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ABSTRACT
This thesis describes the measurement of Stark amplitude

2 2 205

coefficients a and 8 for the 6°P > 7

Pl/2 transition of T1 in an

1/2
external static electric field E. The coefficient a is determined by
measuring the absorption of linearly polarized 293 nm light (& | E) at
the F=l > F'=1 resonance in a cell with known electric field and
interaction length, and calibrated thallium density. Then g is
determined from the ratio 82/a2 of intensities of the F=0 » F=1 and
F=0 » F=0 resonance lines in fluorescence. The final results are

a = (1.30 £ 0.06) x 107 4 cm/V and & = (1.08 * 0.05) x 107> y_ cm/V
(where uy = electron Bohr magneton). B8 is combined with a previous

measurement of Im 6}/3 to yield the parity non-conserving electric

dipole amplitude €P'



I. INTRODUCTION

The standard model of electroweak phenomena unifies the electro-
magnetic and weak interactions in a self consistent, renormalizable
thebry. This model, introducedvby Glashow, Weinberg and Salam, employs
the principle of local SU(2)xU(1l) gauge invariance (Glashow 61, Salam
68, Weinberg 67). The interaction between fermions is described by
exchange of intermediate gauge quanta. The concept of spontaneous
symmetry breaking through the Higgs mechanism is used to give mass to
the gauge quanta while still allowing renormalizability of the theory
(Commins 83). Massive gauge quanta are necessary to insure that the
weak force is short range. The standard model predicts four gaUge
quanta: the massless photon of electrodynamics, and three massive
quanta——the charged w*, W~ and neutral Z° vector bosons--of the weak
interaction. The theory was constructeq to include the known facts
about parity violation in charged weak71nteractions, but the success
of the theory lies in its predictivefpower. In addition to the
~ familiar interaction between charged weak currents mediated By w*,
j‘the.vstandard model predicted the existence of previously unobserved
neutral current interactions mediated by Z° exchange. In particular,
the standard model makes specific predictions about the neutral weakv
interaction between electrons and nucleons which can have an effect on
atomic transitions.

‘A. Weak Neutral Currents

If the weak interaction is considered in addition to the

electromaghetic interaction, an electron and a nucleon may interact by



7° exchange similar to the exchange of a photon in the electromagnetic
interaction. (See Fig. I-1.) Then a transition amplitude can be

expressed as the sum of an electromagnetic and a weak amplitude.

A=Ay * Aueak

The transition probability, proportional to jA]z, will contain an

interference term:

*
2 A

. 2 * 2
A eml * AueakPem * AemPueak T Aueakl - (1-2)

2
= Aem * Aueaxl™ = 1A

At ordinary laboratory energies, ANEAK << AEM’ so the weak interaction
is not usually considered in atoms. However, since the weak inter-
action is parity violating, the weak amplitude contains not only a

scalar but also a pseudoscalar part:

Aueak = Pus * Awp - (1.3)
This makes it possible to observe the interference between AEM and
Awp because the sign of the latter depends on the handedness of the

experimental coordinate system. In an experiment designed to observe
the difference in transition rates between a right (R) and a left (L)
handed coordinate system, the asymmetry in the transition probability

§ can be obpserved:

*

2 *
S IALT AypRew t Aee G (1.4)
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Fig. I-1. Diagram depictihg photon (y) and neutral vector boson (Z°)
exchange between an electron and a nucleon.



= a/q2 and
5

The size of the asymmetry can be estimated because AEM

for a typical weak amplitude AWP = GF where GF = 1.1663 x 10~ 2.4

GeV "¢,
a = e2/hc = fine structure constant, and q = momentum transfer. This
asymmetry is observable in high-energy deep-inelastic polarized elec-
tron scatfering by nucleons and in low energy atomic spectroscoby. ™
The helicity-dependent asymmetry in the scattering of high energy
electrons by a deuterium target was observed in an experiment per-
formed at SLAC (Prescott 78,79). The handedness of the coordinate
system is determined by the longitudinal polarization of the electron
beam. The asymmetry was measured by obse#ving the number of electrons
scattered at a particular angle for both electron polarizations. At a
momentum transfer of q =1 GeV/c, the asymmetry predicted on the
basis of the standard model, and actually obtained in the experiment,
is s ~ 1074,
In low energy atomic physics, Z° exchénge gives.rise to a parity
non-conserving term additional to the ordinary Coulomb interaction in
the atomic Hamiltonian. This will induce a parity violating electric
dipole amplitude between atomic states of the same nominal parity,
which can be observed in optical transitions. Because the momentum
transfer between an electron and a nucleon is quite small: q ~ am,
in atoms, the asymmetry might be expected to be unobservable. How- ~
ever, there are some important enhancement factors which make it
possible to observe the asymmetry in heavy atoms. One particular
experiment in thallium is described in this chapter.

Experiments such as these put stringent ana complementary

constraints on the neutral weak coupling parameters. The results of



these and other scattering experiments comprise a great deal of experi-
mental evidence in support of the standard modei. However, the most
impressive evidence is contained in direct observations of the gauge

+ ° . . . .
bosons (W , W, Z ) that mediate the weak interaction (Arnison 83).

B. Parity Non-Conservation in Atoms

In atomic physics, a pseudoscalar Hamiltonian arises from Z°
exchange between an electron and the atomic nucleus. Assuming the
electron and nucleon neutral weak currents contain only vector and

axial vector components, the currents take the form

(1.5)

representing the sum of vector and axial vector parts: The weak
amplitudé can be written as a sum of scalar and pseudoscalar

amplitudes:

JeJN =(VVv, +AA

eN e N): t VA

+ (ALV e N) .

&N (I.6)

The scalar terms are unobservable, but the pseudoscalar terms can be
observed through interference with an electromagnetic amplitude. The

two pseudoscalar terms are

F - A - A
felv = & 2 Faryvg oC1p Foiv i * O Tyt ey (1.7)
and
VA, = EE :E: > O T ver ) (1.8)
enN T 55 ¥aY) Yol Zp p1Y T5¥p 2n ni¥ Y5%ni



where the sums are over all protons (p) and neutrons (n) in the

nucleus. According to the standara model, the coupling constants are:

1 .
Gy =7 (- 4s1n29w) (I.9)
1 '
C. =g,/2 (1 - 4sin’a ) (1.11)
2p ~ °A W . , :
C,. =-9,/2 (1 - 4sin29 ) (1.12)
2n —  °A W d

where o = the Weinberg angle and 9y = 1.25 is the axial vector coup-
ling constant of g-decay. Assuming the standard model, the nonrela-
tivistic reduction of the electronic and nucleonic currents illus-

trates the pseudoscalar nature of the effective atomic potentials

induced by the terms AeVN and VeAN' We have

oL E 14 {3’3 S(r) + &3(r) 3.3} (1.13)

PNC 4/5 mec W |
and

V! = EE— —1-41 - 4sin29 ) g.3. -3{3-3 83(r) + 53(r) 3-3}

PNC 4/2 mec w' “A°N
(1.14)

for AevN and VeAN, respectively, in the limit of a point nucleus.

> .
Here, % , 3 , and ; are the spin, momentum, and position of the elec-

-
tron, and N

protons and N neutrons, the weak charge is defined as

is the nuclear spin operator. For a nucleus with Z

.2 .
Q, = (1 -4sin®e )7 - N (I.15)

L



and is roughly proportional to Z. The factors of Z and N appear in

v because the nucleons add coherently over an electron de Broglie

PNC

wavelength. In the case of V_

PNC the nuclear spins appearing in ¢

N

1

cancel in pairs; the effects are of order Z = smaller than those of

v , and are negligible in heavy atoms. The parity violating asym-

PNC
metry is enhanced in heavy atoms by the approximately Z3 dependence

of VPNC where two additional factors of Z come from the momentum of

the electron at the nucleus and the density of the electron at the
nucleus.
C. Parity Non-conservation in Atomic Thallium

The 62p

2 s . . . .
1/2 > 7 P1/2 transition in atomic thallium has been studied
extensively over the past decade because of its connection to the
observation of parity non-conservation (Chu 77, Bucksbauw 81, Drell
84,85). This transition is nominally a forbidden magnetic dipole

transition (with ampiitude M), and is not allowed in the electric
2

dipole approximation because the parity of the initial state 6 Pl/2 is
the same as the final state 72P1/2. However, the effective pseudo-
. . : 2 2 .
scalar atomic potential VPNC.m1xes 6 P1/2 and 7 Pl/Z states with
nearby n251/2 states of opposite parity.
2
nS, ,,><nS v 6°P >
62 55 |60 s s NSy 12205y 15 Vo 167P1 1.16)
1/2 1/2 : E., - E
ns 6P nsS
1/2
2 2 IS /2518y 15 Vo 179y 5>
[7°P, > > |7°P, > + (1.17)
1/2 1/2 E7P -t
s ‘ nS :



Thus, VPNC induces a parity violating electric dipole amplitude

between states of the same nominal parity. To first order in VPNC’

:'é' i :E:: <7P1/2|51ln51/2><nsl/zlvaClspl/2> _

.Cp T E - E .
: by 6P ~ “nS :
1/2

<P 2 Vpng ISy 2 ><nSy o [ELI6Py o>

E7P - EnS

-+

(I.18)

In an experiment performed by P.S. Drell and E£.D0. Commins (Drell
84,85), the interference between a Stark induced electric dipole
amplitude BE (described in the next chapter) and the parity non-

conserving electric dipole amp]itUde €P was observed. - The

ZPl/2 > 72P1/2 (293 nm) transition was excited with linearly polar-

205

6
ized laser light passing through T1 vapor in the presence of
crossed electric ana magnetic fields (see Fig. I-2). The transition

probability contains a pseudoscalar interference term proportional to

> > -
g+B &-ExB

~

where ¢ is the laser polarization. The magnetic field B was used to
split the Zeeman components of the hyperfine structure in the transi-
tion, and the electric field £ was used to induce the Stark effect. "
In particular for a AmF=O transition, the transition probability is

proportional to

2.2
TAm 0 ° [B E

sinze - ZBEInnep sine cose] . (1.19)
F .
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Fig. I-2. Coordinate system for the parity violating-Stark E1 inter-
ference experiment showing relative orientation of the laser
beam, photon polarization, magnetic and electric fields.
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R _
For the relative orientation of € and E chosen, the magnetic dipole
and Stark induced electric dipole amplitudes do not interfere. The
interference between €P and BE is observed by méasuring an asymmetry

2 2 =

in the intensity of 7 P1/2 > 6 P3/2 (535 nm) decay fluorescence when E

or e is reversed.

T, - T 2 6,
§ = -T—:-;T = - Im —BE-— cote . (AmF=O) (I.ZO)

In this way, an experimental value for the ratio

Ep
Im - =- 1.73 £ 0.26 £ 0.07 mV/cm (I.21)

Was obtained where the first and second uncertainties are statistical
and systematic, respéctivelyt However, one would like to know the
parity nonconéerving electric dipole amplitude EP independent of the
_Stark amplitude coefficient 8 because ép contains information about
the effects of neutral currents in atoms. A direct measurement of 8
allows us to determine EP’ which can be compared with theoretical

estimates based on the standard moadel of electroweak interactions.

w
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Fig. I-3. Low lying energy levels of T1 (not to scale). The hyper-

. 2 2
fine components of the 6 P1/2 and 7 Pl/z‘states are shown,
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II. THE STARK EFFECT

A. Theory: Stark Amplitude Coefficients

This thesis describes the measurement of Stark induced electric

dipole transition amplitudes from the ground state of neutral thallium

62P1/2 to the 72P1/2 state. This transition is not allowed in the

electric dipole approximation. However, when an electric field is

externally applied to the atoms, an electric dipole (E1l) transition

can occur. The electric field mixes the 62Pl/2 and 72

nearby n231/2 and nZD3/2 states, inducing an El transition amplitude.

Pl/2 states with -

In first order perturbation theory, the mixed states can be written

g [n><n[H [6°P. >
.j_,‘6,2{Pl/:2> = |6291/2> . E E__;‘R'_( - 1/2 (I1.1)
" "n
S 5172
03,2
' 2
[n><n|Herpnou 7P, >
R
7P, 5> = ]72P1/2> + E g;‘; K Liz (I1.2)
n
"S1/2
03,2
where HSTARK = ego: is the Hamiltonian describing the interaction of

the valence electron with the external electric field. The electric

dipole amplitude between the mixed states is then
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2 2
<;7;—-“| ” Igg;———> ) <7-Pl/2]E1 n><anSTARK|6 P1/2>
1/2 1/2 v
nSl/Z |
nD3/p

2 2
<7°P, ., |H In><n [E1|6°P, >
E 1/2'" STARK 1/2 . (11.3)

-
7P n

n31/2

nD3/o

wnen linear polarization is chosen as the basis to describe the
electromagnetic radiation, the Stark induced electric dipole amplitude

can be expressed simply in terms of two different matrix elements,

7%p 2.7 [6%P o CagE .
< 1/2 mJIes-r{ 1/2 mJ> = q (e”E) (II. )
and
2 O S D . >
<7 P1/2 mJt1|es.r[6 P1/2 my> = igE (2.E) . (11.5)

The Stark induced electric dipole amplitude is proportional to the
coefficient a when the linear polarization of the light, ¢, is paral-
lel to the electric field (EHg), and is proportional to the coeffi-
cient g8 when ¢ is perpehdicu]ar to E (ELE). In the one-electron
central-field approximation, these quantities are given in lowest

order by:
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: ZZE:: |
e 1 1
a = 5 R R +
g £ 7P,nS "6P,nS {E7P‘ Ens E6P - EnSj

1/2
2
2e 1 1
T " * (11.6)
5 £ 7P Rep ,nD [E7P SV EnD}
3/2
and
B = eZ R [ 1 _ 1 ]
V4 7p,ns Rep,ns | B~ £ o " By - s
1/2 L
- |
+ R R 1 1 119
T Lt TR0 60 | BT T B -
3/2 | o i
where Ec, = E(6%P, ), E,o = E(7°P. ), etc. 'éﬁa;5“~
6P ~ 17272 %7p = 1/27> £oand

® 3
R7P,n5=/\y2()w2(r)r‘dr :

o P12 "ip2

etc., are radial matrix elements.

The Stark coefficients were calculated by Neuffer and Commins
using wavefunctions generated as solutions to the Dirac equation in a
modified Tietz central potential. The quantities a and g were evalu-
ated using a Green function technique, which includes a sum over all

discrete and continuous S and D states yielding (Neuffer 77)

a, = 2.05 X 1072 ug IV
B, = 1.64 x 107° ug CmiV (11.8)
BO

0.80
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The theoketical uncertainty in g and 3 s estimated to be about

20% based on comparisons of calculated electric dipole matrix elements
withﬁexﬁerimenta] values. However, the model assumes a one-electron
central-field, and does not account for the effects of the electric
field.on the core electrons. Screening of the electric field by the
cofe:électrons is expected to have a large systematic effect on the
Stark céefficients, and this is not taken into account by this naive

model. The ratio g-has been measured (Chu 77) to be
5;0.84 + 0.05 (I1.9)

in agreement with the theoretical prediction. In the next section, we
present a description of the method used to measure o and 8.

B. Method of Measuring o and 8

In the present experiment, the Stark coefficient a is determined
by absorption. Linearly polarized laser light tuned to the

2 2

6 > 7°P (293 nm) resonance is absorbed as it passes through

P12 1/2
thallium vapor in the presence of an externally applied electric
field. For E >> 1 V/cm, the Stark E1 contribution (II.4) greatly
dominates over M (see appendix) and €P and the latter amplitudes

may be neglected. The coordinate system chosen for the experiment is
illustrated in Figure II-1 where ¢ is the laser polarization, E is the
electric field, and k is fhe propagation direction of the light.

The hyperfine structure of the transition is resolved, and each

hyperfine component has a slightly different amplitude where the
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Fig. II-1. Coordinate system for the experiment showing relative
orientation of the laser beam, photon polarization,
and electric field.
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nuclear spin of 205T1 is 1/2. The transition amplitudes are shown in
Figure II-2, and the transition probabilities for the various hyperfine

components are proportional to the values in the following tabulation:

2 2 .
(6% ,,) F > (7% ,) F' TRANSITION  TRANS. PROB.
0>0 (2E) R
051 (21F) %g8
> 2.2
1 >0 (2LF) 82E (11.10)
151 (&IE) 34262
151 (elf) 28%€°

The Stark coefficient « is determined by measuring the absorption of a
linear polarized laser beam tuned to the F=l1 » F'=l resonance when the

205T1 vapor at known tempera-

beam passes through a cé]] containing
>

ture T, in known electric field Ellé, over a region of known length

The intensity of the emerging beam, I, may be expressed in terms of

that of the entering beam, I_, by I=Ioexp(—u2) where

2
2\1/2 mA~
u(v) =52 %(3°252) <?%ET> exp - ZkO("_"o)2 (11.11)

—-‘

is the absorption coefficient. Here, n is the density of 62P1/2 atoms

n cm‘3, m is the mass of a 205T1 atom in grams, T is the effective
vapor tempefature in Kelvin, Ay = 292.7 nm, and v, v, are the photon
and resonance frequencies, respectively. Equation (II.11) is valid

providea the laser bandwidth is much less than the Doppler width due



Fig. II-2a.

Fig. II-2b.

18

21.26H2

|
ﬂ

Stark E1 matrix elements for photon polarization &
parallel to E.

_ . XBL 8511-4750
Stark E1 matrix elements for photon polarization

‘& perpendicular to E.
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to therma]‘ﬁétion of the atoms along the direction of the beam, a
condition very well satisfied here. (The correction to (II.11) for
finite laser band width is less than 0.5%, and may be neglected.) The
density, n, as determined from published values of thallium vapor pres-
sure is uncertain to 20%. Before « can be precisely determined from a
measurement of u, the density must be calibrated.

This is aone by measuring absorption in an allowed El1 transition
with known oscillator strength. The absorption of a laser beam tuned
to 62P3/2F=1 > 7251/2F'=0 (535 nm) transition is measured in the same
cell under identical conditions. For sufficiently weak intensities
(suchvthat stimulated emission effects may be neglected), this absorp-
tion'?é;aésC(ibed Dy I'=Iéexp(-u‘2') where &' is the length of the

cell, andj;gf

- - 3 2\1/2 2
o n kT 2 2 A mc —m! 12
w'v) =ge " A(T7S), > 6Py 0) o= (?FFT) ex”[ R (v ')
(11.12)

2

2 7 -1
Here, A(7 Sl/Z > 6P

) = (7.11 £ 0.16)x10° sec”~ is the precisely

3/2
determined coefficient for spontaneous emission (Hsieh 72) in
2 2 '

7 51/2 > 6 P3/2, and vf is the resonance frequency for x' = 535 nm.
The density of 62P3/2 atoms is related to the density, n, of 62P1/2
atoms by a Boltzmann factor, e'AE/kT, accounting for the energy dif-
ference E(62P3/2) - E(62P1/2) - AE = 7793 cmL,
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In the ratio of the absokption coefficients,

2
o (v,) Er) (3%
u!(\)l) = _AE ) 3 (11.13)
kT 2 2 A
e " A77S1,, > 6P n) goe

1/2

the factors of n and T~ cancel. (The exponential factors involv-

ing (v—vo) and (v-v') are set equal to one on resonance.) However,
T must still be known because of the Boltzmann factor. Once a is

found from I1.13, 8 is determined by measuring the ratio of intensi-

ties leaz in decay fluorescence of 7251/2 > 62P3/2 (535 nm) while

driving the 62P1/2 > 72P1/2 : 0>1 and 0 » 0 resonances (see II.10).

In order to test the system, absorption is also observed in

2

another allowed El transition 62P3/2 > 7 (291.8 nm), with kinown

D52
oscillator strength. This absorption coefficient is measured in the

same ceil under identical conditions. In this transition, thevhyper-

fine structure of the 720

structure of the 62P

5/2 state is not resolved, and the hyperfine

3/2 state is only partially resolved where the

Doppler profile of the F=1 and F=2 transitions overlap.

-AE
KT 72 2 w3 [ mc2\2
2nkT

A(T"D5,5 > 67P3,5) goc \omkT :
(11.14)

2 2
3 -mx" 2 5 -mx" 2
X g exP gpy— (v-v))7 *gexp opg— (v-vy) ] '

Here, vy and v, are the resonance frequencies for the 62P3/2 F=1,

F=2 » 7205/2 transitions, respectively, and 1" = 291.8 nm. The peak.
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value of the absorption coefficient is

3 2\1/2
kT 2 2 A mc
peak) =30 & " A(77D5,, > 67P3,5) g (?TT) {0-936}
(IT.15)

evaluated for the operating temperature 1030K, and using

Vomvy = 0.525 GHZ. The system is tested by comparing the coefficient

for spontaneous emission in 7205/2 > 62P3/2 as determined from the

measurement of p"( ) with the known value (Gallagher 64)

Vpeak

2

A(7%D 2

> 6P 7 sec!

) = (4.2 # 0.5)x10" sec™ . (11.16)

5/2 3/2
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III. APPARATUS
An overview of the apparatus is shown in Figure III-1, and the
experiment is illustrated schematically in Figure III-2. In this
chapter, the individual components are described in detail.

A. Thallium Cell and Ovens

In order to produce a measurable absorption due to the Stark

2

effect in the 6 P1/2 > 72P1/2 transition, thallium vapor must be

present at a density of ~1015

atoms/cc. This density occurs at a
vapor pressure of ~0.1 torr when thallium is heated to ~1000K
(Nesmayonov 63). To satisfy these requirements, the thallium is
placed in a cell of fused-silica surrounded by stainless steel ovens.
Fuseda-silica 1s ideally suited for this purpose because it is trans-
parent at 293 nm and 535 nm, and is only very slightly reactive with
thallium at high temperatures. The ovens are surrounded by a rough
vacuum tank.

The cell is shown in Figure III-3. The main body of the cell is a
fused-silica cylinder of length, %' = 25 cm, 22 mm 0.D., and 1 mm
walls. A 3%—in. stem appended to the bottom of the cell contains the
thallium reservoir. The interior of the cell is connected to a Vacion
pump (Varian) through a vacuum pipe, but is isolated from the pump by
a ground quartz ball valve while taking data. The valve can bé
remotely opened to remove impurities. The cell hangs by the vacuum
pipe from the top of the rough vacuum tank. The windows of the cell,
through which the laser beam passes, are 1/8 in. thick Suprasil quartz

disks (Amersil), which are slightly canted to avoid unwanted

reflections.



Fig. ITI-1.
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CBB 859-7545

Overview of experimental apparatus showing vacuum tank
with normalization detector in the foreground. In the
side of the vacuum tank is a port for viewing fluo-

rescence. Above, the electric field pulser is visible.
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The cell contains a pair of metal electrodes, which provide the
electric field necessary to produce the Stark effect. These electrodes
are flat polished stainless steel plates of length & = 23 cm, width
1.5 cm, and thickness 0.79 mm. Before being installed, the electrodes
were thoroughly cleaned and etched with acid to remove impurities,
which might react with quartz at high temperatures, and reduce the
optical quality of the cell. The electrodes are held parallel with a
separation of 0.497 = 0.001 cm by electroformed fused-silica spacers.
Connections from the electrodes to the outside are made by tantalum
wires attached to tungsten feedthrus. Figure III-4 shows the elec-
trodes and spacers.

The main body of the cell is surrounded by a stainless steel
rectangular oven (see Figure III-5). This main oven (shown in
Figure III-6) is divided in half by a vertical plane along its length
and consists of two pieces. There are 3/8 in. diameter laser entrance
and exit holes at each end, and a 1/2 in. diameter port for viewing
fluorescence in one side. These openings were made as small as con-
veniently possible to reduce the temperature gradients along the path
of the laser beam. The heating elements, made from nichrome wire, are
wound around both pieces of the oven, and are electrically insulated
with ceramic spacers. The heaters run at 5 amp a.c. in series with a
total resistance of 362. A 3-layer stainless steel heat shield sur-
rounds the main oven to reduce radiative heat loss. The operating
temperature of the main oven is 1030K, measured with three chromel-

alumel thermocouples (CRC).
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CBB 859-7553

Thallium cell with one piece of the main oven in place.
The electric field plates and feed throughs are visible.
In the center is the vacuum pipe and ball valve. The
stem extends down into the stem oven which is surrounded
by a heat shield. Laser entrance and exit ports are
visible at each end of the main oven. Two thermocouples
pass through ports in the bottom of the oven.
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CBB 859-7557

Fig. III-6. Main oven showing port for viewing fluorescence in one
side. A third thermocouple (measuring Tpaipn) is placed
in the hole at the center of the oven waT].
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The stem extends through the bottom of the main oven into a sep-
arate stainless steel stem oven (see Figure III-8) surrounded by one
layer of heat shield. The heating elements are also made from nichrome
wire, and run at 3.2 amp a.c. with a resistance of 18%2. Under operat-
ing conditions, the stem is kept 70° cooler than the main oven, thus
allowing thallium to condense only in the reservoir and not in the main
body of the cell. The temperature of the stem oven is measured with a
chromel-alumel thermocoﬁp]e.

The ovens are enclosed in a rough vacuum tank where a pressure of
20 y is maintained by a mechanical pump. The vacuum reduces stress on
the cell, and keeps impurities from diffusing into the cell walls at
high temperatures. The stainless steel ovens and nichrome heaters are
allowed to oxidize in the rough vacuum to prevent them from reducing
at elevated temperatures. The vacuum also prevents convective heat
loss by the ovens.

Both ovens are powered with a.c. line voltage through a Sola
constant voltage transformer, which removes variations in power due to
fluctuations in line voltage. A separate variac controls the power
supplied to each oven from the transformer, énd provides a means of
independently adjusting the temperatures. Using this method, the
temperatures of both ovens can be reliably reproduced from day to day.

When the cell was installed, it was initially evacuated using a
sorption pump. As the pressure dropped below 10'4 torr, the Vacion
pump was started and used exclusively to maintain a pressure
<10"8 torr. The cell was then baked out by heating up the main oven

to operating temperature. Thallium compounds and other impurities
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Stem oven mounted on water cooled vacuum flange.
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were removed by heating the stem oven to operating temperature, and
opening the ball valve momentarily to purge the cell. Normally, the
valve remains closed while the stem is hot to avoid losing thallium.

1. Temperature Measurements

The temperature of the main oven is very important, and must be

determined accurately because it enters into the Boltzmann factor,

-aE/KT 2 2 2
e (where aE = E(6 P3/2) - E(6 P1/2))’

tion in the density calibration. Under normal operating conditions,

for the 6 P3/2 popula-
the main oven temperature is measured often in three locations with
chromel-alumel thermocouples all referenced to 0°C. However, tem-
perature gradients along the path of the laser beam also affect the
Boltzmann factor. These gradieqts arise from the beam end holes,
small ports for the stem, f}uorescence detection, feedthrus, and
thermocouples. Before the thallium cell was installed, many prelimi-
nary temperature determinafions, made with a moveable axial thermo-
couple, lead to the final choice of oven ports designed to minimize
temperature variationg. The final temperature pfdfi]e at a typical
operating temperature is shown in Figure III-9. With a known tempera-
ture profile, one can define a correction factor C for small variations

in temperature

Y aE aE - aE
TxT KT. T
e dx = Z e apizcae M (I11.1)
0 i

where Tmain is the temperature deep inside the wall of the main oven.
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From these data, the temperature correction factor is C=[1-0.063] with
an estimated uncertainty of #1%. )

The temperature of the reservoir determines the thallium vapor
density; but the temperature of the thallium reservoir is not accu-
rately represented by the stem oven temperature as determined by the
thermocouple, so we cannotvrely on published values of the vapor pres-
sure versus temperature to détermine the density. However, precisely
reproducing the stem oven temperature reproduces the same thallium
vapor density for fixed main oven temperature. The reliability of the
stem oven temperature is illustrated in Figure I1I-10, which shows the
one-to-one correspondence of u'2' (proportional to n) to the tempera-
ture of the stem oven. Assuming the actual temperature of the reser-
voir 1is proportional to the temperature df the stem oven, then applying
the Clausius-Clapeyron equation, Pae'q/;k‘T (Landau 80), and the ideal

gas law, P = nkT, (both applicable at. Tow density) one expects

stem’

_]n(“ll‘TStem)aul/T

This relationship is verified by Figure
TiiI—ll. Therefore, it is important to know precisely the stem ern
;temperature throughout an entire day of data collection so that the
Stark measurement and the density calibration can be made at the same

vapor density (i.e., stem oven temperature).

2. Electric Fiela Calibration

An electric field over one thousand volts per centimeter is needed
to produce a significant absorption due to the Stark effect. It is
also necessary to have the field change sign on a pulse to pulse basis
in order to cancel instrumental asymmetries. In addition, the electric

field pulses must be short to prevent discharges from occurring in the
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cell at the densities used. For these reasons, é hfgh voltage pulser
with a fast rise and fall time was employed.

Details of the pulser design are described elsewhere (Drell 83),
but its main features are described here. A regulated DC high voltage
bsupply (Hewlett Packard 6516A) charges a coaxial delay line through a
10MQ resistor. A stack of SCR's holds off the voltage until a signal
synchronized with the laser pulse causes them to conduct, producing a
voltage pulse with 15 nsec rise time, 20 nsec fall time and 100 nsec
duration. The output passes through a mercury relay, which terminates
the pulser with a illQ resistor to ground for electric field-off data
or a 1102 resistor in parallel with the cell electrodes for electric
field-on data where the status of the re]éy is controlled by a com-
puter signal. Thus, the pulser is fired on every laser shot so that
no asymmetry arises between electric field off and electric field on,
due to the influence of fast high voltage pulses on the detectors.
Figure [II-12 shows the electrical connections to the cell.

The electric field 1s‘ca11bratedAby directly measuring the voltage
on the plates for a given high voltage setting; then the electric
field 1§ determined by the electrode spacing. For measurements
actually used to determine a, the field was 1700 V/cm = 1%.

The geometry of the electrodes, cell, and ovens affects the
electric field along the path of the laser beam. For measurements
used to determine a and 8, the total absorption is sensitive to

2'
/_ Ei dx where EZ is the component of electric field 1 to the elec-
0

trodes, and the propagation direction of the laser beam is assumed to
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be along the center line between the electrodes. However, numerical
solution of Laplace's equation by the relaxation method for the

. electrode-cell-oven geometry reveals that corrections for electrode end

and width effects are less than 0.1% and negligible. Quantitatively,

[ 2
<f ES ax> RELAXATION
0

METHOD
()

2
where V is the voltage between the plates, d is the separation, and 2

1.0008

is the length of the electrodes.

B. Lasers, Optics, and Detectors

1. Stark Absorption Measurement

The high intensity 292.7 nm light needed to drive the

62 > 72P transition is generated by a dye laser oscillator-

P12 1/2
amplifier system with frequency doubling. The output of a frequency
stabilized cw dye laser (Coherent Inc. Model 599-21) pumped by an argon
ion laser (Coherent Inc. Model CR-6 retrofitted Inova) is'amplified by
a system of three amplifiers pumped by the doubled output of a
Q-switched Nd:YAG laser (Quanta Ray DCR oscillator). Details of the
system are described elsewhere (Drell 78). The laser delivers 585 nm
photons in 8 nsec pulses at 17 Hz repetition rate in an 160 MHz band
width with typical pulse energies of 10-15 mj/pulse. The beam is
approximately 3 mm in diameter, and passes unfocused through an angle
tuned KDP crystal (Cleveland Crystals 12 mm x 12 mm-x 30 mm). UV

light at 293 nm is generated with 30 efficiency. The UV beam is

separated from the visible by a fused silica Brewster angle prism.
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The UV beam is initially linearly poTéf{ied in the horizontal
direction, and passes through a Pockels ce11; wh1ch fixes the polari-
zation relative to the é]ectric field direction. The Pockels cell is
a KD*P crystal 10 mm in diameter and 30 mm long (Cleveland Crystals QX
1020). Acting as a half-wave plate, the Pockels cell is used to switch
the photon linear polarization between horizontal (ELE) for measuring
8, and vertical (EHE) for measuring a. The A/2 voltage for the Pockels
cell is 1548V delivered in a 1 msec pulse with a 100 usec rise time.

The beam, collimated by two apertﬁres 1 mm in diameter and 1 m
apart, enters the vacuum taﬁk through a Supras11 window (Amersil),
passes fhrough the cell, and exits through a second window. The
windows of the vacuum tank are canted tofprevent unwanted refiections
from entering the cell. The beam is ali@héd manually with the two
collimating apertures and a third alignment aperture behind the vacuum
tank using two UV mirrors before the Pdckeisacé11. A1l three aper-
tures are initially aligned with the-cédtéfﬁijhe of the cell using a
Helium-Neon laser. |

The partially absorbed 293 nm beam is detected with an ITT FW114A
photodiode. The anode of the tube is éapaéitively coupled to a charge
_ integrating preamplifier mounted ingide.the.detector housing. The
preamp consists of an optimized RC integrator and a high speed unity
gain buffer amplifier designed to sdur@é large currents. Figure
[1I-14 shows the detector and preamp circuit. The preamp output is
amplified and shaped by a high rate linear amplifier (LBL 11X5501).
The peak voltage is sampled and held by a pulse stretcher (LBL

11X9421), then digitized by a 14 bit analog-to-digital converter
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(ADC), and stored in the computer. A reflected light beam from the
vacuum tank entrance window is similarly detected to normalize the
laser intensity.

The mode structure and alignment of the UV beam as well as clean-
1iness of the vacuum tank windows and the alignment of the detectors
all affect the signal-to-noise ratio. All are optimized before meas-
uring the Stark absorption.

The 535 nm light from the decay of the 7251/2 state is also
detected, and the magnitude of thjs signal is analyzed for its fre-

quency dependence to locate the 62P1/2 > 72

P1/2 resonance., The fluo-
rescence light passes through a port in the main oven and heat shields,
and is detected with a photomultiplier tube. In front of the photo-
tube is a series of Fresnel lenses and filters to collect the light.

A phthalic acid liquid filter blocks scattered laser 1light (Kasha 48).
The remaining light is collimated by a Fresnel lens, and passes through
a 535 £ 2 nm interference filter followed by a second Fresnel lens,
which focuses the fluorescence light on the phototube. The detector
optics are enclosed in a water cooled brass housing to protect them
from the heat, and recessed into the vacuum tank ;]ose to the oven.
The anode of the phototube is connected to a preamp, linear amplifier,

pulse stretcher, and ADC where it is read by the computer.

2. Density Calibration Absorption Measurements

2

The 535 nm light needed to drive the 62P > 7S transition

. 1/2 1/2
for calibrating the density is generated by a frequency stabilized cw

aye laser (Coherent Inc. Model 599-21) pumped by an argon ion laser
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(Cohrent Model CR-6 retrofitted Inova). Coumarin 540 (Exiton) dye is
used at a concentration of 0.40 g/1 in a solution of 40% benzyl alcohol
and 60% ethylene glycol. In addition, 7 g of 9-methyl anthracene per
lTiter of dye solution is used as a triplet state quencher which '
increases the dye laser output power and the dye life time.

The dye 1aser_is pumped with 3.25 W of 488 nm argon laser light,
and generates 25 mW of 535 nm light in a 2 mm diameter beam. Great
care was taken to avoid stimulated emission effects by studying u'
versus IO over a range of several orders of magnitude and by finally
keeping the 535 nm beam intensity very low. Figure III-15 shows the
path'of the beam, and the arrangement of neutral density filters
chosen to attenuate the beam for this absorption measurement.

After passing through the vacuum tank andICellﬁ the partially:
absorbed 535 nm beam is detected by an ITT Fw114A photodiode. A
similar photodiode is used to detect the beam reflected from the 5%
neutral density filter in front of the vacﬁum tank to normalize the
1nten$ity.. In order to prevent background light from entering the
detééfors, a 535 £ 2 nm interference filter is placed over each
pnotodiode, and the measurements are made with the room lights off.
Thé cw laser light produces a DC signal in the photodiodes. Each
signal is amplified with a Princeton App]iéd Research (PAR) Model 113
preamplifier. The output of the amplifiers are digitized and stored
in a computer, and are displayed on an oscilloscope for visually
observing the absorption. Figure III-16 is a schematic diagram of the

detectors.
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The 291.8 nm 1ight needed to drive the 6293/2 > 7205/2 transition
in order to test the density calibration is generated by a frequency
stabilized cw dye laser with frequency doubling. Rhodamine 590 dye
(Exciton) is used at a concentration of 1 g per liter of ethylene
glycol. The dye laser is pumped with 2.5 W on all Tines of the argon
ion laser, and produces 100 mW in a 2 mm diameter beam at 583.6 nm.
The output of the dye laser is focused with a long focal length lens
on the KDP doubling crystal, generating UV light at 291.8 nm collinear
with the visible beam. The UV beam is aligned with the cell by
steering the visible beam through two collimating apertures and the
vacuum tank using two UV mirrors. Figure III-17 shows a schematic
diagram of this absorption measurement.

After the beam passes through the vacudm tank and cell, the UV
light is detected in a photomultiplier tube (RCA Model 8850). The
583.6 nm light is filtered by UGll dark glass mounted on the front of
the PMT housing. An additional reflection from a UV mirror before the
detector removes background red light generated by the main oven which
can pass through the UGll filter. No normalization was used for this
absorption measurement. The DC signal from the photomuitiplier is
ampl%fied with a PAR Model 113 preamplifier, then digifized and stored

in the computer.
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IV. DATA-ACQUISITION

A. Stark Measurements

2

When measuring the Stark absorption in the 6 Pl/2F=l'> 72

P1/2f=t
transition, two signals are sent to the computer for each laser pulse.
The first, Sl’ is proportional to the 293 nm intensity after absorp-

, -tion, and the second, 52’ is proportional to the intensity before
'absorption. Computing the ratio, 51/52, normalizes for pulse-to-
pulse fluctuations in intensity. This ratio is binned by the computer

according to the sign of E and the polarization direction, e, relative

>
to E.
SIGN OF E : TRANS. PROB.
. u
. ll ( 3a’”
. ) . (1v.1)
S

In a group of 16 laser pulses, four pulses of data are taken on each
configuration in an order determined by a random number generator. In
the next group of 16 laser pulses, four pulses of data are taken on

each configuration with the electric field off. The ratio

w

1

'S_.

S2 E on (1V.2)
1

SE £ off
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is then formed. The electric field-off data provides a means of

normalizing for attenuation in the windows and mirrors, and differ-

ences in gain and efficiency of the detectors. This ratio is measured

64 times for each configuration. The measurements for E+ and E are
combined, and the average is computed, keeping separate the data for
each polarization. This defines a preliminary data point for each
polarization consisting of 1024 laser pulses.

In between each preliminary set of data, the 535 nm fluorescence
the 7231/2 decay is observed,}and the computer automatically centers
the laser frequency on the peak of the resonance. The preliminary
data sequence is then repeated four times, and the average comprises
one aata point for both « and 8 polarizations.

There is also an electric-field dependent beckground. In order t
correct for this background, data are similarly taken 8 GHz off reso-

nance, keeping separate the data for each polarization. Then the rat

£ on

on

—H
E off | Res | _ , "EXP (1V.

E on

off
E off | Res a,B

v W N (Ve w
N (= [N N IR

is constructed to provide a single experimental measurement of the

absorption coefficient, MEXp This quantity is measured repeatedly

of

0

io
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until the error in the mean is approximately #4%. Usually, this
requires 20 measurements of y consisting of a total of 164,000 laser
pulses, which requires 5 hrs of real running time. The sequencing of
data collection is automatically controlled by the computer (LSI-11/2).

2 2

The largest absorption occurs on 6 P1/2F=1 >7 P1/2F'=1 transition

where the absorption coefficient, u, is proportional to 3a2E2 for EHE.
To accumulate daté with the best statistical precision, the majority
of data is collected exclusively for EHE. Figure IV-1 shows the
Tinear dependence of the absorption coefficient on the square of the
electric field strength. An experimental value for the coefficient «
is obtained by collecting many hours of data at E = 1700 V/cm (2000 V
setting on HV power supply). The coefficient g is determined by com-
bining the measurement of « with a precise measurement of the ratio
. % obtained by observing the 7251/2 decay fluorescence.

When measuring the ratio of 8 to a, the fluorescence is observed
as a function of frequency by scanning the laser through the F=0 > F'=0
and F=0 » F'=l transitions while switching the polarization between EHE
and ¢1E. The ratio of the fluorescence signal to the normalization
signal is computed to remove pulse-to-pulse fluctuations in intensity.
This ratio is averaged over 64 pu]ses on each polarization for fixed
frequency. The computer controls switching of the Pockels cell, and
stepping of the laser frequency through the resonance. These data are
shown in Figure V-2 where a significant amount of fluorescence
background is evident. To provide a quantitative way of dealing with

the background, the majority of the data is collected by measuring the
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peak of the fluorescence versus the electric field for Soth hyperfine
transitions. For the F=0 > F'=0 transition, the fluorescence signal
is proportional to aZEZ, and the peak fluorescence is measured at four
values of E. Averaging over 640 1a§er pulses for each value of E, a
statistical precision of #0.4% is obtained for each measurement. The
fluorescence signal for the F=0 » F'=l transition is proportional to
BZEZ, and is similarly measured versus the electric field. The data
plotted versus E2 is shown in Figure V-1.

B. Density Calibration Measurements

The density calibrating experiments are run in a cw mode, so the
data are collected in a slightly different manner. When measuring

2 2

absorption in the 6 P3/2 > 7 51/2 (535 nm) transition, both an absorp-

tion signal, Sl’ and a normalization signal, SZ; are sent to a 14 bit
A to D converter. The two signals are read rapidly in succession.
First, S1 is converted and read by the computer, then ~3usec later,

S, 1s converted and read. The time between reading the absorption

2
and normalization signals is short compared to the time scale for
variation in the laser intensity. The signals are sampled approxi-
mately 100 times per second. The absorption is measured as a function
of frequency. After‘128 samples at a fiked frequency, the ratio Sl/S2
is calculated to norma]izé for fluctuations in laser 1nten$1ty. The
computer remotely steps the laser frequency, and eventually scans the
entire resonance. Figure IV-3 shows the 62P3/2 > 7251/2 absorption

versus frequency. The Doppler width of the F=1 > F'=1 transition

overlaps that of the F=2 » F'=1 transition, so the majority of data is
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collected on the F =1 » F'=0 transition. To correct for attenuation
in the windows and mirrors, and differences in gain and efficiency of

the detectors, the ratio

1
S —ug (\)),Q,'
52 v —e 03 (1V.4)
1 '
%2 | off
Res

is calculated. Figure IV-4 shows the quantity u'2' plotted versus
frequency for a typical scan of the F=1 » F'=0 transition. The solid
1iﬁe is a Gaussian (Equation II.11) corresponding to Doppler broaden-
ing for the same temperature at which the data was taken. The *agree-
ment between the data and the expected line shape indicate that
Lorentz broadeﬁing due to collisions and finite lifetime of the upper
state is negligible. On a typical day of data collection, an average
of 10 scans such as this is used to determine the absorption coeffi-
cient, resulting in a precision of #0.2%.

In order to test this method of density calibration, the absorp-

2 2

P > 7°D (291.8 nm) transition is also

tion coefficient in the 6 3/2 5/2
measured in a similar way by scanning a weak cw monochromatic laser

beam through the resonance.  In this case, the normalization signal is
not easily measured because of its low intensity. However, the laser
intensity is actual]y‘quite stable, so it is assumed constant. Since
the absorption signal is also small there is a background coming from,

detector and electronics noise, but this is easily measured by taking

data with the laser beam blocked. The quantity
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on n '
S1 - Background Res _ e—p291.8(v)2 (10.5)
off '
S1 - Background ' Res

determines the absorption coefficient for this transition. Figure
IV-5 shows p"2' plotted versus frequency where the data from 8 scans
were combined. The expected line shape isﬁfﬁé sum of two Gaussians
because the hyperfine structure of the 7205/é'§tate is not resolved,

and the hyperfine structure of the 62

P3/2 state is only partially
resolved (see Equation II.14). Taking this into account, there is
agreement between the data and the expected line shape shown in Figure
[V-5 where only Doppler broadening is assumed. The signal to noise
ratio in this measurement is lower than the previous measurement due
 to the low intensity of the 291.8 nm light. An average of 8 measure-
ments is needed to determine the absorption coefficient to a preci-
sion of #47%. |

The ratio of the measured absorption coefficients in these two
transitions determines the ratio of the coefficients for spontaneous
emission according to the following formula:

_11220
2 2 Tmain _
A770g 5 > 67P3,5)  wyg) gt o 535 1 535 nm

3
2 2 = T ... & "IIzZz0 17 T0.9367 (291.8 nm)
A(7°S) 5, > 6P )5) 535 seed

—

main
291.8

(IV.6)
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This exb?éSsion is independent of density because the absorption
coefficients are measured at the same stem oven temperature. The

experimental values are given in the following tabulation:

A ue! Tmain Tstem
291.8 nm 1.11 £+ 0.042 1032 K 959.0 K (IV.7)
535 nm 0.9393 = (0.0080 1029 K 959.2 K
The results of these measurements are
A(7205/2 > 52P3/2)
5 > = 0.635 £ 0.025 (Iv.8)
CATTSyyp > 67P5)5)

whéhéﬁthe statistical uncertainty in the measurements are combined in
quadfétﬁre with the estimated fractional uncertainty in the correction

factor

5(0.936}

'—{O—.m—}‘ 1% (IV.Q)

accounting for partial resolution of the hyperfine structure compo-
nents. Combining the ratio with the precisely determined coefficient

for spontaneous emission (Hsieh 72)

2

> 6P 1

A(7?sll (7.11 = 0.16) x 10’ sec™t (1V.10)

2 3/2) =

the coefficient

2 2 1

A(7%0g,, > 6°P (4.51 = 0.21) x 10’ sec” (1V.11)

372) =
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is obtained, and is in agreement with a previous determination

(Gallagher 64)

2 1

2 - 7 -
A(7 05/2 > 6 P3/2) = (4.2 £ 0.5) x 10" sec (Iv.12)

" Although measuring the absorption coefficient in the 62P3/2 > 7205/2

transition is used to check the density caiibration, only the absorp-
tion coefficient in the 62P3/2 > 7251/2 transition is actually employed

in the determination of a«.
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RESULTS AND CONCLUSIONS

The Stark coefficient a« is finally determined by measurements of

2 2

the absorption coefficient in the 6 P1/2F=1 > 7 Pl/zF'=l transition

where data were accumulated for several hours on three different

days. Careful records of the temperatures were kept, and the density

was calibrated by measuring the absorption coefficient in the

2

6°P3/2

data.

2

F=197S

1/2
usually on the same day. The tabulation in Figure V-1 summarizes the

F=0 transition at the same average temperatures,

a can be determined independent of the density from the ratio of

the absorption coefficients by the fol]owingffohmq]a:

2]
3e?

u

ug
‘e

e

-1
T

1220
main

1/2"»""'- 15'2{P
3243

2 '
A(7°S > 3/2)A .

(1 - 0.063]

2

' ' 2 ‘ _
where x' = 535 nm, g' =25 cm, ¢ = 23 cm, and A(7 51/2 >6 P3/2) =

(7.11 + 0.16) x 107 sec’l.

1

For these measurements, E = 1700 V/cm.

From the three sets of data, the three determinations of a (Shown in

the table) are all in agreement where the uncertainties:

1%

1%

1%



STARK ABSORPTION

DENSITY CALIBRATION

1-ue T . T NO. OF u'g! T . T NO. OF a
main stem main stem
(K) (K) MEASUREMENTS (K) (K) MEASUREMENTS (10-5 cm/V)
0.999414 (24) 1030 963.7 36 1.0215%0.0012 1030 963 .4 10 1.31+0.03
0.999390(63) 1031 963.0 20 1.0250+0.0007 1030 963.0 10 1.34+0.07
| 0.999420(32) 1033 964 .9 16 1.0900+0.0023 964 .4 12 1.29+0.04

1033

Fig. v-1

79
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a(1 - 0.063] _ 14
[T -0.063] - °°

(uncertainty in the correction for the

nonuniformi in .
onuniformity Tma1n)

2.25%

are combined in quadrature with the statistical uncertainties in u2
and u'¢'., The weighted average of these three determinations of «
yield a total fractional uncertainty of 2%. However, a is quoted with

the uncertainty enlarged to 5% with 95% confidence.

(1.31 £ 0.06) x 1072

]
fl

uo cm/v
(v.2)

(247 = 12) )]

Next from the F;Oféfﬁf=0 (EHE) and F=0 » F'=1 (ELE) fluorescence sig-
nals shown versus Eszn Figure V-2, the ratio of the slopes (deter-

mined by a least squares fit to a straight line) yields the result:

= 0.83 + 0.01 (95% confidence) (v.3)

! |w

which agrees with an earlier measurement (Chu 77),

8 o 0.84 £ 0.05
a

The ratio of 8 to a was also measured directly by absorption in the

F=1 > F'=1 transition_whi]e switching the polarization, and the result

g _0.83 0.08
a
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Fig. V-2. Intensity of 7 51/2 decay fluorescence versus E° (precision in each

point = 0.4%).

99



67

was obtained in agreement with the fluorescence measurement. Cdmbihing

(V.2) and (V.3) determines

5

(1.09 £ 0.05) x 1077 u_ cm/V

w
[

0

(V.4)
3

(198 += 10) a,

This may be compared with the naive theoretical estimate (Neuffer 77,

Johnson 85):

1.64 x 107> hy CM/V

w
[

(V.5)
3

309 a,

The substantial discrepancy between (V.4) and (V.5) 1ndicaté§;tﬁdt the
valence electron is shielded from the external electric field téfén
appreciable extent by the core electrons.

Im
From

= -(1.73 £ 0.33) mV/cm (Drell 84,85), a value for the

parity non-conserving E1 amplitude i1s obtained:

Img, = (-1.89 = 0.36) x 107
o (V.6)
= (1.67  0.32) x 1070
2 . 205, .
where Q= Z(1-4 sin ew)—N = -112.7 1is the weak charge for T1 in

the standard SU(2) x U(l) electroweak model. Here, 8, is the Weinberg
angle and sinzew = 0.215, while Z = 81 and N = 124 are proton and

neutron numbers, respectively. Now, (V.6) can be compared directly
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with various estimates.of;gP given in Johnson (85). However, because
of the large discrepancy:béiWeen (V.4) and (V.5), it is evident that
substantial theoretical work remains to be done on many-body effects
in the 293 nm tranSition amplitude. Considerable efforts are currently

being directed at this problem (Johnson, Martensson, Das 85).



APPENDIX

Revised Value of M

The magnetic dipole amplitude (M) was originally measured (Chu 77)

through interference with the Stark induced El1 amplitude of:

2 - -1.03 % 0.10 V/cm
The publisheda value of M was calculated from the naive theoretical
estimate of the coefficient @, (I1.8). Now that « is known experi-
mentally, the value of M may be revised:

5 .
u

M= -(1.365 £ 0.13) % 107
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