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Main topics
*Generation and diagnostics of super strong

magnetic fields in laser-induced discharges

* Generation and diagnostics a-particles and
gamma-ray radiation in LID

* Transmutation of Ta—Tm

* Detection of high energy particles by
means of nuclear detectors

* Theoretical model of nuclear reactions
* Computer simulation MHD-processes in
laser-produced plasmas
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CneKTp peHTreHOBCKOro UsslyyeHus,
(Ni-noao6bHbie noHbr Ta XLVI, a Takxe
Cu, Zn, Ga, Ge -nopobHbIe UOHLI Ta).
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PacwenneHue nuHum Ni-noaobHbix noHoe Ta XLVI
L=b20 A; X (5.184 A),Y (5.216 A), Z (.20 A).
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CnekTpanbHag nuHUa y-usnydyeHusa Ta -181,
Ey ~ 6.24 keV.
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Fe Density="7.874 Thickness=7.19 microns
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PacwenneHue cnekTpanbHOW NUHUU Y-
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V sgustke plasmi v scharikach vidni svetlie tochki i temnie. Diametr micr
droplets - 3 mkm, density of plasma Ne= 20e+20 cm-3, wavelength -
532 nm, so B=357 MG. For r=3 mkm. g=30 SGSE




Gamma-ray generation and diagnostics

The observed triplet: 104.648,
104.775 104.902 keV (AE=0.127 keV)
can be connected with Zeeman
effect for nuclear transition. Hence

we have B~40 T6G. For measured :: N .
doublet 105.156, 105.537 keV wl ¥ ¢ o @
(AE:O381 k@V), Bx121 TG. Such 150 | i worits . | o
super high magnetic fields can be in oL T TR P e _
the vicinity of observed magnetic ol 1 " N N
monopoles only [4, 5] which in turn 120 Lo
can be generated owing to quantum __ . -
evaporation (or decay) of laser- . @') N Y
induced miniature black halls (or ” oo ﬁ i - A

very similar system) [11]. It is well e R R 100
known[12] that B-decay of neutron R % . "
with high probability take place e w g W S AR

under influence of strong magnetic

filed with B=118 T6.

aa=P\ Korovina. Izv. VUZov. Fizika.No.6,
2234 (1964)
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Generation and diagnhostics of

gamma-ray radiation

The y-ray spectre of Hf-176 had been measured too, by using
spectrograph provided a spectral resolution of 3000. Instead
of Kodak-Insight X-ray photographic film it was better to use
ILFORD 3200 (UK black and white film with thin scintillating
cover film) protected from visible light by 3 um Al- filter. The
data are represented in Table 1 (energy of y-quanta, in [keV],
upper level -is our data, lower level from work [10]). These
results are in a good agreements with the results of [10].
Table 1.

207.2 12428 88.99 62.48 56.86 48.22 41.89 31.61
2075 1254 88.35 ~60 56.8 ~40 30.76

[10]. E.P.Grigoriev. Nuclear Physics (in Russ.), 2005




Two possible mechanisms
of generation such superstrong
magnetic fields

1. The collisions of heavy ions which can be accelerated up to 4.4 GeV (the
propagation Ta-ions throw 90 micrometers of Cu-foil had been detected).

The theory of such mechanism was considered at first in ANL by J. Rafelski

and B. MullerPRL. V.36.No.10. P.517 (1976)

«In sub-Coulomb-barrier heavy-ion collisions the magnetic field created in

the vicinity of the colliding nuclei is of the order of 1.E14 G. »

2. The inductance of magnetic fields in the vicinity (r~ 1-10 A) of an exotic
quasiparticles can rich up to 1.E16-2.E18 G as had been estimated by
V. Skvortsov and N. Vogel:
Electromagnetic waves and electronoc systems. V.7. No.7.P.65- (2002).
(In accordence with the estimations produced by L. Korovina :
neutron betta-decay takes place at B=1.18E14 G, and proton decay -
at B=1.23E17 6)




Gamma-ray generation cmd
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diagnostics
The very precisely experiments for | s
investigation of gamma-ray radiation D '!5',/' B
were produced by using different "
gamma-ray detectors. We detected a e e
flux of y-quanta with energy E=0.9-3.0 m‘“” o s =
MeV. F|97 demonSTrGTeS Tes_“ng J- ......... [ TI .......... E
signals and signals from tantalum “”“””““““‘““*\
target illuminated by picosecond laser u )
beams (in batch mode). We can see, [t
that signal is decreased in j\ o
approximately 5 times when we used a et St
25 mm filter of Pb. Such behavior of s

signals is very similar to that of v-
quanta with E ~ 0.9 MeV [9].

[9] Physical values. Reference book.. Ed. By I.S.
=2 gdrkev, E.Z. Meilikhov. Moscow. Energoatomizdat.
1)
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Generation and diagnostics of
Gamma-ray and B-ray radiation

[ —=—Al as absorbtion filter |

0,14

1(d)N(0)

0,01 -

absorption length d in kg/m®

By using standard methodic of Al- filters [8] we determine also that we
have y-radiation with E=3.0 MeV as well as B-rays with E=250 keV and

126 MeV (see fig.8).
B> q1)L. Herforth, H. Koch. Praktikum der Angewandten radioaktivitat. VEB Deutsher der

Wissenschaften, Berlin, (1972).
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Generation and diagnhostics of
gamma-ray radiation

Cien Ha (OTOIICHKE
(bparmeHT, pa3mep 1o
BEPTUKAIIM — 25 MM,
MUIIEHb U3 Al).




Cnen Ha goTomeHke ((parMeHT, pa3Mep Mo
BepTukaan — 10.25 mm, Mutiens u3 Ta-181).
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One of simplest explanation

For case (*)
E= -[v,B]/c;

B=[v,E]/c

Puc. 6.26, SneKTpHuecKHe H Mar- Puc. SMeKTpHUSCKHe M MAr-

HUTHRIE TONA 3apafa, HaXogslilg- HUTHRIE TONA 3apAfa, HaXogslilg-

rOcHA B COCTOYIHE PABHOMERHOTO TOCA B COCTONHUHE @ PABHOMEPHOTO

NEHIKEHHA, B GAaHAHHE MOMEHT Bpe- NEHIKEHHA, B HAaHAHHE MOMEHT Bpe-

MCHH. MCHH.

Fe=eE + e[V,B]/c: B=q/r2; E= [v,B)/c; * E.Purcel. Electricity
V=6.E7(Ee)**1/2~1.8 E10 cm/s for 100 keV and Magnetism.Berkele
electrons passing 100 mkm of foil. Physics Course. Vol.2.

q = vr/1.76E7 =10 if r=1.E-2 cm and V ~v

Xal==176 E7 B(6)=1.76 q/r2. wr=V=1.76E7q/r
@ thenty20075 H ~ 500 SGSE, or 150 kV/cm




Tracks on CR-39




Cnepbl Ha CR-39 B aneKkTpuyecknux nons
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Tracks on metallic

surface
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Generation and diagnostics of a-particles in
laser-induced discharges

\

angle of detection 0°

The measured value of a-particles energy wy
is 6.39+0.1 MeV, which had been 5%
determined by method of particle stopping , w i

in air gn parallel with a-particles
identitication by using CR39 nuclear
detector). Fig.1. shows a classical curve for
monoenergetic o—particles extracted from
very pure Ta-181 target. Here we took into I
account some an additional correction
owing ener'%y losses in window of used
detector. The determined laser-induced
radioactivity is equal #1.5-3*1.E3 Bq , which
approximately in Two order of magnitude
lower then the using Am-241 radioactivity
source (for calibration and testing of our
devices). Such flux of a-particles had
been observed in the vicinity of Ta-target.

So we have reactions Ta-181—...—Ta-
157+a (6.380 MeV).

counts in 30 se
° 88888

distance in mm




For its explanation it is not sufficiently to propose the
possible bombing Ta-target by accelerated ions (including
tantalum ions like as in scheme [6]). We must take into
account an exotic quasiparticles [4,5]. Fig.2 shows a typical
track in CR39. The general view in microscope of eliminated
surface of CR39 by a-particles a shown in Fig.3 a,b for
standard sources of radioactivity Am-241 and our laser-
produced a-particles. For 50 um range in such dielectrics
(with normal density 1.1 g/cc) we can estimate the energy of
observed a-particle: E=6.4 MeV (with correction on loss
energy in air), by using data [7]. We also measured other
values of a-particle energies : 8.5 MeV and 8.9 MeV but
with more high error (about of 30 %) for case of Ta-181
target

[4]. V.Skvortsov., N. Vogel. The electromagnetic waves and electronic systems.V.7, No.7, pp. 64-73
(2002).

[5]. V kvortsov, N.I Vogel. In book: Particles Physics in Laboratory, Space and Universe.
Scientific Co., Singapore. 2005, pp. 373-382.

6]. V.A Bushuev., A.V. Kolpakov, R.N Kuz'min., E.M Saprykin., D.A. Shalabaev. Vestnik Moscow
ate Uni., Ser. Physics and Astronomy., V.19. No.3. pp. 101-103 (1978).
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Fig.3a The a-particle tracks from 241Am after 20 min etching
in NaOH at 70 C (left)
Fig.3b. The a-particle tracks from laser-induced discharge
after 20 min etching in NaOH at 70 C (right)

The general views of CR39 detectors (in partially closed
by Al-filters with 45 um thickness) which were

ginated by a-particles are shown in Fig.3 a,b. For
parison see Figures 4, 5 with more higher

enlargement.
10/30/2007



Fig. 4. The a-particles tracks for testing 241Am radioactivity
source. Time of etching in NaOH was 60 min at 70 C (left).
Fig.5.(right) The a-particles tracks for our laser-induced
radioactivity source, based on Ta-181. Time of etching in
NaOH was 60 min. CR39 was arranged in air at the same
distance from source as in testing case ( Fig.4).




way of exotic quasiparticles
the nuclear reaction take

place.

Our an exotic quasiparticles some
times demonstrate properties
which are very similar to
properties of neutrons: at low
energy they can reflected from
metallic plates and under high
energy can penetrates throw
massive block of different metallic
constructions. In addition they
very like to slip along surfaces of
dielectrics and metals.




Experiments with carbo

Target

Laser beam
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Experiments with carbon -
SEM images and LEED

Cacls: ay o,

| [123] a=0.356
Y . simple cubic
diamond lattice




Transmutation Ta—Tm

IIII”II””III!SITHIHI”{”III””1!5”“I”IIEII”III”TE.SHHIHHSI 35
kalenbereich 73 otz Curzor: 0.000 ke ke

Table 2.

Element Gewichts% Atom%

CK 0.19 61.90

OK 0.11 26.97

TmL 0.01 0.21

TaM 049 10.91

10/30/2007 Insgesamt0.80



Transmutation Ta—Tm

lc-o-ka al- Trn-L& Ta-LA
2.5

MAG: 600 x  HV: 20,0 kv WD: 5.6 mm

e IR
«'M,ﬁ: .

g 10 1z

e g LJM_..______

B m N
After that the magnetic properties of new material
had been investigated by using SQUID microscope

[14]. In deference from other particles of tantalum
the particle with Tm has very distinct magnetic image.




SQUID microscope messuremts

Fig.14. Photographic image of example with
mark 1 and 2. The scanning regions are signed
by quadratic frames.

Fig.15. The magnetic image of sample in
residual magnetic field (left) and in parallel
magnetic field (right)
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[14]. S.A. Gudoshnikov, O.V Snigirev, A.M Tishin,"Study of the
magnetic recording media using a scanning

SQUID microscope”. European Conference on Applied
Superconductivity (EUCAS'99), Barselona,

Spain, September 14-17, 1999



The theoretical model of
observed nuclear reactions

In accordance with theory of tunnelling transitions and a-decay
[15,16] we can write for a-particle penetrability in the form

W= exp[(-nzZe2/n)(2ma/E)1/2 ],

here E, ma, z - are the energy, mass, charge of a-particle, Zle|-
charge of nuclear. In our case instead of mo we must take a
relative mass mp= mq *ma/(ma + mq ) , which for case mp <« ma
can be mp = mq . In accordance with our measurements mq =2*10
-35 g (in [5] we named an exotic quasipaticle as “"monopolino®).
So the value of W is very close to 1 not only for a-particle but
also for C, O,...(see Fig.10,12). In principal in our type of nuclear
reactions together with a-particles another nuclears can be

ejected from target atom.

[15]. 6.A. Gamov, Zs. Fur Physik, 51, 204; 52, 510 (1928).

[16]. A.L. Baz, Za.B. Zeldovich, A.M. Perelomov. Scattering, reactions and decays in non-
relativistic quantum mechanics. M. Nauka, 1966.-309 p.




Few Examples of nuclear
reactions

Tal81 + q.p. >Tm174 +He3+ He4 + q.p. + Q(=9 MeV)

Tal81 + q.p. >Hf176 +p +4n +y+q.p. + Q?!

F. Wilczeck also has discussed the fact that monopoles should catalyze
huclear reactions. Phys. Rev. Lett. V.48.p.1146 (1982).

C12 + C12 ->Ne20 + He4 + 4.617 MeV
—>Na23 + p + 2.241 MeV
For «Gamov window» at E=2.42 Tg**2/3 in MeV, Tg=1+ 0.2
E.E. Salpeter. Astrophys. J. V.115. P326. (1952).
Or 016 +016 —-S31 + n + 1.50 MeV
for E=3.91 Tg**2/3 MeV, Tg ~ 2.




Low-temperature superfusion I?...

Note that analogous increasing of probability
can be for reactions of nuclear synthesis (not
only for light elements D,T..., but practically
for all elements). The corresponding
relationship for penetrabilit
Wsynth ~exp {- 4eZ(2mqR)1/2 /n} =1 -
2*1E-4*Z=1, (forR=b5*1E-9cm).

We have already observed such reactions of
“low-temperature” superfusion when instead
of Ta-target we used an Al-target. In this
case we had not observed of a-particles. We
detected by means of mica particle detector
a very energetic ions of Fe with an energy of
E~ 675 MeV (see Fig.13 ). Mica is insensitive
to light nuclei with mass number A less than
about 30 [17]. So only for elements with
A>30 we can see tracks on mica detector, and
Al-ions must be excluded from the




Low-temperature superfusion I?...
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The main physycal parameters of the
first microreactor of nuclear fusion

Al27 + AlI27 (+ q.p.) > Feb4 + (q.p.)+ 65.1 MeV;

Energy yield: 0.4- 4 mJ per laser pulse (100 mJ);

Number ions of Fe : 4.E7-4.E8 per pulse;

radius : R ~ 1 micrometer;

coeff. K=1.5 E-9 cc/s, cross section: 1.5 E-17 cm-2.

The penetration of |1=3.E-3 cm of mica had been detected.
Such range of propagation is tipical for Fe- ions with
energy E> 65 MeV.




Shredinger’s "Zitterbewegung" of Dirac’s

particle

« 26r ~ 100 um

.« m = (h/2r)/(28rc) ~
2.0 10-3%g.
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MatemaTuueckoe

moaenuposaHue MI [-npouecco

Op/ot+divpu) =0, pdu/dt=-gradP + [jxBJ/c.
pac, /dt=-P divu-dvW,+6 -6,+Q,. pds/dt=-Pdivu-dvW,

/"afz =(4r/c)j +(1/c)cE/5t , rot E= -(1/c)oB /o t,
divB=0,j/c = E + (VT ,+VPes/ne; E' = E + [uBJ/c;

P=P,(p.T)+P (p.T):

ée: éraa’ * 6560/ Te/ B/ f) ; 6‘/ = J F ; We,/' = - e,/'.q/qad 7-e,/' .

34echb p - NNOTHOCTL BeLeCTBa, € - YAesbHAs BHYTpeHHsaa 3Heprug, P -
AaBreHWe BellecTBa, P, .- 3NeKTpoOHHOe U UOHHOe AdBneHue, u-
MAcCcoBas CKOpocCTb, B - MHAYKLUUS marHuTHoro nons, E -
HaNpaXeHHOCTb 3MeKTPUYeCKOoro Nons, j- NNOTHOCTbL Toka, W, -
3/1eKTPOHHbIE U MOHHbIE TensoBbIe MNOTOKU, K , ; = KO3MPMULIMEHTLL
TennonposoaHocTU, T, . - 3MeKTPOHHAs U MOHHAsa Temnepatypa, Q,; -
06MeH 3Heprueit mexay 31eKTpOHAMU U MOHAMU, G- NOTOK 3Hepruu
BOW) 3@ CYET IMUCCUU UMU NOTNOLEHUS SM1eKTPOHOB
CTOYHUKU U CTOKU 3Heprum) , ¢ - yaerbHbIN TepMOMArHUTHBIN
H30p, O - YAenNbHAa 3NeKTponpoBOAHOCTb. YneHd V T, urpaet
Vlm.:{élq{l%@g‘?bHyFO pPOJib B pelleHUM 3a4a4M.




TTpoxoxpaeHue u nornouweHue nasepHoro
U3nyYyeHus B nnasme

PacyeT nepeHoca v nornoLieHns f1asepHoro U3ny4vyeHnsa npoBoanncs
B NPUONMXEHUN reOMeTPUYECKON ONTUKN (pacCcesiHUE U3NyyYeHns He
YUYNTbIBANOCh) C UCNOSb30BaHNEM NPOCTON popMybl

d'(rsY)/dZ='M (r,z)l(r,z)
u (r,z) - koadpdnumneHT nornowieHna. 3asncut ot Te, Ne, Z -nnasmel.
B obnacTtn pesoHaHcHOro nornouieHus. lNpeanonaranock, YTO OTPaXXeHU

N3rnyvYeHnd HeEeT N BCA «OCTaBLUAACA» SHEPInA na3epHoro n3rnyvyeHund
nornowaeTcAd Ha TOoJIlWNHE CKUH-CI104.




=

B max (1) (Al 8 Ar u H)

Frame 001 | 18 Jul 2007 | ZETA - code output, cell wlues

t= .7454E+01 ns

o

=
F

=

700 5
0.018

600 -

e R N N
[ R N S 1 i w N ]

500

0.017

400 |-

ol B
= | 0.016

o 200 -

100 |+ B
F 0.015
0 L L Il i 1 i 1 L 1 i B

0 10 20 30 40 50

0.002 0.003 0.004
R

t, ps

Stamper J.A. et al./ /Phys.Rev. Lett. 1971.V. 26. P.1012
B~ (1-10) kI'c /R (cm). Umeem 10-100 MI'c. R=1 MKm
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TepmomarHUTHasa HeyctouumeocTb cunbHoro MIT[-paspbiBa B
nasepHou nnasme

- 9@. 97;" |
& ) D, 2/" PQ =N e,c_ré
E ) /C)_"" 31’_}%9/ Cew /Dﬁ/‘:;_ CCNLS’%-
D
K =0 /40 Z) 10 /éfﬁ/ne Ne = /c./‘]d

Nle = (p2) Ny/% /BWH( /P)~

g&/w&/f ;wé:

f =3 '"Ae:' M/f'e:,et Q}ff;hz 73 =
Ao +0 1o AAP
vg7 A. Pyxanse v ap. TTucbema 8 K3T@
— CRALLGIOM 1974, T19. Neb. C.291-294

+ rmpopenakcauuoHHbIA Harpes
Q... ~ n [(dB/dt)/B},
KoadbdumumeHT (3 : B.A. YpnuH. «TepMOMarHuTHbIe ABFIEHUA U

OCTbIBaHUSA 3Be3/ C MarHMTHbIM NnosieMy». ACTPOHOMUYECKUM
10/3%¢Pan. 1985. T.62. Ne2. C.258-267.




TTone ckopocten ana t=53.77 nc

Frame 001 | 24 Jul 2007 | ZETA - code output, node values

“elz
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0.016
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=200
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TTone crkopocten ana t=54.47 nc

Frame 001 | 18 Jul 2007 | ZETA - code output, cell values

t= .7454E+01 ns

Ez2.4-3.6 FBB.
[dna vnoHos
Al un Ar.

0.02

SKCMepuMeHT 0.018
Aaet
E~ 2-4 3B ! ™
Hna vwoHos Ta. 0016 L2

0.014

0 0,002 0,004 0.006 0.008




Frame 001 | 24 Jul 2007 | ZETA - code oulput, cel vahes

0.018

0.018

0017

0.016

t= .7454E+01 ns

O =k e 0o

o
=

0.001
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Summary

The a-decay in laser-induced discharges had been

observed under moderate initial intensities of
picosecond laser beams I =1.E14 - 1.E15 W/cm2.

*+ The su ers’rrong.magne’ric fields with B=1 66 -121 TG
|

are detected which can be in the vicinity of an exotic
quasiparticles (with magnetic charge q ~ 100 SGSE).

Most probably that confinement reactions of
nuclear decay and nuclear synthesis ca’ralg/zed b%/ an
exotic quasiparticles having mass of m~ 2* 1.E-35 g
have been carried out.
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