimger equa- E [keV]

tion [26,27 and x.(£) is an internal triton wave function
whose form is not specified i_n the give_n case as th_e triton is  FIG. 2. The penetrabilitie®, , s ;(E) and Pp8Lix (E—Egpy) Of
treated as a cluster. The pait and Nt interactions in Eq. the entrance and the exit potential barriers, respectively, for the
(12) were taken fron{28,29 (see details if25]). The cal-  SLi+T reactions.E is the center-of-mass energy in the entrance
culated potentia(11) has been found to lead to a good de- reaction channel.

Potential barrier penetrability
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6Li(t,d)’Li* and®Li(t,p)8Li* reactions were evaluated un- 10°
der the assumption that the exit potential barriers are close to

those for thed + Li g ¢ andp+ Li g & Systems, respectively.

A cluster folding procedure similar td1) was used to find

the barriers needed. It employs a reliable deuteron wave 10° |
function obtained with a realistiblN potential (RSO [30]
and a two-body wave function dLi. The latter is calculated

in the a+t cluster model and reproduces well the nucleus
binding energy in thex+t channel and the rms charge ra-
dius. The height of thel+ ’Li barrier has been found to be
~400 keV and thus smaller than th®@ value of the
®Li(t,d)"Li* reaction(8a). Therefore, this reaction does not
undergo Coulomb suppression in the exit channel and the 106
penetrability P;(E+Qg) in Eg. (10) should be taken as

unity. However, the other endothermic reaction
6Li(t,p)8Li*, having the threshold enerds;, =180 keV,

is still of a tunnel nature in the exit channel. The calculated 10° R R
transmission coefficient,, , s ;x (E—Eyp,) for the exit reac- 10 100 1000 10000
tion channel are shown in Fig. 2 as a function of the entrance

center-of-mass energ¥. Thus, the energy dependence E [keV]

(9),(10) of the reaction cross sections in the sub-barrier re- - - ) ¢ th ducing *Li+T
gion can be established. G. 3. e cross sections of the-ray-producing °Li+

At higher energies théSLi(t,d)7Li* and 6Li(t,p)8Li* nuclear reactions as a function of center-of-mass enErgy

cross section behavior was assumed to be similar to that for ) ) ]

the respective reactions with transitions to the ground state§Mall difference of their cross sectionfl5,16. The
ie.. for 6Li(tad)7Ligr.st. and GLi(tvp)aLigr.st.- This assump- !_|-|nduced reactlons{_7) and (E_ia) are seen to have rather
tion is realistic atE well above the potential barrier where high values of ov) which considerably exceed those for the
the reaction modes leading to the excited and the grounE(d.») reaction. The reactivity of the endothermic reaction
state of the final nucleudLi (or 8Li) have the same mecha- ~Li(t.p) is also larger than the [(y) reactivity at ion tem-
nism. Nuclear data for the ground-state reaction modes takepfratures;>20 keV. Figure 4 also confirms the suggestion
from [31] were employed to extrapolate the energy depen-

dence of the cross sections upBe-2 MeV where experi- TABLE |. Maxwellian rate parameters(ov) of the
mental data become availajl]. Finally, the full curves of ~ °Li(t,d)"Li*[0.47§ and °Li(t,p)®Li*[0.981 nuclear reactions as
o(E) over the 0—2 MeV energy range were properly scalec® function of ion temperatur§; . Numbers in square brackets indi-
by combining with the lowest experimental point &  cate powers of 10.

~2 MeV. The calculated cross sections of thg-induced

Cross section [mb]
S

- SLitad)Li" | CLiGtp)PLi”

reactions(8) are given in Fig. 3. The observed rapid drop in  '0n temperature _ Rate parameter _ewﬁl) _
o(E) of the endothermic reactiofiLi(t,p)8Li* with de- (keV) °Li(t,d)"Li* °Li(t,p)°Li*
creasing energy in the region of200 keV close to the 1 2.73[—33] <1.00 [—50]
reaction threshold,,, is caused by extremely strong sup- 2 4.38[—29] <1.00 [-50]
pression in the exit reaction channel. 3 4.64[—27] <1.00 [~ 50]
4 8.63 [—26] 4.36 [—45]

IIl. DIAGNOSTIC APPLICATION 5 6.84 [ 25] 1.87 [—40]

The next step in evaluating theray yields in the fusion 6 3.29 [—24] 2.72[=37]
plasma should be finding tHidi +T reaction rate parameters 7 1.15[-23] 5.55 [—39]
(ov). For a Maxwellian ion velocity distribution function 8 3.21[-23] 3.26 [-33]
the rate parameters are given by 9 7.63[—-23] 8.25[~-32]
" 10 1.60[—22] 1.15 [—30]

8 o0 — —

o= 2] [ Teoere e a2 % resl-s0  s38[-23

40 2.65[—19] 8.09 [ —22]

wherep is the reduced mass of tif&i +T system ankT is 50 6.17 [—19] 4.62 [—21]
the plasma temperature. The calculated valueéoaf) are 60 1.16 [— 18] 1.57 [—20]
given in Table | and in Fig. 4 together with the rate param- 70 1.90[—18] 3.88 [—20]
eters of the®Li+D y-ray-producing reaction$7) [19,20). 80 2.83[—18] 7.80 [ —20]
For comparison, the reactivity of the B(y)*He radiative 90 3.94[—18] 1.36 [—19]

capture reactiofi4] is also shown there. TheLi(d,n) and 100 5.21[—18] 2.15 [—19]
6Li(d,p) channels are not resolved well in Fig. 4 due to the
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107 4
*Littd)'Li*
N SLi(d,n)'Be”
© SLitd.p)Li*
£ (d.p) o3 7T 0.478 t0 0.429
w 107 | =
l(l_J [
© o i
£ Q2
o >
1] >,2 <L
o * c< -
2 SLi(r,p)*Li o
g 23 g
107 r 3
5 E
8 0]
2 | B /2
X A I  AUNUONC AR
D(d,y) He ) (d,p)
10-26 1 1 ) i ;'.
0 20 4 60 8 100 o - - - .
lon temperature [keV] 0 20 40 60 80 100
FIG. 4. The Maxwellian rate parameters of theay-producing lon temperature [keV]
8Li+D, ®Li+T, and D+D nuclear reactions as a function of ion
temperature. FIG. 5. Temperature dependence of the ratio of the 0.478- to

0.429-MeV monochromatig quanta yields in DT plasma with ad-

that the 0.981-MeV vy ray yield Yy(0_981) from the mixture of bLi isotope (solid line). The dotted lines represent the
SLi(t,p)BLi* reaction should be a very sensitive function of Separate contribution of th&Li(d,p) and °Li(t,d) reactions. The
T, in a region of a few tens of keV and this may greatly fuel density ratiop=ns/np=1.
improve the accuracy of plasma temperature measurements.
The ©Li(t,p)8Li* reactivity rapidly increases with rising in the DT+°Li plasma, the rates of T and D burning are
temperature and is fully determined by the contribution ofalmost equal to each other. Therefore, within good accuracy
the particles with energ¥e>E,,,. Therefore, detection of the density parametey can be assumed to be constant and
the 0.981-MeVy rays may help to get valuable information thus all the combined measureme(t8) are determined by
on the high-energy part of the tritium distribution function. plasma ion temperature only. The ratio of the monochro-

Although the rate parametefand, hence, the respective matic y-ray yields(13a denoted by “0.478 to 0.429” for
y-ray yieldsY ) obtained are strongly dependent®n the  7=1 is shown in Fig. 5. The dotted lines represent the sepa-
direct use of absolute values ¥, for finding ion tempera- rate contributions of the 0.478-MeY quanta from thed, p)
ture is not an obvious matter as they include unknown valueand (,d) reactions. The former leads to a weak temperature
of the plasma current density. Fortunately, one can avoid thidependence of the yield ratio ranging withi0.8—0.9. The
difficulty by comparative measurements of any pair ofcontribution of the {,d) reaction is seen to be masked near
monochromaticy lines with E,=0.429, 0.478, and 0.981 the origin but it rapidly increases and makes the total ratio
MeV accompanying thé’Li+D and °Li+T reactions(7) (139 (solid line) a quite sensitive function of;. The value

and(8). It follows from Eg. (1) that of Y,(0.478) N ,(0.429) increases by 3.5 times when the ion
temperature rises from 1 to 100 keV. This technique of tem-
Y,(0.478 <0v)5u(d p)7Li*+ n{ Uv>6Li(t Q7L perature meas_urements seems to be productive for a tritium-
V(0429 = : ’ , (133 rich DT fuel with the density parametej~1. If <1 the
LA <"v>6u(d,n)7se* contribution of the importantt(d) component in Eq(13a
becomes smaller and the necessary sensitivity of the method
may be lost.
Y,(0.98) IV i pyei . (13b The diagnostic application of the otherray measure-
Y,(0.478 (V) eLia,py7iv™ TV Vst ayiin ments (13b,0 for »=1 is well illustrated in Fig. 6. The
' ’ ratios “0.981 to 0.478” and “0.981 to 0.429" are clearly
ov). ) seen to reveal the extremely strong temperature dependence
VA0.98) < >6L'(t'p)8“*, (139  resulting from the rapid rise of the reactivity for the
Y,(0.429 (O0) 6 4.7 bLi(t,p)BLi* reaction. In particular, the values of

Y,(0.981)/,(0.478) andy,(0.981)/ ,(0.429) increase by
where 7 is the fuel density ratiovr/np. Since at thermo- a few orders of magnitude when the temperature rises from
nuclear temperatures below 100 keV the reactioa,i{*He 20 to 100 keV. Therefore, it seems reasonable to employ
strongly dominates among all nuclear reactions proceedinguch a counting technique for DT plasma temperature mea-
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8Li concentration is rather small to drastically worsen burn-
ing conditions. The specific power of bremsstrahlung Bgs
due to electron-ion scattering in the BFLi plasma can be
estimated as follows:

107!

0.981 to 0.429

107

_ 1/2 2 2 2
0.981 to 0.478 Pg=consneTo(nrZt+npZp+niiZi), (14

wheren, and T, are the electron density and the electron
temperature, respectively. Simple estimations show that the
1% °Li concentration increaseBg by only 6%. Moreover,

this value may be partly compensated by additional nuclear
energy released due to several exothermic reactions in the
8Li+D system with the tota value of 43 MeV[17]. The
major part of this energy {84%) is carried by charged
particles and, therefore, remains in the plagi@.

107 F

Gamma ray yield ratio

IV. CONCLUSIONS
0 20 40 60 80 100

Summarizing the results of the present work, we conclude

lon temperature [keV] that the®Li+D and °Li +T reactions(7) and(8) induced by

FIG. 6. The ratio of the 0.981- to 0.429and 0.478MeV admixing a small amount ofLi in DT plasma have an im-
monochromaticy quanta yields in DT plasma with admixture of portant diagnostic application. The reaction-produced mono-
bLi isotope for p=1. chromatic y rays can be used for measurements of the

plasma ion temperature. The measurements are expected to

surements al;>20 keV and, probably, for deriving infor- be essentially independent of the plasma density and its local
mation on the high-energy part of the ion distribution func-fluctuations.
tion. The study carried out did not take into consideration

We estimate now théLi concentration in the DT plasma °Be* excited states near théLi+t threshold at E*
needed to produce the necessary flux of monochromatic ~17.5-18.5 MeV, which may affect théLi+T reaction
rays. This flux must be counted experimentally in the preseross section behavior at low energies. Some of these states
ence of a strong/-ray background. Since the latter may dif- have not been investigated with sufficient care, so their role
fer significantly for various nuclear fusion devices, we re-in the low-energyPLi+T reactions is still unclear. Therefore,
strict our estimation to the particular example of Princeton’sfurther experimental study of théLi(t,d)’Li*[0.478 and
Tokamak Fusion Test React6FFTR). For the background 6Li(t,p)8Li*[0.981 reactions at energies below 1 MeV is
typical of the TFTR the so-called delayed counting techniqualesirable.
has been showf82] to be able to observe 4.825-Mey/rays It would also be important to consider some other pro-
with Y,~900 cm ®s ! (released in &Li-a capture reac- cesses that may contribute to production of the diagngstic
tion proposed to studye-particle confinement The same rays. The first one is the suprathernfli+D and SLi+T
conclusion is likely to be valid also for théLi+D and  nuclear reactions induced by fast D and T ions. These ener-
SLi+T v rays since the background is roughly constant withgetic ions are mainly created by recoil in 14-MeV neutron
energy below 10 MeV32]. It is easy to show that, at the fuel scattering and they have been shown to play a certain role in
densitynt=np=10" cm3, a °Li concentration of 1% pro- fusion plasmagsee, for example]34]). The other process
vides the required values of (0.429) andY,(0.478) at an appears due to the buildup 6Begrlst,in the DT+ °Li plasma.
ion temperature of ~6 keV, and Y,(0.981) at T; Although the half-life of this nucleus is rather longf,
~22 keV. =53 days) it is capable of producing 0.478-Me\rays in

Although the presence ofLi with charge numberZ; its decay by electron capture thi*[0.478 [11]. Therefore,
=3 in the hydrogen DT plasma increases radiation loss, 1%he background buildup o?Begr_st_ is worth studying further.
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