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Inelastic Scattering of Ne by H2 and D2

Bruce H. Mahan and John S. Winn_

Inorganic MaterialsrResearch Division‘of the
Lawrence Berkeley Laboratory and Department of

Chemistry, UniverSity of California Berkeley.

' ABSTRACT |

' The reaction Ne'(Hz,H )NeH is notable as a simple
exoergic ion-molecule reaction which has a very smallv
rate constant, less tnan 8 x lo—lzﬂcc/sec. We have_studied‘
the velocityvvector distributions ovae+uscattered non-
| reactiyely-from Ho and Dg_at‘a number of energies. There
vis no evidence for the occurrence of reactive or charge
transfer collisions. The small angle (<90°) scattering
.‘is elastic, but there is largevangle inelastic scattering
of three types: wvibrational and rotational excitation of
hydrogen- collisional dissociation.to Ne + H + H and
‘electronic ex01tation of hydrogen to B]§: and perhaps
other states. The results are consistent w1th COHConlODS

drawn from a molecular orbital correlation diagram for the

(Ne Hg) system
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The phenomena'which oécur in,partially ionized mixtures
 bf'the various noble gases with hydfogen-have played a central
role in the development of ion-molecule reaction kinetics?
The reactions

Art 4+ Ho

-~ ArHT + H -

> ArH' + H

Ar +.'H2+

and thelr 1sotop1c variants have been studled exten31vely
by a number of workers2 s who have employed a variety of
techniques. Both reactions are known to be rapid and exoergie,
-with thermal rate»conétants close to the'Gioumousis—Stevenson
value. The réactibn | |

o Ne + H; —> NeH" + ® AHo = 0.51eV (1)
is endoergic, but possesses an appreciabie reaction cross |
section once. the necessary energy is supplied either as v1bra—
tlon of Hz or relative translatlon In_contrast, the reaction

Net + Hs

> NeH + H AHo = -5.5eV o (2)
is exoergic as writtén, but has never been shown to occur.
An upper limit for the room temperature rate constant has

been set® at 8 x 10 1¢

ce/sec, two orders of magnitude
smaller than the Gioumousis-Stevenson value expected for
such a simple exoergic reaction.

A Similar situation prevails in the (He-Hz)t system.

The endocrgic reaction

He + Ha > HeH" + H AHo = 0.79eV (3)




'occurs'withfan appreciable Cross section'onceithe necessary_n
energy 1s supplled elther as v1bratlon or translatlon - On
‘the- other hand the exoerglc reactlon |

He+

+ Hz —> HeH + H - AHo = -B8.2eV - (4)
has never been observed w1th certalnty | ' |

Fallure to observe reactions (2) and (4) has at varlous

tlmes been attrlbuted7 & to the fact that in each case thelr_'[

exoer01c1ty greatly exceeds the bond energy of the. product
molecule, which might make 1t dlfflCult to form product
_molecular ions wh;ch are stable w1th respect to dlss001ation,
Thls argument leads to the expectation_thatddissociative

charge transfer
+

Net + Bz > Ne +'H+b+ H  AHo = -3.46V (5)
should be thehdominant collisional process; since any.:
.incipient; energized NeH+hin'its electronic ground state
“should dissoclate to Ne and H'. While some dissociative
ICharge“tranSferbhas evidently been observed in the Ne'-HD
system®, the estimated cross section of 2.3 + 1A% is far
._smaller'than the Gioumousis*Stevenson value. Thus one is
lleft with the conclu31on that most Ne't ~Hz collisions are
. non- reactlvc The same conc1u51on applies to the He'-Hg
system9 where the thermal dlssoc1at1ve charge transfer
cross sectlon is even smaller . 0.6A% or 1ess

An explanatlon based on molecular orbltal corrolatlon

"”dlabrams for the lack of reactlv1ty of He with Ho has been

'l'glven by Mahan.a,' Flgure l shows a slmllar.qualitative



correlatlon dJaﬂ ram Wthh applles.to the llnear Nc —Hg.
syutem. Because ‘the lowest three orbltals of: the reactants'J
“and products are well separated in energy,va fac1le and
unlque correlatlon ‘may be made between them, and the fate of
a partlcular reactant electron conflguratlon can be predlcted
Wlth some confldcncc The. 2po orbital of Ne comblned 1n—"
phase wjth thc'log orbital of H~ forms the lowesi bondlnq 3
oribtal of the system, and correlates w1th the 1n phase
comblnatlon of H(ls) and the 30 bondlnrr orbltal of Nent
_The out-of- phase comblnatlon of these reactant orbltals
ylelds an orbital of 1n1t1ally 1ncreas1ng energy correlatlnd
dlabatlcally with the excited 4o* orbltal of NeH Wthh hasr
antlbondlng character. The in- phase comblnatlon of the lou*.
ant:Lbondlnfr orbltal of Ho w1th Ne 2po produces a three center
| orbltal of 1n1t1ally decreas1nc energy whlch correlates
dlabatlcally with H(ls) and 1ts out of - phase comblnatlon
with the ¢ bondlng orbltal of NeH' Conflguratlon 1nteraction:.
removes the crosslng of these two upper orbltals andvyields
tthe qualltatlve adiabatic curves of Flgure 1. |
| ~Reactants initially in the'Ne H2 conflauratlon
correlate adlabatlcally with NeH++vand H Even if NeH
were to be stable agalnst dlssoc1atlon’these products_would
liebat a- T very: hlgh energy, and would not be observed.
- Another poss3ble product conflﬁuratlon which canlbe reached
dlabatlccilly is H(lg) and NeH" (50) /lo’)l .Thesta,_t,e's of
NcH4 arising fzonlthlsconflﬂuratlon arc very probably dnbound

or weakJJ ‘boung?*?

- with the high cnergy conflguratlon Na’ ( )"(3°)l In the

scparated atom limit, thcse states corrclate to No (2p) and H(ls).

A
3

, since in thc unltcd atom 1imid, they corrclnte_'




- Thus the'process | v
Nef_} Hz —> Ne” + H + H 'fAHe = 4.5eV -~ (8)
should be of some 1mportance at relatlve energles suff1c1ent
to effect the dissociation of hydrogen.

Another product configuration accessible diabatically
- from the Ne+~H2'reactants is Ne+(2p) and Ha(lo )t (lo )i,

The states of hydrogen derlved from this conflguratlon are
the lowest triplet state'b3§: which is<repulsive and
dlssoc1ates to two ground state hydrogen atoms 2, and the

12: state, which separates to H(ls) and H(2s). Excitations
of theIB 2;1 state 1nvolV1ng approximately 11 2eV or greater
':1nelast1c1ty may therefore be expected at higher relatlve
colllslon energles Exc1tatlons to the b'az:+ state may
also be pos31ble for 1n1t1al relative energles above 4 5eV
but may -be dlfflcultrto 1dent1fy due to the wide range of
excitationvenergieShpossible for non-vertical trensitions
toﬁthlS'repulsive state.

The.correlation diagram makes it clear thet the'Ne+-H2
conflguratlon does not correlate adlabatlcally or dlabatlcally
Iw1th the ground state of NeH', and thus the fallure to .observe
these reactlon products is understandable Furthermore, the
~ same agrument (baslcally, the energy 1solatlon of the Ne 2p
orbltal) suggests that'the charge transfer channels should

‘"not'bc Aimportant, andvthe'small (and relatlvcly uncertaln)

- cross sectnon found for dlssoc1at1ve charge transfer is

vconslstent w1th this expectation. The principal results

. of low energy'(<4.5eV) collisions in theANe+-H2 system
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shouldyiherefore be elastic and vibrationally ineléstic.
scatterimg; At higher energiecs we expect dissociative
excitatidn, and excitation to the B leL state of-H2,
The purpdse of the work reported here was to test these
predictions experimentally. |

- EXPERIMENTAL

The instrument used in this work consiéts.of a
magnetic mass spectrometer for preparétidn of a collimated
beam of primary ions of known mass and energy, a scatterlng
cell to contain the target gas, an ion detectlon traln made
up of an electrostatic energy analyzer, a quadruple mass’
spectrométer, and an ion counter. The deﬁector_componenté
and thé-exit-operture of the scattering cell are mounted
on é rotatable 1id which'permits'simultanéous angular and
energy measurements of the ion products. The major com-
ponents'of the apparatus have been'describedvpreviouslyls.
In all'important respects, the constitutibn and operation

of the'apparatus-and the data acquisition and reduction

techniques were the same as we have used in earlier work.
TheAprimary ions weré.extracted from a microwave discharge
through neon gas which contained small amounts of helium. The
excited configurations of Ne™ lie 36eV above the ground state‘
’so no such species w111 be found in the momentum analyzcd ion
beam, due to the low electron tempcrature ‘of" the mmcrowavL 

discharge. The two states 2P , Zp of the lowest

3/2 1/2



 Thus the'processy. , , ,
" Net + He —> Net + H+ H  AHo = 4.5eV (6)

Should'be of some importance at relative energies sufficient

.to effect the dissociation of hydrogen.'

Another'product configuration accessible diabatically
~from the.Ne+?Hz”reactants is Ne+(2p)5 andAHg(lo )1(10 )l.
The states of hydrogen derived from this conflguration are
the . lowest triplet state'bsz: which 1s:repuls1ve and
diss001ates to two ground state hydrogen atoms ; and the
12: ‘state, which separates to H(ls) .and H(2S) Excitations
of theB lestate involv1ng approximately 11. 2eV or greater
_1nelasticity.may therefore be expected at higher relative
collision energies. Excitations to the b L1 state may
vaiso.be'possiblebfor initial relativenenergies above 4;5eV,4
v.but may be difficdltfto identify due to the wide range of
exc1tation energies possible for non—vertical tran31tions
to this repu1s1ve state. _ |
| The correlation diagram makes it clear thatithe Ne+-H2F
configuration does not correlate adiabatioally orhdiabatically‘
_'with3the ground state of Ner,’and thus the failure to observe
these reaction prodncts is understandahle;- Furthermore, the
t same agrument'(basically; the energy isolation of the Ne+,ép
forbitai) suggésts that the.charge transfer ehannelssshould
" not be important, and the small (and relativeiy uncertain)
: vcross.section,fognd'for dissociative charge transfer is
iconsistentvwithvthiS'eXpeotation The prinCipal results

of low energy (<4.5eV) colli51ons in the net -Ho system
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shouldtthcrefore be elastic and vibrationally ineiastic.
scattcring. At higher energics we ekpect dissociative
excitation, and excitation to the B leF state of Ha.
The purpose of the work repo1ted here was to test these‘
predictions experlmentally |

EXPERIMENTAL

The instrument used in this work consists of a

magnetlc mass spectrometer for preparatlon of a colllmated

beam of primary ions of known mass and energy, a scatterlng

cell to contain the target gas, an ion ‘detection traln made
up of an,electrostatlc energy analyzer a quadrup]e mass_
speCtrometer' and an ion counter. The detector components
and the exit operture of the scattering cell are mounted

on a rotatable 1lid whlch-permlts's1mu1taneous angular and
energy measurements ofvthe ion products. The major com=
ponents”of the apparatus have been described,preViouslyl3.
In all'important respects, the constitution and operation
of the apparatus and the data acquisition and reductlon

technlquos were the same as we have used 1n earlier work

The prlmazy ions were extractcd from a mlcrowave dlscharwe
through neon gas which contained small amounts of helium. The
excited configurations of Ne™ lie 36eV above the ground state,
so no. such species will be found in the momentum analyzod ion
beam, due to the low electron temperature of the microwave

, °P of the lowest

% 2 Ve

discharge. The two states 2P



confjgaration’of Net differ in energy by only O O97eV
and. are probably both populated

RESULTS AND DISCUSSION

Figures 2-4 showvcontour maps of the scattering of
. > 7

Net from Hz at three different inifial_relative energies;
At the lowest relative energy, 4.75¢V, (Figure 2) the Ne'
intensity maximizes at or ﬁearlthe'Q = O circle at all
angles,'soithe scattering appears to beyelastie, with
'perhaps some slight inelasticity appearing af angles near
180°. Moreover, the ahgular variation of intensity is of
the general type that we have found for several non-reactive
systems at moderate energiesl4:151 'There'are no intensity
variations with angle whieh would.sugdest‘the abrupt ohset
of dlssoc1at1ve charge transfer or reactlon at the smaller.
impact parameters. The general appearance of the 1ow |
" energy non-reactive scatterlng is therefore consistent
SWith the small cross sections that have beeh'estimated:for
these reactlve and charge transfer processes

In Flvure 3, the scatterlng appears to be perfectly ‘
belaStlc at angles smaller than 90°. Near 180° however,
jthe locus of max1mum 1nten51ty clearly lles 1n81de the Q
olrcle Thus head-on collisions do lead to noticeable
y‘inelastiCity'atlthis higher energy. This large angle inelastic
‘scafferihg becomes particularly obvious in the'map of Figure 4,
where the 1n3tla] relatlve energy is rather hlgh 18. leV Even‘
Cat Lhns hlgh rolatzve energx the °mall anglr scatterlngols quite

'clastlc.
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Thc contour maps of thc scattercd Jntcn ity gch a
&cncral chturc of the nature of the COlllolOD procc S.
However 1n constructlng this type of map, some of the
rdetails of the 1ntens1ty Varlatlons are-suppressed by
smoothingzand interpolation processes " In order ‘to
reveal more of the detalled nature of the 1ne1ast1c"

: scatterlnOr 1ntens1ty proflles of Ne™ scattered at 180°

were obtalncd as: functions of Q, the difference between -
f1na1 and 1n1t1a1 relative energies. These 1ntensity
profiles in bcneral resemble distorted and substructured-
gau331ans, but because of the finite angular and_energy'
Aresolution_of the apparatus and the isotropic motion of

the target'gas molecules, the inelastic_structurc is rarely'
clearly resolved. Consequently,_we have attempted to
obtain ahbetter approXimation'to ‘the true scattering function
from the experlmental data by deconvolutlon procedures Wthh
make use of our hnowledve of "the ion beam proflles and
-detector bandpass functlon N

Some prelmmrnary.reflnement of certain of the data
was Obtained.with an iterative deconvolution technique®®
At its best thlS method revealed the most promlnent |
utructurc of" the 1nclast1c scattering functlon but its
lrLllablllty dcpended sens1t1ve1y on the quallty and spac1n
of the experrmenta] data points. N01°y or 11m1ted data
of'ten plodu<cd spurious structure in the unfolded scattcrnnﬁ

function. In <ont1aut, the 1ntcﬂratlon flttlng method!” of




deconvolutlon proved more generally appllcable and rellable

and therefore was used to obtain approx1mat10ns to the true
.;scatterlng functlons for all the experlments reported in |

| this paper In the 1ntegratlon flttlng method a functlonallty
'for the true dlfferentlal scatterlng cross section is assumed |
and then. .convoluted w1th the primary ion beam profile ‘and
detector band pass functlon to obtaln a calculated laboratory
1ntens1ty proflle The calculated laboratory 1nten51t1es

are then compared with experlmental data, the parameters

of the scatterlng function adJusted accordlngly, and the.
convolutlon repeated until a satlsfactory it to the experl-
mental data is obtained. The 1terat1ve unfoldlng and 1ntegra-
'tlon flttlng methods of deconvolution have been dlscussed and

V compared by Gillen and Mahan® &, who also Gave examples of the
appllcatlon of the- 1ntegratlon flttlng method to elastlc and
'rlnelastlc large angle scatterlng |

In the present work, the scatterlng functlon for a

_.barycentrlc angle of 180 was assumed to be of the form

Q) = 3y ex [—(Q - 0)?/20F |
i=1 o S S

where n, the number of peaks, ranges from one to four and
hi; Qi, and Gl are the helght locatlon and w1dth of the'
i'th'peak4> The number of peaks and “the three parameters of
each were taken as totally dlsposable, but in choosrng 1n1t1al
:values of thc number of beaks and their location, we were
guided by'the known electronic energy levels of hydrogen. '

Figure 5 shows a comparison ofpthe‘fit to the experimental
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data ofrtWorscattcring functions which_dlffer prjncjbally
by thclinclusion in one of them of an lnelastic.fcaturc'
located at Q = -4.6eV. It is clear that the fit of the
calculated intensity to the experiment isrconsiderably
improVed.when the inelastic feature is‘added torthe'
scatterine function..'MoreoVer it must'be emphasized
that the 1mprovement dlsplayed in Flgure 5 is the lgast
dramatlc of all our results, since. the amplltude of the
inelastic feature is the second smallest of any we found
necessary to add to the scatterlng funct;on; vTable 1,
which gives the parameters of the best scattering functions
found by deconvolution, shows that in the higher energy-
experimentsrthe amplitudes of the various'inelaStlc features
were more nearly comparable, and thus thelr presence and
vplacement in the experlmental data was more obvxous

It w1ll be noted in Figure 5 that the flt of the
calculated intensity to the experlmental data'ls poor at
the extreme w1ncr of the 1ntens1ty proflle in the reglon of
pos1t1ve ‘Q. The principal reason for any 1nten31ty in this
regionvis the failure of'the electrostatic deflection enerﬁy
_analyzcr to reject the unscattered prlmary beam pcrfcctly,
because of the scatterlnv of a small fractlon of thc strong
prlmary beam from the electrode surfaces in the analyzer
'The hlvh backvround at 0° 1aboratory anglc in non- reactlve
scatterlnn experiments has been a characterlstlc fea ture.
. of thlu apparatus and of another in our laboratory In

the latter case, the background has becn substantially




r”,wreduced by cuttlng adhole 1n the electrlc deflectlon energy
?dfanalyzer Wthh allows the largely undeflected prlmary beam'p"

to pass out of the analyzer w1thout strlklng an electrodev;

surface p ThlS alteratlon 1s not pos31ble in the present -

apparatus,:and thus the extended wing of the 1ntens1ty

. profile cons;sts pr;nclpally of,1n31gn1flcant background
 ‘counts | | o ..

| | The.experlmental data. represented 1n Flaure 5 were

‘smoothed us1ng a thlrd degree polynomial fit to flvev

adgacent data_p01nts. Some smoothlng procedure is essentlal

to the iterati?e unfoldlng method if spurlous features are

tolbe'auoided} Smoothing“will, at.uorst,icauseva slight

bulcing'of a'peakvin the’experimental data, but will not

~shift or otherw1se dlstort 1t _ Smoothinﬂvis'not neceSsary |

1n the integratlon flttlng deconvolutlon method used in

'thlS paper, and 1n the magorlty of cases, we fit our calculated

n,lntens;ty dlrectly to the unsmoothed experlmentalvdata.

. ‘F“i’gu’ré 6 g‘ii}és' as a fu'nction' of initial relative energy

}the locatlons of the peaks in the deconvoluted scatterlnv

lfunctlons. ,At-lowtrelatlve energles (<8eV) only one. ‘peak

‘appears, and corresponds to elastic or slightly inelastic.

7-,vscatterinv .. "As the energy. increases, this first feature

"‘becomes more 1nelast1c, with Qi values ranglng to -3 SeV'

‘at the hlghect relatlve energy, 22.5eV. Values of Q1 in d”'
-this range corrcspond to v1bratlona1 and rotatlonal exc1tatlon

p,of Hz and D ' and the fractlon of the 1n1t1a1 relatlve enezgy'<f 3

”‘f_converted to Lnternal excltatlon is qualltatlvely in agrccmfnt'

'leth Secrest‘f;,calculatlon19 of Q/E., based-on hard sphele

el ~°7
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collihcal-<ollnf|ons of a Mass 23 atom WJth Hg and D)l

| At an energy of 8¢V, a second peak appears, 1n1tially.
with a Qe-value of ~4.5eV. As the 1n1t1al relatlve encrg
bincreases the Q2 of this peak also becomes more ncgwtlve
eventually reachlng'~6 9eV. Table l shows that ow the

‘w1dth parameter for thls peak increases markedly as the

relatlve;energy increases, in contrast to the w1dth parameters_

of thefother.peaks; The locatlon and broadenlng of the
second poak suggests that it corresponds to a dlSoOClathD
‘of hydrogch elther through a non- vertlcal ex01tatlon of thc_:
: repulsive-b'?EZg state, or by formatlon of one of the statou

of the NeH+ (30)*(40%)1 conflguratlon whlch dissociate to'
Ne+'and H. Exc1tatlon of the trlplet repu1s1ve state ofv
: )y

hydro&ehvby the doublet neon ion is spin-alloWed and in 7_-~~

a head -on collision which can 1nvolve cons1derable nuclear'
motlon in the hydrogen molecule, the non- vertlcal ‘nature of'
the trans1tlon may not be unreasonable. “A vertlcal exc1tatlon
. of hydrogéh-to-the bbsz:4 state would requlre Q '-1o 2eV,'V

‘ and no such feature is found in the cxporlmental encxgy
spectrum ln the absence of any detallcd 1nformatlon about
the ex01tcd states of NeH or the potentlal encrw Vsurface
for Ne ‘and Hg, t seems at least equally reasonable that

the sccond peah 1nvolves trans1ent Iormatlon of excrtcd .f".
'Non; as sugbestcd by the corrclatJon dlagram followed

by dlssoCLatlon to Ne and H.
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In thc rolatlve energy range from 18 to ZZeV the
JTthlrd and foulth 1nelastlc peaks become promlnent 'The
'-third peak has Qa "-ll 5eV, independent of inltlalvrelative

";ienergy over, thls rather short range. The mlnimum exc1tatlon

.'energy of the B 1§:+ state is ll 36V, while vertlcal

. excltatlon of this state requlres 12eV Accordlng to

T_the correlatlon dlagram, theIB 2;? state should be eas1ly
accessible from the Ne -Hz conflguratlon, and therefore
‘_'thls as31gnment seems to be the most reasonable for the
g,thlrd 1nelastlc peak | ) _

The fourth peak’ has Q4‘~ -14. 8eV agaln relatlvely

' 1ndependently of the initial collls1on energy. There are

o several states of hydrogen Wthh have repu181ve walls lylng

14 to lGeV above the ground state at 1nternuclear dlstances
-h'approx1mately equal or smaller than the equlllbrlum bond

; dlstance . The ones Wthh are known (1nclud1ng the B 2:

"f_state) elther dlssoc1ate dlrectly to, or cross, the

‘rasymptote_of H(1s) + H(2%) for energles greater thangl4.5eV»
above the.ground:state molecule. It seems.likely, therefore,
_'that the:fourthlpeak at Q4 = -14 8eV corresponds to eXC1tat10n
uof hydrogen to one or more of thenseveral states which
dlssoc1ate to one normal and one exc1ted atom

o In summary,'we can conclude that the predlctlons based.
'_on the moleculal orbltal correlatlon dlagram for Net —He are.
_largely substantlated by the non- reactlve scatterlng experiments.
Nost of the Nci-Hg scatterlng is non- reactive and. doee not

~ involve chazgc transfer There is inelastic scatterlng of
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three types: vibrational end rotationalsexoitation ofi‘
'hydrogen, collisional d1ssoc1atlon elther through the :
repu181ve triplet state of hydrogen or by formatlon of
unstable, electronlcally ex01ted NeH R and electronlc ‘
exc1tatlon of hydrogen to B 2: andvperhaps.other stetes

The notable lack of react1v1ty of the Net ‘H2 system even

~in relatlvely hlgh energy colllsions 1s a consequence of

the large 1onlzatlon energy of Ne, Wthh keeps the ex01ted

‘NeT-Ha surfaces well- separated-from thehground state Ne-Hg

surface; apparently the only one that ean'leadzto steblen

i : : _ S ».
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Fipure Captions

Fig. 1 A correlation diagram for the lowest o valence orbitals

Fig. 2

Fig.

Fig.

 Fig.
Fig. 5
6.

of the (Ne-Hz)" system.
A contour map df the specific intensity of Ne*‘
scattered from Hz at 4.75eV relati?é‘energy. A

barycentrié coordinate system is used, with_angles

-measured with respect to the primary Net beam direCtion, 

and speed measured relative to the center of mass

velocity. Thc quantity Q is the defcrence between

.flnal and Lnltlal relative energles

A contour map of the spec1flc 1nten51ty of Ne®t

scattered from Hz at 13.7eV relatlve energy. Note

that the intensity maxima near 180° lie inside the

elaestic Q = 0 circle, thereby indicating inelastic

:,backscattering.

A contour map ofvthe'specific,ihténsity of Ne+

épattered from Hz at 18.leV relative energy. The

inelastic feature at 180° is a compééite of the
four processes discussed in. the téxt:

| Inténéity profiles of Net scatteréd at 180° from .
D2 at 8.1éV relative enerﬁy Comparluon of the uppc1

and lower pancls ‘'shows the Jmprovement of the flt of

 tho Cdlculated 1ntens1ty profile (squares) to the

expoxlmcntal data (solid line) by addlng a small
inelastic feature to the QCdtterlng functlon b(@).

A plot of the positions of the max1ma oi the

.1nq1usf10 Teatures in the scatterlnﬁ functlon as d

Tuntt1on of initial relative COITL)LOH eneryy .
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Table T

Scattering Function

Parametersa

hs kfo3:  O3 . hs -Q¢ 04

E el hy “Q1 01 ha  -Qz Qz
4.7 1.0 0.3 1.1
6.7 1.0 0.3 1.0 |
8.2 1.0 0.22 1.0 0.15 4.6 0.20
10.0 1.0 0.65 1.0 0.40 4.6 0.20
10.4° 1.0 1.2° 2.2 0.10 4.6 0.60
11.3 1.0 1.1 1.0 0.50 4.6 0.30
lz.2 1.0 1.2 1.2 0.50 4.6 0.40
12.6° 1.0 1.0 1.8 0.25 4.7 0.70
15.0° 1.0 1.5 1.8 0.40 5.2 0.80 |
17.7° 0.40-»2.45 1.5 1.0  6.2‘ 1.7 0.30 11,5.'0}80“oao7 14;6: 1.0
20.7° 0.50 3.3 1.1 1.0 6.5 1.7 0.40 _11;5' 0.80 ‘o;is,.;4,s 0.90
22.5° 0.60 3.5 0.9 1.0 ‘6.9 1.7 0.50 11.6 0.70 0.25 14.8 1.0
a) E,ops @ O in ev.

b) Runs doné with Dp.
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Ne'(Hy, Hy) Ne¥(52.3 ¢v)
4.75eV Relative Energy

Beam
Profile

Fig. 2
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NeT(Hy, Ho)NeT (150.2ev)
13.66 eV Relative Energy T+9O° __

~Profile
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v Fig.>3
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Ne*(Hy, Hp) Ne¥ (199.5 V)
18.14 eV Relative Energy

-|+90°

V\ . Oo

20% Beam
Profile

7K

2K

700
~, 500

200

|.8 X IO5cm/sec '
- - l-90°

: Fig.é4'.
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Relative Intensity
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| Ne*(Hp HpINe*

ERp,-SZeV , ]
| h,21.0,0,7-0.22 _
0,10, hy=0.I5 |

- Qp:-4.5,0,70.2

o
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1
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.O ,
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Fig. 5
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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