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. . To solve a number of applied ~d fundarrierital pfo°blems by meant .·· 
of ·a~celerator, be~m.s of t~e _negative hydrogen_i9n1.rire oftel)_ lised~t .• 

, the present ~ime, see'; .for-example, refs.[i-9] .• Peculiarities of the Ji;-'ion . 
. < ·• atomic st~ucture all~ws · oneJo rise a thru:ge~exclianging method t_o ·control· 
. effectively a fast .particle: fluX [10] in combination witl:t.<fpera~ive and , 

.· :practically noriperturhative diagnostics ofthebeamusing H 0 'afoms or 
.. elect;~ris [11:-}6]. These info~ation transmittersareproil.uc·ed as a result / . 
. of detachment of negligible pa_rt_ of the ions _on the thin.target probing.the · 

,. . · 'beam,.Maximum·accuracy of thecoiricidence of distributions·orthe·H-· 
~· ions arid ofthe'p~~ticl~s used )or di~gno~ti~~ in "the. beam ori the angle . 

·. · '(G0 ,e,:wh.eretlie ~~tt~m "~llor "e" indices correspo_nd f~ tge lf0 atom~or, 
··• electrons, r~spe_ctively) arid relat~ve e~ergy ( !:l.E0 ,ef E0;e~ whereE~,e is the· . 

:· inost probable energyof the particle,Bo =.Eir:-,Ee = meEn!::.t Mjj;_,Bn~ •. 
. Js the ion energy/me arid Mn-'-is the electron.or icm mass; respectively) 

fis determined by;the value and riatur~ of the perturbation the.particles . 
acquire in elementary acts ~£ their production; A differential cross'section 
ofthis process is the most sensitive test of th~oreticalmodels describing 

· this interaction. . . . . . , . . . 

·The• results. of the experimental ·study· of the H 0 atom. production · 
as a restllf of H- ion detach~ent Oil thin g~ targets in th~ energy range 

. of En~ ==10_+300 keV,.~e preseriteg in this paper. Thisenergy range is •. 
characteriz~d by the b_eginning of the Born"approxim~tion in ariy theo'ry 
of the ion detachment, where a good a.greementof the predicted distribu
tions and the miperiineritis the most important; Within the framework 

. . of. this app~o~ch, so~e peculiarities hi the' fundi~nal depeiidence of di£
.. •· ferential ··cross· section of: the H 0 atom: production _are . no·t expecte_d ·at .. 

•· a subsequent growth of the H- ion energy;~and.the_p!edicted values bf 
-their spread· out oi{ the angle' and the relative energy, are prop.ortional to 
: Jmele/Mn:c.En~, where_.his t~~electr~n-affinity(forH-:-,fonie:= 0.75 
eV). Taking into~ccount the expectedangl~s of:the hydrogen atoms 

· iu:id kn~wn difliculti~~ i~ formation of sufficiently intensiv~' thread-lilfe 
ioll be~ms with. a very .sniaH angulardispersio11 (see, for ·example,' [17]),;: 

· these -experiments were realized by means of.ribbon-like beams of the 
"H-. ions [18] .. In.this case small geometri~al an'.d·~gular~ize.sof the 

.. ··• beam at. a woddng ·coordinate,' in combination 'with a necessary. integral·. 
·• intensity· of the ion·· fluX arid,~ negligible· role· of th~; sp~ce charge; are 

. _ achieved by, using a large geo~etrical size of the. beam on the· otp.er co or-

,,. ___ . ' '(1;;~~1'"••·~---:11.,..,:_~f-'. . . 
.. l .... "'•;~ .. ,.i.;~ .... un .·uu.;, •• ,, .. 
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. dinate. Angular distributions of !I" atoms are :meas~red in this geomet~y. ;_ 
. of the experiment_ by scanning their fhix parallelto th~ ion beam pl~e 
· at.adrift distance

1
{Zs) by means of~· slitting'detector or using a multi-·· 

channel cb~rdinate-seilsitive detedor., Takinginto' accourit a ribbon-like 
geometry of the experiment 1Ii the analysis· of the detected distributions, · 

·, tliis paper presents the obtained angular distributions of the H 0 atoms 
'in ~lemenfary acts :of the-H~ ion detachment;" on vario~s gas targets, as· 

. well ~ the' ch~acter of this i~teraction and the pbtain~d dependence 'of 
Go v~lue verstl~ the ion energy. .·' . , .. , , . ·: . ,, .. ·· , , . . , 

' ,., ' .<' ' " . 

'1. INFLUENCE OF THE RIBBON-LIKE GEOME,TRY ' 
·· OF THE EXPERIMENT WHILE ·MEASURING · 

PARTICLE ANGULAR. DISTRIBUTIONS . . 

Numerical simcl.ation ~f dete~tedls(0.) di~tributio~s at the ribbon
like geometry.of theexperiment{fig.1) has shown,their difference from· 
thet~e orie 1(0) in, elementary a:ctsof iritei-actiori [19-2!L As an example, 

' • -- • - - . - ' . :J 
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'Fig;L .Thesetup of the experiment 0~ interaction ~fa ribb~n- ,. 
lik~ beam.with 'the target by using,a slitted·system of secondary· 
part_icledetection, . ' · - ' : · · · · '' 

to. a~alyze the character and v~ue of its difference,' thr~e possibilities of ' 
'distributions:1(0) ='dexp[;_(0/G)2] (9aussian disfributi~n) and C[l+ 

· , { 0 / G)2J-e for { = '1, 3 /2: { C .is the normalized, factor), are c~nsidered: 
.. As experiments have shown· [18,22,23], for the _thin ,ribbcm~like qe~~ of 
ions with the electron struct11re, 'a small angulir disperse and .a ne'gligible 
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role ·of.the space charge; the int~nsity distril:mtion density in the -area , 
, ·of a sp~ce ·localized t~get (Z ~-·o; ~Z ~ ·z.) can be rej>res~nted:~ 

f(X, Y) ~ <I>(Y) · w(X), where <I>(Y) _ = exp(-Y2/2oJ), v~l~e of uy_ is . 
deJermined by size SY· of a: slit forming the beam ·knd ir, ( X) ~ con st 
within the beam ,vitli a fast de.creasing to zero "at its bou.ndaries (X ~ ;: -
±b):'Jn this case, for a homogeneous target and- (a,b) ~Z$(2a is the 
length of a slit detector) it is not difficult to obtain: -- . , 

-· . . . . . 

(1) . , 
,· _ , .. . b : '. a 

·.1.(0s)i/cf•·: exp(·-=-r: )dYJ d.yj' I(0)dX'; 
Y ·, ... · . ., . Uy · .. , i~b • · -a 

' "';"' : ' ' -. ·- - - .· ' . . " 
wlier.e 0.:· ~ Y./Zs, ·Y.<is the :displacement of an infinitely narrow de~ 
tector in .the :direction _p~rpendicula( to the beam plane, 02 =· [(.Y!<- ' 

. - aX)/Zs]2+ [(Y. -µY)/Zs]2; <,i andµ ~re _the discrepancy-in.\;': andY co: _ . 
. .. oi:di1:1ate, respectiyely, of irici5ient. particles .01:1to. the ta~get·(X1i;z,~ ,•

aX1z=o, Yiz=z,. = µYj;=o). For· the simplest. ~ependence· of 1(0)11 ~ 
Cexp[-(0/G)2] • _ · ~ . • · • 

1,(0,)11 = C · exP [ 
2
c'; ;~~'. ;l ·-·• } (2) 

, _ , .· · .. -.,; _··• '. .· µ.uY s,+uo , ··• .. .:\ 

· · · . indep,en'dent ~f values of a,'. ·a and b, where U9 ~ G / Vi. F~r _th~ second·.·. 
. ~J!d _third possibilities ·or I(0)i€ difatribution --~ith ( -~ · 1 and ,3/2;'.7 the 

follqwing expreS:sion: {1) is ~btained .• ·· .. · . . , . ' · . . . . . 

' ' : __ : ',' '. .- ; ~- ' '·[ fr 21· . . . ' . ' 1/2. ' ,, 

· -I.Vs),i<=1~= cf :exp ~ · (-R) :' :: :[1 :~ ( J •. -·fr )2 
]- ·_ ,x __ , 

· .·•--':.{ ',y ·' .·· \_ r· (1+aB)' ·_1·· , .. 

. x.. 2{A +aB), ai:cta.·n : ; . · ~. ~-• · . . . . .. ·✓ .. t-;J' . Y)2 . 
..• I . - '. .. . : .· ·. J +\•_s ·::,- _ ·. ·· -
~2(A- 'a1).~rc~~ r ·, (A,-nB)_ ']
(<. · •·-~ . ., . ,lJ1+,(Js-, Y}2 

·. •· \;1··(,J··· Y)2 .l [1· :~ ·. -4~-A-B . ·J··}df··· ~,., 0: ._.-~ .. ,~!1 _: ;~. 1+·(1. ~ ~r)2+(A~ _CY{J)2 . :'·; 
-~-' 

·-;: ,:: .. ..,.. . : . ···r·· .: r· -:_·("'i) 2.1·· - " ··.·t · -~ ,., == q ~xp -: , _:_ .>. :· fi . I T 

···-· .• R 
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~{✓ 1+ (~--i')2 + (A + aB)' :- J1+(J, - i')2 i- (A - aB)'}~~ 4) 
- . ·- - . . . ' ~- . . . . ~ 

where -js = 08 /G,. Y, ~ µ-Y/(2Z.G}.'and A ~ a/(ZsG), B = b/(Z.G), 
. R = y'2µay /(Z.G)'are dimensionless i>~amet;rs of ~he experiment ·For 
the.geometry with_ (A, aB) ~ 1, the multipli~rs in braces of expressions 

- . (3) and ( 4) are J:>ractically constant· and ... . ·, 
_, " ·:f,i' • ',· ,_" . r, • • ·, '.. • --• • 

r;(J;J~-1 =
0cfl"} (~)']- [r+ v:.- YJ;(/' dY; · (5) 

.. y 

· I,( J'.)1£.,,, ~ ;J .ex~_[: (~)'.] J + (J, :-:_Y.)2f 1dY .. ' (6), • 
r .. , ' , . , , , Y ·. . . , ·' .. · . , . . 

.••. ·· 1n this ~ase, for s~fliciently'.•thin be~. with a -~'ui~ll, 'relatively' to G' 
,: angular disp~:rse inY :~~ordiilate,: the expressions (5)' and .(6), follo~ to 

. functional dependences . . ~ .·. . . . . ' . 
·. t ..... _, -; . , 

- · C · . -·· , -: : ', ·· -· :•: C · 
· Js(Js)1e=i = ~; . I.(Js)i.e.=ah ~_'.__.·· ·J2; ·. . -(7) '" 
' ·. y 1 + J; · ·- ·. . .. _ 1 + s . , ·1 

~ " ~ ,, ·_· ... ' ·, __ ,· ··. ~.--/··-,.-": . ,· ,,·, ' 

whi.::h are different on1(0)1e==l,3/2· For some,'intermediate values ~fpa~ · 
•. rameters R, A a~d B, the results of calculations by using-(3) and (4),

are presented in fig.2. The presented results have shown that influence of 
the ril2hon~like geometry of experimeiit'depends on the functional 'view 

. . '. ·. ·' .. . ·.. .· ' '. . . ' . . . \' ; ... 

of:[(0): When the parameter f inJ(0)1egr?ws_, ,this influencedecreases• 
and disappears completely in the _limit ofl(0)11• :·.·_" -· , .· - · 

, :Usually the geometry of the ~xperim,ent installation (here values of 
a, b; av and ·zs))s fixed.· So,for constant· functional dependen~e 1(0),-
th~valiie G and consequentiyt~e values ofparamet~rsA,: ~~ and Rare 
changed :when the' energy of incidencing particles changes. As a result the .· 

' values of. systematic•errors of me~urement~. of particle 'angular distribu:' 
. tioi1, connected ,vith the. ribbon~like geometry ·of the ~~p~riment, will also: 
'depend on ene'rgy: Therefore, ·in dependence on measuring parameter of: 
distri,butibn 1(0) it is' necessc1:ry to. find the 'corresponding algor~!hm ·of . 

· ·· ' :' ·tlie expcrimenta(d~ta analysis by-numerical simulation and successive 
'approach of cal~ulated distribHtion 'Is(0s) to t_he m~asured one: In.,ac-: . 
cordance.,~i th theresults presented in fig. 2c;d for t_he fixed· geometry-of 
the expe~i~e~t arid equal .values _of 01/2, a shape of the immerical angular 
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distribution is. sufficiently.sensitive to the ch;u;~e .of 1(0); As an. exam- ·. 
ple,ofa c~osei1algorithm, ~g:3 ;,hows a numbe,r of curves.to determine 
,a half-width at.a half~maximum (HWHM) of.1(0)1e ,withe= Land 3/2 
by m~ans of experimentaldepend~nces 1,(0.) in geometry ofref.[18] {a=_ 
5 M!-f, b= 2 MM, Zs = 104 MM,'C\'. ~ 2, µ ~: 3+ 6, a/:= 2 ~10.~2 J,™). In 
this.case the value of K = 0s112/0112 (0s112 and '01/2 are:H:WHM of.the 
measuredandi-eal distributions, ·respectively) ~haracterizes the value of , r - , •. - , , . ,: . , . ', , .• 

\ 

•; 

'·1,, 

I : , .• ! 

Is(Js), 
.-,1.0, - :ca) ' 

ls(Js)· 
,_ . ·.,, (b) ''· 1.0 

' .. ,j:' 

: Fig.2~- Nu~erical ~~gulai 'di~tribut~ns I,(J,) fo~ dep~n-d~nces 
l(0)1e withJ= 1 (a;c) ~dJ7 3/2 (b,d)'and :various parameter~ of 

:R,,A.andB,.·· .. · ....... r .· ... · , . . . • 

- .~· - ll,pproximation of I,(0.) by the dependence of (1 + (0,/G,)2J-~., , 
(a,b) a R,:,; 0:12; o == 2; 1 .:.. A:= 0.15, B =:= 0.1; . , .. · , . , 
2 ➔A~5, B::a:0.1; 3 :..+A=0.15, B=:=2; 4 ➔ A=5, B~2; .' 

: 5 .:.:_. A .= 5, •.B = 20. . . : . . . . . . . . . ' . , . · . . 

: ,. •(c,d)- equal half-widths at h~lf-in~imum of distributionsf(0)1e 
' · ( 01j2Je=1 = f1121e::312, 01121e~1 :=: a,e,;,1, 01121e=312 = o. 766 · G1e,;312) , 
· and ·.' ,. •, ' ·, : ; · · .. · ' · · «· · ' 

R.= D.4, 'A= 16.7,. aB = 13.4, v ~ 0.8 {c); 
'R = 0.31, A;,; 12:8, aB = i'o.3,' v:=, 1 (d). 
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the systematic ·error influence of _the geometry ofcthe: experiment on,its· 
result. , According to the results of numerical simulation,. for fractional 
values of the beaill discrepancy, 'the values of K are· determined taking 
into acc·ourifa linear d·~peridence between the neare~t integersµ [19]; It is 

· \ necessary to mention. the neglected influence of the beam discrepancy in · 
. Xcoordinateon the ls(0s) distribution and Kiri a wide range of change 

.. of a = 1 + 3 · for different fixed values' of the other parameters of the 
: experiment"geometry. Fig.3 shows:that in'the arect of large ineasured · 
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Fig'.3. The dependence of/{ versus Oa112(r~d]. a,_t. geometryiof 
experiments in :ef.[1,8] for a°==. 2 and different ;alues ofµ ·and e . . 

angl~s a ~onnection bl!tween 'the values ,of, 0s1;; and. 01;2 is•d~~ed in:' 
principle by.parameter f and in .the.end, taking into account'the fixed · 
geometry of the experiment,;bythe shapeofdistribution1s(0s)-· Depell- '. 

. dence_ on µ is displayed ~oticeably only in the area of sufficiently. small' 
1 

. ' meq,5ured 0 .. 1;2- ' A syiionymous: definition ofc I( 0)-ov,er experim~ntally 
• . measured dependence of Is(0s)·byiusing.,the.expressi~ii-:{1}, is shown in , 

. r~f.[21) .. Whenls(Bs) is well. approximated by: G~ussian distribution, the . 
' \_ • ...:... ( _·· c_ . . < • • • ' ... ' 
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· following sim,ple expression can be'used t~ define 01i2:<!,ccording t_o (2) 

0~12 '=- ✓(~8ij2)_2 ~ 2111.,2· (f: u~/Zs)2r . , (8) 

· where the values 9f µ and 081; 2 . are;_ found from detected di~tributions 
18(0s) of the incident and secondary particles wi~hout,and afterthe_ target,: 

· respectiyely. A comparative analysis has shown, that .when parameter € 
'in di~tribution1(0)1{ increases,' the·differen~e of values 01;2, obtained by 
using the expressi~n (8) a.nd ,the. algorithm analogous.to the one presented 

- in fig.3; is decreased. It should be mentioned that the algorithm.analogous .. 
to the. presented one, can be used only in. tha:t energy range of the incident . 

· padicles ~here pa~ameter (or the generalshape of distribution1(0) can: 
he assuniedunchangeable. . ("' . : ' . ". . • ' ... · ·!' . :.. . . · · 

'" I , '; / f',, '." •''.i ! 

·'2.-THE RESULTS._OF EXPERIMENTS AND-THEIR 
''.. . . ,·, ', '. ' I ' 

• .. ·•ANALYSIS~ . 

: . . . : ·:'. ;.:- ,:. ' . ;' : . ;. ,·' : ·';, ' '· _;,. ' . . . 
The experimental study.of angulardistributions ofH0 atoms, crea_. 

.ated in the resultof H-,ion detachment 0~ thin gcis'targets in'. tlie ~n~rgy 
rang

1

e o{EH- ,=.10+ 300:k~V ~ith inter~al of io k<N,jsgiven in ref.(18} 
and realized on. the·: s,etup),hoi;n in·fig.L The·needed ribbon-like beam .. 

. : :was formed by· a number. of diaphragms after the ion source; electrostatic . 
I . . •. accelerato~ and '~agnet-s~paratoi:: of. particles. .The . ta~get w~ formed 

',. _!,,. j :: ' ·, ·;•' ,' ,' . • . ' ' '1 · •' F I ' • ',•'1 

by means ofa gas chamber with. the length· ?f ~ 30 cm and feeder for 
gas injection, .slits for rioninterceptive beam pi.ssage anddiffe~ential vac~' 
uum· pumping'on both sicles> A: high tim~stabi:lity ofthe initiaf angular 

' distribution and curr~nt _of the formecl'ion b1e~ni, large d;ift distance of . . .. ·· ' . .., . . .. ' .. \ . . . .. . ' . 
: particles after the target (Z_. ==:=, 10,~cm) arid good va,cuum,- ,{a: fo_w 'lmits 

per 10-8torr)there allowed one to1 use a gas farget with.a 1sufficiently: 
. small and time-stable thickness and ~lso to. pro~ide :a• g~od angular :res

oluti?n <~ 10-6~ad) of the det~ctor .• By means' of ,th~'n~agnetic field'the\, 
•particle fluxe~ arechargc s~p~rated'jn spac~ at th'c, en_d ofthc:ddftdis~•- .· 
t~ce: Passi_ng through the slit D (10-2 x .10 mm): the ,d1osc:n' particles : ·, 
were detected by~ seconddry-eledron-multiplier (SEM). Aincas11rcmcnt 
bf ,I.( 0 s)-distrib'utions was realized by moving tlie. detccto'r. iri Y ".d.ire~Hon , . 

:.. with the optimal velo~ity and by time-r~gistration of an i~1terisive cur'.- .. 
•. rent,sig~~lfrom the,SEM.·.The initial position of the detect~~ slit was· 

established byrritating the dete~tor and :choosing such :.a posi timi ,vhcn 
~WHM of t_h_~·dist~ib:ution;w,as_mini~al. •. ' ,' ; . ··_. · .. ·. ; •... · .•... ·. ·,:. 

• . Typical shapes of. the obtained_ distributions ofH0 atoms and also.: 
l, •, , •, , ,1 ; I ; ' • . · . I .. ··, ,,. ' , '" • , . ·, -·. ' · · ' 

H'--'io1;1s w_ithout a?d ~tcrjhe :t~rget" are,_pres~nted i~l?g.4.\ For H:;-, J 

• i ' ' I ' • 
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ions without the target and for H 0 atoms they are well approximated by. 
' distri,hutions ~f exp[,-- ln'.2(0;/0~1; 2)2] and [1 +(0s/0s1; 2)2J-1

, respectively. 
· Taking·· into account . the· parariiefers of, the geometry. of this experiment 
at. the 1:n~asured angles of H 0 atoms and results p~esented in the previous 
sectio~, the obtainedfunbtional disfrib~tiohs of'Is(0s) ar~ complementary 

. ' ·~ . "'!· ' _· . . ' ... . ' . ·~~ , 

. ) .. 

-10 _;_3 ...:,6 ...:4 ~2 6 2: 4 . '6 ., 8. 
1. \. , 

. •Fig>!. TheJ,(0,)-distributioris {normaliz~d on· the.a.mpiitude) . 
of flux of H° atoms {l) and H-: ion's without ·(2) andafter (3). 

" the target. Curves 4 and 5 show approid~ation of distributions' by 
deperidences ~f ~xp[:7ln2{0,/0,{12 )

2
] and [l +(0,/0,112)2J-1, ~espec~ 

tively. ' : ' : ' · < < ' , · : , ,: . · 1 • :, 

) •• ,· "'· '··•, :·- <. • •• • '., ·-• •• ,, :-,\_ '<•· ., .... ·i· ,\• . . J·;-._ ', ._ ., •. ~·~ .. \,,'" _:. 
-~.-with.the distribution ofI(0) =<C[1+{0/G)2J-312.('?.= '00/1.532, Cis, 

,· .. a<110~mi.tli~ed fact6r) in eleinent~ry acts o(H0 ~tom producticm; .Thi~ . . ·. . . . . I . , " . ·. . .... ·,, .. ·. . ,. 
distri~ution of I( 0) is. C;Onfirmed' hi the·. re~ults .of ref.[24] ~Ii H-:-. i~n :1e-. 
tachment . at low, energy of EH::. = '500 -;- 2000 e V where the' influe·:uce 
~f th~ geometry ofthe•experiment is negligibly snia11,rand ~lso approxi

.:mates well'th~ theoretical angular dist~ibuticins 'of•ll;, atoms obtained in 

/ 

re.fs. [25-27] (see fig.5) '. In accordance ;with this·, to cl~te~mine 'the 'maxi-, 
'. murri accuracy of.the coincidence ofangular.distributions'ofH:-:: ions and 
'H0 atoms versus. the en~rgy, 'th~initial expe~imerital data .~r~ analyzed 

by mea~~of the _cu.rves p~es~rited Ill :fig.3 'for (i 3/2'. The ~~pen~e~i£ .·· 
ofGo(Bu:...) obtamed this way for .thm He, Ar, H2, N2, CO2, Kr and; \ . ' . . ., . . . . ,, . . ·. . . . . . 
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· Xe targets, is shown in fig.6 by points 1 and in the range ofthe.mea::. 
surement error ±10% is independent of the used target .. Th~ theoretical 
and experimental results.ofrefsj25-27] arid (27,28], respectively, &e also 
'preseiited. For the same functional dependence of Go ex 1/ VEH:...{the ;~-
- • C - • • • : • • - ' I . • . . . , 

sults ofref. [28] are essentially higher ~esause the systematic errors of the 
experiment· geometry with circular beatns ·and. real angular distributions · 

· of H- ion and H 0 atom fluxes, have not been taken into account .. That -. ·.,. '' - ' ., - . 
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Fig.5. The theoretical angular distributions of f ( 0). = · 21rOI( O)' 
·and I(O)[a.u.jofH• atomdn,~etachme~t of:H:- ions on Jarious 
·targets·. i >' . ·· .. ·· .·•··. ,• . • ' . ·•.· : • \ 
(a)~H:-:-(300keV)+He[25]; (b) -H:-(2.MeV)+H/[25], :'.,.' 

.. (i:)- H-:(5 MeV) +. C [26], ., (d) ~: H-:(0;71 MeV)+H [27]. 
and their approximation'(- - -) by using . . 
I(O)= C[l + (O/G)2]"".3l2•• . .·.• • , 
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"<'9,·. 

/ 

j 

'' 

;~· 



( 

·1 

. ,is also·related to the experimental value ofia0 obtained.in ref.[27) for·the 
' , , . 'I , ' ' ', . -

1 potassium ,target and' the ribbon-like geometry of the experiment .at_ the 
: , ion energy of EH-= 5.14 MeV. This difference ofthe results emphasizes 
. the importance of choosing th~ proper methocl to analyze the experi

. mental data in ~imilar ·experi~ents. To· demonstrate -this,, fig:6 · shmys 
. :- dependence 2 (Go~ E9~43

); which is obtained in ref.(18)·in the analysis 
, - ' ·~ : '' . ' , ' ' 
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Fig. 6. _· The maximu'm acc~racy of 'the coin'cidence of the H~. atom 
1 \and' H.., :fori' distributions at angle. (rad] in' the~beam for: diffe;ent 

' particle targ~ts versus ion energy (eV]. · · ,: · _ . 
· 1.' - the experiment~! results. of. this work for, gas targets ,' of· : 
. :H~, Ar,'H2, N2, 'CQ2, Kr; Xe and their appro~ima.tion by de-.' 
1 'pe~denc~ of G0 (EH-) = 3( 1Q~2 

/ y'EH_(eV]. 2 ~ app~oximation of 
. the experimental results of ref.(18] for the same targets and ion en-

. ' · . 043 · " .. . . . . . . . .. ; . 
ergies ( G0 rx EH.:, ): ;3 - the results of measurements of ref.(28] for .: 

.H2, He,\Ar and'Li targets. A -the experimental result of ref.(27] -.· 
, for the potas~ium target.A, 5, 6 - the teoreticalresults' ofrefs.(26], .· 

(27] (for unpolarized targets) and (25], respectively (independent of 
" the type of gase,oudargets).'. ' . ' ' ' ' 

of th~· same experimental data as fo;_:. depe~dence l by means of th~ sim-, 
plest. formula• (8),- which do~s 'not. take. into accc:m~t ,the.'ribbon-like .ge~

, ometry of the experiment and the angular 'distribution of particles. It is 
i'iecessary to~triss _that_ within'.the rang~ of.the' m'easur~mexit-errors, the 

- ' • ·. '. \ ! ' . - •,' ~, 

'.\' 

. 111 
: ·. t ~· . 
. 'I· 

·• ) 

; 

, I 

~btained 'r~;ultsof G0 (EH-) ·are practically independent of thickness of 
the _used gas targets up to the value corresponding to. the maximimi of . 

,H-: -'--+ Ii.0 detachment. Herewith only ~hape of th~ distributions changes 
I , . - - ., ' . ' ' .I . : " ·, ' - \ '. - , 

· somewhat at 0 > 0112 (values of 1(0) grow when the target' thicknessis 
- incre·ased). ,.- . .. . . : . , - .. 

'' ~ 

I ,·, ', 

. ,y 

'' ,· 

4· 5· 
)· _,.... 

• - • ;·,· \' / ' ,~. 4 \ 

Fig. 7: · The angular distribu.tions (normalizedon 'the amplitude) 
of electrons and J[• a.toms in elementary acts of H- io11 detachment •,· 
~t theen'ergy of 500 ke \". and Ar target.' . , , .· · _ . . . . _ 
o ~ the results of measurements for cl~ctroris presented in ref.(29]. 
,:,__._-: distributi.~n 1(0)1e"=~12 for /J 0 atoms,b~oadened by'.M;'/i;~ times 
corresponding t?;the given. experimental results:'.: .. _ ' 

' ' . ·.-~ '' . ~ \ ! . ~ ._, . \ _;'' •, . . ~ ' ·' ' ' . . (. ., ' 

A good agreement of th.e obtained experimental-results wfrh theory 
(see 1 and 4 in fig.6) allows. one\o 'use ,the-·depend_ence ofG

0
(EH_) == 

, 3 • ~o-2
/ JEH-[el').to estimate thy accuracy of deterr~ination o( th~H-. 

'iori' angular distribution;in the beam by means.of H 0 atoms at the higher . 
energy ar~~ ~fEu- > 300 keV. Taking into a~~ou~t the co;relation be~\ 

'• • ··; > < ' ~ . . . . ' . I'· . ' ... ' 

. tween the half-maximum widths of H 0 atom distributions at the energy 

\ f 
and ~gle ~E;/ Eo = (2 + 2·.s) · (]~, where the. sr:nc1.lle~ value rif the pm~ 
portiotiality, coefficient corresponds to kinematics of the two-particle de- . 
': ·:•" : ' ·,· •. ,.: ' ,: •. ' . .. '·,,. . : •. · :: ' " ' ·,- .,, .:. •! · .• _' ~·-

\ 'r -.~\ 
'; ·,,,._ 
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struction of a particle ~nd the bigger one is' esti~ated froci theoretical · 
. distributions of ref.[26], the obta~ned depe'nd~nce of f10 (E~-) c~ be us~d', 
· for accuracy estimation of the· coincidence of 'the i><1:rtide distribution on . : 

theenergy. ,Curves 2 and 3 in fig'.4 show a negligibly small influence of.a ,, 
thin probing particle target on the flux of undetached.ions., 

1 A c:omparison of the 'II~ atom and electron distributions allow~ one 
' , ' .· . ', I , ' . ·• ,•' . 

. to represent a character, of. interaction in detachment of such a. weak- · 
connectedsysteni as, H, ion. Fig.7 show~ the 'electron'production prob~ , 
abilitynorma:lized at maximum values and various angles 0 in the labo
ratory fra~e, which \Vas'Ineasured. irirnf.[29] at ion'.. energy of En- ,:;, so'o 

. ke V and, A~ t~geti The H 0 atom distributioii 1(0)1~=3/ 2 ,vith the half- . 
: maximum width; determined hy approximation of the results 11n fig.6 

broadened by M;/me ti~es.that is .~lso shown in fig.7; /The maximum 
':angle of the presented distdbutions'corresponds 'to the boundary of the ' 
1{0 

/ at6rn detection in the ~xperiment. A small (in the limits of mea- 1 
· 

surementenors) difference of the dist;ibuti~ns.·at:the arigles ofO ~ 011~/· 
.jndicates·a dominating two-stage mech~isin of H;,. ion detachment at1 ' .. 

! this energy ~nd large i~pact param~ters of.ion interaction.with a target'.· 
· , particle whose· infl~ence dispiays 'only at, the initjal stage of the ion de- i 

, (-,' , ,'.. , ' ,,·, , , ( 1 , I . • ,' ,, '>•' ,, ! ,\ ,: ; , ',/ 

tachment. As a n~sult of.this interaction stage, the ion transforms into.the· 
excited qciasipartide with its· following two-particle destm~tion into• hy
d~oge~ at~m a~d ,el~ctron. At. smaller .impact' parameters. corresimnding . 
to the larg~r angles' a~d smaller differential cross sections, this mechanism 
of interaction is disturbed. and a contrib~tion of separate influence ~f the 
third body (target narticle) on ion components,(H0 atom and electron) 

, , is increa:sed.' Herewith: the .internal degre·es of freedoni ofatom (its excit~/ 
'•' d ,, , ,,· · ',' '' .. ·• . · · ' ' ' :t· · ·· · ·· ·.• · , 

tion,i~ occu~s) or ;ff:: ~on can be_ affected with, the following destruction. 
,lof the last, one through autoresonance· states [30] .: -Other mech~isms of 

· · 'd~tachm~nt • ( quasi~olecula:r and· resonant), which are. noted, ',for 'exam
pl9, in ~ef. [31] ,· display only at' sufficiently small ;elocities of'nega~ive ions 
V;·~ 108 cm/s, which correspond _to theH-. ion energy of EiI~ ~ 5 keV. 
:_I ,. '",, ., .• I 
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