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We study the generation of energetic 1ons and neutrons from
nuclear DD synthesis at nanosecond vacuum discharge. The
principal role of virtual cathode (VC) and correspondent potential
wells formations at interelectrode space are recognised from PIC
simulations earlier. Presented work on miniature neutron source
extends available activity on inertial electrostatic confinement
fusion (IECF). Favourable scaling of fusion power density under
lowering of IECF set-up size 1s demonstrated. Initial stage of
discharge, when electron beam from cathode interacts with Pd
anode tubes loaded by deuterium, 1s accompanied sometimes by
neutron yield also that a subject of further study.
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Scheme of experiment for DD nuclear synthesis ccoe
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e Parameters of discharge: =~ 1 J of total energy, U=70kV,
t=0nsec I =1kA, TOF=30-90cm P, ,~ 107" mbar.
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and total one for fast ions




MpoaykTbl DD cuHTe3a °

D+ D=T (tritium 1.01 MeV) + P (3.02MeV)
D+ D=He3 (.82 MeV) + N (2.45 MeV)

neutrons signature - 46, 6 nsec/m TOF delayed
signal

T-13.8%
P-41.4%
He3 — 11.2%
N —33.6%
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Observation of DD microfusion events accompanied | eees
by moderate neutron yield oo
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next shots from the same experimental seria.
moderate neutron yield, neutron TOF signal at ch.2 (1005d5)
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Well-defined multiple fusion events and pulsating 000

neutron yield ( fosc. = 80 MHz, like high freq. POPS )
(PM2+Pb , 0525tri9)
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DD nuclear synthesis ..... -8
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Increasing energy of oscillating ions

and their trajectories
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AkcnepumeHTansbHasa yctaHoska Ans uccnegosanus IECF B cecee
nepmoanyeckn oCUUNNUPYOLWMX NNa3sMeHHbIX cdepax cece
(MOT1C, Noc-Anamoc 2007) wppps < 1My, ¢ < 1 k3B o200
e 6 ONEKTPOHHbIX SMUTTEPOB
e YnpaBnsoLmin KaTop BHELHsS
BHyTpeHss ceTka GSULE

e UMmnynbckl HanpsxeHnsa ~ 10 mkce!
e Cdepunyeckune ceTkn

vacuum chamber(anode V=0V)

OMUTTEPBI
NnyyKkoB €

ion trajectories
L

cathode grid
(V=-10~80kV)

[ An IEC configuration with a gridded cathode.

B Hawem pa3pdane nyyvykm 3JIEKTPOHOB

BO3HUKAIOT aBTOMAaTUYECKUN, Koraa Cxema ycmaHo8KU 071 CUHme3a
npuKknagbiBaeTca HanpsbkeHne, ynpoullas C UHEPUUOHHbIM

Tem cambiM cxemy OTMC n genas eé npu asiekmpocmamu4eckum

9TOM Ha nopsakn apdekTnBHEE U3-3a yoepxxaHuemsi (IECF) e Jloc-

mManbix pasmepos (= 80 Ml u,@q45 ~ 55 kaB)  Anamoce, LANL
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Another shape of dense ensemble with multiple fusion | eeee
and essential x-rays trapping(« microreactor ») ces
High pulsating neutron yield and almost no x-rays yield °
(it provides to register just mainly neutrons at PM4 also)
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DD neutron yield estimations 5553
(X

e Our experiment: total yield N, ions~10°— 107/ 41 | o
(under assumption that yield is isotropic one !)

channels for fusion: beam-beam, beam —neutrals, beam-
clusters, beam- anode

e Through POPS physics: N, ions= 72 N2 <ov> V' t
Poisson's Equation n, ~ 2@~ @/az

Fusion power density : p = 1/2 ¢2 82 f2<gv> /a* ~ ¢2 Irig,
(per one period of oscillation), @ =r_, /r, f=n/n,
Total powerp V : P ¢ cion = 3 822 ¢? < ov > /211 1\
for cylindrical geometry P ¢ o, ~ a2 L p ~ 1/a2 ~ 2 Ireg,
Fusion power at our discharge with IECF: POPS

P fusion 0 2f (PZ <oV>L/2m r'2VC ’ Nneutrons ~10°
per collapse



Neutron yield is observed when virtual cathode and | se%¢

] " mgs 000
potential well were formed as well as at very initial | ee

stage of discharge sometimes also
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A) PIECE OF PARAFFIN HAVE BEEN USED TO SUPPRESS

NETRON PEAKS

B) FIRST SHOT AFTER NEXT DEUTERIUM LOADING OF PD

ANODE (“CORONAL” ANODE)
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Edge dislocation core in Pd with H_-"metallic” hydrogen
phase: Dislocation core is a nanotube with radius Ry, =
b (Burgers vector)
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CK3WNWHr : BbICOKaA NMIOTHOCTb MOLWHOCTU CUHTEe3a (~ ¢? /r4BK ) eee

B MMHUATIOPHOM LUITMHAPUYECKOM pa3psage (noriHast MOWHOCTb Eg;g-
~ (2 IrZBK ). Bo3amoxHO noBbiweHne 3PpPeKTUBHOCTU CUHTE3a Npy 9oe®
rex 2 0, ¢ BbixogomMm Ha Q > 1 npu ymMeHbLUeHUU pagnycoB A0 oo
MUKPO- 1 HAaHOpPa3MepoB.

AHOAHble KpaTepbl N aHoAHble 3KTOHbI (SEM,[,BanbaHo)
pS o D G T s Gl O

[ToBepxHOCTb OTOXKEHHOW Pd
donbru: Hannu4ymMe Nop u KaHanos
MUKPOHHBIX pa3mepoB (~ 10° Ha cm?)
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3aKnuyunTeribHble 3aMeYaHus: e
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- AemoHcTpupyeTcsi cTonkHoBUTENbHbIN DD sApepHbIA cMHTE3 B ®
MeX3/1eKTPOAHOUN cpeAie BaKyyMHOro pa3psiAa Npy Manom 3HeproBBaae.

Bbixoa HentpoHoB coctaBnseTt ~ 10 °-10 /4w (B N3OTPONMHOM I1pVI6.I1IrI)KeHVIVI)
Ha 1 [IX aHepruu, BBeaAE€HHOM B pa3pan. Ap¢peKTMBHOCTb UCTOYHUKA MOXET
ObITb Ha ABa nopsaKa Bbilwe, YeM NMpu na3epHOM oGny4YeHUn gentepumeBbIX
knactepos (T.Ditmire et al. PRL 84(2000)634).

- PIC mopenupoBaHue NposiCHUIO B LieyIOM (pU3NKy NPOLIeCCOB :
MHOrokpatHbi DD cMHTe3 B KOMMNSIEKCHOMN CTOXaCTUYECKOU MEeX3NeKTPpoaHOMN
cpeae eCcTb NPosABNEeHUue KONMNMEeKTUBHOIroO YCKOPEeHUS UOHOB U UX
nepuoanyYecKmMx BCTPEYHbIX CTOSIKHOBEHUM (KaK Mexay cobon, Tak u ¢
AenTepuncoaepXxawmMMmmnmMm Krnacrtepamm) B noteHunaribHou sme, obpasyemMom
BUPTYanbHbIM KaToaoM. PaboTa paclumpsieT UMerLYyCA aKTUBHOCTb MO
WHEepPLUUOHHOMY 3neKTpocTtaTtn Yeckomy yaepxaHuto (IECF -J.Park et al
Phys.Plasmas 12, (2005)), Bkrnto4yass BbICOKOYACTOTHbIEe OCLUMMSLUN MOHOB, U
AEMOHCTPUPYET BbICOKYIO MAIOTHOCTL MOLHOCTU CUHTe3a (~ ¢2 /rtg, ) B
MMUHMATIOPHOM pa3spsige.

Ha camon HayanbHOM cTagun paspsaa MOXeT TakkKe HabnaaTbCcH BbiXon,
HeuTpoHOB. [pupoaa aToro meHee uccriegoBaHHoro adhdekra (“warm fusion”)
obcyxpaetca. TpebyrOTCA HOBbIe 3KCMEPUMEHT U AeTanbHasa ANarHOCTUKa.

Yu.K.Kurilenkov and M.Skowronek J.Phys.A: Math&Gen v.39 (2006) 4375;

Yu.K.Kurilenkov, V. P. Tarakanov, S. Yu. Gus’kov et al. v 42 (2009) 214041;
Plasma Physics Reports, 2010, Vol. 36, No. 13, pp- 1219 ; No. 13, pp. 1227
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