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ABSTRACT OUTCOME

o Effects of nuclear elastic scattering (NES) [ on fast-deuteron slowing- (a) NES EFFECT ON DD FUSION REACTION RATE COEFFICIENT
down properties (fusion reaction rate coefficient, energy transfer) were High-purity H beam (atomic ratio D/H is less than 1 ppm) is injected into deuterium

observed in the LHD deuterium plasma. plasma. More than 1 order of the DD neutron production was observed, even
though there is no meaningful variations in plasma parameters.

e Numerical simulations (on the basis of the Boltzmann-Fokker-Planck

(BFP) model 2!') could explain the observed results.
e The NES effect would be appreciable in the future reactor-grade plasma. S
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A large fraction of the energetic-ion energy is transferred to bulk ions in a 107 e ‘ W0
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¢ We have developed the BFP model to understand the NES effect 2. These production rate after high-purity H in plasma discharge without ECH. giﬂfg‘:ﬁf%‘;ﬁiu‘;”:’i %"ec‘zz:f”um
phenomena could be appreciable in a thermonuclear plasma and the Leclin/ectiony
understanding with experimental validation would be important. [ The NES effect on D(d,n)°He reaction rate coefficient was observed.
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We had expected that the neutron decay process would be disturbed by the NES
CHALLENGES / METHODS / IMPLEMENTATION effect caused by energetic protons. The delay in the neutron decay time due to H

beam injection was observed, and we tried to understand the phenomena

EXPERIMENT quantitatively using the BFP model. [5]H. Matsuura, et al., Nucl. Fusion 60 (2020).
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LHD equipment and D(d,n)3He, °Li(d,yp)’Li cross sections . ‘ injections.
10! T 10" TR : 600 r 60
D 10: 10: _07f TEBeen =3 MW 10" ‘:‘;;I m, o :;::1 soof=] 'r')l,;::: 32‘3'},& / 1
-mnn.\uﬁmm Q - :2" :2‘ > 1080 2 g f N\ 20055 one 1% ESE TR
H nBi#2 S r s L s S 20 i T
7Sk W) '@‘ !’;&Tﬁm 2 0 élm:‘ i 10:4 F o 4
@ & o) 0% s1o“f #‘Elo 4 k|
/ S0k 10° El0"p 210°F 1
] “" E0°F r-rays o’ E 107 1=2kev glo‘zrr,:ncv 1
12 £ Maxwellian,_ % 4 " =3 keV (for & =3 keV (for
e 2 §otpenias Dl et G 1 —
m2Kevasuw) PNBI#;: 10 10 m‘lo‘ e 10‘"mI ](']7 0 Lid b 0
corevsm 10° " 10°¢ ? ? 0 20 40 60 80 100
10" 10' 10° 10° Proton Energy [keV] Deuteron Energy [keV] Time [ms]
Fig. 2 Schematic of the LHD and Deuteron Energy [keV] . . . PPy . .
Fig. 1 Schematic view of the LHD . the NBI systems. ey p————— Fig. 11 Time evolutions of proton and deuteron distribution functions.  Fig. 12 TransferredApuwer from
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Y . N via Coulomb and NES processes.
Nuclear elastic scattering 1] - protons to energetic deuterons are observed.
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dQ Jyes  \dQ ) roa measurety N A€ coutomb ‘ * More than one order of the DD reaction rate coefficient enhancement
0 due to high-purity H beam injection was observed.
Large-angle scattering process 100 T e Delay in the DD neutron decay time due to high-purity H beam injection
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Boltzmann-Fokker-Planck Model 21 o o e of nes differential cross section. ~ ® The above results were analyzed by using the BFP model.
o, c o, NES 1 8 v3f ([4] L Ballabio, et al.,, PRE (1997) ) » The observed results can be explained quantitatively by considering the NES
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