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I-  Radiation Transfer and Charge Particle Transport In Gases 

are 

> 

Project Coordinator:    Dr. A. V. Phelps 

Radiative Transfer  (Drs. D. G.  Hunaner, J.  Casslnelll, 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 

d7 (pvr > B 0 (1) 

dv ^ GM ^ 1 ^  1 dpR 
dr   2  p dr   p dr \*-i r 

V -t  (Eg> + V Pg ^ ^ " ^0P-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 8as and "diation pressure and E is gas Internal energy. 
O 

Also, G - gravitational constant; M, the stellar mass, c^, Stefans constant; 

<. 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have recently been derived by Castor (unpublished) from the radiative transfer 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 

v JL ibll\   . /«iKx  _d_ 1   ATTV .3K-J,      1  dL  ,  , V dr C c ^ + ( c ) V d? ^ " TT (—r) J d7 " 4^(J-B) (♦) 
Aitpr 

^ + ^ + ^^1  2V,.  2vldpu 
dr    r + c dr  « H " T p d? H " "^ + 0) PH (5) 
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where J, H, and K are moments of the intensity, L is the luminosity and o 

is the electron scattering coefficient.  The flow is assumed to be v   Lai 

and steady state, and in order to isolate the radiation - gas dynamics inter- 

actions, the run of mean intensity is prespecified to be that of freely stream- 

2 
ing radiation, falling off as 1/r .  The radiative luminosity is approximately 

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

radiative pressure gradient 

p dr    c   .  2 (6) 

so 

p dr ' r2 
U) 

" ASM1" const- *(K¥a)   • (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 T 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-r)/r ]/(kT /m) i 3 

For a given value of  T the behavior of the solutions for a large range of 

K/O IS mapped.  Sec Figun-s 1 and 2 showing the dependence of the velocity 

and temperature distribution on K/O,  in these figures x ■ r/r   . .  For 0 sonic 

K/O > 10 the temperature distribution deviates negligibly from that In 

radiative equilibrium, i.e., T * J As K/O goes to smaller values the 

heating by the radiation field Is less effective and the sonic point lies 

at Increasingly large radii.  This Is Illustrated In Figure 3, showing the 
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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 be 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 phenomena 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 colllsionally coupled. The gas is 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 account, 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. Jenklnä) 
1 ' i 

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

program designed to accurately determine the line profiles of the first 

resonance doublet of potassium at the moderately high densities, I.e., 

10  to 10  atom/cm , characteristic of our planned scattering and 

fluorescence measurements. The! line profiles are obtained by computer 

analyses of measured absorption profiles so as to correct for the effect 

of the instrument profile of the monochromator.  in the wavelength range 

between 0.4 and 10 A fstw line center the corrected line profiles arc 

found to be proportional to  (AX)   as expected for a dominant dlpole- 

dipole interaction between the atom excited to the resonance state and a 

ground state atom. The line broadening parameters, i.e., the frequency 

full width at half maximum divided by the nominal atom density, determined 

for the wings of the line in these measurements are in good agreement with 

< . 1* 
the values meabured near linf» center by Lewis, Rcbbeck and Vaughan. 

i 

Figure 4 shows a comparison of pur aeaaured absorption profile for the 

7665 A line with that predicted using the line center data and our measured 

instruaent profile. Because of the presence of a relatively large density 

of rubidium, roughly 5Z, in the nominally 99.9992 pure potassiusi, wc plan 

to aake measurements of the product of the atom density and the oscillator 

strength using the specular reflection technique. Using known oscillator 

•trengths for the resonance transitions we can determine the potassium 

density. 
1 

teferences are listed at the end of each section. 
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Apparatus Is being ordered for the cw laser scattering measurements 

of the redistribution In frequency which occurs upon reradlatlon of 

absorbed photons. 

1.  E. L. Lewis, M. M. Rebbeck and J. M. Vaughn, J. Phys. B: Atom. Molec. 
Phys. A, 741 (1971). 
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.), 
Plasma Spectroscopy (Dr. j. Cooper) 

f 

The results obtained with the parallel-plate accelerator 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 

2 
satisfactory continuum, 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, even in 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 36A, 153 (1971). 
2. J. S. Hildum and J. Cooper, Rev. Sei. 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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Stabllity of Discharges in Weakly Ionized Gases (Drs. L. Oster and 

A. V. Phelps) - 

The objective of this theoretical project 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 ionlzation. The importance of such con- 

siderations has recently been emphasized by Basov et al.  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. Brlttin 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. 
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II. lonlzatlon Kinetics and Reaction Rates 

Project Coordinator: dr. W. C. Llneberger 

/ > 

lonlzatlon.Kinetics (Dr. W. C. Llneberger, 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 of1 near- 

threshold photodetachment data In terms of the electron-atom 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    i 

gifted experimental physicist from the Physikalisches Institut der Uni- 
i 

versität Freiburg, receives his support from the German National Science 
» i 

Foundation. ■ 

I 

Our standard arc negative ion source has .proven to provide a copious 

current (~ 100 nA) of Se when seeded with a small quantity of SeO». Fig- 

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

determine EA(Se) - 2.0201 i .0003 eV, and that the ' S^. - H^J' fine 

structure splitting in the negative ion is 2279 ± 2 cm"1. Thtse values 

represent the first accurate measurements of this system and, by comparison 
i 

with isoelectronic extrapolations, indicate that one can predict electron 

affinities and term splittings of Column VI atoms relatively well. A de- 

tailed study of the Se"(2P3/2) 4  Se(3P2) +
1e(k) threshold shows deviations 

from the a «k threshold energy dependence at 5 millivolts above threshold. 

Here k Is the momentum of the ejected electron. These deviations from 

the Wigner threshold law can be explained on the basis of aft extension1 of 

i i 
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O'Molley's treatment of long range forces In the photodetachment process. 

iThus we obtain the following expression for the near threshold photode- 

tachment of t>  bound p electron. < 

i i        ■ • 

o - kv[l + j ok2 tn 1.23*^ k + (yA A - A2 + Ar.) k2 - y o Ak3l 

where a is the polsrizability of the atom, v Is the frequency of the 

light, A is the scattering length characterizing the interaction of an 

s wave electron with the ?2  Se atom, and r - is an effective range 

parameter assumed to be smaller than A. A least-squares fit of our data 

to this formula yields a value for A of -5.8 1 1 atocic units, and 

indicates that it is possible to obtain elastic scattering cross sections 

from threshold photodetachment data. We hope to apply these techniques 

to 0 , in order to obtain an independent estimate of the low energy 

elastic scattering cross section for electrons on stomic oxygen. These 

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

an oxygen plasma. 

We have developed a very staple source of metallic negative ions 

based upon the sputtering process. We have alreatly obtained 10 tw beams 

of Au , Ag and Pt , and, based upon an analysis of the source performance, 

we should be sble to obtain nanoampere negative ion beams of any metal 

whose electron sffinlty 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, end demonstrate the validity of the Wlgncr threshold 

" 
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l«w for chit ras«.    In addition wr find    EA(Au) - 2.310 t  .001 «V,    which 

•hould h« comparrd with an «xcrapolaccd «Uctron affinity3 of    2.8 t  .1 aV. 

fro« chaaa and othar praliainary Maauraaanta on Pt' and Ag", it la claar 

tba axtrapolation tachniquaa, which work wall for tha Coluan VI atow art 

in aarioua arror for all i ran«it ion nataU.    Thaaa atjdlaa of aotal  iona 

will b.   continued and mi ended in tha oast roporclnt pariod. 

1. I. Hotop, T. A. Pattaraon and V. C. Unabargar (to ba publlaliad). 

2. T. F.  D'HalUy.  Phya.  tew.   137, A16M (IMS). 

9.    I. J. tollwwt« J. Ctaa. fhya. Jfi. 4251 (IMf). 

JtU Infomattwi Malyaia C—tar ( Dr. L. J. Kiaffar) 

A Mmacrlpt aacltlad "Itbliography of too-Molacolo looctloa Koto Data" 

by Gaorft A. Plooott boo booo a«.biilttad for pobllcoiloo.    It will appaar oo 

«• nt ipoclal PoblicoKloo oval lab .a fro« tbo Super lot »nd«nt of DoriaHoca. 

P^llcatloo of tbu blbllotrapby Mda owr afforto U tbla aroa. 

With tha aaalataora of Cho JIU laforaatloo MialyaU CMtor a Hortafcop 

oo MooocUlloo of tlaplo Noloeolco to boU« plaoood for March 1* aod If, If72. 

ftp«a^*r« and propra» bava boon  »rroogcd, 

A projoct to critically ravla« tbo laforMtloa aa tbo aoorgy lo«ola9aM 

craaa ooctlaaa for popwlatiop tbo« by olactroa lapact, far aolocaiar cayt« 

«no laltlatod by 9t, «torrla Kra^a, SM Waohi^toa.    Dr. t. J. Klafftr XM/ 

JIU ood 1. t. Uittm MIA aro participant la tbla rawla«. 
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A..Ut.nc« was glv«o to Dr. A. V. H..lP. in hi« at tempt to obtain • 

'•boot ootH of Mj croat aoctiona for uao in laaar Bodalint •»! nodaling of 

othor davicaa involvin« low proaaura ioniaad gaaaa. Data hava baan co^ilad 

and conparad whara poaaibla. Data aata «rill now b« uaad to predict tha 

valua« of alactron rata eoofficianta as daducad turn anara anparinanta. A 

boat data oat will b« cboaan on ih* bMio of knowlodta of tha raliability 

and accuracy of tbo baalc croaa •action data and tbair ability to prodlct 

tba "eorrocc" «alnaa of rata eooffidoot «a daducad fro« electron auara 

data. 

An antanaiv« co«pilotion of oloctron ownra dato and a collate 

bibllntraphy of tbaa« data by J. Dutton I« otill baing prepared. It In 

«spectod tbia Mnnncripc «rUl be nubttitted for pnblication during tba neat 

reporting period. It «rtll be pnblinlMd In the 

Cbaaiic« 

WolncnUr Wanociatinn Ptocenaaa (Dr. L. J. Kief for) 

Ihin project baa irearerlir b«*o tw>pn4*4 d«e to tbo Inch of o rvoeorcb 

eaaletant or pootdoctornl peraonnol. OnrUg tbo neat au mmth.  It In 

eapected tbat additional data on dlnooctatlee lonlaatlon and pnlr foraetlon 

of Oj will be toben and tto tenolu written «p for pwbtlcatlM. rrollatanry 

tmtlim  for tbnno two prn wwr« dtnewnnnd im Uw IMI nMloMnnl ropwt. 
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Elytron Tr«p»port «nd lonlMtion Coefficient^ (Dr.. C. I. ChMbcrUln, 

L« J. KirMct and A. V. Pbclpt) 

Thi. U a MM project InltUted in roopoos« to ch« nood for Boro roliabU 

•loctroo traaaporc coafficiaoc aad alaccroo ascicacioa «d ionitacioa raca 

coefficient«.    Such coaffictaaca ara eaeentlal far the pradtctton of the 

parfaraaaca of $m diecherge device* and ayataM, auch at alaccroo baan 

auataiaad laaara.   Our firat teak la the dataralaatian af a caaplata aat 

of rotatioaal, vlbretiooal and electroalc ascitatioo croaa aactiooa far 

law «aargp electroaa ia »j.    Kltrafen la a najor conatitueat la aany hi«h 

power iMtn and In tJ* atnoephara.     9m aaparlaaatal data retardl^ 

electron eMltetlaa af tatatlaaal aad alactranlc autnn ka»a linoni avallahla 

alnca tha ftrat attaa^t to ahtala auch a aat af croaa aactlaaa under UM 

aupenrlalaa nf ana af na (AVT) about 10 paara afa.   Our ohjectlea ia to 

ruuiaa tba croaa aactlana for alactrana In ij'aa aa to ha aa conalatant 

aa paaalhla with theae aeu data uhlla requiring coneUteory with electrv« 

treMport data appropriate to elect Heel dlachartea.    Iha calculatlooe 

carried aut tlMa far thou thet uhea the aaw aacltatlan craua aactlana ara 

aaad thara am aMll hut «ifalflcaat dlacrapaaclan tunii «partaMtal 

and calculated laalcatlaa rate coafflclanu.   hh ata current lr rueMmiuint 

tha aaanraay at the naatwrcd laalcatlaa aaafflclaac data. 

«a a raault at la^ulHaa fran «artana laaar da«al«pa«at cr<^r* «~ »-•»• 

cerriad a« a ahart ruaualuatlaa af alectraa it««pert caafflclaat m* 

attacfeoant croaa aactlan data la Ml.   Ma naca that iinril^ la tha a^y 
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avalUbU data, obtalnad prior to 1930, th»  rat« of alaccroo aoargy loaa 

In Kl for •Ivccrooa of about 0.3 tV U much  Urger than for »ny oth»t taa 

atvdlad. If thaaa data ar« correct It attttaa'a that vlbratlooal •«cttatloo 

croaa aactlooa In NCI ar« v«ry Urg.. Ibla •»•»• that ITt altht b« uaaful 

la «l«ctrle dlaeharga laaora provldod CM eaa ovareoa« tb« lo«a of «lactrooa 

aad Kl aolacuU» by dlaaoclatl«« attaclMaat. 
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PrejMt Coord IM tor i    Dr. I. C. loaty 

?f\ifl Atomic BayM tor«. 0. 0. ftMor «ad J. Costor) 

fc'"11 fMHIB ItfWI HtfTTT     I** fuooitto dofvct thoory 

51« it* pnklm of tc.rcorlnt of oloctroM bjr povltlvo IOM «tltb tho 

rroyorclos of tto ko«d «utoo of tlw MM oyot«.    |, lh, «l^looi coooo 

It My W Mod to eolcoloi« ^ortUl olootlc ocottorl^ erooo MCKIOM %i*wn 

•HCiroMoyU doc« for Kbo booad out««,    to ooro eo^lleotod wftmm it 

yrooidoo o MOW of Mint tteoroiicol M«ttorl«t coleoloiloM to otilMto 

Iht «Mrgloo of «öd obi«to opprofttMto «««o foMdoM for cselcod bound 

•IOtMt   M  tb«l   OM  CM CO^MO OMUUlOr  OtrMttlM  OOd  idMlolMlMliM 

erato MCIIOM for ootb »IOIM. 

!■ lb« yrooMt iMMCltatlM « CO^IMCIM of thoorocleol COICOUUOM 

ood ow^rioootol dot« «TM «sod to obiola cbo olociraa «cattoriat «• « 

fMcilM of «Mrgy for tbo ayataa C** ♦ a.   11» 1« c0   hM mo loo-lyiat 

Kama, la «ad 2y, aayaratad by 0.« Kjrd «ad cbo MST IOMOI can 2.4 Ryd 

**m.   All abaanwd carw of C*2 ara dorlMd froa cbMt tvo IOWMC MIM 

af C*   «ad Mly ctoaa tarv «ara tabaa laca Mcaaai.   far cbo S ataco« a^ UM 

tbrM cbaaMl coMa ay ca L • S, M «oil M far UM CM rhMMl CM«« * to 

L • S, tba «caccartat yroblaa bM baaa MlMd Mlaf Iba lacatro-dlfforoatial 

oqooclM MCbod «c «ft«r«lM «baa» cbo 2y cbro»hold.    TbMO raaalta b«M boM 

aapylMMcod «Heb ocbor calcalatioM Mlaf cba dl«c«rc«d MM MCbod for all 

•MM ay ca L • f. 

tbo yr«M«c Mfb bM yiadaMd M aaaMClolly MMI«(« »am diogrM af 

C III ^ ta L • Sv Ucladlat »bo ««colMltlag «tatM «rlih cbolr r«CM of 

MCoiMltociM M Mil.   ibo Mafltarat'.M Mal^ OMfflclMCt ara a by-yrad«ct 
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of thU MleuUtloo, and ih.y «r« OOM «valUbU for futur« UM In Quantua 

Daf.ci Ncchod caleuUtloM of cho oaeillator «crotittlw «od the photo- 

loolMtldn eroa« aoctlooa for asclcad atacaa. 

tcitation Croaa Sactloft«. Tf^aa calculaclooa have baan 

coaplotad for all traaaltlona aw>nt «I» flrat alavaa tarw of M 1X1 and 

cba flrat flva taraa of i IV (thla calculacloo la prallalnary to oaa 

InvoUIng oioataaa tarm). Cooflturatlon Intaractlon bound atata wava 

fmetlooa locludlnt aU cooflturatiooa «a^p, 2a2p2. 2pJt 2a
23a. 2p3, 

2a 9p( 2a 3d) for II III and thraa eonflguratlona for II IV (2a2. 2a2p( 

2p ) for I IV. 1%a corraapoodtng tarw ara glvan in Tabla 1. Scalad 

atatiatteal nodal radial wwa function« vara uaad1 and tba «cattaring 

caleiOatioo waa parforwd utlnr. tba unltarlaad Dlatortad-Mva Approxiaatlon. 

1W collision ttrangtb 0^ for aaeb tranaltlon vaa obtalnad at alx 

' ■     I 

aaarglaa, fraa «bleb tba da-aacttatlon rata eonatant (E. > B J, 

#. »  •.•J»10'* f*    2 -W/kT   u 

t 

wm avalnatcd ualn« a bljbljr afflciant and accurata apllne-lnterpolatlon 

»acbnlfua. Iba raault for 103 < T# < 10
5 la wriiim In th« for» 

■ 

«Aara P(«) la a low ordar polynoalal. Tba corranponding axcltütlon rat* 

cooatanta ara aaally obtalnad fron tba faalllar datallcd balanca ralatlon. 

Uactrlc dlpola and quadrupola absorption oscillator strengths obtained fron 

Iba bound atata functlona appear In Table 2. If better oacillator strengths 

i 
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become available for the dipolo transition«, 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. Elssner and H. Nussbaumer, J. Phys. B: Atom. Molec. Phys. 2. 1028 
(1969). 

TABLE 1 

Level 0 

8 

9 

10 

11 

N III 

2   2 
2s^2p Z? 

2s2p 
2 4, 

2P3 
4S0 

V 
2s23s 2S 

2P3 2p0 

2 
2B 3p 2p0 

2s23d 2D 

N IV 

2s2 ^ 

2s2p 3P0 

lP0 

2p2 3P 
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TABLE 2 

Transition f(el) 

N III 

106 f(e2> 

1-3 .133 
1-4' .102 
1-5 .44 
1-7 .960 
1-8 .0280 
1-9 .182 
1-10 6.64 
1-11 .453 
2-7 .171 
3-4 .0139 
3-7 .208 
3-8 .333 
3-9 .144 
3-10 .00349 
3-11 .632 
4-9 .200 
4-10 .0179 
4-11 2.60 
5-7 .179 
5-9 .265 
5-10 .00495 
7-9 .0341 
7-10 .00107 
7-11 .00078 
8-9 .00065 
8-10 .81869 
8-11 8.80 
9-11 .00020 
10-11 .443 

N IV 

1-3 .634 
1-5 1.14 
2-4 .248 
3-5 .213 
3-6 .164 
5-6 .0468 
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Atomlc Ineractlon Theory (Drs. S. Geltman and D. W. Norcross) 

Coulomb-pro.lected Born approxlmatioi,  The application of this approxi- 

mation to the 2 S and 2 P excitation of helium by fast electrons has been 

completed.  The results are In fair absoluce 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 discrepancy 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 

-3 
Is again found to be E , as was the case for hydrogen atom excitation. 

This Is In marked contrast to the Born values of E  and E  (for s -*■ s 

and s -♦■ p excitations, respectively). A simple physical Interpretation 

-3 dalf 
of the E  dependence Is obtainable by regarding   .-^  to be the product 

of the Rutherford differential cross section for the elastic scattering of 

_2 
the electron by the nucleus (~ E ) and the semi-classical probability for 

excitation by an electron on this Coulomb trajectory ( ~ E ). 

We are now attempting to apply the present approximation to the 

lonlzatlon 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- 

3 
tial cross section d o/dfi dQ    dE , where dfi and du    are the elements of 

e  e e 

solid angle for the scattered and ejected electrons and dE  is the element 

of energy of the ejected electron. Generally fi and E  are held fixed and 

3 
the resulting da is depicted in a polar plot as a function of 6 . A 

comparison of theory and experiment for this quantity is a much more sensi- 

tive test than is the total lonlzatlon cross section. 
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FIGURE 7 

Differential cross section for 1 S->2 P transition at 200 eV. 

Present approximation (solid curve), Born approximation 

(dashed curve), and experiment (open circles—Opal and Beaty) 
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Electron scattering and photoionizatlon. Calculations of low energy 

2 
elastic scattering 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 excellent agreement with 

3 A     ' 
recent experiments. '  These results also indicate that the previously 

reported disagreement with experiment at low energies cannot be attributed 

to lack of convergence in the calculations, the two- and four-state results 
i 

being nearly Identical at low energies. A similar four-state calculation 

for Li is contemplated, as there remains a serious disagreement between 

previous two-state calculations and experiment.  The IMPACT code of 

i 

Prof. M. J. Seaton, rather than the present program will be used, at a 

considerable saving in computer time. , 

As an aid to studies of electron scattering by the heavier, one electron 
• i 

systems the target models are being tested by'comparison of calculated and 
■ 

available experimental photoionizatlon cross sections. These are, in princi- 

ple, relatively simple calculations, and the cross sections are themselves 

of intrinsic interest. These cross sections are known to be strongly 

Influenced by core polrrlzation and the spin-orbit effect, particularly for 

cesium, which is currently being studied. Preliminary results have served 

to help discriminate between two conflicting experimental studies of the 

7 8 
spin-orbit effect in cesium photoionizatlon, ' and a report on t^ils work 

has been readied for publication. A complete calculation of the photo- 

ionizatlon cross section for ceisium is underway. Preliminary results for ' 

i 
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Mg  indicate that th* cor« polariMtlon «ffect is iaporcant for this 

•pocies, for which no «xporlacncal result« art avaliabl«. 

Having obtained rcliabla target w>dels for calculations of electron 

scattering by Hg , Ca , and Ba , the IMPACT code and the techniques dis- 

cussed shove will be used to compute the photoionits'ion cross sections 

9 
of Mg, Cs snd Ba. Only the second of thess is relisbly known, snd will 

i 

serve as s ussful check on the work. 

M. 

D. 

E. 

D. 
5. 

E. 

1. 

U. 

G. 

V. 

B. Hidslgo and S. Gsltasn, J. Phys. B: Atom. Nolec. Phya. (in press)« 

V. Norcros«, J. Phys. B: Aton. Molee. Phys. 4, 14S8 (1971). 
1 « 

Enemerk and A. Csllsgher (to be published). 

MMbieka H. Eyb, snd H. Hoff mm. J. Ihya. Bt Ato«. Molec. Phys. 
L15 (1972). 

H. Ksrule, J. Phys. B: Atom.  Nolec. Phys. 3. 860 (1970). 

Haffner and H. Klelnpoppcn, Z. Physik 198, 315 (1967). 

Hclnznwnn, J. Kessler and J. Lorcns, Z. Physik 240, 42 (1970). 

Baum, M. S. Lubell snd U. Raith, Phya. Rev. Lettera 2b,  267 (1970). 

L. Carter, R. D. Hudaon and E. L. Breig, Phys. Rev. A 4, 821 (1971). 
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Iltctrop tmtast  ton— (Drs. g. C. BMCJT «ad J. ItoiMr) 

DtU on 4trr«rratlal lootMCloa eroM MCCIOM havt OM k«M pr^artd 

for publlcotioo. D«t« o« hollua bovo bom publlshvtf to Phy*. tov. A1 wlih 

a eooploto ovoloocioo of rolioblltey of osporlMoul procotoroe. A co^lolo 

cabuUcioo of oil cbt doco boo boon proporod for publlc«itoo ta Aloatc tat* 

(provlouoly ovoiUblt M JIU roport 108). 

Nodtricatlon« of o^olparat art boiag aado to poraic rodoclat •***  of 

ihm  uacartaiotloa aatf aa aatoaaloa of tboao ■atawrim nt». Aa addltlooal 

ataga of dlffaraacUl pmplng la bafnt addod to panic a oora blfblp 

colllaatad aolacalar boas. Tbo olartroa guo aupport la bol^ robot It to 

p«ralc oaaaaraMata at aaallor aagloa. Alao a aaaaad alaetroa dotoc tor 

«rlU bo addad to poratt aaaaaraaaat of all tbo dyaaale varlablaa rolooaat 

to loaltatioa. 

1. «. r Potoraoa. I. C. Baaty aad C. 1. Opal, Phya. too. A 2* '»2 (If72). 
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frojMC COONIMCMI   Dr. S. J. toiili 

(Dra. f. L. ttolU Mi 0. 1. 9mm} 

1*U MHrtaMt «»Ujrt crafylat •i low la •   4c   tlwirlc »md mmg- 

Mtle tim\4 co«rigwt«ito« ce l«v»*il««ic collUlM» of IIMM law vlili 

otWr w'lielM.    la partlcalar ilaaaclatlaa rwaablaatlaa af ikaaa laaa 

ana aoaoiatriaUa alactraat «rill W lavaaclaatW avar m alaetraa ■■■rgj 

raaft fraa 0 ca aavaral «t. 

tlfaificaai pfgr—* km kaaa aaia tartaf *** wparilag parlatf.    law 

haaa Ww trnffti mi aw-4wtrwtlaaly ■»■■nwi alia 900* alfaal-ia-wlw. 

rif«ra • thwa a aaw af a trap^M l«a alck MM lt.    (UM aaw paraM«ar 

la tniniiry.   iw paak accara ac ika rawamt ftt^wwi af MM ■   la cM 

k«rwialc alMirwtatlc wll).   ftay^lat llfatlw hw Urn *mm ta ka 

trwtar tlwi S haara, md UM iiaiir af laM la akaw 10*. 

flfara f MMaatratw r^waiwdw of il»*« Uw alth iltiniaM     la 

flfsra »• M alwiffM mmim af 1.1 ■ I0'f AM »i«1» «kaat 0.S af Mitp 

k«*«f4M llw traffM law »larilat at aMai   M   aw.       U ckU pUi Ika 

laiafral wiar Uw 1M p*k la IIWM M a fawtlM af Uw. wtf 11 la aaM 

Ikat law iluppta» vlth • cMtactarlatlc Mcay tlw afiar UM alwifaw 

ata im»  <;- —4 

la ngara fk aUeitaw «lUi li ilwa kl^ar wmt^ 0,% ¥0 at« lair*- 

Mc#4 wiik a cartM^iWIatly hltkar carrw«  tie u^ »w«* «fc*ti» »flaci« 

rwwrAla), aM M wa UMI U» niwklaulM CMM awtlM la Mall 

•1 Ula wrtnr Uai w 4»aUtlM af laM to 



tolat tfe* iKtei^w i« mmmf ataolvi« tnm MCII«M rafir— 

*■■'>■*■■ •* tW toMlty Mi MatUl iuirlfcMlM «f IMS to tfM tn». 

to HMwi tfito, • tMii« niMiitf— toniU «illi^lUt u tou« plaMi 

M «M «M •! dw ir^, Mi Hw tfM »ll^ily -illiM* I« itot Mi.    IM» 

«rtll to MMMt«i MI «f ito irap MM Uw toaiU.    toM IMI^IM •• ito 

fMM  MttM« »f   CM MlllHl*r  «HII  ^»«iM« C«tf«<   ^l*«* MI   IM kMk 

PMlll«« !• I!»    H M«M to Ito MM M Ito p^fvmt   IM.    v.»-«  • 

itotlM «Mi« tor ito Mlitoltot. Mi MIM tolfto MtiiM. «to railal 

itoirltoilM «f uw toM Ml to tonrtoMi «Hill • MMtollM H 0.0M*. 

tottot Ito f^pmfi pMtoi toto tovlM km toM MM^toi «I«« wHb MIMMI 

•iMIfMtM Mi M «iMIfM fM tollWfflM • »tofflr     frilllli toM M 

IMC ito tovlc«. 

torvMilf ito iMifMMi to tolas "«toaMi «f- frtor M aiatuat 

• 'fir* m*—**wmmm*.    MpuMMaia aM totot ■•to M ito paafi^ aai 9m 

toailtot «r*<aM, aai aaM parta at ito «lacfMai«« «t« *m%m i«»»«^ M4 

aaM»titoi«i.   «»«««tMMift #,# satot rt«««i M to*, «,*, 0u4
v ijO*. aai 

1111   to i« «a »iMft»« ««Mtf »f «^«i    7 at ato «ilk «• »Mtty »•«•UIIM 

at 0.0» at. 
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Uttit»* 1J^*I' ci>t«. •• ■• *■■• •• ft »ill I» m 

Mr. r   0. Ifcftov). 

VOa pr«|Mi to to !»•»■♦• U» §•••• •••ttoi« !•• •!•«?•• I^MI 

«tfMilMrf   ■,♦,€■*• «rf te* »tot «~^ W«i •€ %^toM» 

■liiirw Mi tto NifMito« to« Mi AWTVIM !*• NMIMM P 

raitotlM «tot« H» ifclrt piffi tomtit tfitMiiM.   rr»ltoi«wir NMIU 

«M« uftuM Mtltor. 

totlaf Ito IHM —tfi fcf IM« WfMl Mt« ptMtot «»M MM 

M««»l«l«4 IM  UW MtlMClM «f Ci*.    *l»l«« Mllkf«!«« «M I • 

tarthW« Mi « MTtoM ptMlM M» ilMMM^ Wllfc !*• MffW f^M fctot* 

M# MM MM M • tMiMMffto »iMteN.  »to fcM Ui M • wmmmtmm 

* Ito ill M^. Mi MttMlly • toMMM MH» to* »M MM I»- 

•IAII#<I tm*  »W 



rf«)*ci Cmf4lm%mtt   ir. 4« €• tolUt**? 

Or. A« C. telU^wr) 

UM lM*racil«i ^MMIUU IM CMIM lM#ffMtl«t «Hik UM imm 

•M«MM4 ttmm IIM tltrflM •# wtrwM wit «MIUHMM ?•<!■ 

MlM.     UM CMl«^«ra(MI fMMlUU M« OMMI  I« f%$mt9  la   A ff«f«fl   of 

UU «Mi hM kM« MbMltiMl tor f«MlC«lt«l. 

VM «fOtMMM  kM MV ••«•  IMVffMti «Hk MMfwIvt  C«Mr«l Mi 

«*•.•««•«»«•it «f UM f«tl4l«»-i«*rt §■• tpMina «rt ^t«c««4t«f 

rta »i |p 



tttiÜZtiflLiUÜIi CDr. J. teil aai Mr. i. 4. IMMU) 

■ 

ttt •pH'«!«« Mi la ttutat tMi i«c« r»r 10".   As Uw MC«rt«lMltS of 

lW UM Macvr Mi HM •irvstitu i«c« project itrocily loco «oeortalotioo 

to   ft -li %   ror «*• MfOtl*»« IM tuto. It MO McfiM to try Co im^rov 

tko •ymmttj of tlw oloctrM Moljfwr fooccloo.    (UM «pttmm Molytor 

MiMtUlo iopoM M UM CMCOCC MIMCUIO of UM oorffoM, oM Ml" 

MMiMy CMM IMM irtffcoi OMr UM IMC yoor or M aloco UM provlooo 

•ijMMMM.) 

tt prwoi poMlklo «UMHMMOMly to loprovo UM oyiMtry of tlw 

•oolytor fwctlM M Mil M to IM^OVO tko oboolot« Moot IM "to and 

roclo of coaotlat rotoo (looor o^lo^r off).    Tkm «ory gMi iota for 

liM coMor MtonUaaclM eooli M Mulaai.   UMOO iata, of cor coapuirr 

flittst, CM aloot «ttli UM aatvlar ilatrlMclM iaca provioMly ob- 

lalooi kf Nr. laMoCt, UMWU OUOW COMIMO iotorolMtloo of tba propirti— 

%• *o mi h tot 10'*    *• «MUIOMI oa« foMt of thi. «M>rk ia tha yreaaoca 

of M ■»MwMlo poMtalM of   o • I Mtativ« IOM. fiolM £«oi coof lr- 

Mtlrt of aor   «#   MIM.    UM MO of laotopt« ookotltotloo to lofluaoc« 

•#   lo a hoowo «oy Mo glwo MII^M correMratloo of our vlbrat looal 

M^t«» owMr a*al«aaMita.    IM    SO* yrgblM ta eorrootly balog flalaMi 

bf Mr. laooatt M lila Pb.D tMola. 

*• ■>' Mi Oj"   MM» «MM ratoroai hy ih* roforoo for Flora leal 

iBla «ttfe oaw iMortoot aai Mafol cooaoota, M'XMlarljr cooearoint 

tM rotatlaoal corractloo.    Dr. I. i. Colotto, alti»ov«h h« Mt oow laft 

JtU, Ia collaboratiot M a sclll aoro rafloai eolcolacloo of cM affact 

of flolca rotatloMl t«M|«r«t«ra M UM abaanrai Mrttcol ictocNMnt aoarglaa 

• 
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'   '   .    - 
i 

i 

When Mr. BcniMtt is coBplctcly flolshtd wich ehe «xperlnental part of 
i       '      , 

his work, ws plsn to sdspt ths new "sputtsrlng" nsgstivs ion sourcs, 

dovslopsd st JIU by Drs. U. C. Linsbslrgsr and H. Hotop, to our apparatus. 

•s should bs sbls to provide "survsy quslity" informstion, ssy t  10 mV, 

for ths oststivs ion ststss of Pt( Au, Ag, stc. Vsry possibly negstivs 

slksli bssas will bs available slso from this kind of source. 

i 

• 

• ' 

i 

i 

• 

i 
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Manuscrlpts Involving ARPA Funds 

Listed below are papers submitted for publication during the period 

covered by thJr 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 O2 and the structure of 02~," submitted to Phys. Rev. A. 

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

S. Geltman, "Applications of pseudo state expansions," In VII ICPEAC 
Invited Talks and Progress Reports (T. R. Gravers and F. J. deHeer, 
Eds., North-Holland, Amsterdam, in press). 

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

W. C. Lineberger and T. A. Patterson, "Two photon photodetachment spec- 
troscopy. The €3 - 2l  states," Chera. Phys. Letters 13_,  40 (1972). 

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

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

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

M. 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 N0~," submitted to Phys. Rev. A. 


