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Experimental evidence of the transfer of the transverse
component of the nuclear alignment in the electron-exchange
collisions between the 180 ground state and 3P2 metastable

31Xe (I = 3/2) is described. In this experiment,

state of 1
the nucleus in the atomic ground state, 1So,vwas aligned
through metastability-exchange collisions with aligned
metastable-state atoms which were formed by electron impact
excitation. The coherence among the magnetic sublevels of
the nucleus was then created by nuclear magnetic resonance
(nmr) at 200 to 2000 Hz. A second collision between the lSO

ground state and the 3P metastable state transfers the

2
nuclear coherence to the metastable state and results in the
modulation of the light absorbed by the metastable state at

the characteristic nmr frequehcy.

Recently, Partridge and Series' reported that the transverse component
of the nuclear magnetization of 3He can be transferred to the 381 meta-

stable state of SHe through metastability exchange collisions. A very
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cléver theoretical technique developed by Partridge and Series gives
excellent agreement with the observed phenomena. In their experiment,
since I = 1/2 for 3He, it was necessary to orient the nucleus first.
This was accomplished through metastability-exchange collisions with
the oriented metastable state which had been pumped optically by the
- methods demonstrated by Walter, Colegrove, énd Shearer.?

In this letter we report the experimental evidence that the
coherence can be transferred also in the case of nuclear alignment. We -

131Xe to test the idea, since this isotope has a nuclear spin I = 3/2,

used
which may be aligned. The natural abundance of the 131Xe isotope is 21%,
so ordinary Xenon was employed. The test of the transfér of coherence
in ;ollisions, whether the hucieus is aligned or oriented, is made in
‘terms of whether the resonance absorption by the metastable state shows.
the characteristic nmr fréduency modulation. Also, such phenomena are
not limited to the metastability-exchange collisions, but occur also in
collisions in géneral. |

It was demonstrated by Ruff and Carveré that in spin-exchange
collisions between the Na and H, both being iﬁ the ground state, the

coherence created in the hydrogen ground state can be transferred to

the sodium ground state, resuiting in the modulation, at the hydrogen

resonance frequency in the transverse beam, of light absorbed by sodium

atoms.
The experiments of Partridge and Series' and Ruff and Carver can
be explained in terms of a classital model similar to that involved in

the derivation of Block's equation; in fact, one should be able to observe
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the modulated signal by the classical magnetic induction method. .Howevef,
.there is no simple classical analog associated with the experiment we
performed, and it is not possiblevto observe the signal by use of the
nmr induction method.

The mechanism involved in the experimént can be explained in the
following way. First of all, our previous experiment* showed (from the

131xé

observation of paramagnetic resonance) that the metastable state of
is aligned by the electron impact eXcitation. This means the hyperfine
structure states of F = 7/2, 5/2, and 3/2 are all aligned by electron
impact. With this information and from the paramagnetic resonance of
the even isotopes (I.= 0 and no hfs); we can eésily deduce that the
nuclear spin is aligned through the hyperfine interaction.

In the decoupled representétion, the partial-density matrix repre-
senting the metastable state F, memF,(F), immediatgly after the collision,
is given by

V- +
meva (F) = [Up(e)8p(m)U ]mFmF_' ,

where p(e) is the electronic part of the density matrix of the metastable
state, and p(n) is the nuclear part of the density matrix of the metastable

state. Because of the decoupled representation, U is the unitary trans-

formation operator given by {wF,mF} = U(q)I’m 8 wJ’ ). If we consider

| 1 nJ
the metastability-exchange collisions between the 180 ground state and

3P2 metastable state, the aligned nucleus in the metastable state now

1

becomes the aligned nucleus in the newly formed So'ground state. The

nuclear spin direction of the newly formed metastable state is completely



-4- _ UCRL-18150

random so there results a net reduction of the allgnment of the metastable
state. Slnce the spin relaxatlon time of the nucleus in the ground state
is very 1ong compared w1th 1ts spin relaxatlon time in the metastable
state, it is easy to see that after many colllslons of the type mentloned

" above the ground state atoms w1ll be aligned to the same degree as the
metastable state atoms. Now, 1fvwe cause nuclear magnetic resonance of
the 18 ground state there will be coherence among the magnetic sublevels
. : of the ground state.v If we denote ‘the den51ty matrix operator of the
ground state by p(g), P ,(g) # 0 for mI = mIf as well as for mp = mI'.
Furthermore, the off—dlagonal component_of memI,(g)ioscillates at the
characteristic nmr frequencygand at its harmonics if I > 1/2. Therefore,
if we now consider the nery'formed.metastahle state, P mn , (F) =

[Up(e) 8 p(g)Uf]mFmF, in which p(g) OSC1llates with time, p FmF,(F),'will
also osc111ate at the characteristic nmr frequency Hence, the 1light

" absorbed by the metastable state atoms shows. the characterlstlc nuclear
magnetlc resonance frequency modulatlon which is three orders of magnitude
lower than the paramagnetic resonance frequency of the metastable state. -

The equations that describe the above-mentioned mechanism can be

written as

N : ' - | . _
af'p(g)»= %‘ [LWO + YIZH + yHl(Ix cos wt + Iy sin wt) , p(g)]

~
-
v

Tge@ Rep o, -

dgEF) T %% Lot f YFz),,p_(F)]--l"up(F).f p;;F)v+vRu[Up(e)®p(g)U+]’ (2)

&
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where Fg, I' are the damplng constant of the ground state and the
metastable state respectlvely, R.g and R are the product1on rate of the
ground state and metastable state'through the electron exchange collisions,
and 9%£El is the productipn rate of the metastable state by electron
impactpexcitation. Equation (1) is identical to that of Partridge and
Series,! and Eq. (2) is 51mp1er than their expression because we do not
have the optical pumping term. 801V1ng Eq. (1) and Eq (2) 51mu1taneously,
one can obtain the expression for the-llght absorbed by the metastable
state as Iab = K tr oM, wherelM is the electric dipole monitoring operator.

Iab is given in the form

[, o« (435 10,12 3720375 12O BV o1/ 13/ 03/, 11
ab [r +1Tgpge-w )]

(/55 {053 1/2P)- p1/2 372 () 23y 7 o, 32 1280172 30

1T 1 (epwy mwy )]

+

(3)

for the fundamental modulation frequency of the F = 3/2 state, when the
applied static field is Hk, the oscillating field is Hy ( cos wt + J sin wt),
and the optical absorption by 131Xe (in the SPZ,'F = 3/2 state) is detected

with the linear polarizer set to select X + K linearly polarized light;

a and y are the production rates of p( )_ _ -, and p( )_ S qh
_ m =2, my=2 my =0, my =0
Results are similar for F = 7/2 and for F = 5/2. By means of perturbation
- theory, S péF) can be evaluated in a straightforward manner in terms of

FME

a linear expansion of 1/[Fg + i(An) p] , since
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(g) _ e-i(mIfmI')wbt‘
My I :
(B)D () Db, (8 Dy (8) 02
g m n " I.' l n'mI‘l mI"m,I"
8 ' T +1(n ) ‘ (4)
n,n’ mI,mI"' g gr
from the theory of magnetic resonance,® where pﬁ - is the initial
, T R 1T
population of the mI"duebto the transfer of the ldngituainal component of
the metastable state allgnment B is the angle that the effectlve f1eld
in the rotating coordlnate system makes w1th Hk ‘and is given by
H
RS S (NS B 8
| B = tan ﬁWTTTT_) tan 13-1n-standard notatlon.‘ Thus, if P e ,(F)
is evaluated; the form of the modulated 51gna1 is glven by
R O A e T - T W
I, cs—qls+ -+ : cos w_ t
ab T {K? 2 2 2. 52 2 2) o]
u .vg‘,rg p_ rg+_p‘ Tg *9p 0 |
. _? (CZB)2 (g P)Z + (g:F)Z- sin w,t ' ’~’ )
g r+p” T THap” T "+9p”) "

g
where T >> (ngz-u ),-and:whefe A, B, C, etc. are the expansion coefficients

1/2, vAlthough the evaluation.of the

of l/[F +1(An)p], and p = (6 +b )
expan51on eoeff1c1ent is stralghtforward 1t is not reproduced here.

The egperlmentgl_arrgngement 15;1dent1cal>to-that of our-previous -
; vexperiment,“ whefe'ue ebserved_the'transfergof only.the.lohgitudinal
componeht of the ulignment cblliéions. Figures 1 and 2 show the components

. of the absorbed 1ight that are modulated at cos w,t and sin w,t. The

shapes of these curves are very similar to the B and C functions obtained
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experimentally and theoretically by Dodd and Series.’ Typical
experimental conditions were: pressure of Xe = 5 microns, metastable
state production electron current = 80 mA/sz, with 16 eV across the

diode, and H; = about 8 mG. Excessive rf field, Hl’ distorted the

1
curve considerably. The experiment was perfonned‘at various frequencies
ranging from 200 to 2000 Hz, WHich_were Crystal-oscillator-controlied;
The exﬁerimental result shows e?idence of the transfer of the trans-
verse'combonent of the alignment through;collisions.v We believe that
- this experiment shows that’the‘récently’developed optical detection
techniques together with the electron pumping téchnique (which has a
very fast pumping speed comparéd with optiééi pumping) is a convenient
method for studying the magnefic_properties of the atoms inaccessible
to either an optical or a magnetic'induction‘method. Transfer of the
transverse component of alignmént'should also occur ip ionic ground

state metastable-state collisions used in the experiment we performed

previously.®
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Figure Captions

Fig. 1; The antisymmetric (cos mot) compbnent of the modulated 1iéht—
absorption signal as the magnetic field is varied. The applied
frequency was 1000 Hz. |

Fig. 2. The symmetric (éin wot) component of the moduléted light-absorption

signal versus magnetic field. The applied frequency was 1000 Hz.
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