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The interaction of high-current REB with the surface of solid targets was investigated. The target material was
stainless steel 12X18H10T, graphite, tungsten, plexiglas. The optical diagnostic methods were used to determine the
space-time characteristics of a gas-plasma torch (GPT), formed as a result of the tubular microsecond REB action on the
surface of solid targets. The times of GPT formation and its spread velocity (transverse and longitudinal) for different
materials were determined. An axial focus of GPT, moving towards the beam, was found.
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INTRODUCTION

Interaction between the concentrated energy fluxes
and the material is accompanied by many physical
phenomena: material heating and evaporation, gas-plasma
torch (GPT) [1] formation and expansion, vapor
condensation, chemical transformations, phase
composition change, radiation defect formation, shock
wave arising, high pressure appearance etc [2,3]. This
wide range of phenomena is extending due to the factors
influencing on the energy transport to the target material.

Application of diagnostic optical methods at the
accelerator MIG-1 [4] has provided the most complete
information about the GPT spread dynamics under action
of tubular REB on the solid targets. The research data can
be wuseful for investigations on the interaction of
concentrated plasma flows and charged particles with
first-wall materials and divertor plates.

1. RESEARCH TECHNIQUE
AND EXPERIMENTAL PROCEDURE

To investigate the space-time characteristics of GPT
we used the field density visualization method on the base
of geometrical deviations of parallel light beams on
optical inhomogeneities — schlieren method [5] and the
method of high-speed/fast photographing.

Fig.1 presents the diagram of the experiment on the
optical diagnostics of the gas-plasma torch obtained by
these methods. In the experiment both the disk target and
the combined target were irradiated with the tubular high-
current REB having the following parameters: energy ~
0.5 MeV, current ~ to 4 kA, current pulse duration of (2...
5)-10°%s. The followings samples were investigated:
stainless steel 12X 18H10T, graphite, tungsten, plexiglas.

The velocities of GPT and target material liquid
phase spread in the longitudinal and transverse directions
were determined from the shadow photographs by
measuring the opacity zone boundary displacement for a
laser probe radiation with a wave length of 0.53 um and
an exposure time of 20s. The radiation of a laser
LTI-PCH was transformed by the optical system
(telescopes with a focal distance of 750 mm), so that the

space before the target be illuminated by the parallel
luminous flux, and the interaction space image be
projected onto the recording element (photographic film).
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Fig.1. Scheme of optical diagnostics: 1 — SPhR-2M,

2 —mirror; 3 — Rogowski loop; 4 — solenoid; 5 — window;
6 — telescope; T — laser LTI-PCH -5; 8 — target-collector;
9 — tubular insertion; 10 — cathode,; 11 — anode;

12 — high-voltage generator; 13 — voltage divider

The delay time of light radiation generation in relation
to the time of REB-target interaction beginning was
varying to obtain the pictures of zones, opaque to a light
probe radiation in different instants of time.

The space-time characteristics of GPT, formed as a
result of the high-current REB action onto the solid
targets were also measured by means of a high-speed
photorecorder SPhR-2M, working in the mode of
continuous scan.

The optical radiation output from the interaction
volume has been carried out through the slits of 1.5 cm
width and 8.0 cm height, located on the opposite sides of
a vacuum chamber. The magnetic field is weighted down
in the area of slits was insignificant (to 10 %), that
practically has no influence on the quality of the
transported high-current REB [6].

Thus, the electron beam was reliably closed on the
grounded anode without distortions of current
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characteristics. And the character of the tubular high-
current REB interaction with combined targets and disk
targets was almost unchangeable.

2. EXPERIMENTAL RESULTS
2.1. GPT SPREAD FROM GRAPHITE

The shadowgraphs of the tubular high-current REB
interaction with graphite targets, made in the form of disk,
and as a combined target, are shown in Fig.2a. It is seen
that GPT forming and its spread begins only 5-10°s after
the collector current pulse start (beam arrival on the
target) and continues during long time > 1.5-107 s after
the pulse ceasing. The measured longitudinal velocity of
GPT spread from the graphite target was (0.44...
1.0)-10° cm/s, and the transverse velocity was measured
by shadowgraphs on the combined target (Fig.2b) as it
can not be estimated on the disk target because its central
area is shaded for observation by the ring GPT. The
graphite strip of 5 mm width was fastened at a distance of
50 mm from the disk
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Fig.2. Flying away of GPT from a graphite target:
a—disk; b —strip
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In the point of REB impact on the graphite strip-target
(Fig.2b), 3.7 us after, one can observe a brightly glowing
heat-penetration zone having a depth of 0.7 mm and a
width of 1.8 mm (the width of the tubular beam ring is

1.0 mm).
2.2. GPT SPREAD FROM STEEL 12X18H10T
Shadowgraphs obtained for the tubular REB

interaction with a target made from steel 12X18H10T
(Fig. 3) differ sharply from the shadowgraphs obtained on
graphite. There is no a brightly glowing heat-penetration
zone in the point of beam impact on the stainless steel,
and the GPT formation and spread occurs much more
earlier than in 210 s after the REB current pulse start
and continues more than 3 5107 s
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Fig.3. GPT spread from steel 12X18H10T (strip target)

As is seen from the shadow photographs in Fig. 3, the
measured spread velocities of GPT made of 12X18H10T
steel are several times higher than the spread velocities of
GPT from graphite. So, the longitudinal spread velocity
of GPT from steel 12X18HIO0T is in the range (0.8...
4.0)-10° cm/s, and the transverse one is in the range
(1.25...2.15):10° cm/s.

However, the main difference in the shadowgraphs,
obtained on irradiated steel 12X18H10T under irradiation,
consists in the following: 8 Us after the current pulse start
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in the central axial zone, where the beam has no effect on
the target, a =zone arises being first narrow and
subsequently expanding (GPT axial focus) and, also,
opaque to the laser probe radiation(A =0.53 pm), which
exists during long time ~ 2-107 s.

The shadowgraphs in Fig. 4 represent the front part of
GPT from the target of steel 12X18H10T (in the form of a
strip) and the rear part of the central axial GPT. It is seen,
that the central axial GPT, at the beginning of GPT is a
very heated gas of a high density and partially ionized
with atoms of target material. As a result, the GPT spread
occurs with high velocities, and due to the recoil
momentum a powerful cylindrical shock wave arises. The
shock wave front propagates from the REB impact point
on the target with velocities of (0.5...4)-10° cm/s.

Z, mm

Fig.4. Leading edge of flying away of GPT from steel of
12X18HIO0T time of delay of t, = 8.5 Ls:
a-5mm, b-10 mm, c-15 mm, d -16.5 mm

The measured velocities of longitudinal and lateral
expansion of this axial zone were (5...7)'10° cm/s and
(1...2)'10° cm/s respectively.

Similar shadowgraphs with an opaque zone in the
near-axial area of the beam at the target surface were also
obtained for the interaction between the tubular REB and
the tungsten targets and plexiglas targets.

2.3. SCANNING PHOTOGRAPHIC RECORDS OF
THE GLOW FROM STEEL 12X18H10T

The dynamics of GPT forming and spreading was
determined from the scanning photographic records
(SPhR) obtained during the tubular REB action on the
disk targets and combined targets of (1...10) mm
thickness.

Photographic scans obtained at different distances of
the recorder limiting slit from the strip-target made from
steel 12X18H10T are shown in Fig.5.
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Fig.5. Photographic scans of GPT glowing from steel
12X18H10T at different distances of the recorder slit
from the strip- target surface: a) z=0 mm,
b)z=75mm,c)z=15mm (I div =2 Us)
The GPT glow arises at the target surface in the point
of tubular REB action. After 7-10°s (for steel
12X18H10T), i.e. simultaneously with formation of a




zone, opaque to the laser probing radiation (A = 0.53 pum),
in the central axial part, that is seen in the shadow
photographic scans, a bright glow is recorded which is
continues during about 2:10°s and expands in the
transverse direction with a velocity of 1.2-10° m/s.

Displacement of the limiting slit of the photorecorder
SPhR-2M to different distances from the target surface
has shown that at the beginning of forming (in the
moment of time 7-10° s) the glow area of the central axial
GPT has a diameter equal to ~ 10 mm, and it is limited to
25 mm. in the longitudinal direction. The diameter of the
tubular REB is equal to 30 mm.

3. CONCLUSIONS

The diagnostic optical methods were applied to
investigate the processes of microsecond REB interaction
with the surface of solid targets. The longitudinal and
transverse velocities of GPT spread are determined. It is
shown that the velocities of GPT spread from steel
12X18H10T are several times higher than the GPT spread
velocities for graphite, the REB parameters being
unchangeable.

The mechanism of GPT generation and expansion
under action of a tubular high-current REB (the power
density equals to ~ 10°...10'" W/cm?) on the surface of
solid targets is involved by the irradiated surface ablation
due to its superheating, melting and evaporation and by
the formation of powerful cylindrical shock waves, the
fronts of which are converging on the drift chamber axis
and form a gas-plasma focus.

The glow, recorded in SPR records, is a very heated
gas and plasma with excited and partially ionized atoms
of the target material. The GPT focus also is a heated gas-
plasma but with higher values of density and temperature,
as compared to the near-target GPT. A maximum of the
GPT focus beginning from 8 Us after its formation and

during all the time of existence (to 1.5-107 s) does not
change its position and is at a distance of (2...3) mm from
the surface of the target (12X18H10T) under irradiation
up to the spread start with a velocity of ~ 4-10° cm/s. The
brightest glow arises on the drift chamber axis where the
beam in the form of cylinder is absent.

It has been established that the GPT spread from steel
12X18H10T begins ~ 2 ps after the current pulse start.
Just this time determines the lifetime of the metastable
state as an ablation precursor.
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JIMHAMMKA TA3OILTASMEHHOI'O ®AKEJIA ITPH BO3JIEMCTBAH
CUWJIBHOTOYHBLIX POII HA TBEPJIOTEJIbHBIE MUIIIEHHN

B.®. Knenukoe, B.B. /lumeunenko, 10.®. jlonun, A.I. Ilonomapea,
A.I. Toncmonyukuit, B.B. Yeapos, B.T. Yeapoe

HccnenoBanock B3anMoAeHCTBHE CHIbHOTOUHOrOo POII ¢ MOBEPXHOCTBIO TBEpAOTENBHBIX MHUIIIEHEH, B KauecTBe
KOTOpBIX CIIyKHJIM Hepxkaseromas cranb 12X18H10T, rpadur, Bonbdpam, oprcrexino. C MOMOIIBIO ONTHYECKUX
METO/IOB AWArHOCTHKH IIOJydEeHBI IPOCTPAHCTBEHHO-BPEMEHHbBIC XapaKTEPUCTHKH TasomiasMeHHoro ¢akena (I'TID),
00pa30BaHHOTO NPH BO3AECHCTBUHU TPYOUATHIX PEIATHBUCTCKUX 3JIEKTPOHHBIX ITyYKOB MUKPOCEKYHIHOH JIIUTEIBHOCTH
Ha TOBEPXHOCTH TBEPAOTENBHBIX MHIIeHelH. Onpenenensl BpeMeHa odpazosanust ['TID, monepeunas M mpopoibHas
CKOPOCTH €ro pasjiera Uil pa3jIMuHbIX MarepuaioB. OOHapyxeHO oOpa3oBaHue oceBoro Qokyca ['TID, xoTopsli
pacnpocTpaHseTcs HaBCTpeuy MyuKy.

JAUHAMIKA TA30IIVTA3SMOBOT' O ®AKEJIA ITPU BIIJIUBI
CUJIBHOCTPYMOBHX PEII HA TBEPAOTIJIBHI MIIIEHI

B.®. Knenixos, B.B. /lumeunenxo, 10.®. Jlonin, A.I. I[lonomapwvos,
O.I: Toncmonyyskuii, B.B. Ysapos, B.T. Yeapos

HocmimxyBanach B3aemonis cribHOCTpyMoBoro PEIT 3 moBepxHero TBEpAOTIIBHUX MillICHEH, B SKOCTI KOTPHUX OyIr
Hepokasitoua ctasb 12X 18H10T, rpadit, Bonedpam Ta opraniyHe ckio. 3a JOIOMOTOI0 ONITHYHUX METOJIB 1iarHOCTHKH
OTPHUMaHO TIPOCTOPOBO-YAaCOBI XapaKTEpPUCTHKW Tasomia3moBoro (akena (I'TID), skmit yTBOproBaBcs mpu Jil
Tpybuactux PEIl MikpocekyHIHOI TPUBAJOCTI Ha IOBEPXHIO TBEPHOTUIBHHX MimeHed. OTpHMaHO 4ac yTBOPEHHS
ra3oria3MoBoro (axena, IrormepeyHa 1 MOB3JOBXHS MIBUAKICTh HOTO PO3JIBOTY JUIS PI3HUX MarepiamiB. BussneHo
yTBOpeHHs ocboBoro (oxyca ['TID, skuii pyxaeTbesi Ha3yCTPid MYUKY.
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