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OF CURRENT-CONVECTIVE TURBULENCE
IN TOKAMAK DIVERTOR PLASMA
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The detachment regime is considered as one of the key elements in continellpmwver and
particle exhaust in a tokamddased fusion reactor, such as ITER [1]. Much effort has been put to build
the complete physical picture of processes governing dynamics of detached plasmas [2]. Nevertheless
there still exist phenomena, thewdinig mechanisms of which are yet to be elucidated.

Observations of divertor plasma dynamics in the fluctuating state of detachment, reported at
ASDEX Upgrade (AUG) [3], have shown the onset of meguency largeamplitude fluctuations of
the plasma radiatn intensity in the vicinity of the machine-point [3, 4]. The oscillations arose,
when plasma detachment was attained in the inner divertor, while plasma in the outer divertor still
remained attached. Herein the oscillations got terminated, when thektamplete detachment was
achieved. Analogous fluctuations of plasma parameters (the electron temperature, plasma current
magnetic field) were also found in DID [5] under detachment conditions, similar to AUG. The
oscillations also ceased, whengtea became fully detached in both divertors.

One of the mechanisms, suggested as the driver for such fluctuations, is theaunvective
instability (CCI) [6]. The CCI is caused by the strong parallel electric field, formed by the significant
difference in plasma temperatures of the cold detached plasma in the inner divertor and of hot attachec
plasma in the outer divertor. Coupled with transverse inhomogeneities of the distribution of the plasma
electrical conductivity, th& field makes plasma displaments across the magnetic field lines grow,
resulting in the instability. The estimates of the instability increment based on the linear theory [6]
have shown that the CCI can be a plausible mechanism responsible for radiation fluctuations observec
in AUG. The first simulations of CCI dynamics in the AUi&e setup have demonstrated that the
saturated currertonvective turbulence (CCT) can exhibit temporal characteristics very similar to
those found in experiments [7]. The CCT simulations under theDlike conditions [8, 9] also
yielded results, which are qualitatively similar to the Alikeé case and comply with frequencies,

wavelengths and spatial localization of the unstable modes, measured iD [H)l The CCT
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simulations with the CCI model inquuorating effects of the parallel plasma convection [10] resulted in

the amplification of turbulence levels, herein frequency and spatial spectra of turbulence remained
similar to those found in Refs. [8,9]. Despite complying with spatiotemporal pararogtarbulence,

results of CCT modeling differed from the experimental measurements in that the amplitudes of
fluctuations were low compared to the background values of the plasma parameters, indicating that
additional physical components driving largerbuience levels had to be incorporated into the
instability model.

One of such mechanisms, which were absent in previous CCT simulatidty, [i5 the
interchange drive associated with the curvilinear topology of the magnetic field lines in the tokamak.
In this study, we investigate the impact of the magnetic geometry effects on dynamics and
characteristics of CCT in divertor plasma. For modeling, we use the instability model of Reis. [7
extended to include the curvature drive, and the set ofDlike magnetic and plasma parameters,
analogous to [8,9]. The scans over the magnetic field line curvature radius, connection and shear
lengths, and the electron temperature are performed to elucidate the dependences of the turbulenc
spatial and temporal chateristics on these quantities.

Simulations have shown the decrease of the frequencies of the dominant modes in the
frequency spectra of turbulence, compared to modeling with no curvature effects. The spectra comply
with experimental data [5]. Fig. lamlis an example of frequency spectra obtained in simulations.
The amplitude of fluctuations in simulations increased, compared to previous modeling eE8kes [8
and reached ~0:8.0 eV, or 1615 % of the mean values of the electron temperature. The inakase
the magnetic field line curvature radius resulted in the growth of the mode frequencies and decrease 0
the mode amplitudes. The reduction of the connection length of the magnetic field lines lead to the
formation of several satellites with amplitudesnparable to and frequencies multiple of the dominant
mode in the frequency spectra, making them more accurately resemble those observedin DIl
experiments. The frequency and amplitude of fluctuations grew with the increase of the connection
length (byapprox. 1.5 times for the frequency, and by a factérf@ amplitudes in different segments
of the computational domain, provided the connection length varied in the range 10 to 18 m). The
decrease of the shear length in the range 0.4 m to 0.7 m yi#ldeiticrease of the fluctuations
amplitude and reduction of the oscillations frequencies (by approx. 1.5 times in both cases) for the
dominant modes in spectra.

The found CCT spatial dynamics is similar to those previously found in modeling with no
curvaure drive taken into account-]. The linear phase of the instability, characterized by the
perpendicular (in the effective toroidal direction) mode numbers on the order of several tens, gives
way to saturated turbulence dominated by modes with thetiggoroidal mode number on the order

of unity. The strong broadening of the region of turbulent mixing is observed, compared to previous
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CCT modeling [8,9], see Fig. 1b. It is shown that the reduction of the magnetic field line curvature,
increase of ta magnetic field line length, and also the reduction of the electron temperature result in
the widening of the region of turbulent fluctuations in plasma. The reduction of the magnetic field line
connection length also results in the formation of additicoaponents with the effective toroidal
mode numbers ~2, 3 in the spatial spectra of turbulence, which is a result of dieeapmterplay
between the growth of the parallel electric field in plasma (one of the key physical mechanisms setting
the CC) and parallel thermal conductivity suppressing the CCT fluctuations in plasma. Thus, it is
concluded that higfrequency components in the frequency spectra of turbulence can be attributed to

modes with the toroidal mode numbers greater than unity.
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Fig. 1. Examples of the CCT frequency (a) and spatial (b) spectra obtained in modeling.

An additional parametric scan was performed to analyze the impact of the electron temperature
on turbulence characteristics for a fixed magnetic geometry of the installdtie qualitative picture
of the impact of this parameter on turbulence remained the same as in previous studies, i.e. the
nonlinear increase of the fluctuations amplitude and frequency with the increase of the electron
temperature. Herein, the mode fuegcies remained smaller than their counterparts obtained in runs
with no curvature drive.

The redistribution of plasma parameters across the magnetic field lines during the turbulence
Is associated with the anomalous transport fluxes convectively camieds the magnetic field lines.
To estimate the turbulent heat fluxes and thermal conductivity coefficients, the simulation results were
processed producing distribution maps for these parameters, see Fig. 2. The application of data on th

anomalous traverse thermal conductivity in transport codes, such as SOLPS [11], is discussed.
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Fig. 2. The distribution of the turbulent heat flux (a) and anomalous thermal conductivity (b).
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RISOCf,tetsyjHEZtGO OB jddL Oydd fne j dzO ! ¢ f tots fl
ddzs j ctedtetso Oded W : 5 MsetsCkf dsmisd + M jted d3j dzls Odz
(x, ) udfdzj dzdz’ tgo Qfdesijdg teffts W stedslzdzy (7) o fpud Mdzw
fsHmlsOodzves v o tejhjdedy (8). 1d34d ftedejHjd o
(S2i) :

50(3”) 0>¢(1_34(3)2

5,6) sk Ix(1-%*)

s,@) 41k Ix(1-113° ( 2/-x2%3) 3

S, @) H1skIx(1-13° (-3 (P15-173 ))) (10)
@) HlekI>x(1s® (60> 17F (F0Q)-193 (4-33

Sp@ ) 11K Ix(1-17%° (52103 (10%41-56B{)1LK) B

S, ) =18k Ix(1-1%° ( 6 - 3 (4105 -3#533( 62 I)H1

GH 0 kkstcdidteso sydz" § St WWdydd dalsr

ko =1.479020k2 = 1.226339ks = 1.176553ks = 1.157332,
ke = 1.147775k10=1.142303k12 = 1.138871.

[(h"dBCd. MzE YO OfftsSMddikOydd dGdsestsydj dsd, o MlsO),
fMzdh Ctsdg dzdL SOW Misjfjdz BEHjI BfdMmr o 0L S wHMES SN
CHJYUNdzs + CMY jteddsj delsOdzr dg' 7 Istsyj $) daj BERZHjIS Mmac
Ci WWdydjdsOn BEzHEIS Mdd des MSOLT 90! Mv shMde ¢ d
ks Bhsetydjd bsyds sfdhm' e0jls ofMmjzdsyg fHdd d¥s
ddzls j oW j toj dzyd s dzdzts 2 f sdztsfr fdzts y dzOW Is ts Bsy jIs
LMy jted Bj dels Oz dz' 2 Ibtsyj S, dmitsd LEzjlshy e Oy do (
Hioczeddsd, dzjyOhddsd dzO@ G dZzOHS 2 Ctedots?.

" otsH ' uf sMtse tOL dztsy j dzgdW R BGH Ot detsRbkz dzC yqd 2  fls j t

ftoJ Hf sdzZOGOJ Is, ylsts tw©wOmytej HJ dzj dad W 56 tcOded Y4 da' ¢
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1. sttedz | . d s ttods jud30Iled Xj0.o tsfy.dzd ¢ st @O 197 4.

2. tkedighdqdzm<cd2 [ .1. [ Olj BOIdyud M¢ OV \SBHTIBISISC O tcj
3. I.Baltog, M.Ganciu, L.Minut,V.Zambreanu, V.Zoita, Interferometric method for electronic density
measurements in plasma focus device, Bé#siRa Phys.25(1985),p.2&35.
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stczBCd M odgzlstej dgdgd 3 Hd OB Istesds 2 fds d Hdzd dets?2 4!
CUJ2C0 BIsCOydos OdzOMm! M fsdsh i s  dz0 M s igae®dets 1 s Oz
SBBtczHtSo OdZO ddesectsC OdzOdz! dzs?2 MdMmlsj d3ds?2 O 2ME O ¢
HOIYydStsdz M ~mtsdzsHdzr @3 S OIstsHtsd3 ( Thyracont VSM77DLl
Yyt fsBdBs LOYdeOddY ©OLBGYWHO & ofj2 ls:s s jw
fOHjdzd ] .

stczBC O BHdote] B3 dedets Mz dls o COyjfMmlsej BOLT
10 CtdzyOn wyj26d o shmdeseatyd & CcdkssC0OR ki
slsteOy j dzd™ 99, 5%, vyt {Codo Odzj dzls dagts H dAfftsim) ts tessfIdscg’ f
LjteCOd dL dzkyj ded j &OL j BRcdiad®-760@EYEMTE)e Suom s 1 ¢ &t igads
) BOdz" di3 tslsC dztsdzj dzed § i3 sIs JJ thd M yjd* ko] dduj
Coyjfmkej hdse dset Hjlsj HisrmmaBuReYy Iy s dz9 s af Gdzf)H O dzf
Eimddzdlsj dzj d3. wtsBMlse jdedetsj dL dzEyjdedj  dzOL 37 tslstej
MCOddtclz j B3s?2 yYyOMmlstslsr dL dzeyj dedw dzOL jtcO Hted ¢ J togd
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LOHOYd HOdz dzj2h j2 BBtOBSSISCd, o fMmtej HJ LabVI EW
Qo lssBOIsdL dtetso Odadats 2 f OC j Isdats 2 sBtcOBBISCd My jCls
Mudlsr e Odzdj W 02 dztse MYty (S tisteedss ¢ & shigizsd Iy ek v § Efjls ¢ s
dmfsdz LzjIsmw Hdzw o" ydmdzj dedvw tjLkzdz sdtelkzsh jets
Oz stedIsdzd yd MS d2 W fsdzOwtc [BPo dyMts e e dzOy d o Oded v L
o] Odzd L 59 OdzO o tsL sy desfyls! ! Clsed@loyaftsfdzy d f OFE OB EE s Oy
e dzOy d @ Oded W H dzw 9" BBt O sflsd dzOdz! dzr = L dzO Yy J da
LSy jtedd3j des Oz dzr 7 MY jS s L OYdMmr o0 kmw  MdMmlsy
OpfMmMtsdzt sdz" § JHddzdyr MyjSltcORBd § scdztsh jddWw.

[ ilBHdSO dL 3 teiOdgdf?R? S Edayatddd zBc dydzO® i d i O dac
[BdzOly j dzs, ylstt §smdj G§eddsyjddy doOftwyjddy ¢
) HdMMtsydoydy G Esdfhilzd) O 10dij fsdhats
z o34 dz' M j dzd § C ts dzi js dzls dct® jydf i Bz fs @ B L sfrlsO dmimdzj HE
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d @] § tsC M BOYdY ! CMY sddedzls®B2@E @5j ! 0, 5
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Odz0dzd s d yj MS 52 dzddedd o sewasd j fizd ¥ Is § g dzOBEH @1 dzfs
oL By dets] dMCOYjdedj SCtodeskzte® ftod BT Mistesds MS Odz
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dzOfmilstsw h j 2 tcOB SIS’ ¢ et iidh dinS O©p fy lsizety 2 € § ts dAsliz e
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LASER-INDUCED DESORPTION AS QUANTITATIVE IN SITU
DIAGNOSTIC METHOD FOR FUEL RETENTION
IN BE CO-DEPOSITS
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Laserinduced desorption (LID) can quantify the fuetention in plasma facing components. A
laser is used to heat a spot on the wall within milliseconds to thermally release the fuel spot-by spot
and thus provide spatially resolved retention quantification by means of mass spectrometry. In
preparation othis in situ diagnostic for JET and ITER[1], situ studies in the FREDIS facility[2]
were carried out on a JHLW3 divertor tile. The fuel retention results and the very good agreement
to other ex situ analyses of the same tile will be shown. Thecutihent design of the LID diagnostic
as planned for JET will be described. It shall verify the in situ analysis capabilities of LID in the
tokamak vessel equipped with the same material mix as in ITER.
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OPTOGALVANIC DIAGNOSTICs OF THE HEARTBEAT INSTABILITY IN
COMPLEX PLASMAS

A. A. Pi kal ev, M. Y. Pustylnik, C. R2t

Institute of Materials Physics in Space, German Aerospace Center (DLR)

Complex or dusty plasma is a medium containing iahga&s and microsized solid particles.
It is used in basic research as a model system for pamrtetdved studies of generic condensed matter.
Interactions between the microparticles and the plasma can lead to various instabilities. One example
of suchinstabilities is a spontaneous periodic contraction of the void (a micropdréel@rea inside
t he suspension), whi ch was Sla Déspitd twd Heeadedi bfe a r
investigation, the heartbeat instability mechanism is still unclea

In [3], it was revealed that the heartbeat instability can be stimulated by a diode laser tuned in
resonance with one of the spectral lines of a working gas. Here we present novel results of the

heartbeat studies using this method of controlling thlirigy.
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o - 750 + 751 nm |_r4f Particle
Fan Particle dispenser ground * N observation
rf electrode | 810 + 811 nm %
| 3
ol le Ar plasma + = X . {‘ . Hot 5]
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) =]
% .
X rf electrode ~ N / -
| Beam
Y . . i
- — * splitter
Thermal isolation | 1)
Laser —<—= 4
Heater @60 ( 7\
w
l 100 - Chopper N
Laser control Discharge chamber

Fig.1. Scheme of the experimental setupd(adide view, (b)Y top view

The experiments were conducted in the grebased PK3 Plus chamber [4]. The scheme of
the setup is presented in Fig. The plasma was produced by means of a capagitoupled rf
discharge in argon, the pressure was33®a. We used two types of melamine formaldehyde spheres
with the diameters of 1.95m an dnm2 .als5 mi croparticles. The gr a

of thermophoresis [5].
The microparticles wer illuminated by a laser sheet with the wavelength of 882 Three

Ximea MQO42RGCM video cameras with interference bandpass filters captured the microparticle

motion and the plasma emission at the same discharge area. The filters had the centralthgeéleng
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532, 750 and 81Am respectively, and the transmission band width of the filters wasn1lhe
framerate of the cameras was 2p§. The cameras desynchronization was less than one frame. All
three cameras were focused onto the central-sesn of the discharge chamber.

We investigated the effect of the resonant laser light on the void stability using a Toptica DL
Pro laser. The width of the laser spectral line was less thdHZzL The power of the unattenuated
laser beam was about V. The hser scanned the wavelength range of MB{z around the center
of the 772.38m argon spectral line. A small fraction of the laser light passed through a reference
argon lamp to control the wavelength. A mechanical chopper was used to modulate thealaser be
The laser light induced the fluorescence in the 8hth4pectral line.

The selfexcited heartbeat instability existed within a certain range of the discharge power and
the gas pressure and required high density of the microparticle suspension. @heekaved
differently near the upper and the lower discharge power boundaries of the instability range. If the
discharge power was at the lower boundary of the instability onset, the void was stable most of the
time and contracted sporadically with thel fainplitude. Near the upper boundary of the instability
range, the heartbeat amplitude was decreasing with the increase of the discharge power, until the
breathing void oscillations became undetectable.

The oscillations of the microparticles are most cleaperiodograms for their velocities. We
calculated the velocities using OpenPIV code [6]. For every frame, we averaged the velocities along
the vertical direction in a narrow horizontal stripe and stacked the horizontal velocity profiles into a
periodgran (see Fig. 2(a) and 3(a)).

Just before the void contraction, the plasma glow shortly flashed in the void, at the same time,
the discharge side regions became darker. After that, the emission from the contracted void became
weaker, and from the sidés brighter, than it was before the flash, as it was already reported in [1, 3].
The emission variation is presented in Rifp-c).

Small oscillations of the microparticle motion and the plasma emission are visible in the
periodograms between the large voidicalp s e s . They were called dAfai
velocity periodograms, the small slope of the oscillations can be seen, which suggests that the

oscillation propagated from the discharge edge to the center.
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Fig.2. Periodograms of the selkcited heartbeat instability with failed contractions. The microparticle diameter
d 2150m, t hé 4p0mW.ga)d the velocity periodogram. White colour depicts areas without visible
microparticles. (k£) 0 the plasma glow (750m) periodograms in (B)orizontal and (c) vertical direction.
Time-averaged plasma emission was subtracted from the periodograms

Passing through the void, the continuous laser beam stabilized the microparticle suspension,
even if the heartbeat oscillations occurred withoutldiser. The modulated laser beam stimulated the
heartbeat instability, even if the microparticle suspension was stable without the laser. If the laser
beam passed through the void, the void collapsed just after the beam closing. If the discharge power i
not too low in comparison with the lower sekcitation boundary, and the beam power is high
enough, no resonant effects were mentioned. Periodograms of tiesooant heartbeat stimulation
are presented in Fi§. In the case of low chopper frequencyemvclosing of the beam caused the
void collapse. Also, some minor oscillations are visible after opening the beam. For higher chopper
frequencies, the void collapses occurred once for a certain number of the laser pulses. It seems, th
void must expand emgh after the collapse to be ready for a new stimulated contraction. If the laser
beam was shifted horizontally from the void center to the distanceraf the void collapsed after the
laser opening.

If the discharge power was much lower than the heattselfexcitation boundary, or the laser
beam was strongly attenuated, the optogalvanic heartbeat excitation had resonance character &
reported in [3]. The heartbeat appeared, when the chopper frequency was close to the frequency o

small oscillations Wich were observed without the laser.
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Fig.3. Nonrresonant optogalvanic heartbeat excitation with different chopper frequencies. The
microparticle diameted 1.950m, pd 50emW. (a, e)d the velocity periodograms; (b, c, f, §) the
plasma emissio(r50nm) periodograms in (b, f) horizontal and (c, g) vertical direction. (d, Ithe plasma
emission (810m) periodogram in horizontal direction. Tirageraged plasma emission was subtracted from

the periodograms
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The optogalvanic control revealed nevoperties of the heartbeat instability, which could help
to understand its physics. This method could also be employed in experiments with other instabilities

in complex and electronegative plasmas.
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Csd3e d 2Oy 5dzdzls ¢ 5 to OLRAM dzd W

Coif L dls

HR-800 Horiba) o CtdW sC Odz! desd3 tojyddsd ) oetsLBEYHJdd] X
ftod WsCbkMdtttseoC)] HGSHuwsd® HBfak) bteHmdj Slstej st H &Y
L Cd2 o= S¢7 ., @ yOMmistils € sls3s363 2B OwOClsjicdL zjls Oc
6). 1 MmMyjSiCEidhlchisn zjs' ficsdg ©F Qs dyss T Is i usidarcds
Czedyuj MStse® OBz BIHEILJRBRIC)Y | wodzws sipw  d dzOdzdzts @
f s dztTDY sdzts dz@md) 7 6shs dzj Btsdz' 52 ftod diBj Md HIIE ) @c tsd2@ dr
DY d¢ (c®5@f d¢ (cnH9 00ditstcW detsets CtcOW JIssf SHSB-desS G 15
f sdzd Oy &-FAZ1dzD cn() . Clsdyj ez iz ftoj HYf Sdzsy dlsj dzr des €
Gt Oded y OSICAL jQaiki®L O .
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SiCo Wttt BICtesStdmsOddduyj MStsets Co®fsL dydsddsse

t OBtSIsO or" ff sdzdz] dz0 f tod § SBRHLYMRH CJ { AAR, CtoOdzls

[ dlsjttOikztcO:
1. ZhuangH., JiangX., Surf. Coat. Technol. 2014, Vol. 249, p.i&@0.
2. Sedov V.S., Martyanov A.K., et al. Diam. Relat. Mater. 2019, Vol. 98, 107520.
3. Bolshakov A, Ralchenko V, et al.Phys. Stat. Sol. A. 2015, Vol. 212, p. 2525.
4. Mahoney E.J.D., Lalji A, et al. J. Phys. Chem. A. 2020, Vol. 124, p-51P8.
5/ Otclezsw ¢. s. ,etal)l stf8 &zOH 2OV, YL dC®@®. 2020, -~ 5.
6. Ma J., Ashfold M.N., MankelevichY.A., J. Appl. Phys. 2009, Vol105 043302.
7. Duten X., Rousseau A., Gicquel A., Leprince P.J., Appl. P1889 Vol. 86, 5299.

I'JRCURE wfuv@h o JUproOrvozr 4L 1010 10
IYorffrrseuvlrr oSt {YdurorA 1 101 13ImMm

C.¢. OB, [. ¢, [dMmMdds, . ¢. stdtsdease, .
. An. 1ibtcse

j

[Bi jHddzj dzdzr 2 ddzmlsdlskzls of MsSdn Isj s j ©Olke { sMd
t smmdw

115



[ 5MS SN HKIE dzd Uy MS g2 ddemisdlskzls (¢smizuOkhlse j dadzr 2
[skesftobHdy 2, [BMCtoamMCOw w®Bd , [ SMMdW

1 sdzzyjdedz | tOdzjj twjLEdz O tOfmMydlstse HA&v M
stsds udmdzi d ¢ Okl telistzdAdd ~J iy O dszdd.dzd. ) dfigef telaisg dat
MM O cOLO dO - OwLPCHjwcdmlsd)isdclz § d40®L d3 p dzdtdsO L to W
dL dBj dzgj dzedj Isin it j ddksMhisj2, SC(scltte' j GBLEkfMdse dj
[ORO, OddLtktsfds oLOd&sHj2Mso qiL kyd dedodes & ycf i
BsH ] zdteso Odzedw f 8COL Odzd, yYlsts tOLGWH o G6jdzdd M
GOLO (dzOf ted o34 to, Cted f Is 5dz0, CMj desdz®) ddzd ¢ Otetso
fsL 9tdzdls! f sdzlz yd s ted L SBB8) dL Bsdkiodzd jd ~iPdsjOL Esjj 146 |
mMslse j sMmise j dadzts, LdzOydlsj dz' deséts dL d3j dgj dedw fpo ts2 f
yomls dztsfls d , L1 Ists sy jls ftedotsHdls! C dL d3g dzj dzd v d3
O ted dizj o, € ISOC dZOL ™ 90 BIsBz ¢ dzOtckz € sdzdzize W O tgdz, |
ftcdHOo Odzsf! L dz2Oyjdedv fHted OdOdzdL § + CMYf jtoed d&3j dzls Od

Il ftsmdzjHdzjJ ot &Y f tsweddshm! dzj BOdzs OB s,
9LOdBH j2Msady. vOCts] WttedsOdz datsj dzj o' ff tsozdzj dzd j
&ZOff tedidigdesH © tcOMMBBOIstcdo Oj Ismw f sHMdMIsy BO yYOMIsdy o
s tsmMtc] igy Ogleis f slsj dzydOdz 3y 4y yomlsdydzese s 9L Od d3BH | =
COC dmtsydede SCddzjsdyj MSts?2 dgjtecdd yoOfmlsdyte' jc € o
odH" AdBWGeltsetso MMmMisswdzedw o jh jMisetd:, OLBEHody J¢ t€¢
[ 5, 6] d cOLtStOL oW-%]dzOWYR I " dzj B QY dzdf fzOL RO R A5 W z dz
ftoj HMMisOo dz¥ j s tMse-d2 difikisdstzp trts & dzy | O @EE12]] o d d3j dzj dad

I frdzjoets?2 §dzOL i3y Mddz desy 1 dzi Slstedyd MEsi ¢ d
dtsdetse [ 13]. stGHO yoOmbdyr &GdStetsdedzr = tOL d3j tots o
ftedtsBjlsOs s L dzOydlsj dzr dzr Fi 10%st IsdrjddyyCulslsi Qliw ez’ M) dzj Eottpky et g
or MsC 2 YtsHodydetsmisd 1 dzj CSstetsdetseo d MsLHOEIls L O
dgtsdadzr 2 MmdzjH) [14]. uvOSCdd tsBtcOL B, HAEZO lstedyOl
COC 1 dzjSbbtesMisOIsdyui MEtsy BlslsOdzS do Odzed j Mldsdsy ™ 5 H diEs@[S
LWWJiClsdo detsy ftodlswy j dzd § ¢ fsdzsy dlsj dz' dgr &3 B |
Cddz o Olsj tedetsdy fdzj H j .

g Isjn fste COC fHjter j Iistedd d d&BtsHj dzdtetse Odgd
sfkzpdzd S so Odgr | &ZOHddBdteseo ™ &3 d MtsOoded Htdtds]j HJ dzSc
dmmdzj Hso Odzd?2 o B EZOMId Ijtteilsdyd Misets ©WOLodls
BSEOks IsjttejlsdyuimSks ftejHr Missteds, GHds2 dL
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f dzOL d3d we dzv j lsmw LSy jtod &3 dzls Odz! dets § dL d3jticj dzd |
9LOddBsH | 2Mlsedw.

]l HOdzdzts?2 tcOBBIs] ftojHMISOodzj dz detser 2 1+ C My j ted d,
M JSlstcOdz! des?2 f dzslsdesfylsd Mz yoO2ddz' 7 ftesyd Mmse, &
mMddzr oLOddBBHj2MlsadYy dBixHE YyoOmlsdyodigls o {f teg He'Oro i
dmMmdzj Hso Odzd 2, L Istsls dBilstsH dzj btiBlkils Mfjydod dz
odzjhdzedr otsL dBzh jdzd2 MmdMmilsy o3r , ftcjHO OtedIsj dazfl®@ &
ftojHf Bz J ded 2 Blsdesmdlsj dz2 des Isdf © oL OddizgsH J 2 Milse dw

1 toj Hdzsy J dadz” 2 sddgjListsoHO dzd)fyf Hdzv dL Ezyjddwvw Mmddz o
oLOdh@sHj2MIsadw Hokmr &BISCtesyOmisdopL &8v Hf & d b dzj Vlw tg thH
HOo dzj dzdw BEW jtoedzsets cOLO (9 HJOfOLBdzy BIls 70 HTE
l1s) . lted ofyj rOL ® 8 O ISMNQRS Isif o dzts j oLOddBBH | 2MiIse
dzi o L Od d3dz" d3. 17 dzs IsOCy ] tslsd3j yJj dets, ylsts ftd dzj dz
CstodL Sdzls Odz! dets?2 f dzsmMCsMisd oL ddCOjIs MddzO ftdlsw
fcslstsCk dodtse) yOflcdys * Histeth)dtsddtf sk Htoj H Sdzsy j d
ded » dzj 2 yOMmsdyr, & BfjHjdddad], ybst 1 INj BzdB
cOMf sdzsy Jdzg BIYHE YyOMmlsdyodid . 17 dZ0 dL di3j toj dz20 MMmd
ojtrndzgt s yYyOMmlsdylkz. 1 1 &O M@ Gdtyg,zdwyld o Ojlsmwy ) ko
HOo dzj dzdwv G OL O.

vOCyJ B dzd ftesojHjdzr  fesOdzOdzdL Jetses Odz" 1 G fr
Mz mMd M dtsdede B3 fslssCsd3 0 f ZOL BB CcOLtoatcEt tOL o)
Mddzj bsC@O&adidedd 50 1 0. l COyjmlej dzjcC s5d sdzd
dimf sdz! L s Odzlmw ddgj telsdz" 2 cOL SCtdfilstsde (Kr). I =&t
9 GCOLBoat2 Md3j mMd o Otc! Jqetse Odzts ! o ftesdgjyklsCj sls
ftosdL StsHiff dz oL Odd3tsH j 2 Misadw dijyHEZ §rdzjoer dgd yoOf
Bi ) yomlsdydetse s oL OddBBsH j2Mlsadw L dzOydlsj dz' des dzOteclz
feddi md SCtedfltsdd fttsdLotHd §j Mdd d&ix yuomlsdydate
L Issds ftosddJaasy dzCry Ctslststes? o jtondgvw yOMmsdyO HJ 2T
(estcdL sdals Odz! dats d3) zOf tc Qo dzj dzd d , slsted yoOlsj dz2 dzO. (
ded 3 dzi 2 yOfmlsdyr ¢ o jtemndaj 2. { Mdzd S tdzdyj Mo s  to
fesdLotHd j ff tsdrfsy @ls Pdp'dalg™H j 2 Mlsedj &wixHkz Yyomisdy
slslsOdzC o O h d2 " OwOfEj tpdzj dfiacd W ol demsjdis f' s dzj o L O d d3dz’
ftoddsi Md Ctedflbsdd o cjdd?2 (Bl 0 HB 2. 4%) gL o3,
pdterndgs s YyoOMmlsdyk Ml HeEsstcfddzy + wRPLBWH QP M ¢ OL Odzd
ftsctejhdetsisd dLdBjtejdzd?2 N5%. 1ted {Istsd3 tslsdash j dzd J
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odzdwdzdd Gteddsi Md dz0 L @GOTmsH ]y WA? o OBRlddy Olsj ted
Yyofmisdyr .

vOCdd SBELOLBE BN ds sfjwor j L CMfjtdds dals Oz dat
COL O dzjBsd 142%) H e 3G MO, UsWyjdr = dodtse L dzOydls
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INVESTIGATION OF PRE -PULSE INFLUENCE ON HIGH -Z PLASMA
FORMATION IN EXPERIMENTS WITH INTENSE (U p to 10?2 W/cm?)
FEMTOSECOND LASER PULSES BY MEANS OF X-RAY SPECTROSCOPY

M.A. Alkhimoval, A.Ya. Faeno¥? T.A. Pikuz?, I.Yu. Skobele¥3 S. A. Pikuz?3 A. S. Pirozhko¥,
M. Nishiuchf, N.P. Dovet, H. Sakaki, A. Sagisaky Ko. Kondd, K. Ogurd, M.Ishind’, Y. Fukud4,
H. Kiriyama, E.A.VishnyakoV, A.O.KolesnikoV, E.N.Ragozif, A.N.Shatokhi, M. Kandd, R.
Kodam&®, K. Kondd'.

1Joint Institute for High Temperatures, Russian Academy of Sciences

2Institute for Open and Transdisciplinary Research Initiatives, Osaka University
3National ResearchnMul ear Uni versity ¢MEPhI &
4Kansai Photon Science Institute, QST, Kizugawa

SInstitute of Laser Engineering, Osaka University

%P.N.Lebedev Physical Institute of the Russian Academy of Sciences

I n experiments with | &%ker[1fitlbecsnses veryg impottamtrtay e t
control the pregplasma [2], since it plays an important role and directly effects the physical processes
and experimental results. Plasma formed by femtosecond laser pulses witklativéstic intensities
on thin solidstate foils is of great interest since such plasma is an effective source dirigtraX-
ray and gamma radiation, beams of hegtergy ions, electrons and neutrons. Jusayradiation
diagnostic allows to provide the monitoring of plasma source pagasngnce it strongly depends on
experimental conditions [3]. In this work we demonstrate thiatyxspectroscopy can be used for
estimation of target integrity at the time of main laser pulse irradiation. That becomes possible because
different observedpectral features indicated the interaction of main laser pulse wHplgsma or
solid target. We report on recent experiments with th@AREN-P laser facility [4]. The first
experiment was aimed at efficient harday [2] and coherent soft-pay geneation via highorder
harmonics [5] and the second was aimed to the investigation of proton acceleration mechanisms in
ultra-relativistic laser plasmas [6]. We measuredhyx emission from stainless steel plasma generated
at different conditions and obsedvéiigh sensitivity of xay spectra to laser pulse contrast. both
experimentsthe spectrometers with high spatial resolution equipped by spherically bengaktza
or mica crystals were implemented to measumay)emission from the front and resides of steel
foil target at d=hle-2walv ejlecaliydlibarfangiedo alet er mi ne
parameters, we provided kinetic calculations of nhtarged ions emission spectra using collisional
radiative computational code PrismSpe¢}. [ As a result, we have been able to distinguish the

existence or absence of gglasma. We found thatpay emission intensity increased with the laser
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intensity as ~%°at t he | as e¥andasriarKasi@. We alsd deimdnstrated tegong
influence of plasma state on the | aser ffdécusi
Wi/cn? (in average, with fluctuation of 30% (s)) and thigh laser contrast K > 10the matters state

with ultrah i gh ener gy d%Jcs ireached in the laskr target Inraction region. The
reported study was f u+40208790, BtrategiB AT by QST Peesident: = 2
Creative Research #20, and JSPS Kakenhi JP 19H00669.
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L.b. witdjje WMok Iso'Mow . s sOLHjof Oy Ow dz

L Oydsdz0d d& 2 dMmfmdzj Hso Olsjd MSd2 "Hjtdr 2 bkdzdo i
21 0ydesdzOdzt dzf 2 dMmfMmdzj Hse Olsj dzr MC 2 vyjdalste ¢sktoyOlst
31 S slsj 0 dets @zcdiApf Gz B o Gls j dzr MS g2 ddzsdbkls dzj st
qdsj dzd OCOH,jBICO ¢. 6. J1BYD OLO.

1 dZOL O o MC syOMmMsslsdese s ddzH kS ydesdzdese s (1 v
ddzmlstczdzd dzlstsdz s dMmmdzi Hiseo Odzede Htetsyd Mmse L tesL dd
sdz dmftsdz L k2] Ismw, oL By 2O G dB S OW &ZzOMmlstets?2 € O
Lodzj G IstctsdzdzOW B &3id] Oz © B e ts dzdz®@ ™ O lsids Is diztisfg I 'ts,0zv § Is
sflsd iz0dz' dzr J Emdztse W H dzW COYHBGTS tod ) d B3O S B
ftodtf so j torn ditsWnilsfdeis e B] Mmddze j dzd yj dedw h jtesrtso OlstsMmisd |
fsojtendesiylsd [ 4] . Cdzd e dvw dodse, ftshmiskzf O hdr dz
ftcd fsdii3shd fsHOYd EMEstwesh jes s dydodazd dO B

1l ZOEtsH Ot h dqesC sz HJdOPHOL tickdk tde'QB gEHR] 19 Oddipfdis
ftcd OOdzdL ] fGtedisejtemndzsMmisdz = sy Mhse, dzOY ted
ftetsyd MMOr dMhMmdzj Hs9 Odzd?2 dBJ IstsH ORI dzOBS] ABE ). + d&3d f
s s dzgsmls! YBHHJKYJo Oy dzfBECLO O b dsheSdzy jis
Fojddydls! otj B Y dLded § &zOL d3r dMStctsotsets tOL toW H(
MsLHOOOjJ B = o fHftesyj MmO OB dY ydd.

)| H O dzdzts 2 tcOB tsls § ftocso sH dIsmw 0 dz0O dzd L-tc Of @&t @ B,
Gjdej oz BSE s Odetisalzs®? MimMAPO dzsalC § ¢ Gyd Mise G J dzj t
dmf sdz' L s OdzO M HokZrL OatsHdzOW M dOdzr dzOw Odzlsj dzd
[1VyY. rdzv  tsftcjHjdzj dzdv f OtcOd3] Istetse ff dzOL o' d My td
LsdzH tso ' d3d o L d3jHtafjop@fi d3de jfcteltdplsic Oyd v s lsdyd M sets d
My jSClster dMf sdzr L ts9 Odzd M Hdzw COyd Mise j dadets?2 tsyg dg
pg= 1 10 1 dzj SltesdzdzOV s BeftcR@Isztt Q@ Hf dz@L d3rdzj Btisdis s @zta
21 Bads

ltcORRBE Or BkHEMNR OBSGIS  zOddtelzjlsmw B dzlz yj dzd |
9 BHBGBH O, O O¢Y] © dmr mMiiMmMwa, M ToMmdjHEZzs M2
ddzd o MtejH] §EZOL B BIJSBEHORB] LI AS d LIBS BJjL dL
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b. 1. 3PLH,9sBAsH.C ssisdPceicy jlecy jodlej2yj de€ 59

L oydedzOd dzr 2 dffdzj Hso Olsj o MSd2 WHjtdr 2 bdzdo jte
AR S dds. 1. ¢. sBlsjd dzdSts90 1 ¢
3 RA cskteyOlstsofged?2 dJdemisdlskz

t 4 OC yd tsdzdats | BOG dzj Is te ts dzdzts § MO HJ dad J ¢ MdHdz
fesCtcr sd?2 ot ddtsecdns MzEyows MofttsotsyHO]IsMw dzj o
gL di3j dzj dzgd d fMBsH j oy OdegdWw toj OCydesdzdesets ¢ OL O o fd3j Mo
Sy® j dedw fdzj detsC d O dr Mbindtdilsteds . s0OC O
Oy " dzj dedv fedd3d dvsls Bflsduimskzs  BdMdtdzdalz®
ZsC Odz! des B tej H§ dzv Is fslssCd dtodtse tOLdr » Mstels:
¢ tsto flaahyCtc 2O HdOG desfisd € O.

CCMmY j tod d3gd dzls T fs HJOcdtsMisdS ] Ctdif sdzj dzlsdzse s
tcOL t6WHJ, MBLHO O d@3sdz dBOGdzj Istetsdzsdz M Ctolze dzts? i
Cotef EMC 2 dzv to dzats 2 Hd Oc detsmisd € d dmf sdz' O=pCRZYM HPHs B3O ¢
M i ydodzdL d ctse Odzdzts 2 mMdMmisj d3ts2 1 CMsteOC ydd [ 3].
EmEstewe h jd3 dzOftewyjdzdd 1 ¢l MsmMisQo dzv &zO 140 o
dL d3j toJ dad 2 ) COyd Mlso J HiljClsteO i tod dsd daw dzfpw
fesHmMtsjHd ) ddfial QOB j td3] stelz. [ OmMMmBer j M j Cilster
L CMf Jjtecdd3d dzlsOr, 1OC d o fHttsyd MM BMOYHJddY ¢tk

RfMMdzi Hise Odzmw tOL tewH ) di3d"h jodg dgO L Alkd ydlzr d3r MasH
CdMzstcsHO o Bh jd&3 fclssCj cOL O0Q, {200 ,c03 0?2 IsB)s
ey ddsr f sMistsW dzdzts ¢ tsff jistasoitH ddy J dydstsie dz! fifdety H dzj Y OMistsis
BOcdzj IstetsdzO. |1 " wodzj dets, vyt fwserh jdedj MmtsHj oy Oded
fcdzdetse s  SIOGHQ SArC dndd » J dzed b ] ezt s sfesdazsAd + d
AYd ¥r BHAOSBE Mosldsh jddy &@ixHE dddkd fttd ko] o
Msstetsdz ftoj sB ZOH Odzdw dsdetse  d3j Is QO @O, A" ¢ dzddirj dzd
Msftosotsy HOj sy thmissd Iss$10t distigjtda] yiPYsjj Tids telas &t tisdizt
slstcd yOlsjdz' dgr » ddetse  5COL Odz dzO tBlddgd h jldz' ¥ H dav fips
Ar+Oo.
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