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Resume 
During last several year3 the interest to the potential. 

opportunities of: neutral. atom direct study in interplenete.?'y 

spaoe inc.reased sig?".ifieantly. ~he expected science retu.rr.. impc 

important :tor S·ole.r system physics prompted the develop1::ent 

of nev; tech."rl.ques and instruments. This paper is devoted to 

the description of the coincidence technique developed for 

t~e direct detection of energetic neutral atoms in space anc 

pritr:larl.ly of neutral Solar Wind.The concept of the technique 

was develo:µed and the fiight instrument was built. This in­

strument may provide unique scientific data. It 1s natural to 

extend the application of the described tecbDique to the stu­

dy o! more heavy energetic neutral. atoms. The origin o! such 

!luxes is related to the important processes in pJ :m.etary 

magnetosphe.rea. 

Amotig the most interesting objects, which may be studied 

by the tecbnique, a.re neutral Solar Wind, energetic neutrals 

from terrestrial magnetosphere, particu1arly due to the ring . 
current decay, energetic neutral emission from magnetospheres 

o! Jupiter and Saturn and hell ospheri c bolUldary. 
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It is known now that the interplanetary space contains 

the !luxes of neutral atoms pf different origin. Characteris­

tics of these flu..~es reflects physical processes in Solar 

sys'tera. Among the most interesting objects can be mentioned 

energetic neutrals from terrestrial magnetoaph~re, parti­

cularly due to the decay· of the ring current, neutral Solar 

Wind, energetic neutral emission from magnetospheres o! Ju­

piter and Saturn and heliospheric boundary. 

During last several yea.rs the interest to the potential 

opportunities of neutral atom direct study increased signi­

ficantly. The expected science retu_:-n important for Solar 

system physics prompted the development of new techniques 

e.nd instr une~1ts ~] • . Tb.is paper is devoted to the descri p­

tion of the coincidence technique developped for the direct 

detection of energetic neutral atoms (ENA) in space. 

1 • Baai c i dea 

To deterr.ri.ne· the number density of the neutral particles 

in epnce is not an easy task. The expected number d~nsity 

( e.g .. N ~ 10-5 .,. 10- 3 cm-3 for neut?'al Solar Wind at 1 AU 

from the Sun) is low enough to prevent the use of t~e tre.di-



 
 

tional technique based on 'the. preliminary iom.zation ot the 

neutrals by, say, electron impact w.1 th consecutive analysis 

ot the i ons produced., The io.aization probability :for neutra.l.s 

does not generally exceed 10-4 resulting 1n a prohi. bi ti ve 

signal to noise ratio since the noise count rate, inhe~ent 

for the most convenient detector types» is in the ra.nge 

10=2 ~ 10 s-1o It is therefore crystally clear that such a 

low detection efficiency would result in a unacceptab1y .long 

duration o! the experiment, to say nothing about the deteott­

on of the poss.i ble -transients. 

The encouragi.ng approach to the mee.surement problem is 

based on the fact that neutrals to be detected are of high 

energy and they can be s.tud:ied by measuring their flux densi­

ty inste-ad. of their number denai ty. 

Energetic neutral atoms impinging on a surtac~ produce 

secondary electrons with a rather bigh efficiency. Therefore 

their flux density can be detected by counting the electrons 

by secondary electron multipliers, particularly o:t the micro­

channel plates (MCP) type~ Unfortunately, the outer space is 

a extremely hostile environment for such detectors, since it 

is filled by extreme ultraviolet (EUV) photons. This diffuse 

background creates superiour nux o! photons (predominantly 

Ly-alpha photons, A ~ 1216 A).., which also may produce pho.; 

toeleotrons from the sensitive surface of the secondary elec­

t~on nr.tltipliero The expected EUV :t'lux density is 4 to 5 

orlers o! magnitude greater than that of the neutral Solar 

Wind [1 J ~ while photon detection efficiency may be as high 

as Oo 1 [ 2] o The high photon background count rate prohi­

Jits the straight!orward applic tion of such detectors in 



 

-s -
spaoe experiments end was the main reason preventiDg experi -

mentalists from direct neutral detecting in the interplaneta­

ry space earlier. 

The ENA.s may be ionized with rather high e!ficiency (up 

to 0.1) by stripping in the gas or plasma. targets and in thin 

foils. Then the fast ions produced may be anal.yzed and detec­

ted hy ion ane.lyzer. This technique is standard in passive 

corpuscular diagnostics of fusion plasmas [3] • The use of thG 

gas or plasma targets is prohibited for long du:..~ation space 

experiments by practical considerations. As the disadvantage 

of the method ma.y be considered the use of the scanning tech­

nique or alternatively an array of a number of independent 

detectors to perform energy analysis of the ion.s produced. Such 

a.:n analysis is of great impor-ta.nce since it may provide a va­

luable information on the ENA flux characteristics • ..\nother 

important requirement for the detector is to :function in U."1-

!avourable conditions vdth high background count rates d~e to 

stray EUV photons. This requirement is poorly met in the ap­

proach widely used i.n fusion plasma diagnostics. This ·fact 

proho'bi ts the use of such. approach to detect very weak EUA 

fluxes wlrlch a.re characteristic for the interplanetary space. 

The vi t -:i..l problem of inherent weakness of EHA fluxes and 

gigantically superior EUV radie,tion background may be tackled 

by virtue of the coincidence technique. For the first time 

this approach was outlined in late seventies [4,5] to cope 

1dth the difficulties of experimental stydy of neutral Solar 

Wind and mo:re generally ENA in space. Detailed ar.,.alysis of 

such '.:ill approach and built proyotype instruments were later 

described in [ 1,~ • 
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~o achieve coincidence9 the e.rxival. of a neutral at the 

ENA detector must produce two independent detectable physical 

phenomena ( e .,g,. electron em:i. ssi on), Tiherea.s only one occurs 

when a background photon arrives .. The only events that signal 

particle arrival are those thet occur when two independent 

phenomena are detected sinn.ll~aneously, i.e. during a certain 

coincidence time interval t:' 0 , .-rhi ch is the ma.:rl.mum time 

interval between two signel.s for TTbich they can still be cal.­

led coincident. ·Back[>,round coincidences (noise) e.rise from 

the de~ection of two photons t~2t arrive duri~..g 1:'0 • There­

fore, si~al count rate S~ In and the nois one ll ..... I~t- 0 , 

where 1n end r,, are !luxes ot neutral.a and pl!:,tons resp:: c­

ti vely. The signal to noise ratio is then S/H = (In/I.,)/Iy'c-0 • 

The ratio (~/I~) may be considered e.s inde~endent of the 

instrument aparture tor almost all practically interesting 

cases., Therefore S/r = 1/(I ./t:·0). Hence the sie:;nal. to noise 

ratio may be increased by a decrease in the aperture (and 

consequently In and I~). This is the way the neu~ral atom 

flux registration may be performed in the presence of an 

essenti ally superior photon background. 

It is interesting to tL~derline that the noise suppres­

sion factoris e function of the absolute value of the flux 

to be detected. The lo·::er is the flux, the e;reater is t he 

noise suppre£sion. Therefore, for e:n.y aroitrerily given ori­

ginal ratio of fluxes of neutrals to photons in space, an 

instrument aperture can be chosen nhich prov.ideB t he required 

signe.l to noise ratio. On e should also rem.ember that the 

lorler is the instriment e.pertu.re, the 01:• ec.te~ o'!)seryation 

time is required t o get stati~ti<!e.lly confideut ,;_•esults. :i'he 



 

requirements for signal to noise ratio and observation time 

(i.eo statistical accuracy) are contradictory and the trade. 

of!, obViously, must be found in every particular case. 

2. Instrw:ient. Prototype. 

2.1. Prin~.:lple o! operation 

Principal scheme of the time-of-flight (TOF) detector­

energyanalyser (DEA) tor 

D 

Fig.1. Energetic hydrogen atom 
detection by coincidence 
technique. 

ENAs is shown 1n fig.1. 

The DEA operates in essen~ 

tially coincidence mode 

and uses TOP teclmi que 

which is simlnr to that 

widely used in nuclear 

physics experiments with 

heavy ions and trag::nents 

having energies ot severe1 ?JeV. Analogous technique was used 

tor analysis of ions w1 th the energy down to · several dozens 

KeV [ 7 J • We proposed to a.pply it to neutrals w1 th energies 

lower by al~ost two orders of magnitude. The main constitu­

ent or neutral Solar Wind 1s expected to be hydrogen ato:ns. 

And the det~ction of su.ch atoms by DEA is of the most inte~ 

rest. 

The neutre.l particle penetrates the thin !oil Y causing 

the emf..s s1 on of ele ctrona. A!ter !lying along a certain dis­

tance (night length) with a somewhat reduced energy it 

reaches the particle detector n. The electron reG'istration 

trig~ers the START signal for the TOF analyser (which mea­

sures the time interval. and stores the result) and the heavy 

particle detection triggers the STOP signal. Thie techD:ique 
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permits the velo'ci t y ( energy if the msss is lalown) oi the par­

ticle to be determined 9 and is essentially a type of a coinci­

dence method. 

TLe photon would either be absorbed by the !oil F (which 

:nay result in photoelectron ~mission practically indistingui­

shable from the electron em:iss~on due to the heavy pa.rticle 

penetration) or trigge1 the particle detector after passing 

unobstructed. tbrour;h the foil. 

Only heav:: particle IllRY produce bot:.1 secon:'l.ary electron 

from the foil end triggering of the pm-ticle de~ector Din co­

incidence, i.,e. \-U thin the tit1e interTel ~ 0 • The value 1:0 is 

determined by the longest possible fiieht time o~ the heavy 

particle betv:een the foil and the particle detector D. For a. 

fixed flight distance the i ligh~ tine is a fur.ction of the mi.­

nwm.un possible ~nergy Emin of a particle after the !oil. The 

mini!!!Wll possible energy is determined from both the expected 

initial value of the energy of the neutrels to be detected ond 

from the fact that the detection efficiency of particles by D 

drops abruptly down from the certain energy valae. Therefore 

if one has particles vii.th energy lower the..~ this value, they 

will not be detected by De By the rule of thwnb, ,1e accept for 

Er.rl..n the value of 100 eV. This energy determines the mro:::iz:n.un 

value of the tine interval, up to y;:.1..icb the TOF enclyzer sho:lld 

measure encl memorize the tin e interva.ls. 

2.2. Laboratory si CT~lntio~ 

Three vari ous prototype D:SAs c.re buil t enc. testec :.ln::ler 

irradiation by monoenerg etic h;rLrogen at offi fl u:.e s ·:d.th energy 

in the r2.nge from 600 u p to 3000 ~v ( ns expected fo~ the neut­

ral Solo.r ',7ind) [5,6] ~ 
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DE.A. type A is shown in fig.2-A. The carbon !oil has a 
0 

thickness o! 80 A and is supported by the fine mesh w1 th 

65 % geometrical. transparency. Chevron stack o! two MCPs is 

used to detect particles and electrons. No special attempts 

0cre ma.de to :match the anode to the 50-0bm cable. The elect­

rons accelerated by an input L:ICP vol tege Ui outrun the heavy 

part:l.cle end are registered by D. Only then does the heavy 

particle ree.ch D where 1 t '!!lB.y be registered. The DEA-A is 

based on the sin,ele channel mode (STA..~T and S'l'Ol> are trigger­

ed by the same detector and are sent along the same line) of 

TOF analysis with a single detector. 

DEA-B (f'ig.2-E) uses the additional. tunnelled chamiel 

electron multiplier to detect secondary electrons (ST.ART). 

DEA-B utilizes the two-che.nnel mode o! TOF analysis with two 

detectors. 

DEA-C ( fig.2-C) is based also on the two-channel mode 

o! TOF a.nal.ysis but with a single detector only. The det~c­

tor 1s collector is divided into two parts. The shift of the 

~CP detector !rom the a:rls and the addition o! an electrode 

E biased at u• create e.n electrostatic field configuration 

such that electrons e.re resistered primarily by the lower 

pe.rt o:f the 0ollector (START) end heavy particles prinarily 

by the upper part (STOP). To a.void the nppea.rance of simul­

taneous signe.ls in both lines a.rising from particle.s imping­

ing on the central part of the .first !.!CP, the shield S of 

.3 mr:i width 1s placed in front of D • 

The flight distance in all types of DEA is arproximate­

ly the sa.ne - J cm. The 1.:cp stack sensitive area is 28 mme 

The characteristics o! all DEA types a.re similar and describ-
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ui 

Fig .. 2., Time o:! flight detector-en.ergyanel~er. 
a ) one channel mode 
b) two channel mode 
e) two cha.wiel mode 
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ed in detail in [s,6] with the discussion of the advantages 

and disadvantages inherent to different schemes. 

The typical TOP spectra tor the detection of monoenergetic 

(10 ) hydrogen atom !luxes a.re shown 1.n !ig.-3. The dependence 

of the detection efficiency on E0 is presented in fig.4. 

Fig.J. Typical time-of-flight spectra for the detection of 

monoenergetic (E 0 ) hydrogen atom !luxes. 

1000 2000 E0 , eV 

Fig~4. Dependence of hydrogen ~tom detection efficiency 

on E0 • 
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The laboratory study ot the per:to.:rmance o:r the DEA proto­

types may be summarized as :rollows: they provide detection 

ot hydrogen atoms o! 600-3000 eV w.1. th an ett:Lciency 1-20 % 

and an enEU'gy resolution E/~ o:t about 2. The detection is 

r~aJ.ized in the coincidence mode that ensures the extraction 

o:r the weak neutraj. a.""om signal !rom the superior EUV back­

ground. 

For hydrogen atoms with 1 keV energy typical for the neu­

tral. Sola;t" Wind the detection efficiency is ~ 3 %. The poor 

energy res~lution is determined by the straggling: energy loss 

during penetration through the foil is a statis+ical process. 

The angular scattering in the foil also deteriorates to some 

extent the energy resol~tion. With the increase of the parti­

cle energy, the relative effect of both straggling and scatter­

ing diminishes and the energy resolution improves. 

For the particle energy ra:nge of interest, the TOF spect­

ra are not influenced by the electrostutic field between the 

!oil and the detector, since only few per cent of hydrogen 

atoms emerge from the foil in charged state. Only with the 

energy increase over 10 keV, the charged constituent en.ong 

the emerging particles becomes significant and should be tnen 

taken into consideration. 

As can be seen fl"om fi go 3, the-vlidths of the TOF spectra 

are not less than 10 ns. This fact i :nplies very modest re­

quirements to timing el e ctr oni cs: sin pl e 1 e.a.ding edge di a cri­

mina·'; ors may be used; walk, drift and jitter problems may be 

neglected; the number of channels to memorize time intervals 

distribution may not exceed several dozens; etc. 
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2.J. Calibration 

A comment should be made on the callbration, i.e. deter­

mination o! the absolute detection efficiency of the instru­

ment. This is usually the head-ache problem. The coincidence 

mode realized in the instrument gives a unique opportunity to 

measure absolute intensities of neutral particle !luxes with-

out detector cal.ibration, provided that there is no back-

ground. The particle arrival at the detector may result in 

two independent events: (1) emi,ssion of the electrons from 

the foil and their detection and (2) heavy particle registra­

tion by D. Let I 0 be the intensity of the flux to be measured 

and P1 and P2 be the probabilities, which are unknown a pri­

ori, of registering events (1) and (2). Then r1 a I 0 P1 , 

I 2 = I 0 P2 and Ic = I 0 P1 P2 , where r1 and I 2 are respective­

ly count rates of events (1) and (2), which can be measured, 

and I 0 is the measured coincidence count rate o! events (1) 

and (2). Hence, the value I 0 may be derived from measured 

quantities as I 0 a (I1 I 2)/Ic, and P1 and P2 (and detection 

efficiency E~ = P1 P2) may be derived :from these measurements 

likewise. One can see, no p~elirninary calibration is necescary. 

2.4. Signal to noise ratio 

Let us consider the instrument performance under simulta­

neous neutral particle end photon fluxes illumination. Let 

the instrument sensitive area a.~d f i eld of view (POV) solid 

o.ngle be sd end SL.a. 

The noise coincidence count rate due to photon flux 1s 

C ,11 .... F-~l. s ~ ~ ~ R'i = ~ ~ ~~ te. ~c. '(. .... c ., ca ... H-• 

where £~ - detection efficiency of photons by D; ~ - toil 

transmission !or photons; d'e - photoelectron emss: on efficie-
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cy !.rom the !oilt Ce - det&ction e!!iciency ot electrons; 

'?-0 ... coincidence time interval; :F 1> - EUV photon !'lux l1UIDm 

be.r density ( per unit solid a.lgle). 

The signal coincidence count .rate due to flux of neutral.a 

is 

~ .. Ek F~ S..i ..U.c:1 

where€~- detection efficiency o! neutrals by the instru­

ment; F.._- !lwc number density {per unit solid angle). 

For Ly-~ photons £,> = 0.03 [ 8, 9 J ; ~.> • 1.2 ,o-1 and 

tf? • 1.2 10-J [10]; let£.= a.a [ 11] ,€.= 0.03 and 

"c O -= 100 ns. 

The signal to noise ratio is then 

I\ - 'R.~ - Eti. F, 
~ - - 2 R. ~ E .> ~_, ~e Ee 't-o F.., SJ .n...a 

The flux of EUV photons ( predominantly in Ly-fl.) is due 

to the radiation o! the Solar corona and the resonant scat­

tering o! the Solar light by the interstellar gas inside the 

Solar system. If the instrument is directed along a line 
0 

which is o:tt-set by more than 2 !rom the Sun ( for neutral 

Solar Wind ~easurement experiment-the oft-set angle equals 
0 

4 - 6 ), the photons scattered by the interstellar gas be-

come the prime c0nstituent of the background EUV radiation, 

providing the baffle system is ideal. Then, F>' '= 600 Ra Q ~ , 
. 7 -2 -1 -1 2 ioe. maximum Fv = 5 10 ph sm s sr • Let be Sd = J cm 

0 0 -2 
and Ad = 5 *5 ~ 10 sr . Thenv for the minimum expected 

el 10 4 -2 -1 -1 v ue Fn a cm a sr 

6, i::- 10 

and ~ C 10 S-1 • 

It should be noted that these estimates forA a;nd nn va-
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lues are on the conaervati ve side end 1 t is rather probable 

that 4 and Rn would be one order of magnitude greater .. 

J. Flight instrument concep-t 

The e,::perience gained w1 th the prototypes of the TOF dete­

ctor-energyanalyzer is the foundation for the concept of e mo­

dified version ~~ch rrd.ght be designed !or the on-boa.rd opera­

tion. The general scheme is shown in .fig.5e The instrument 

consists of a light baffle, filter (optional) . a:nd detecting 

assembly; eatir.iated weight - 5 kg, power consumption - 3.5 Wt. 

Batne. The light baffle is approximately 60 cm long with the 

outlet orifice diameter equal 27 mm; its POV solid angle he.s 
0 

4-5 Qiameter. There is a permanent magnet inside the baffle 

deflecting entering ions (up to 50 keV !or protons) and elect­

rons. Since the instrument is to be pointed along the direc-
0 

tion with a 5 off-set angle from the Sun, which is an extre-

oely bright BUV source (4 10 11 cra-2 s-1 at Earth orbit [1JJ), 
the quality o! the batne is the crucial !actor. Two possibi­

lities are considered: 1) the baffle r:ru.st be o! the h1shest 

possible qua.li..ty, i! no special !ilter is used; 2) the baffle 

may be as simple as possible ('ll'ith corresponding poorer ?er­

f ormance) if the filter is installed. 

Filter. We propose to install at the immediate entrance of 

t he detectiI1£ esserably a specially cesigned filter - the nu­

clear track filter (lITF) or molecclar sieve, es it is also 

called, - to suppress EUV photon flux a."l.d to increase the ra­

t i o of neutrals to photons., The advantage to use NTFs !or this 

pu.:rpoae was for the first time emphasized by us 1~ [1] • At 

' the same time, independently, NTPs were proposed to use as 

filters in EUV and soft X-ray astronomy- ~ 4] • 



  

f j•Aj 

1 lw-1 
PM LIGHT BAFFLE 

({ii(~- D 1 
' '~ - - - - - - - - ·1 "' fJ 

~ ,, E'l" 'I '' ,, m I I ,, 

'- ~ I : ' ', 
~, I • ',, 

'' I I ' ' m Qwa 

,, f • ' ' 

-~ ,,, EM ,~ 
' '~ \ ! I '~' y ,' .. t.. __ _ ____ .. ,.., 

NTF '·FRmm,,ma,n1 
D2 [___ 

D3 

Fi~.5. Neutral solar wind detector-energya.nalyzer. n1, n2 and n3 ~ 

MOP detectors, PM - permanent magnet, EM - electroetatio 

mirror, F - foil, NTF - nuclear track filter. 
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Several reviews ( e.g. [ 15, 16] ) were devoted to l~F tech• 

nology and characteristics. The thin ( 1-100 Jl!Il) organic !oils 

(say, l!ac.rofoil@ [11]) or mica a.re bombarded by heavy ( e.g. 

Xe+) ions ~~th energies of several MeV per nuclecn. The pores 

( cylindrical or conical.) are etched a.:rterv:orda in the foil 

along the ion t r::a.cks. The etched straight channels are trans­

parent for :ueut=al particles but their trensperency for the 

photons is e strong function o! the wavelength. 

_J O\'l, the following lJTF pa.re.meters seem to be necessary: 

- y;orld..ng area. diameter 27 mm; 

- foil thickness - 1 p; 
0 

- channel diameter - 1000 A; 

- channel length to diameter ratio - 10 (therefore the in~tru-

ment POV is not obstructed b:- :".'!'?); 

- geonetrical transpc.rency ~ 10 %. 

Thouch on1y 10-1 of the original nuz o! neutrals \7ould 

pc.ss through such structure, t!le preli::ri.~ary estin.ri.t es show 

that only ,o-8 of the Ly- o( ( 1216 A) flux end 10-4 of -';he 
0 

584 A photon nu."'{ would pass through it. Thus 6 nay be sub-

~tcntially increased. 

The ~:TFs ':ti t l: su ch po.rc..'":leters never he_ve been produced 

or used before, though there see::w to be no unsurpo.ssable 

technological difficulties. The long ti~e degradation under 

ZUV illtc-:rl.nation, the effects bie to short tir.ie hit by direct 

unobstructed Sole..r lit;ht, t h e sink of t ha ebsorbeC: energy e.nd 

ot::er f ee.ti.1.res are virtutlly unlmovm.. That is ,,hy the :f'il ter 

1s consi~er ed to be optionclt o.i::c. e~ perirne:nts now under the 

wa-;,,· B!1ould r esolve tt.e problem. 

1he l!TFs y:ou.ld extre,::ely iaprove the ability of the in-
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strument to extract the neutrals b:'om the EUV background. 

Their application may permit even to detect energetic neutral 

hydrogen a.tome" emt tted from the Solar Wind termination regi-

on. 

Detectipg assembly. ill detectors n1, D2 and n3 (fig.5) are 

coLlID.erc1sl.ly available chevron UCP stacks Yd.th the sensitive 
0 

area o! 27 mm diameter. The 80 A carbon toil supported bt the 

tine mesh h'as el.so a 27 mm diameter. The ilight distance bet­

ween foil and D.3 is 6 cm. Two identical. detectors D1 and D2 

a.re .used to detect electrons en:d.tted !rora the !oil. Two elec­

trostatic mirrors constl:"Ucted from the 95 % tra.n.eparent harp 

grids provide isochroncus transport o:t emf. tted (and accele­

rated up to 1000 eV) electrons to corresponding detectors. 

Eleotronica un:f. t. The electronics unit includes three identi-

cal ohains of amplifiers and discrimnators, :!our counters, 

time-to-digital converters (TDC), three 32 char.nel memories, 

high vo1.tage power supply. High voltages supplied for detect­

ors and exposure tin e are preset by digi tel command. The 

emergency voltage drop is forseen under certe.in cond:itions. 

Three counters accumulate counts of the three detectors D 

and one counter acctt."lil.tlates coincidence counts (coincidence 

time interval 10 ns) o! n1 and n2 • Three TOF spectra (with 

unequeJ. channel widths) are acCUillllla.ted varying in the three 

d.if:!erent types (cources) of START sicnal (the S1OP signal 

is provided by n3): 

1o ST>.RT signal is provided if only D1 (and not D2) ia trig­

gered; 

2,., START signal. is provided if !:>nly D2 ( and not D1) ia trig­

gere"l; 
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3. START signal ie proVided if 'D 1 and D 2 e.re triggered simul­

taneously. 

Such instrument concept provides the necessary redundancy 

(the falure of either D1 or D2 is not "mortal" !or the expe­

riment) end house-keeping icformation. The third type TOF 

spectrum is accunn.ilated under substantially better signal to 

noise ratio condition (but reduced detection efficiency) 

,:bich may provir.e important information for treati:ig the dat : . 

~oreover, this tbird spectrum may become extre~ely important 

if etoris heavier than hydrogen or helium are c"i.etected, beinr 

the case for the emission of neutrals from Jupiter and/or Se­

turn magnetospheres. For example, 5 keV energy sulfur atoo 

hardly would be able to penetrate throush the foil and bit 

D3, but it seems to be able to produce secondar~• electrons 

from both sides of the foil vti th high e!ficiency. 

The first two time channels in the each TOF spectrum 

correspond to the events when n3 is tri8gered first and then 

are triggereC D1 and/or n2• Tr.ere!ore these channels µovide 

simul t~eous measu.,:-ement of the level of random (noise) coin­

cidence count rates. The next two channels in each spectrum 

correspond to very high velocity end proviQe information on 

hie;h er.erGy particles (undeflected protons, o( -particles •• •. ). 

The ad.c.i tional electronics u.cl t is to be used to inter­

face described instrUrlent to the po.rticular spacecraft tele­

r::etry system. 

5. Conclusion 

To study neutral. Solr:.r ~ind (and energetic neutral hydro­

gen fluxes of e...nother -oriGin). t~e concept o! the technique 
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was developped and the flight mstrwnent was built., This in­

strument may provide unique scientific data important !o.r 

Solar system physics. 

It is tatural to extend the application o! the described 

technique to the study of the flu:xes of more heavy energetic 

neutral atoms ( He, O. S ), The origin of such fluxes is re­

lated to the important processes in terrestrial. magnetosphe­

re and that of Jupi te:r and Saturn. However tor this applica­

tion, some new ideas are to be introduced end the instrument 

is to be modified. Such a work is now !n progress in the lab. 
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