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I. Radiation Transfer and Charge Particle Transport in Gases

Project Coordinator: pr. A. V. Phelps

Radiative Transfer (Drs. D. G. Hummer, J. Cassinelli, J. Castor, and

Mr. P. Kunasz)

Radiation hydrodynamics in spherical geometry. The case in which the

gas does not significantly alter the radiation field, although the radi-
ation field does modify tne gas flow, is studied in detail. For a gravi-

tating, spherically symmetric configuration of gas, the basic equations

are
ﬁ% (DVrz) =0 . )
v%+%+%§;&+%i§§=o (2)
va (B) +v P, < (%) = 4na(i-B) (3)

expressing conservation of mass and momentum and the first law of thermo-
dynamics for the gas, respectively, where p = density, v is velocity,

Pg and PR are the gas and radiation pressure and Eg is gas internal energy.

Also, G = gravitational constant; M, the stellar mass, 9ys Stefans constant;
K, the true absorption coefficient. The momentum and energy equations in-
volve moments of the radiation field. Convenient equations for these moments
have recently been derived by Castor (unpublished) from the radiative transfer

equation in a moving medium. These are

d 4mly 47K lurv Akdy L1 a -
vdr(c)+( ) v dr p) —) -4 2 4 = 4™ (J-B) (4)
nor
L4
4K 3K~  vdH _ v 2vldp, _ _
dr + r cdr cr g c o dr 3 (< + 0) pH (%)
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where J, H, and K are moments of the intensity, L is the luminosity and ¢

is the electron scattering cocfficient. The flow is assumed to be r-<ial

and steady state, and in order to isolate the radiation - gis dynamics inter-
actions, the run of mean intensity is prespecified to be that of freely stream-
ing radiation, falling off as 1/r2. The radiative luminosity is approximately

constant with r and is assumed identically constant in its effect on the

radiative pressure gradient

\

l_dPR o (kto)p L (6)
p dr c 4 2
mr
s0

r-alf,5 &l (7)

p dr r2
= kHO)L _ (.

hpeGM const. *(c+c) . (8)

The atnospheres are parameterized by the ratios 1) radiation pressure
gradient/gravity, T and 2) absorptive opacity/electron scattering opacity,
k/o. It is found that the ratio I must lie very close to unity in order
for the sonic point r, to lie reasonably close to the surface bounding
the energy sources. The effective velocity of escape is related to the
mean thermal velocity at the sonic point by 2.14 < [GM(l-F)/rC]/(ch/m) <3
For a given value of T the behavior of the solutions for a large range of
k/o 1is mapped. See Figurcs 1 and 2 showing the dependence of the velocity

and temperature distribution on x/o, in these figures x = r/r For

sonic’
/o > 10-5 the temperature distribution deviates negligibly from that in

radiative equilibrium, i.c., T“ «J. As «x/o goes to smaller values the
heating by the radiation ficld is less effective and the sonic point lies

at incrcasingly large radii. This is {llustrated in Figure 3, showing the



increase in gas energy with increasing radius. The calculation of the sub-
sonic branch of the solution requires use of a two-point boundary value
technique to satisfy the requirement that the solution approach the usual
static behavior at the base of the atmosphere and he transonic farther out.
These solutions provide good initial trial-solutions for the more
general problem involving radiative transfer coupled to the gas dynamics

equation.

Radiative transport in a doublet, As a continuation of the study

of radiative transport -phenoﬁena of interest in laboratory
situations, we have analyzed in detail the case in which the upper state
of the transition in question is an atomic doublet., The two levels of the
doublet are collisionally coupled. The gas 1s assumed to be confined between
two parallel walls and is illuminated in the wavelengths of the two lines
by a radiation field with a Prescribed wavelength dependence. At present
non-radiative transport is not taken into accdunt? and the emission and
absorption coefficients are assumed to have a common frequency dependence,
which is specified in advance. By the use of a generalized discrete ordinate
method, the distribution of excited atoms in the two levels of the doublet
are calculated, as well as the emergent radiation field.

The code has been checked extensively and is now ready for use. This

calculation should be useful in determining the rate at which collisions mix

the levels of the doublet,
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Scattering and Transport of Resonahce Radiation.(Drs. A. V. Phelps and
- i

J. Jenkind)

!
\

During the period of this report we have continued our experimental
t

program designed to accurately determine che ‘1ine profiles of the first
, Tesonance dopblet of potéssium at the moderately high densities, i.e.,

1014 .to 101q acom/cma, characceriscic of our planned scattering and

fluoregéence measurements. The line, profiles are obtained by compUCer
anﬁlyaéa of measured abaorption profiles so as to correct for the effect
of the instrument, profile of the monochro&&tor. In the wavelength range
becween 0.4 and 10 & fion line center the corrected line profilea are

found to be proportional to (Al)- as expected for a dominant dipole-
dipole ;nte;accion between the atom excited to the resonance state and a
ground ataée atom. The line broadening parameters, i.e., the frequency
full width at half maximum divi?cd by the nominal atom dersity, determined
for the vings bf the line in these measurements are in good agreement with
the values measured near line center by Lewis, Rébbcck and Vaughan.l*
Figure 4.8h098 a comparison of our measured absorption profile for the

7665 & 1line with that predicted using the line center data and our measured
instrument profile; Btcause of the presence of a relatively large density
of rusldiua; roughly 5Z, in the nonlnnll§ 99.999% pure potassium, we plan
co.lakc wmeasurements of the product of the atés density and the oscillator
strength using the specular reflection technique. Using known oscillator

strengths for the resonance transitions we can determine the potassium

density.

- gm g oo o -

*
References are listed at the end of each section.
®



Apparatus is being ordered for the cw laser scattering measurements
of the redistribution in frequency which occurs upon reradiation of

atsorbed photons.

1. E. L. Lewis, M. M. Rebbeck and J. M. Vaughn, J. Phys. B: Atom. Molec.

Phys. 4, 741 (1971).
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Plasma Spectroscopy;(nc. J. Cooper)

The results obtained with the parallel-plate accelef&toQ\for Stark
broadening of Ar II and Ca II lines by electrons have now been published.1
The Ca II data (although in agreement with theory) was in disagreement with
most other experimenters (except one by a French group at a different
temperature); however, recent results by H. Griem and coworkers (to be
published) have confirmed our results:

The C-strap theta-pinch continuum light source is now providing a very
satisfactory continuum,2 and we have recently established that it is feasible
to do absorption spectroscopy on ionized species.3 Preliminary results of
spectra of C II and Si II have been obtained.

Tables of hydrogen line profiles4 using the unified theory are now
complete. Theoretical profiles are in excellent agreement with recent
experiments of Wiese, Kelleher, and Pagueke of NBS Washington (to be published).
Major differences with previous calculations,’eveniin the regime where the
impact approximation is valid, have been traced to a mistake which recurred
in the other work (see Ref. 4 for details),

Theoretical work on neutral atom broadening is continuing, with special
emphasis being placed on the use of realistic potentials and the inclusion of
m-mixing. A consistent formulation of the redistribution of radiation in the
presence of collisions has been obtained in the impact regime.5 This work

clarifies the role of the lower state, and the differences between elastic

and inelastic collisions. Polarization effects and magnetic fields are also

included.

1. J. S. Hildum and J. Cooper, Phys. Letters 364, 153 (1971).

2. J. S, Hildum and J. Cooper, Rev. Sci. Instr, (in press).

3. J. S. Hildum and J. Cooper, JQSRT (in press). '

4. C. R. vidal, J. Cooper and E. W, Smith, Ap. J. Suppl. (to be published).
5. A. Omont, J, Cooper and E, W. Smith, Ap. J. (in press).
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Stability of Discharges in Weakly Ionized Gases (Drs. L. Oster and

A. V. Phelps)

The objective of this theoretical projéct is to investigate quanti-
tatively the factors which control the growth of instabilities in weakly
ionized gas discharges, such as used in high power molecular lasers. In
particular, we are developing theories applicable to the thermal insta-
bilities which result in a decrease in gas density and a consequent increase
in the rate of power input and of ionization. The importance of such con-
siderations has recently been emphasized by Basov et al.1 Our efforts
during this report period have been limited to a more careful formulation
of the theory. We expect to be able to begin numerical calculation soon

after the beginning of the new contract period in July.
1. N. G. Basov et al., JETP Letters 14, 285 (1971).

Plasma Statistics (Drs. W. E. Brittin and W. R. Chappell)

Dr. Chappell has continued in his studies of the interaction of
radiation and matter. At present he is working with a graduate student
on the problem of Dicke narrowing of cyclotron radiation from plasmas.
The hope is that such an effect, if observed, could be used to test various
collision models for plasmas and give another way to measure diffusion
constants. A paper with R. H. Williams "Microscopic Theory of Conduc-
tivity of a Weakly Ionized Plasma" has been accepted for publication in
Physics of Fluids. Dr. Chappell gave a talk on this work at the Division
of Plasma Physics Meeting in Madison in November. He also gave a talk on
"Kinetic Theory of Partially Ionized Gases" at the A.P.S. Meeting in

San Francisco in January.
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Dr. Brittin is continuing with his work on a theory of composite
particles. He has made some significant advances in developing a theory

which correctly includes the proper symmetries of the atoms.



-12-

II. JIonization kinetiés and Reaction Rates
Project Coordinator: Dr. W. C. Lipebetger,

Ionization Kinetics (Dr. W. C. Lineberger, Mr. R. A.'Beyer and '

]
Mr. T. A. Patterson) , '

!
During the last six months our major 'emphasis has been placed on

studies of negative ions of noble metals and the interpretation of' near-

threshold photodetachment data in terms of the electron-atoﬁ final state

interactions. We have been greatly aided by the addition of Dr. Harmut

] '
Hotop to our group as a Postdoctoral Research Associate. Dr. Hotop, a =
|

gifted experimental physicist from the Physikalisches Institut der Uni-

} f
versitat Freiburg, receives his support from the German National Science .
S 1

] .
Foundation. ) ‘ .

. '
Our standard arc negative ion source has ;proven to pfovide a copious

- * |
current (~ 100 nA) of Se when seeded with a small quantity of SeOz. Fig-

ure 5 shows our photodetachment data for Se . From these data one can

2

8 1 . .
determine EA(Se) = 2.0201 + .0003 ¢V, and that the' 2P - “P,,.' fine

1/2 3/2

structure splitting in the negative ion is 2279 : 2 cm-l. These values
: '

represent the first accurate measurements of this ;ystgmland, by'comparison
with isoelectronic extrapolatioﬂs, indicate that one can predict electron
affinities and term splittings of Column VI atoms relati»ely well. ‘ de-
tailed study of the Se ( P3/2) -+ Se( P ) +'e(k) threshold shows dcviations
from the o «k threshold energy dependence at 5 millivolts above threshold.
Here k 1s the momentum of the cjectea elettron. These deviations from

the Wigner threshold law can be explained on the basis of an extensionb of



0'Malley's treatmbntz of long range forces in the photodetachment process.,
1

. ;Thus we obtain the‘following expression for the near threshofd photode-

Al

l
tachment of'a bound. p electron.

o ~ k[l '+§uk2 th 1.23/a k + (%"JE A- a2, AT ) K - 531 a AK3) |
. , )

' ‘ t
where a s the polarizability of the atom, v ' 18 the frequency of the
light, A 1is'the scattering lenéth characterizing the intcrac;lonwof an .
s vaYe electron with the 392 Se atom, and 'rpO. is an cffective range
parnnetc; assumed ‘to be smaller thah A. A least-squares fit of our data
to this formula yields-a value for A of -5:8 :1 dtomis bnitl, and
‘indicates that it is possible to obtlin clastic scattering cross sections
from threshold photodctachnent data. We hope to apply these techniques
to 07, in order to obtain an independent estimate of the low energy
elastic lcattcrinz cross section for electrdns on atomic oxygen. These

latter data are necded for a better estimate of the radiation emitted by

an oxygen plasma.

! We have d;velopgd a very siuple source of metallic negative fons

based upon the sputt;rlng process. We have llreacy obta}ned 10 ™ beans

of Au , Ag and Pt-, and, based upon an nnalylls oj the source parformance,
we should be able to obtain nanoampere negative lon beams of any metal
whose electron afflnlty exceeds 30 meV. Figure 6 shows the Au~ photo-
detachment cross section together with the relevant energy levels. These

data represent the first high resolution observation of photodetachment of

a bound s electron, and demonstrate the validity of the Wigner threshold
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lav for this case. In addition we find EA(Au) = 2.310 : .001 eV, which
should be compared with an extrapolated electron a(ﬂnny’ ;t 2.8 & .1 eV,
From these and other preliminary measurements on Pt and Ag , it 1s clear
the extrapoulation techniques, wvhich work well for the Column VI atoms are
in serious error for all transition metals. These studies of metal ions

vill bu continued and extended in the next reporting period.

1. H. Hotop, T. A. Patterson and W. C. Lineberger (to de pudlished).
2. T. F. 0'Malley, Phys. Rev. 137, A1668 (1965).
3. R. J. 2ollveg, J. Chem. Phys. 50, 4251 (1969).

JILA Information Analysis Center ( Dr. L. J. Rieffer)

A ranuscript eatitled "Bidlicgraphy of loa-Molecule Reactlon Kate Data™
by Ceorge A. Simnott has been submitted for publication. It will appear as
on XBS Special Pudblication avalladi.e fron the Superintendeat of Documents,
Publication of this bibliography ends our efforts in this atea,

¥ith x'm assistance of the JILA Information Analysis Center a Vorkshop
on Dissoclation of Sinple Molecules is being planned feor March 16 and 17, 1972,
Spoakers and progran have been »rrasgcd,

A project to critically roview the information en the enetgy levels, and
cross sectioms for populating then by eclectren iapact, for molecwnlas eaygen
vas initiated by Dr. Morris Rraves, X328 Vashingten, br. L. J, Kleffer Nh8/

JUA and R, D, Redson XASA ate participating In this feview.
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Assistance was given to Dr. A. V. Phelps in his attempt to obtain a
"best set" of N, cross sections for use in laser wodeling and modeling of
other devices fnvolving lo; pressure fonized gases. Data have decen compiled
and compared vhere possible. Data sets vill now be used to predict the
values of electrun rate coefficients as deduced from svarm experiments. A
best data sct will be chosen on the basis of knowledge of the reliadbilicy
and accuracy of the basic cross section data and thefr ability to predict
the "correct” values of rate coefficient as deduced from electron svarm
dsta.

An extensive compilation of electron svarm data and a complete
bibliography of these dsta by J. Dutton is still being prepared. 1t is

expected this manuscript vill dbe subnitted for pudblication during the next

reporting peried. It vill be published in the Journal of Fhysical and
Chemical Eeference Daga.

Molecular Dissoclation Processes (Dr, L. J. Kieffer)

This project has tenporarily been suspended due to the lack of a research
sssiatant or postdoctoral persennel. During the meat oix sonths it fs
expected that additional data on dissociative fonization and palr fernation
of oz vill be taken * o the results written vp for publication. Frelininary

tesults for these twvo processes vere diacusred In the last seniasnnual report.



FElectron Transport and Jonization Coefficients (Drs. G. E. Chasberlain,

L. J. Kieffer and A. V. Phelps)

This (s a nev project initiated in response to the need for more reliable
electron transport coefficient and electron excitation and fontaation rate
coefficients, Such coefficients are essential for the prediction of the
performance of gas discharge dovices and systems, such as electron beam
sustained lasers, Our first cask {s the deternination of a complete set
of rotational, vibrational and electronic excitation cross sections for
lov energy electrons in "2' Xitrogen is & major conatituent in many high
pover lacers and {n the strosphere. Xew experinental data regarding
electron excitation of 1otational and electronic States i:z.e become avallable
since the first attempt to obtain such a set of cross sections under the
supcrvision of one of us (AVF) about 10 years ago. Our ohjective 1s to
frvu; the cross sections for electrons in "2"" 43 to be As conslstent
as possible vith these nev data vhile requiring conaistency vith electron
Lransport data appropriate to electrical dlacharges. The calculations
carried out thus far show that vhea the new excitation cross sections are
wsed there are snall but sigaificent discrepancies betvesn erpetinental
mnd calculated loniaatien rate cocfficlents. Ve are currently reexanining
the accuracy of the measured fonlsation coeflficient data.

As & result of Inquities fron varicus laser develophent growpe ve have
cattied out & short teeveluation of electren tramapert coelficient and

attachnent crees section data Ia BCX, Ve mate that atcotding te the enly



available data, obtained prior to 1930, the rate of electron energy loss

in WCt for electrons of about 0.5 ¢V is much larger than for any other gas
studied. If these data are correct ft suggests that vibrational excitation
cross sections in lCL are very large. This means that €2 might be useful
in electric discharge lasers provided one can overcome the loss of electrons

and NCt polecules by dissociative attachmeat.



I11. " Electron FK ) Atomic Interaction Theo

Project Coordinator: Dr. E. C. Beaty

Theoretical Atomic Physics (Drs. D. C. Hommer and J. Castor)
Multichanne)l cuantun defect theory. The quantum defect theory

conmects the problen of scetering of electrons by positive fons with the
properties of the bound states of the sane system. In the sinplest cases
it may be used to calculste partial elastic scattering cross sections ¢iven
spectroscopic data for the bound states. 1In more compl icated systems it
provides a mans of using theoretical scattering calculations to o;llualc
the energles of and obdtain approxinate vave function: for excited bound
states, so that one can compute oscillator strengths and photolonization

crozs acctions for such states.

In the present investigation a condbination of theoretical calculations
and enperinental data vas used to odtaln the electron scattering as &

) heas tvo lov-lying

fuaction of energy for the systen c” 4e. The ton C'
terms, 25 and 2p, separated by 0.6 Ryd and the next lovest tern 2.4 Ryd
sbove, All ohncrvgc teras of (:.2 are derived from those tvo lovest terns

of C.)

4ad only these terms vere taken into account. For the S states and the
three chaanel cases wp to L = S, &8 vell &3 for the tvo channel cases wp to
L = J, the scattering problen has been solved using the integro-differential
etquation eethod at energies above the 2p threshold. These results have been
supplemented vith other calculatieons using the distorted vave rethod for sli
cases wp to 1. = 9,

The preseat vork has produced an essentially conplete tern diagran of

CIll wptol =3, Including the autolonizing states vith thelr rates of

autolonisation a8 vell, The configuration eixing cocfficients are a by-product



-2]=

of this cslculstion, -and they are nov avaflable for future use in Quantua
Defect Method calculations of the oscillatof strengths and the photo-

fonizatién cross sections for excited states.

zlcct;gn-gggltutlog Cross Sections. Th~se calculations have been

completed for all transitions among the first eleven terms of N I11 and

the first five terms of X IV (this cslcuiatlon is preliminary to one
involving nineteen terma). Configuration fnteraction bound state wsve
functions including six configurations (2.22p. Zssz. 2p3. 2.239. 2p3.
3'23p. 2.234) for X 111 snd three configurations for N IV (252. 282p,

2pz) for X IV. 7he correspording terms dfc given in Table 1. Scsled
ststistical mode]l radfal vave functions vere uudl and the scattering
cslculation Qns performed using the unitarized Distorted-Wave Approximation.

The collision strength 0 for each transition vas obtained ot six

i3

energies, from vhich the de-excitation rate constsnt (g, > gjl.

-6 2 -V/k'l‘e v
I;ﬂij“l.w+£i-zj) e d('ﬁf;

8.63+10

u‘T.

8y (1) ©

vas evaluated using a highly efficient and sccurate spline-interpolation

technique. The result for 103 < T. < 10s is written in the form

ey T = TV P00, x t ogyg107 15

vhere P(x) 1s a lov order polynomial. The corresponding excitation rate
constants are eanily obtained from the familiar detafled balance relation.
' [

Electric dipole and quadrupole absorption oscillator strengths obtained from

the dbound state iunctlon: appear in Table 2. 1If better oscillator strengths
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become available for the dipole transitions, the collision rate constants for

the corresponding transitions should be scaled by the ratio of the new

values to those tabulated in Table 2.

1. W. Eissner and H. Nussbaumer, J. Phys. B: Atom. Molec. Phys. 2, 1028
(1969).

TABLE 1
Level ¢ N III N IV

1 2s%2p % 262 1
2 232p2 4P 282p 3P0
3 2 150
4 28 2p2 3P
5 2p I
6 23 4 I
7 2p0
8 2623s 25
5 Cad 20
10 2623p 2p0

2., 2

11 28°3d D

P e



Transition

1 )
00~ WU oW

. gl.:uNo--—-o'-r-r-n-o-r-
1 1 it 11
00~ & = =0
-0

Ll =

bbklnwww
= \O = = O

1
Ll =

O = O g
o

7-10

T
O
[

8-10
8-11
9-11
10-11

1-3
1-5
2-4
. 3=5
3-6
5-6

-23-

TABLE 2
f(el) 108 f(e2)
‘N I1I
.133
.102
b4
.960
.0280
.182
6.64
.453
.171
.0139
.208
.333
144
.00349
.632
.200
.0179
2.60
.179
265
.00495
.0341
.00107
.00078 ’
.00065
. 81869
8.80
.00020
.443
N IV
.634
1.14
.248
.213
.164
.0468



Atomic Ineraction Theory (Drs. S. Geltman and D. W. Norcross)

Coulomb-projected Born approximatiovn. The application of this approxi-

mation to the 218 and 21P excitation of helium by fast electréns has been
completed.1 ‘The results are in fair absolute agreement with the experi-
mental findings of Opal and Beaty, and orders of magnitude better than

the usual Born approximation at large angle scattering (Fig. 7). The
remaining disrrepancy between the present theory and experiment is probably
due to inaccuracies in our atomic wave functions and the fact that 200 eV
'is still too low an energy (the theory is expected to be valid at higher
energies). The limiting high energy dependence for all non-forward angles
is again found to be E-a, as was the case for hydrogen atom excitation.
This is in marked contrast to the Born values of E‘.-6 and E-7 (for s + s

and s > p excitations, respectively). A simple physical interpretation
do
dQ

of the Rutherford differential cross section for the elastic scattering of

of the E-3 dependence is obtainable by reg-rding to be the product
‘the electron by the nucleus (~ E-z) and the semifclassical probability for
excitation by an electron on this Coulomb tréjectory (~ E-l).

We ;re now attempting to apply the present approximation to the
ionization of hydrogen by electron impact. The integrals involved become
much more complicated than in the excitation case and more numerical
integration is necessary. The quantity of interest is the triply differen-
tial cross section d3o/d9 dﬂe dEe, where dQ and dQe are the elements of
solid angle for the scattered and ejected electrons and dEe is the element
of energy of the ejected electron. Generally & and Ee are held fixed and
the resulting d3o is depicted in a polar plot as a function of ee. A
comparisoh of theory and experiment for this quantity is a much more sensi-

tive test than is the total ionization cross section,
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FIGURE 7

Differential cross section for 115+21P transition at 200 eV.
Present approximation (solid curve), Born approximation

(dashed curve), and experiment (open circles--Opal and Beaty).



Flectron scattering and pho;oionization. Calculations of low energy:

elastic scattering2 for Na have been extended up to 5 eV incident

electron energy and have been performed. in both the two- and four-state
§ .

close-coupling approximations, with results in excellqnteagreeﬁcnt with !

1
recent experiments. These results also indicate that‘ghe previdusly

.
reported disagreement with experiment at low energies cannot be attributed
to lack of convergence in the galculatio;s, the tQ?- and four-skatp»results
being nearly identical at low energies. A simflarlfour-state calculation
for Li is contemplated, as there remains a serious éisagr;ement between
previous two-state calculationé5 and experimc?nt.6 The IQPACT code of
Prof. M. J. Seaton, rather than the present program will be used; at ;
considerable saving in computer time. ' ' ' '
As an aid to studies of electron scattering by the heavief, one electrPn
systems'the target‘models are bein% tested by “comparison of calculaéed and
available experimental photoionization cross sectiéns..These‘are,in prihci—"
ple, relatively simple calculationﬁ, and- the Eross:sectioné are themselves\
of intrinsic interest. These cro;s sections are known to'be strongly
influenced by core polarizatfon and the spin-orbit effect, particularly for
cesium, which is currently being sgudied. Pfclim%nary‘results have seryed,
to help discriminate between two conflicting experimental stddies of the
spin-orbit effect in cesium photgionizatioﬂ,7’8 and a report on this ;ork

has been readied for publication. A coﬁpleté calculation of ithe photo-

ionization cross section for cesium is Pnderway. Preliminary results for '

‘ |



Hg+ indicate that the core polarization effect is important for this
species, for which no experimental results a;c availadble.

‘ Havtn;.obtaincd reliable. target models for calculations of electron
scattering by Hg+. Ca+. and la+. the IMPACT code and the techniques dis-
cussed above will bdbe Qsed to compute the photoionl;a'ton cross sections

of hg. Ca and Ba. Only the second of these is reli;bly knovn.9 and wvill

scrve as a useful check on the work.

1. M. B. Hidalgo and S. Geltman, J. Phys. B: Atom. Molec. Phys. (in press).
2. D. W. Norcross, J. Phys. B: 'Atom. Molec. Phys. 4, 1458 (1971).

]
3. E. Enemark and A. Gallagher (to be published).

4. D. Andiizk, M. Eyb, and H. Hoffman, J. Thys. B: Atom. Molec. Phys.
S, L15 {1972). |

5. E. M. Karule, J. Phys. B: Atom. Molec. Phys. 3, 860 (1970).

6. H. Haffner and H. klcinpoppen, Z. Phyiik 198, 315 (1967).

77, U. Heinzmann, J. Kessler and J. Lorenz, Z. Physik 240, 42 (1970).

8. G. Baum, M. S. Lubell and W. Raith, Phys. Rev. Letters 25, 267 (1970).

9. V. L. Carter, R. D: Hudson and E. L. Breig, Phys. Rev. A 4, 821 (1971).



Electron Energy losses (Drs. E. C. Beaty and J. Mauer)

Data on differential fonfzation cross sections have nov been prepared

for publication. Data on helfum have been published In Phys. Rev. A" vith

& complete evaluation of reliability of experimental procedures. A complete
tabulation of all the data has been prepared for publication in Atonic Data
(previously available as JILA report 108).

Modifications of equiprent are dbeing made to permit reducing seme of
the uncertainties and an extension of these measurenents. An additional
stage of differential pumping is being added to permit a more highly
collimated molecular bean. The electron gun support is being sebuilt to
permit measurements at smaller angles. Also a second electron detector
vill be added to permit measurenent of all the dynanic variables relevant

to fonfization.

1. V. K. Peterson, E. C. Beaty and C. B. Opal, Phys. Rev. A 3, N2 (1902).
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v, sctrop- Cell
Project Coordinator: Dr., $. J. Smith
Electron-lon Eecoabinstion (Des. F. L. Malls and C. H. Dunn)

This experinent enploys trapping of foas In a4 dc electric and rag-
netic fleld configuration to Investigate collinions of these fons vith
other particles. In particular dissoctiative recondbination of these fens
vith scnoencrgetic electrons vill be Investigated over an eleciren enetgy
range from 0 to weveral eV.

Significant progres has been wade during the reporting period. loms
have been trapped and von-destructively obsctved with good signal-te-nolse.
Tigute 8 shovs a scan of o trapped 1nn vith sass 18. (The scan patanecer
s frequency. The peak occurs at the resemant frequency of nase X In the
harmrnic electrontatic vell). Tragping 1ifetise has bien shevm te be
greater than 5 hours, and the munber of lons s about m‘.

Plgure 9 demrnstrates reconbination of theee fons with electrons. In
Figute 92 an electron cutrent of 1.2 » 10" Amp with about 0.5 eV emergy
bonbarded the trapped fons atarting ot about %0 sec. 1n this plot the
integral under the fon peak Is ohowm as o function of time, and 1t 1o seen
that foms disappear vith a chearacteristic decay time aftee the electrons
ate Inttodwied.

In FPigure 90 electrons vith 19 tinse highet encepy (2.9 e¥) ate Intro-
duced vith o correspondingly highet cutfent (to heep space charge effects
compatable), and ve see that the reconbinstion cross section s snall enough

#t this emcrgy that ao depletion of lons Ia chsetved.
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Using the technique (o measure absolute cress sectlons tequites
kncviedpe of the deasity amd spatial distribution of lon: te the trep,
To measure this, & Mendix Chamnclitren Dendle multiplier 18 being plazed
at one end of the trap, and the trap slightly “tilied™ 1o that end. lens
will bo tesonated out of the trap ento the bundle. lows tapinging on the
front surface of the multiplier vill preduce curtent pulses out the back
shose position In the XY plame fs the sane an (he patent lon. Uslmg o
resistive annie for the mulliplicr, and pulse beight sotting, the radial
distribution of the lone can ke deternined vith & resolution ef 0.004".
Duting the repart petiod this dovice has been assenbled alowg vith relevant
electronics and an clectron gon delivering & sharply focwred bean to
test the device.

Cutrently the fmstrunemt ia betmg “Clesmed wp™ prier to stacting
setiows measvrenent.  Inprevemente ate beimg nade Lo the punping and pas
handliong system, and some parts of the electrenics are being Ioptoved and
consel ldoted. Nesurenente ate being plesmed on m‘. x;. 0;. !30’. ]
w' P 1o &n slectren eretgy of about 7 oF and vith & eseegy tvealution
ef 0.0)0 ov.
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Eaciisrion of loas by Electren impael (Des. G. N, Desan, D. Ceandall, and
e, P, 0. ,‘."")0

This preject is to neasure the crose ssctions for electron=inpatl
sscitation ef a;'. Cs’. a8d ' welng crossed beane of vatishle enstgy
electrons and the respective lone and ehastviog the tesultant fesonanis
radiation alesg the third perpeniicular direction. Frelininacy teaulte
were teprttled eatlist.

Paring the period coveted by this tepsrl aete precise dats vete
acoumslated fer the escitation of Ca’. Absslute calibration vie putswed
futther, and & setimme prodlen vae dloceveted vith the coppet peint hlach
by belng weed a0 2 tadionettic ctamdard. This hee led to & fedavessment
ef the staptards wied, anf cattently & tumgetlen sirip Jamp bas bren In-
stalled (e the putypres,
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V. BSadistien Precesses
Project Covrdimator: Dr. A. C. Callagher
Collisional Kedistion (Dr. A. C. Gallagher)

The Interaction potentiale for ceslum fnteracting vith the Inert
gdses bive boen ohtained from the studise of estreme-ving contimmm radl-
ation. The coslow-atgon potentiale ate showvn in Figuee 1O A report of
this werk has been subnitted for publication.

The erpet inwnt kot maw esent Interfaced vith compotet control and

seacutencnts of the twbidiun-Ipcrt gas spectiuvn are preceeding.
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Negative fon Studfes (Dr. J. Mall and Mr. R. A. Bennett)

Ducing this period the major effort has been invested in fine-tuning
the apparatus and in getting good data for $0°. As the uncertainties of
the line ceater and line strengths data project divectly into vncertainties
in Te and “ for the negative fon state, it vas decided to try to isprove
the symmetry of the electron analyser function. (The optimum analyzer
potentials depend on the contact potentials of the surface, and Quite
possibly these have drifted over the last year or so since the previous
adjustoents.)

tt proved possidle simultancously to improve the symeetry of the
analyser function as well as to improve the absolute count ing rate and
ratio of counting rates (laser on/laser off). Thus very good data for
line center deternination could be obtained. These data, after computer
fitting, taken along vith the angular distridbucion data previously ob-
tained by Nr. Bemnett, should allov complete determination of the properties
For v, a0 E, for $O°. An additional mev facet of this vork fs the presence
of an eb?«vouc population of v = ) negative fons, giving good confir-
matior of cwr Yo value. The use of isotopic substitution to Influence
v, in & knovm vay has given unique corroboration of our vibrational
quantun sunber assignnents. The SO prodblem is currently being finished
by Nr. Bennett as his Mh.D thesis.

The N0 and 02- papers were returned by the referce for Physical
Revisw vith some important and useful comments, particularly concerning
the rotatienal correctien. Dbr. K. J. Celotta, although he has nov left

JILA, 1 collaberating on a stil) wore refined calculation of the effect

of Haui. totational temperature on the observed vertical detachnent energles.



When Mr. Bennett is completely finished wlth the cxperinental part of
htl wvork, ve plan to adapt the hew "sputtering" negative ion source.
dcvclopoq at {lLA by Drs. W. C. Linebekger and H. Hotop, to our apparutus.
We should be ;ble to provide "ogrvcy quality" infornntion. say ¢ 10 nV,
for the negative fon states of Pt, Au, Ag, etc. Very possibly negative

alkali beams will be available also from this kind of source.
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Manuscripts Involving ARPA Funds

Listed below are papers submitted for publication during the period

covered by this report. Co-authors not connected with JILA are shown in

parentheses.

R.

J. Celotta, R. A. Bennett, J. L. Hall, M, W. Siegel and J. Levine,
"Molecular photodetachment spectrometry II. The electron affinity
of 0y and the structure of 02~," submitted to Phys. Rev. A.

R. Chappell (and R. H. Williams), 'Microscopic theory of a weakly
ionized plasma,” to appear in Phys. Fluids.

Geltman, "Applications of pseudo state expansions,' in VII ICPEAC
Invited Talks and Progress Reports (T. R. Grevers and F J. deHeer,
Eds., North-Holland, Amsterdam, in press).

B. Hidalgo and S. Geltman, "A high energy approximation III. Helium
excitation by electrons,”" to appear in J. Phys. B: Atom. Molec. Phys.

C. Lineberger and T. A. Patterson, "Two photon photodetachment spec-
troscopy. The Cp - 23 states," Chem. Phys. Letters 13, 40 (1972).

B. Opal and E. C. Beaty, "Measurements of large angle inelastic cross
sections in helium," to appear in J. Phys. B: Atom. Molec. Phys.

B. Opal, E. C. Beaty and W. K. Peterson, "Tables of secondary-electon-
production cross sections,'" to appear in Atomic Data.

K. Peterson, E. C. Beaty and C. B. Opal, "Measurements of energy and
angular distributions of secondary electrons produced in electron
impact ionization of helium," Phys. Rev. A 5, 712 (1972).

W. Siegel, R. J. Celotta, J. L. Hall, J. Levine and R. A. Bennett,
"Molecular photodetachment spectrometry I. Affinity of nitric
oxide and the molecular constants of NO~," submitted to Phys. Rev. A.



