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Abstract

The role of the neutral-beam fueling profile in determining the stored encrgy and

neutron emission in neutral-beam heated discharges on TFTR is investigated. It is

found that the neutral-beam fueling profile is sensitive to both the magnitude and

shape of the electron density. Among the plasma species, the ion stored energy is

strongly correlated with the peaking of the neutral-beam fueling profile, whereas

the electron stored energy is insensitive to this parameter. The D-D fusion neutron

emission is also strongly correlated with the peaking of the neutral-beam fueling

profile.



1. Introduction

In intense (PB >> Poll) neutral-beam-heated plasmas in the Tokamak Fusion Test
$

Reactor (TFTR), the global energy confinement time (rE) ranges from __ 50 ms to

__ 200 ms. The discharges with low _'E are often referred to as L-mode and fit to

the empirical L-mode scaling.Ill Although the characteristics of TE in the L-mode

regime are well described by the empirical L-mode scaling relationship,[1,2] the basic

physics underlying these scalings is largely unknown. Discharges with an improved

energy confinement with respect to the L-mode confinement (TFTR "supershot"[3]

discharges) do not follow the L-mode scaling and their TE is only weakly dependent on

plasma current and heating power. A distinctive peaked electron density profile shape

[4] and high ion temperature are major characteristics of supershot discharges.[5, 6]

With respect to other measurable plasma parameters that can be correlated with

the improved energy confinement and neutron emission, this paper in particular

examines the role of the neutral-beam fueling profile on the stoJ'ed energy and D-

D fusion neutron emission. In section If, the neutral-beam fueling profile is studied

as a function of target electron density profile shape and magnitude. In section III,

a general description of the data set to be studied is given. The constraints on the

data set and their statististical implications are also discussed, in section IV, the role

of the neutral-beam fueling profile in determining the stored energy of each plasma

species (ions and electrons) and the D-D fusion neutron emission is investigated.

2. Neutral-beam Fueling Deposition

Following the recent study of the neutral-beam particle deposition in TFTR, [7]

the calculated neutral-beam particle deposition profile shape factor (Hn_) is defined

as

(1)
Hn_ = <S_(r,t)>'



i

where S_(0,t) and (S_(r,t)} are the central and volume-averaged electron source

rates due to the neutral-beam, respectively. This definition is similar to the density

peakedness factor F,,_ = n_(O)/(n_), where n_(0)is tile central electron density

and (n_) is volume-averaged electron density• ]n reference [7], it was shown that

, the calculation of the neutral-beam deposition in a tokamak plasma, should employ

both the new tabulation of atomic cross-sections[8] and Multi-Step Ionization (MSI)

processes.[9] The attenuation of the injected neutral-beam is to first order propor-

tional to the local electron density, so a peaked neutral-beam deposition profile

can only be achieved at high density with a peaked density profile. In order to

parameterize the expressi{m for Hn_ fi}r a variety of /;],,_, a regression has been

performed for values of Hn_ calculate.d by the TRANSP code[10] as a function of

/_ and Fn_. The range of Fn_ of this data set is from 0.5 to 5.0 (see reference [7]).

Among the functional combinations, the best description is as follow:

- l-'Y (2)

where c_,_ and _ are regression coefficients appropriate to the TFTR data base. The

calculated Hn_ using old atomic cross-sections (al), or al and MS1 processes and new

atomic cross-sections (a2) has been fitted to Eq. 2. The regression coefficients are

shown in Table 1.

I .........lcross- sectzon symbol a _ 7

] al | o 2.41 1.04 0.24 x 10 -1_

c& . MSI A 2.86 1.07 I 0.33 × 10 -19

i

I
a_ [] 2.49 0.90 I 0.18 x 10 -_9

Table 1' Coefficients for H,_ are evaluated using various cross-sections" al uses the

old tabulation of atomic cross-sections, a2 uses the new tabulation of atomic cross-

sections, and or1t MSI uses the old cross-section plus MSI model

The ratio of the calculated H,,_ to the fitted H,_ is illustrated as a function of f_

. in Fig. 1. The relationship in Eq.(2) shows that a peaked electron density profile
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shape is essential for peaked deposition of the neutral-beam at high density. Since the

calculation with both or2and MSI processes is not available, the coefficients evaluated

using only crI will be used in the regression study (see reference [7]).

Note that Hne is different from the conventional neutral-beam power deposition

peaking factor (H(0), where H(0) is defined as the ratio of the central neutral-beam

power per unit volume to the volume averaged power) due to the presence of fractional

energy components (E/2, and E/3) in the heating-beam. _f the beam has only a full

energy component, Hne is the same as H(0). In addition to the magnitude and

profile shape of the electron density, there are many other machine parameters which

can influence H,,_ such as beam energy, angle of injection, beam size, plasma size

(major and nfinor radius) and plasma cross-sectional shape (circular or non-circular).

Therefore, this parameter should be determined considering these engineering and

physical parameters for each experiment. For example, at the same line average

density, a non-circular plasma (n _> 1) will have higher Hn_ than a circular plasma

due to the volume effect.

Using the measured Fn_(t) and fz_(t), it is instructive to examine the time depen-

dence of H,_ together with other plasma parameters for typical TFTR discharges.

Fig. 2 shows the temporal evolution of Hn_ for L-mode and supershot discharges for

the same beam power (Ps _ 22 MW). In the supershot, the initial central beam

fueling is significantly better compared to the L-mode due to differences in the pre-

beam electron density. The initial high level of central beam fueling is maintained

(Hn_ -_ 3.0)as fi_ is increased, until a "Carbon bloom"[ll] (accompanied by a sudden

rise of edge electron density) occurs at about 3.8 sec. The degradation of 14:totand

neutron emission (Sn) is well correlated with the reduction in Hn_ (-_ 3.0 to ___1.0).

For the L-mode plasma, the low initial beam fueling (Hn_ -_ 1.0) falls rapidly to

0.3 so that after that time of NBI, there is almost an order of magnitude difference

in H,,_ between the supershot and L-mode plasmas. It is striking, however, that the

accumulated 14_ in each discharge is similar in magnitude. This result implies that Wi



in the supershot discharge is significantly greater than that of the L-mode discharge.

The D-D fusion neutron emission in the L-mode discharge is an order of magnitude

smaller than that of the supershot discharge.

• 3. Data base and Constraints

This study involves approximately 870 TFTR deuterium discharges, constrained

to deuterium gas fueled discharges only. The data points consist of each plasma

parameter at the peak time of the global stored energy. Wide range of beam power

(5 .<_PB .<--32 Ml4 _) and plasma current (0.9 MA < lp < 2.0 MA) are included.

Here, discharges with plasma current ramps during the heating pulse are excluded.

In all discharges, the beam power exceeds the Ohmic power by a factor of > 5

to reduce the influence of Ohmic heating on the confinement. Deuterium beams

with 90 keV < Ei.j <: 110 keV are injected tangentially and data are restricted to

nearly balanced injection, i.e., (Pco- Pa,)/(Pco + Pc_)l <_ 0.4, where the subscript

co and ctr refer to injection in the same and opposite direction with respect to

the plasma current, respectively. The neutral particle ratio used in this paper is

D°[E]:D°[E/2]:D°[E/3] = 0.44:0.30:0.26. The total stored energy (W_ot)is deter-

mined from magnetic measurements,J12] so that both the thermal and fast-beam

ion energies are included. The electron stored energy (I4'_) is calculated[4] using

the inverted electron density profile[13] measured by multi-channel interferometry[14]

and the electron temperature profile measured by ECE radiometry.J15] The ion stored

energy (I.t'_) is simply I4_ot- I'I_.

In a statistical study, it is important to isolate the inter-correlation between

the, assumed independent parameters. In order to eliminate other possible strong

parametric dependences, this data set is constrained to fixed plasma major and minor

radii of R = 2.45 m, and a = 0.8 m. The toroidal magnetic field is BT = 4.0 T and 4.8w

T. BT and Einj can be used as independent parameters but their variation is too small

• to show explicit dependences. There are many other plasma parameters that can be

5



correlated with the performance of discharges such as the pre-beam electron density

and carbon intensity which can be a measure of the wall recycling condition. It is

expected that H,,_ is well correlated with the condition of the wall recycling. H,_ will

be added as an independent parameter in addion to Ie, and PB. These parameters

are not completely independent due to the operational constraints in experiments.

However, with the inclusion of L-mode data, the inter-correlations between these

parameters are minimized. For instance, the upper limit of PB can be raised as It, is

increased due to the ¢?-lirnit as shown in Fig. aa. Similarly, the achieved upper limit,

of Hn_ is reduced as 1,, is increased as shown in Fig. 3b. The upper limit of H,_ is

slightly reduced as P8 is increased as shown in Fig. 3c.

As shown in the previous section for a fixed plasma geometry, H,,_ is sensitive only

to the electron density and its profile shape. Therefore the reduced upper limit of

H,,_ at higher lx, must be interpreted as tile higher electron density and/or broader

profile shape. It is important to know whether the increased electron density at higher

applied plasma current, is due to the improved particle confinement time or increased

wall recycling for a carbon limiter. Since similar wall conditioning techniques have

been applied for the carbon lirrfiter, it seems likely that the improved intrinsic particle

confinement time at higher ]p may be responsible for the increased electron density.

Note that the pre-beam and edge electron density can be lowered at higher plasma

current using lithium pellets in TF'TR.[16]

4. Role of on Stored Energy and Neutron Emission

Although several regimes of enhanced energy confinement relative to the L-mode

predictions have been produced in TFTR,[5,6] we will concentrate in this section

on the role of Hn_ in the variation of energy confinement and D-D fusion neutron

emission from L-mode to supershots.

Among other distinctive characteristics, the performance of the beam-heated dis-
i,



charge has been strongly correlated with the peakedness of the electron density

profile[4]. Although There has been an attempt to interpret the observed correlation

with the transport physics associated with the density gradient, the results were
t

not conclusive!17]. This is due in large part to the fact that the physics of the

o time evolution of these discharges is extremely complicated as a result of the rapid

simultaneous changes of many plasma parameters and their profiles. It is important

to note that a peaked electron density profile alone is not. a sufficient condition to

improve stored plasma energy in beam heated discharges in TFTR. When high density

ohmically heated target plasmas, fueled with solid deuterium pellets were heated with

beams, the resulting stored energy was generally similar to L-mode discharges, even

though the electron density profiles were highly peaked. This observation leads to

the conclusion that the peakedness of the electron density profile is not sufficient to

improve the confinement and that the observed peaked electron density profile in the

supershot discharge may be due to different causes. When H,_ was evaluated for the

discharges, the value was found to be very low (in general Hn, < 1.5). When Hn_

was high (> 3.0) for these discharges, the stored energy and neutron emission were

significantly improved over thai of L-mode discharges. We are led to the hypothesis

that the observed correlation between the improved energy confinement and peaking

of the density profile may originate from the fact that central penetration of the beam

can only be achieved with a peaked density profile at high density and the pe_ked

electron density profile will result from the peaked beam deposition.

Considering the observed high central ion temperature and low central impurity

level in a good supershot plasma, the improved global energy confinement is largely

due to the ions rather than electrons as shown in Fig. 4. Itere, the fraction of stored

energy of the ions is depicted as a function of central beam fueling parameter, PBH,_.

Up to PBH,_¢ _- 25 M I_', the ion fraction increases rapidly and the ratio saturates at

. about __ 0.7. Note that Wi consists of both thermal and fast beam-ions. In principle,

the stored energy of fast-beam ions should be studied separately from thermal ions



to determine if there are differences in their confinement properties. Since, there

are practical problems such as precise information regarding local ion density and

slowing down time at high ion temperature, the ion stored energy will not be treated ,

separately in this paper.

The variation of ion stored energy is illustrated as a function of PB in Fig. 5a. It

will be shown that the observed variation can be significantly reduced by additional

parameters (Hn_, and ]p). Most importantly, the role of H,,_ is more significant than

that of ]p. The regression result of the ion stored energy shows that the the goodness

of fit (R 2) is 0.95 and is given in the below;

14_(Mg) "-__C P_'21:L°'°](MW) yno.9o:_0.ol_I_.3s±o.o2(MA), (3)

where C is 2.14 × 10-2. Note that the plasma parameters used in this study are at

the peak time of 14"tot. When the regression was performed without Ip, the R 2 value

D1.30/_/0.81
was 0.93 with slightly different coefficients (I4'_ c¢ , B ,,,_ ). This result indicates

that the role of Hn_ is significantly more important than that of Ip in determining

the ion stored energy. In order to demonstrate the significance of Hn_, a similar

regression is performed for H'i with PB and Hn_ as independent parameters at a fixed

lp group. The regression coefficients and goodness of fit (R 2) for l¥i c¢ P_=_ao H_: z_

are summarized in Table 2. The results demonstrated in Fig. 5b and Table 2, lead

Plasma Current t Data PoinLs R 2 c_ [ _ct _ A_

I i

I i

1, = 1.8/2.0MA 228 0.97 1.19 =t=0.01 0.79 -4-0.02

Table 2' Coefficients of the regression results are evaluated for each plasma current

group. The role of Hn_ on the ion stored energy is not altered by an absence of lB.

H_ c¢ p_ao H_a_ is used for each ]p group.

to the conclusion that the central beam fueling (PBHn_) is strongly correlated the

observed ion stored energy for any plasma current.



On the other hand, the electron stored energy is not as well correlated (R _ 0.80)

with the same set of inde.pendent paranmters and the result is given as;

, ~....C' HL (4)

, where C is 7.6 x 10_. It is surprising that the parameteric dependence of electron

stored energy is signiiicantly different from that of i<ms. When the regression was

performed without H,,,., R _ was reduced from 0.8 t_ 0.77 and H;, cx **3

Certainly 1t,,,, was important in deternfination of ion energy but not important at all

in electron stored energy.

Due to the dominance of the ion stored energy in supershots, any global scalings for

the energy confinement simply represent the trend of i<m confinement and haw, little

to do with the nature of electron confinement. If H,,, is assumed t<_ be propotional

to the power deposition peaking factor (tt(0)), the exisisting the,,retical model for

the influence of 1t(0) on the ghA)al stored energy 18], which is based on a single fluid

model nlav not be suitable f<_r bearn-heated plasmas.

In fusion plasma sl udies, the ultimate goal is the production of fusion power which

is proportional t¢_ the neutron emission rate (S,,). In TFTR., S,, frcml I)-D re.actions

has been strongly correlated with the square of the total stored energy (cx I,I',2o,)15]

and the upper b,:,und of S,, has been scaled with the beam power (cx P;_s)[20,21l.

Based on the results in Eqs. 3 and 4, the two scalings must be closely related through

the ion stored energy. Using the same set of independent parameters employed in the

study of energy confinerneiit, a regression is performed for S,, and the result is given

as h, ll,m';

S,, (/._ec.) _ C I:'_'°'9:_°°2(MW)tI,_,i, 4°:'-°''2 Ic],3'-+°"_(MA), (5)

where C is 1.00 x 10la and t_2 is 0.96. The fitted data to this restalt is shown in Fig.

6 and the neutron errfission is dominated by P_ and tt,,,.. When the same regression

was performed without including the plasma current, R 2 was reduce from 0.96 to

' 0.95 with slightly different coefficients (5;, cx p/_.19 H],;_). Similar to the ion stored
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energy case, the significance of Hn_ is examined for each of the plasma current groups

and the results are summarized in Table 3.

Plasma Current Data Points R 2 a _a 13 A_

lp = 0.9/1,0MA 338 0.91 2.02 i0.05 1.29 =t:0.03

IF = 1.4/],6MA 338 0,97 2.29 =t=0.04 1.46 ±0.02

1F, = ].8/2,0MA 202 0.97 2.02 ±0.03 1.34 ±0.04
.....................................................

'Fable 3' Coefficients of the regression results are evaluated for each plasma current

group. The role of Hn_ on the neutron emission is not altered by an absence of Ip.

Sn c¢ p_Ao H_[a e is used for each lp group.

Although the role of H,_ is significant in determining tile stored energy of ions

and neutron emission, there are variations among the discharges with similar value of

Hn_. Since the direct measurement of H,,, is not available, the variation may be due

to many other factors such as errors in Hn,, estimation, differences in time history of

lt,_, the effect of MHD on ions (thermal and fast ions)f19], and/or other unknown

transport mechanisms.

5. Summary

In summary, the neutral-beam fueling peaking factor (Hn_) is determined by

both the magnitude of the target electron density and its profile shape for the fixed

engineering parameters of the heating-beam system and tokamak, such as beam size,

beam energy, orientation, and plasma sizes. In this paper, it has been shown that the

role of H,_ is significant in determining the ion stored energy and D-D fusion neutron

rate in beam-heated plasmas in TFTR. However, the electron strored energy is found

to be insensitive to Hn_. The present study suggests that an.,,, realistic scalings based

on geometric factors in beam-heated plasmas should take into acount the variations

in Hn_. In addition, a better theoretical model for __.,e influence of H_ (or H(0)) on

10



c_mflnement as a func:tion of plasma species is needed in order to extend line results

of the present investignti_ms to _t.her heating schemes.
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Figure 1 The ratio between the calculated and fitted Hn, as a function of _, for a

various F,_ with a fixed plasma minor (ao = 0.8 m) and major (Ro = 2.45

m) radii. H,_ is calculated by the three different methods: o - using old

taulation of atomic cross-section (al), A - using cr1 with the old MSI model,

and [] - using new tabulation of atomic cross-section (0"2). The evaluated

coefficients are summarized in 'Fable l.

Figure 2 The temporal evolution of H,_ based on Eq. ] with other plasma param-

eters such as global stored energy (Wtot), stored energy of electrons (W_), and

neutron emission (Sn) for the same heating-beam power (PB "" 22 MW);

thick "supershot" discharge at ]p = 1.4 111,4 and -- - L-mode discharge

at IF = 2.0 MA. Average Hn_ value of the supershot is an order of magnitude

higher than that of L-mode for the first half second.

Figure 3 The level of inter-correlation between the chosen independent parameters

is illustrated. (a) Heating-beam power (PB) used in the experiment for each

plasma current is illustrated. (b) The achieved H,,, is shown as a function of

plasma current. (c) The achieved HT_ for an applied PB is shown.

Figure 4 The ratio of the ion stored energy to the global stored energy as a function

of PBHn,_ is illiustrated; As PBHn_ is increased tip to 25 MW, 14"i/Wtot is rapidly

improved. Above this value, the ratio is saturated (I4_/H'tot -_ 0.7).

Figure 5 (a) The stored energy of ion is depicted as a function of Ps. For a fixed

PB, various value of the stored energy is obtained. (b) The stored energy

of ion is fitted to the regression result shown in Eq. 3. Note that 14,_ is

linearly proportional to the central heating-beam fueling (PBHn, and IF is not

a significant factor.

Figure 6 The D-D fusion neutron emission (ST,) is fitted to the regression result

shown in Eq. 5. S_ is independent of plasma current.
b

14



0_0

- o0 I_

- _ _O0 _ ..

121 _

- m - r',4

Oo

- a_ -

I I 1 o

[(_ _-)dx__"_-]/_"H

i3



16



40
(a)

g3o- °1°
13 [._rn

o R Ii
20-- tz B

I_ D

I I 10-
0.5 1.0 1.5 2.0 2.5

Plasma Current (MA)

,-, (b)

3 .... u

_ N
= I- I
It.,

Z

0 ................................ L ................................ L ...................................... I ...........................................

0.5 1.0 1.5 2.0 2.5
Plasma Current (MA)

.-, (c)

"4 _ __-, l

_ 3 _u_' - t_

" _ 1 '- t__ t:::_t

Z

' { ) ........................................ _ ........................................ I....................................1.........................
0 10 20 30 40

Heating-Ream Power (MW)

Figure 3

17



(lol/W ! A,k),(_aou_ uoI jo uo!loead

13



(a)

[] lp = 0.9/1.0 MA

3 -- A Ip= 1.4/1.6 MA ©j_j_

0 Ip=I.8/2.0MA A}

_ 2-- A_ d

Ozx

o,, J,,, I I I ...... f ,I, t ,
0 10 20 30 40

Heating Beam Power (MW)

(b)

D Ip-0.9/1.0 MA

/x Ip - 1.4/1.6 MA3

0 Ip=l.8/2.0MA

"" O

o 2= _& O
A

1

o I 1 I
• 0 1 2 3

090 0 38Wi (MJ) __2,14 x 102p .21 (MW) Hne Ip' (MA)

Figure 5
19



t_

2O



EXTERNAL DISTRIBUTION IN ADDITION TO UC-420

Dr. F, Paotoni,Univ.of Wo#ongong,AUSTRALIA Prof. I. Kawakami,HiroshlmaUniv.,JAPAN

Prof,M.H, Brennan,Univ,of Sydney,AUSTRALIA Prof,K, Nishlkawa,HiroshimaUniv., JAPAN

PlasmaResearchLab., AustralianNat. Univ,,AUSTRALIA Director,JapanAtomicEnergyResearchinsL, JAPAN

Prof, I.R Jones,Fllnderl Untv,AUSTRALIA Prof.S. Itoh,KyushuUnlv,,JAPAN
)

Prof, F. Cap, InsL forTheoreticalPhysics, AUSTRIA ResearchInk).Ctr,, NalionaJInslit. for FusionScience,JAPAN

Prof. M Helndter,InslitutfOrTheoretischePhysik,AUSTRIA Prof.S. Tanaka, KyotoUniv.,JAPAN

Prof.M Goossens,AsVonomischInslituut,BELGIUM Library,KyotoUniv., JAPAN

Eook)Royale Milltslm, lab. de Phy,Plumas, BELGIUM Prof. N, Inoue,Univ.of Tokyo,JAPAN

Commiuion-Euroiman,DG XII-Fusion Prog.,BELGIUM Secremn/, Ptmn_ Section,Eteclmt_hnlcaJLabl, JAPAN

Prof.R. Boudqu_,RijksuNvendteitGenL BELGIUM S, Mod, TechnkJ Advisor,JAERI, JAPAN

Dr. P.H. _, InstitutoFislc_, BRAZIL Dr, O. Mitred, _ InsLof Technology,JAPAN

Inst#utoNadon_ De PeB1uim E_mdals-INPE, BRAZIL J. Hyeon-Sook,Yams A_m_ EnergyResearchInsL, KOREA

DocumentsOffK_, Aloml¢ Energyof Canada Lid.,CANADA D.I. Chol,The Korm Adv, InsLof Sol. & Tech,, KOREA

Dr. M.P. Bachynskt,MPB T,_hnok_s, Inc.,CANADA Prof.BS. Uley, Univ.of Walkato, NEW ZEALAND

Dr. H,M S_, Univ, of S,uksChewan, CANADA Instof Phylk=, Chinese AcadScl PEOPLE'S REP. OF CHINA

Prof,J. Teichmarm,Univ, of Monlnml,CANADA Lil_wy, InsLof P_sma Physk_, PEOPLE'S REP. OF CHh ,6,

Prof,S.R SmenlvmMm,Univ,of Calgary,CANADA Ts41ngh_Univ. Ubnuy, PEOPLE'S REPUBLICOF CHINA

Prof. T,W. Johnston,INRS-Energle,CANADA Z. Li, S,W, Inst Physics,PEOPLE'S REPUBUC OF CHINA

Dr. R. Botton,Centre canaclende tusionmagn_lictue,CANADA Prof,J.A.C. Cabml, InstilutoSuperiorTecnico,PORTUGAL

Dr, C.R James,, Univ.of Alberta,CANADA Dr. ,3. Petrus,ALI CUZA Univ,, ROMANIA

Dr, P, LukAc,KomenskMmUniverszita,CZECHO-SLOVAKIA Dr,J, de Vilier=, FusionStudies,AEC, S. AFRICA

The U_, Cull'ramLabomlory,ENGLAND Prof.M.A,Hellberg,Univ.of Nstal, S, AFRICA

Lttxary,R61, RutherfordA_ Lalx)mtory, ENGLAND Prof,D.E. Kim,PohangInst.of Scl.& Tech.,SO, KOREA

Mrs.SA. Hutohinson,JET Li_, ENGLAND Prof,C,I.EMA,T, FusionDivisionUbrary,SPAIN

Dr, S,C. Sharma, Univ. of SouthPacific, FIJI ISLANDS Dr. L Smnflo,Univ, of UMEA, SWEDEN

P, _, Univ,of Helslnki,FINLAND Library,Royal Inst.of Technology,SWEDEN

Prof. M,N. Bussac,EoolePo_ytechnique,,FRANCE Prof, H.Withelmson,Chalmerl Univ,of Tech,, SWEDEN

C. Mouttm,Lab. de Physiquedes Milieuxtonil_, FRANCE CentrePhys. Des Plasmas,E¢ok)Potytech,SWITZERLAND

J. RedeL CEN/CADARACHE - Bat506, FRANCE Bibtiolheek, Inst. VoorI:_sma.Fysk:_ THE NETHERLANDS

Prof.E. Eoonomou,Univ.of Crete, GREECE Ant. Prof.Dr, S Cakir, MiddleEut Tech,Univ., TURKEY

Ms, C. Rinni, Univ.of Ioennlnl, GREECE Dr. V.A. Glukhikh,Soi.Ru. Inst.Ele<_e_ohys,IApparatus,USSR

Dr. T. M_,_al,A(:_:lemyBibliographleSet., HONG KONG Dr. D,D. Ryulov,SiberianBranchof Acedemyof Sol,,USSR

I:h'eprintUl:x'ary,HungarianAcademyof Sci,, HUNGARY Dr, G.A, Eliseev,I,V. Kurd'tatovInsL, USSR

Dr. B,DuGupta, Sah= Inst of Nudear Phy_k_, INDIA I.ltxKian, The Ukr.SSR Academyof Sciences,USSR

Dr. P. Kaw, Inst,torPlume Resean:=h,INDIA Dr, LM, Kovnmnykh,Inst, of General Physics,USSR

Dr. P, Roe4mau,Isrul Inst.of Technology,ISRAEL Kernfomd_ng_u_age GmbH, Zenlral_btiothek,W, GERMANY

, l.Jbrarian,Internalk:malCenter for Theo Physics,ITALY Bibtiothek,Ir_L FOrPlasmatorK:hung,W. GERMANY

Miss C, De Pido,AMociazione EURATOM-ENEA, ITALY Pmf, K,S¢:hindler,Ruhr-UnNersitlltBochum,W. GERMANY

Dr, G, GroMo, Isltlutedi R_:= del Ptlsma, ITALY Dr. F, Wagner,(ASDEX), M_-_-tnstRut, W. GERMANY

Prof,G, Rostangni,IstttutoGas lonlzzalJDel Cnr, ITALY IJbrwian, MIx-Plan_-InstiM, W GERMANY

Dr, H, Ywnato, ToshibaR_ & Devet Genlm',JAPAN Prof, R,K,J_nev, Inst.of Physlo_,YUGOSLAVIA



0 • •




