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he radiofrequency paragmagnetic-resonance method was used
to observe the exchange collisions between the Xe ionic ground state
2 , . . 3 e .
P3/2 and the neutral metastable state PZ‘ The ionic ground-state and
metastable-state atoms are both formed and aligned by unidirectional
low-energy high-flux electron-beam impact. The magnetic resonance of
the ionic ground-state atoms was observed by monitoring changes in the

Ll

transparency of the resonance radiation absorbed by the metastable-state

atoms.

The experiment is described in detail, along with a possible .
process for observing this resonance. Phenomenological theories are
presented which may explain the sign of the magnetic resonance signal

of the ionic ground state compared with the metastable magnetic resonance.



-1- ' ' UCRL-17430

I. INTRCODUCTION

N

Atoms excited by unidirectional electron beams are, in general,

4
. 1A e . ) . .
aligned. ” . For excited states that decay by spontaneous emission of

light, resonance radiations are therefore partially polarized. Magnetic

Ladid

resonances of excited states that cause alignment reduction change the

-

polarization ratio of the emitted light. DBy this method, various prop-

-

hy

erties of the excited states such as fine-structure separations, rfine -

pe
structure separations, g., g, and lifetimes have been measured.
o By :

For metastable states formed and aligned by electron-impact

excitation,. atomic properties similar to those of the radiative excited

states can be measured by monitoring the change in transparency of the
gy b 1 h : . PR} 3 ]
resonance radiations absorbed by the metastable-state atoms.” Recentl
L. e \ e o t,2 . .
we reported that the ionic ground state of Xe ( P3/2) atoms, which is
difficult to observe, can be studied optically by this metastable-state
resonance-absorption method through collision-induced coupling with
e L 3 domy Ao Ny 4 ' Pon A " dom 3
metastable-state atoms. =~ In this paper, we present more detailed
information on experimental apparatus and improved theories that may
cescribe the processes more accurately.
A high-flux, low=-energy, unidirectional electron beam was

produced by a space-charge-neutralization technigue~ using low-pressure

Xe gas as a source of ions to neutralize the electron space charge. DBy

tnis method, aligned ionic ground-state atoms of relatively high density,
as well as metastable-state atoms, are formed. In a steady-state con-
vies i . iy s ] +,2
dition, a certain population equilibrium results for Xe ( PS/')) and

| et

2
9 . . o .
Xe( P,) magnetic sublevels due to alignment by electron impact and
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‘t_h'ro-ugh subSeqL-xent s_pin-é)_rbit c_&upiing ionic ground-sta‘cg—:mgtastable e
state éol_lisiAons, collisions witrhv the g;ound state of odd Xe isétopes,

and the spin—élat‘cice relaxatic_)n' cim_;e to collision with walls, foreign gas -
a‘uvtoms,‘ ahd plavsma,discha?vrge‘-pr'bducts. However, we may‘cbnside;r

e

o

only the contribution to steady-state conditions that is due to the ionic.
ground-s\tater—-metasfabie-:sté.}te’_.c»ollisions, since we can set o_qr equip.-‘
ment to be sensitive to only thié«proceés, while‘ ail other processes
appéaf as shortening of the spi.n-l.za‘ttice relaxation tifne.

The magnetic ;:'esonancel _‘cj>'f the ionié grdﬁnd 'sta.tev, ‘at g‘sufficien't-
'rf-powér to équa_liz.ev the‘pdpula.“c:iév):n ciistribu'tién,. véauses equilibrium |
populatidﬁ redistribution of the ;neta'st'able state through subsequént
‘exchange collisions tov differ from cases in Which no rf resonance ﬁel_d

' o+ . ’ . ’_ ) ) ) o N CL ’
fornge_' is applied. Thus the changes in transparency of the resonance
'r_adi'a.tions a:bs,orbed by theénﬁetastablg state allow. us to observ}ev_ rf:

' r‘esqvnance of t‘he jonic groﬁnd st-ate.:,'.Thezionic-'g:oiln'd';state -r.es'onva.'n'ce

signa.l<-xi'5',-.co,mpar,ed-with the magneétic resonance s‘i’g-rial. o_f the meta'stabie

state. ' » - ' '
II. ALIGNMENT OF EXCiTED STA’_I‘ES.

An eleméntary con_si_de.ration of Ithe‘ process of ¢le¢tron—impact'
Aex{citation demonstrates the prinsiple behind thé éel'e_:ctive excitation of
magnetic sublevels. In th_e Xe_avf‘.Qm,‘ ‘che_' grb,und state-l%as é. 1SO. con"..
figuration. Therefore, the initial level of the atom has zero orbital
angula.;r_ rho‘,mentum (we.'assume '.nl.}clea.:n: spin is zexro). " The anisotropic
excitation of excited states is béséd on the cylindrical symmetry th.a.tv

exists about the electron-beam axis.
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Let us assume that in a.n inelastic collision the total spin and
tlotal angular momentum are separate_ly conserved. Assume the angular :
momentum of the incident electron to be zero. Then the angular mo-
mentum of the electron, after exciting ML of the excited level, must
be équal to -AM. If the incident elec‘“'on possesses just enough energy

4
to excite the atom from the *SO ground state to the excited state, then.

-hAM must equal zero since the velocity of the electron after collision is

. glecting electron spin, we can write

1

“For high energies, ‘Im{iis;pefpendicular to kn s'_ince lkxhnf}.i' !: l: kgo

zero. Therefore, -the excited state of the atom is expected to be in the. y

ML = 0. At the higher energy, using the Born approximation and ne-

5
| O‘m dw oS lg (r,R) ) exp {1 e " knO R} b _L‘Jm(f.)df.d%! dw,
(1)

where k"mo and k nn1 are the linear momentum of the electron before

and after the impact,. wm and _LlJn are the initial- and final-state wave

-

functions and V(r, R)'is the Coulomb-interaction'energy. > By choosing
K = k_ n, - kn as the axis of quantization, we see that the M, =0

~ mnm mo + L

state is the only state we can expect to be excited, corresponding
physically to the inability of the incident electron, whose momentum

loss is along K, to exert a torque on the atomic electron about his axis.:

Therefore, should the excited state be the nP state, the state p#oduced is given
7 ~ =1/2 -
L/ (0,m/2,0) {0) = (2) [14) + | -1)], andhence M, = 1and-1states are
produced by high-energy electron impact. A |

To treat the problem more rigorously is extremely complex

since we must consider electron exchange, spin-orbit, and hyperfine

’F\

[
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'. inte_ralctioné._ Recently, Pe_rciva.l and Seatop hav.'vei carried out more .
riéoroﬁs calculations, includirig_ the éﬁo?e*mentioned interaction.
| Sinée the sucvces_s-:of our ekpe'ri.ment‘is based bniy on'the ex-
,isteﬁce of the populaltioin differences between magnetic sublevels, no
| .'dev,té.'iled knowledge of the process of the excitation 1s needed. However,
“ it is .nec_e'ssa.ryvto gbté_in,a high deﬁsity of a.lig.néd ionic grqund-st_ate‘-én'd.," '
.ziﬂ.’etastable_esta;:e at.oms_.so that the e‘ffe'_ct is -observvav.blé‘. ThlS reciuir:es.' -

‘high-flux, unidirectional electron beams, as well as low=energy, if we are .

also. to. ‘approximately éa.ﬁisfy the ﬁhr-es-hold-energy. condition. .

III. THEORY
T_he i'f_elevé.ht ene.réy.-_l_eve'lvdiégfam'-'is shown. in Fig, 1. By

_ ellectron-i‘mp.a;cvféxéifatién, ti}é m'é.gneﬁic, é’ublevei_s of Xé+(2P3/2)."and
,Xé(3P2} are _'selecﬁiveiy e>v<lc‘_ited. By ele.cti'oxif?impact, the _rna.gnetic: ‘
'su.‘;v)lev‘el'sk'h"lj = ii/z of, Xe+(2P3/2) and my = ;!:1 and 0 of Xe(;PZ)AShould-
be selectively excited at the energy of the corresponding thre.shola. erie:rgy_'
of 'ez;:éité.j:ioh. . I;Iowe—ver, éince we expecf né threshold-energy éondifion_

' to  ’;ﬁé vrigovrbv\.lsly satis.fie'd," we a:.s:-"s,i'gn.the..pfoduction rates a, B, and 'y 'f;c'>.'1" ?
the magnetic sublévels.: mjz =2, .+;1, .é‘nd"O ofk Xe(3P2). Sirﬁila;;ly, we
assign the production rate a! é-rid g for the i'_na.grie.tiic sublevels

| mJ. = #3/2 and ;-.‘:i./Z of Xe+(2P3/2). Sinde the'ele;:tron-_ir_np'act excitation

“aligns only the exgifed étoms, fhe ;lniroductioh rate for mJ is ’che same
for.. M. ', | | ”
~ The metas ta._ble,-_-state and ionic ground-étate spin'-rela#ation
:tirries' 'TR' and ,Tr rgpi’eéent the process that f:ends to cause the rﬁagnetic

‘sublevel 'pépulation to reach its thermal-equilibrium distribution by
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collisions with the container wall, electrocdes, and impurities, etc. ex-
cluding the process involving int‘eractio'n with metastable ionic ground-
state collisions.

Coug Li'ngs between the metastable-state atoms and the ionic

rounc-state atom magnetic sublevels are induced through collisions.

Equilibrium belween the two systems is established in the characteristic

IS 4.
h
3
¢}

T, R 1/0vN for the ionic ground state, and Ty = 1/0vn for the

Ble state, where ¢, v, N, and n are respectively the total-

+
i
]
ot
W
)
ot
0

exchange cross section (spin exchange and spin exchange associated
with charge exchange), relative velocity, metastable-state atom density,
and ionic ground-state atom density.
In addition to ionic ground-state--metastable-state collisions, we
N e ) T s oo 4 . . .
should consider the exchange collisions with SO isotopic atoms whose
nuclear spins are not zero as well as collisions of atoms having the
sagne configuration. For a simplicity, we include such processes in
T, and T .. We furtiier assume that, due to collisions between
+.2 : 3 . . ' . ; . ’
Xe (P /2) and Xe( PZ), the angular momentum changes at most one
unit per collision.
N,, N,, Ny, N_,, and N_, be the population densities of the
. 3 ' . ' .
magnetic sublevels of Xe( PZ) corresponding to MJ =2, 41, 0, -1, and
- ': -1 e . ’ - R -
2. Similarly, let n3/2, ni/Z’ n-'l/Z’ and n_3/2 be the population
X s ' . X +,2 .
densgities of the magnetic sublevels of Xe ( P3/2) corresponding to
M; = 3/2, 1/2, -1/2, and -3/2. From these assumptions, we construct
the following rate equations:

dN, : ; g o
-3 \ - T - - N
. 2Ny Wo s+ ZINW ., - = Ny + - vo [N

© 3

dat T Naplemmg )]s (2)
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N 1 _ N oot - 1 7 _ , . I n- | S '_‘ T'“n'_
o & - 21 iWij z NjW 1 -771\11%3 \_O‘L—l-\if_‘_-}_ szv(n-n3/2.) r Ny -2—], (3)
0 N W BN - ANy \rh;N'»n N1 4
o T TE NoWoyt BNgWio - 7 Nty -voN 7+ Ny 7 - Noal, (<)
aN_, x o i . o
‘ ISR > : T - = - R N . T -L:_v .
EE: Z N-—':‘LW—i FZNWL = N_.,l+g3 vo‘L N_in+;\_2(p n3/2)._
. | N ‘
T No —2-—], (3)
dN_Z' ! e ‘.-).1 : o
— i % L T ——— NI - 7 - ’ -1 .
o = - =1 -ZW—Z' ‘vZ_I\.Wj_Z = N 5T a -VQLN“i > I\_.Z(n n3/2:)].,.(6A)
+2 :
N = N, (7)
J J
: jE=2
and v
3/2 _
nos ) om e R N €-)
_);—-3/2 T C : : wo .

“where Z denotes the summation with WJJ to be avoided, N the total
metastable~state density, n the total ionic ground-state density, 7 the
‘relaxation rate to other configuration states (such as the SO ground
state and the neighboring P-1 state that decays to the ground state by
spontaneous emission of light),. Wij the spin-relaxation rates between
magnetic sublevels i and j (similar to the spin-lattice relaxation rate
commonly used in solid-state physics ), v.the relative velocity between .
3 +,2 | - ' | '
Xe( PZ) and Xe P3/2)’ and ¢ the exchange=-collision cross section.

For simplicity we assume a uniform relaxation rate, and write W = W._,,
Y ) T



N,

- 4N, + N, +N.+N |, +1 L S T A Do -7 i
Ny # N+ Ng#N_(# N = 5 - - w Ny 77 Nelneng0) ) (9)
N, = 4N <N.+N  + N =t N B YO N neN_(n- P
Ny =&N =N+ N_, + N W Ny Ty T oy LNy R Nplneng o)+ NG o
(10)
N_ 4+ N - 4N - N -i Y vo r T n;_r 440N
No# Ny -4Ng#N_ +N_, = 5= Ng -5 - 5p [Ny 5+ N_ 5 - Ngn], (11)
N, =N, +N.-4N , +N SbN 2B T YOILN naN o(nen, )
2T T T L T2 Wr -1 W W ot 3/2
. . 4
_ Ny 21, (12)
and
. ; 1 . o VO e n
N~ I -~ NJ T - = e NI - - __F 1 — - -
Nyt Ny s Ng # N_y =4N, = 5 Nop -y - wiNo 7 -Nopamng ).
(13)
Adding Eqs. (9), (10), (11), (12), and (43) gives us
N, + N, +_NO+N_1+N_2=7(2a+2§+y) =N (14)

satisiying the conservation of particles. Subtracting each of the above
o . =)

_five equations from Eq. (14) and noting that N, = N 4 and N2 = N o0 We

4
have
T~ N 1 - . a VO D w L n- N z
5N, = N-——i— N L2 Y—G—[-PN (n-n YN *nT\T] (16)
{ Wr 4T W WoLT T 3/207727-2 TT04
and
- - 1 - J vGo ’ -
5N, = N-—WI\JO—F—:—W—#?—;EnNi-nNO}. | (4T
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_ 1 _ W |
'NZ*S ¥ an, ) 2 B+ YO )."N’*'(ig)
TWr 7w VP32 | Wr T W P32 R
a wo Yy )
;((\I*@ w ) (NE ) o T (N ) l '
LT 54 ok (n-n, ) 2 B4y DO
N, = { Wr W T3/2 Wr W
47 = ) Z 2 2.2
. . W 0’ : 2v o H
( E . n{n-n) > v n. > Yo
5.4 . nve 4o W 1 W S
Y W w2 g1 y YO -75+ 1.»+nvol,f.,
L 2t o erg ) Wt W
L ' T (49) -
.and -
. ' Y nve |
N, = N, W _ (20)
0 5 4 1 Lave g 1 nvg 1 :
Wr W T Wt T:;-—_.W.‘ .
I A. MAGNETIC RESONANCE or 3P2 METASTABLE STATE

We snal; flrsp calculate the vnagnetlc resonance. s1g*1al of 3P2 :

‘ metastable state. For the sake of 51mp11c1ty, we shall necrlect the con- t_f;

rmutlon from exchanae CO].llSlOI’lS

‘Table I show_s the rel_atlve a,osorptiori ‘p.robkabilities for linearly :

bolarized'livht correspondind to. 3P2- - 38,1 e‘lectribc-.c'l.ipble ti‘ansitidns

' -Wnen the electzon beam axis is parallel to the externaﬂly applled mad— .

netlc field HO and the os c1llat1ng rf magnetic fleld perpenmcular to 1t

'the change of aosorptlon of tne 1nc1dent resonance polarued llnea.rly

: ' 3: el
parailel to H o due to the macneulc resonance of the PZ metastable stat_g is

1

L V4
51gnal n‘x. S(ANO)' (2) (6 )(/—\N ) = ’5’(Y+§ ZQ)W—
, AN_i'_:"._(.Ni)rf resonance “(Ni)steady state’ :, '5- - 5 T L Dvo JETE
.4 :
= =z _(_2:( + v - 35).’,

en

(22)_ ,. .
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N + =
ANg= (N) - (N) =N W
07 Y0'rf resonance ‘" 0’steady state 5 .. 1 ., nvo
Ot T -
W W
fng(Za%2ﬁ-4w, (23)

if we neglect the term that arises from collisions. When the incident
linearly polarized resonance radiation is polarized perpendicular to HO,

the change of the absorption is given by
2 : i

signal e 1(ANg) +(2) (3) (AN ) +(2) (6) (ANy) = oo (Ty+ 4B -11a),  (24)

since ' V
T 9
AN,= (N,) . o -(N,) AR W
2 2'rf resonance ' 2'steady state = 5 5. 4 Vo

. » ) Wt oW (n-n3/2)

2z (2 -3 (25)

25w P T -

1II. B. MAGNETIC RESONANCE OF Xe¥ 3/2

Since the energy of the incident electron we used is. only about
1 - 1 R . 1 . 1 3 S dem 4 3
3 electron volts above the threshold energy of excitation for the P,
state, we expect \,/ and B> @. Therefore, we sce from Eqg. (21) and (24)
that the absorption of the linear ly polarized light pa*a),lel to the magnetic
: _ 3

field decreases as the magnetic. resonance condition for PZ is satisfied
and in the case of the linearly polarized light being perpendicular to the
magnetic field, the resonance absorp’tion increases.

For the magnetic resonance of XeT we find n =n/4, i

3/2 3/2

the oscillating rf magnetic field is smflc*enuly stron Then, from Egs.
(18), (19), and (20) we get

Ahf (No) oy a5/, = =T (N2steady state

[0

W /4
o ERy) Ao,
' W ' :
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| L\.i\i = (N’1>at 33/2 = % -,( L)steady state
Nt g 2
= - — .(2; n-nﬂ/z) + 0({vo ), (27)
{5+ =—) o
v-':"O-l-O(VZ(.)'AZ)H;O.-“_”" ;'(28) 

- (NO) steady ‘s tate

s

AN = (Ny) L .
O Oabﬂ3/2—

"I‘he‘rexore, he signal strendths of‘Xe‘( 3/2 ionic g*'ound stat\. reso- .~

nces are given (to the nrst order of O‘V) by

signal | « (ANO) + (2) (6) (A_Ni)
= - 12 W i N VG Toil g AL )
=-12 G: 1,2 \g B 3/2 75 (z » ns/z) w29
T___) | -
. : , ‘ ‘ . . , ~ : 1 v ’
signal o 1{ANg) +(2)(3) (AN + 2{6)AN, =+6 Gr L2 (Zn-m3/5) =
; T\v(_}' . . » ‘ - . (30) .

6 "L
25 (7 3/2 W
Thus, the sign of the smrfna.l depends on n,)/z < n/é
et s 4+ 2
It is interesting to compare the 51gna.l strengtn of Xe ' ( P3/2)

and Xe( PZ)' . Taking the ratio between Eq. (29) and Eq. (21), we can
write . .
| ignal [XeT (Pp, )1 & NV
signal [Xe (7= 320 ?‘Zn_nf‘}/Z) [ 51)
signal (Xe( PZ)] (v + B—:; 2ar)

I
TSN
O

. : 1 : -3
since we expect $=v/2, « 0, n atoms/cc, T =~ 107" sec,

' 5 » L a-13 2 : ‘ :
V == 10~ cm/sec, and ¢ = 40 7T cm’. . ,

3
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IV, EXPERIMENTAL CONSIDERATIONS

A. Production of 2 High-Flux Electron Beam

n order to obtain a detectable signal, the following conditions

T
Lia
.

‘should be met.

(RN

(1) The electron beam should be unidirectional; therefore, gas

pressure should be low to avoid multiple scattering of the electron beam.
(2) The electron-beam current density should be high.

The maximum electron current that can flow from a ''hot'" cathode

to an anode in high va'.cuunf; is limited Iby the space cha&ge of the electron,
so that the current under such conditions is téo small to produce a sui-
ficient concentration of atoms in the metastable and ionic ground states.
However, from Léngmuir’s theory.9 of spéce-ch‘arge-neutralizéd electron
flow,. we kﬁoiv that if even a small amount of gas is present and the
applied voltage is higher than the ionization potential, the posifive_ ions
formed tend to neutralize the e‘lectron space charge, and thus allow the
currént to increase uhtil it is limited only by the eiectron.emissi'on of
the cathode, which depends upon t‘ge cathode temperature. Under con-
ditions of space-charge neutralization, the. cathode is surrounded by the
ion sheath, and the rest of the volume is filled by' a nearlﬁr field-freé
plasma. The voltage difference be;cweén the cathode and anode is con-
centrated between the cathode and ion>sheath, so that the electrons
receive most of their acceleration between the cathode and sheath; and
enter the rélatively field-free plasma perpendicular to the cathode suriace.
Thus, by the space-charge neutralization method, the requirement
of unidirectional high-electron current can be satisfied; Since the very -

ions that space-charge neutralize are formed by:unidirectional electron

\
£
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impact, we expect selective excitation of ' Z eeman magnetic sublevels
just'as the magnetic sublevels of the neutral metastable state a'toms are

s electively excited.

B. Apparatus

.
i

'fhe eXperimenvté_,l'vapparat{us‘ is a,lmost ide’htica]_. to tha't' used in
- our p'rev)ious Né metasfable';sté.te, éxperimént, 3 with:s’l'igh_t ,imPrQVé?
rﬁe’nts in 6ptiéal ax;rangement anci the electronic détection syst_er‘n_..
| Figure 2 is- é. bloc':kvdiag,ram of the expérimental é.rra.ngéfneﬁt.r
Resonance»-;a.b.sorp.tion light' is split into two beams, pqlarized
parallel and pei‘pendi'cuiar to each othér,' aéd is detect_ed‘b):r RCA 7102
photomultiplier ;cubes. The difference of the Qutpuf voltages frorh it'he '
two p‘ﬁotomultipli_e-r tubes is fed into the differential input qf‘a.» PAR low-
noise amplifier: powered by mercury ba.t'teric‘as. Thé .divfferen.cé of two _'
photomultiplier output _volltag'es is used méinly to r>educe the effect due
to liﬂght fluctuation,"of the lamp éﬁd' thus avoid saturation of the pre~
: a.fnplifier. To eliminate fhe in'homogenefc;ﬁsvmagnetic field genevrf"ated‘
by the indirecf }:1eater for the cathode qf the electrqn gun, the heater
c;lrrent is turned on and off at 50 Hz, and the ‘signal‘ from the preampli-
fvie}r'is detected only whéﬁ ne héater'cur;ent is flowing into the heater

~wire.
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The radio frequency is amplitude-modulated at an audio frequency
of about 550 Hz, and the amplitude-detection method is used with a phase-

sensitive detector. However, the exchange-collision signals were -

too small ‘to 'be. observed by ‘the . .phase-sensitive detector

lone, so a digital integratoxr system was incorporated. This enabled

)

us to sweep over the resonance curve several times, adding the successive
resonance curves until the signal—to‘—noise ratio was sufficiently high.

The electron tube is a sirﬁple diode structure consisting of a
3/4-in. -diam, indire‘c.:tly heated Phillips cathode and an anode made of
a 35-mil thick, 1-in. -diam Ta' disc, v'spot—weldecﬂi to a tungsten rod which
extends through the Pyrex tubé eﬁvelope. _ Cathode-anode separation is
2 cm. The electron tub_e was carefully processed by baking at 400°C for
about 8 h l;efore_anci after cathode a?:ti\;ation under a \f.acuum pressure

of about 3X 10-9 mm of Hg. Al.L electrodes were ri-bombarded at about

500°C for about 2 h. After activation, the heat-shielded cathode was

"operated at 1050° C with a heater input power of 50W. The bifila-wound

indirect-heating.element was con_étructed of.é, 20-mil tungsfen wiré
coated witthlundurn (A1203) by the cataphoré'sis process.

After tube activation, reé.gent’—type Xe gas was introduced into
the tube, which was then operated for a few‘houré. It was flushed
several times, satur_atiﬁg the electrodes with Xe gas to minimize the’
ion-pumping effect. After several flushings‘, Xe gas at the desired

pressure was introduced into the tube and the tube was sealed off.

- Oxrdinarily, the tube can be operated almost continuously-for several

months without any noticeable sign of deterioration. Using the Phillips

cathode, we found.it possible to expose the tube to the air for short

4
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i)ériods without aﬁy notiteable‘ si.gn of a drop in emission. ' Although a
complete reactivation cycle.of the tube is heces sa.r‘y.after each exposurc‘
to the air, the same seal'ed—off ¢lectr0n'“tube-can be'feopened to cl'nang‘e |
the gas pressure. |
| An electrodeie_ss dis_c‘ha‘.rge of Xe gas wés‘ us.ed'as. a resonance-
radiaticn light s.ourc_e.. A quaffz .tubé (8 mm i.d. and 10 cm long), f_illed
with Xe at a pressure 6£ ‘aiaout 09 mm of Pig, was placed in a coaxial
resonance ca;/ity drivéﬁ by a diathermy rﬁicrowave ‘generator at about
2450 MHz., Maximum power voutp‘ut of_ the rﬁicrowave generator used is
~ about 100W, Although light inténsity was high at m.a.ximum‘powe'r output,
it was neceséary to operate at lower power in order to prevent r_ne'iting.
of the quartz tubing By the heat genefated by the discharge. Because of
the relé.tively hard driving of the discharge, the iamp usually lasted
only about 150 hours. Frequent r.epla.éements of the lamp were required
-although considerable cai‘e was t‘ake'n in making the lamp by heating the
quart\z tubing to about 1000°C, as well as rf-discha'rgir‘xg.it while it was
connected to the pump Statiqri during several Xe gas flushings. The
reason for this may be that‘the. temperature of the sealed-off lamp under
the microwave discha.fge in the cé,vify was higher than the temperature
it reached durving itsprocessihg in fhe pump station, so that further
ourgassing of the qﬁarfz tﬁbin"gl took place, while He gas diffused into
the tube. Sincé the éas-filled tube is very si'mple. to construct, we made
no further improvemgnt on the la.fnp. o | , ‘ :
The resonance radiati‘on'at 8409‘.‘3&,‘ corresponding to the 33-1_3132
';i‘ansition,' was filtered by a ﬁarrow-band interfe'rejncé filter at about
35% tran_smissién with a bandwidth of 15 A. Two RCA 7102 photomulti-

plier tubes were used for light detection. No liquid-'nitrogen cooling



-15- UCRL-17430

was used, although we believe this would be desirable since the time-

avéeraging system we used can overcome the tube-noise problem.

V. EXPERIMENTAL RESULT
Figures 3 and 4 show the optical absorption of the cell or a
- function of the applied magnetic field, with about 8 hours of time-
averaging. The magnetic-field value was calibrated from a metastable-

state resonance of the even isotope of Xe whose g5 value is known from

. 1 .- ) io coal ol 4
the atomic-beam magnetic resonance  to be 1.50089%=0.00006. The

e +,2 : . . o
identification of Xe ( P3/2) magnetic resonance is made by noting its

resonance positions corresponding to the calculated value of g_ with
Py o J

respect to the g7 and g values of the metastable state of even and odd

isotopes of Xe, The signals shown in Fig. 3 are correlated with reso-

I 3 +,2 . -
nances in the Xe( PZ) and Xe { 133/2) state of even isotopes. These
signals were observed by a single photomultiplier tube, instead of the

two shown in Fig. 2, in orderto checkour prediction of the signals ac-

e

g. (21) and (24). It was .found that'the.observed signals were

1=

S

cording to
in complete.agreement with.our prediction. - Figure 4 shows the magnetic

-

resonances, at a higher rf power level than that shown in Fig. 3 of odd

4 . A2 2 -—
iZ'C)(?)Pz), Xe“i(JPZ) and even isotopes of Xe'(ZP3/2)

isotopes of Xe

showing a power dip, in addition to a resonance corresponding to

g= 1.2530=0.0040 that is not yet identified. Measured values Of
Xeizg(3P2) with J = 2, I= 1/2, ¥ =5/2and X 13”‘(3132> with J = 2,

I= 3/2,. and F = 3/2 are both 1.2007 =0, OO Figure 5 shows a magnetié
resonahce corresponding to g, = 1.7986%£0,0023, which belongs to Xe 129

-

with F = 3/2.

4
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It is inte estmd.tnavti tne rela.tlve swns of. 1x,>s swnal oetween
~.'.X({:(3PZ' ) -aﬁd Xe+(2 6/2 ere oppoeLte each ctne;. Vrom Eqs. (2'1) (25),b
: '](29)’ and (30), we conclude that n,,/z. is orreiater uha.*‘x *1/4 We believe '
'somedetalle_d ntneoretica'.l calculation .LS necessaryvtro find a possible
._rc.asonifor ﬁthié.' | |
7vﬁ_CONcLUaON_c

' "U'sing_ felafively’ si:nlqple e.ppa.ratus, _wev .‘have' r'eadily-‘ob_se.rved fhe
.'icnic groﬁnd ‘s;caée, w}‘iic’r.l.vis ;re_rydif'ficult tc ob_s'erveb by more conﬁven‘-{ S
tional metho"de.' Our methcd s_bh‘oul‘cli work w__itix a véii-i_ety of easily |
\}apo_ri_zed ato:mS’giyen the yé.lue J is_‘gfeéterfthari_-fl/z for fl'le ionic g.r.oun.d'"
state. An additio;ﬁal _advanta,ge over the'coﬁventicnal spif;-'exchange
‘method is that weé need only .one- collision to obsexl've rf_resorlance', while_‘ _'

" the older method demands at least twc, ' thus requi:jr}g ~relativell3f iong :
i s?in-relaﬁcatiori times of collidir;'g' s_pecies of higher pressure. -

At present we;a.'revperfcrn.qing an experimeht fo identify fhevsta_te
that corresponds to g = 1.2532:’:0._0004 by observing err.li'ssion‘ lines from
th’e'cell. We believejhat the‘signal is due tc cascading frofncthe lonb_é
lived excited state that decays to the short lived 1ntermed1aue state by
.em;ttmg_i frared licnt and that it decays to the vnetasta.ble state via K
the short-lived intermediate state while maintai'ningv its initial alig’nmer-lt.;
because of elect:on—.impa.ct excitation. . | o

We ar.e also corlst:c"uctlrlry ac apparatus Lhal. should enable us to
observe dire ectly the resonance abs_orpti_onv:.of altraviolet light by Xe ( P, /2)
to prove that the effect we ha\«"e obsérﬁred is due to Xe (_ .P3/2) beyond

any doubt.
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Table I. Relative absorption probabilities between

" - 3 J 3
magnetlic sublevels MJ of P, and M 3 of °S, of Xe.

‘Polarized light parallel to electron-beam direction’

M, 2 1 0 -4 -2
2N .
t 1 0 Lo o 0
| o
ol o o EH 0o o0
L 1

Polarized light perpendicular to electron-beam direction

NM o2 40 -1 -2
MJ.\:

R K ,
L R+ R 1 R 0
Lo k0
_1% . 1 0 i

|

o 0 % Y T
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mation, apparatus, method, or process disclosed in
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mission, or employee of such contractor, to the extent that
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