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| INTENSITY BEATS IN RESCNANCE'RADIATION
ABSOREED BY A COHERENTLY EXCITED METASTABLE STATE

FORMED BY ELECTRON IMPACT

Tetsuo Hadeishi and Qhung-Heng Liu
. Lawrence Raolatlon Laboratory .

Unlversvuy of California
Berkeley, California-

We have observed intensity beats in’the resonance absorption by coherent
i
excitation of nondegenerate magnetlc sublevels of the nonradlatlve JP2 meta-
Suable state of mercury. This state was formed by unidirectional low~energy
olectron—lmoact excitation in a weakly ionizeguplasma. This observation is
an extension of the methods for detecting beats in resonance radiation arising
from spontaneous decay of coherent, nondegenerate levels produced by electron
oo 123 : . - . . 4,5
impact. The observed effect is similar to that foune by Bell and Bloom
using an ODtLC -pumping method. However, our method is-not limited by the
optical-pumping speed and the optical selection rule, since electron impact
. . -16 . . .
2xcites an atom in about 10 sec with less definite selection rule.
We performed this ex (periment (l) find out if the effect is observable,

and (2) to offer some means to overcome what ve beWLeve is an inherent limita-

tion of the thlCul -pumping eechnloue, the pumping speed. The present method

mny prove suitable for Investigating a variety of atoms in the ground state
with J > 0 (by transmission of coherence" from excited states back to the

ground state),.and the long-lived (J > 0) metastable state which may be

o

coherently excitéd under a variety of e nv1ronmental con ons for which’

the optical oumownn meenod would not work. In add ’tlon, no rf nerturbatLon
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is imposed on the system to observe the resonance condition by this method.

7

Previous eXperiments on thé metastable state 3P2

of mercury and neon have

demonstrated.that ﬁhe va; 0 and, because bfvelectrqﬁ»exchange, 1 of the
metastablé state are'préferentially pbpulaﬁed‘through electron impact‘excitu—
tion by a unidirectidnal.iow-energy electron beauf If one applies a magnetic
field perpendicular to the direction of the electron beam, the states with

m_ =0 and mJ = £1 transform into- the coherent states

T Av13p _~y 63 o 13 - V63 =
‘D(O,E,O)l P,,my=0) = —H-PPg,mJ—Q) - —2-| Pg,mJ-o) + Tl Pg,mJ—-Q)

and

J J

Qhere[?<is,£hevangular-mqmeﬁtum rotation Qperator.? Thus ohelcan visualize
the aligned aﬁom preceésiﬁg abéut the magnetic field with Lermor frequency.
Since the atom is ali«ne@, not oriented, pfecession by 180 deg is the ‘same
as 360-degvpfecessioh abogt the magnefié field. ©Now consider an electron-

beam pulse much shorter than the Larmor-precession period. This pulse aligns

the ensemble of atoms, vhich then execute a Larmor_preceésion about the magnetic

field. Another pulse 1/2 Larmor period later creates another group of aligned
atoms, which precess about the field in phase with the atoms already aligned

by the first puise. Thus from this classical point of view, an aligned popula-

tion will precess about the field synchronously, when it is produced by short

2lectron pulses repeated at half the Larmor period, i.e., at twice the Larmor

jo)

-

. -

aligned, by a burst of circularly polarized pumping light perpendicular to the

|

. C s b _ ' : )
magnetic field. Therefore, the oriented atoms. return to the original positiond

| | _ 1 | 21 1 '
0(0,-7—2[,0)!3132,111 ':il) = %,3}?2)31{].:2) + %|3P2,mJ=l>+§I3P2,mJ=-l> + §|3P2,m =-2) 3y

{requency. In the experiment by Bell and Bloom, the atoms are oriented, not

s~

.
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'lfonly after one precesszon. For thls reason, the llght 1s modulated at. the
 f»Jarmor frequency in’ thelr experlment
. We observed the precesswo of allgned atoms by monltorlng the absorption

'fOL llnearly polarlzed k 5L6l X 63P - 7 S ) resonavce radiation propagating

.along the externally applled magnetlc fleldo The vave functlon of the meta-

».eatable:state formed by the Am O tran51twon from the SO ground‘state-to

J

3P2 meuastable state at 't = to by’a shortge;ectron»pulse'is}

3

Vo el g 'f'o)‘J,.:{?efl"mféx iy (s - 1)) + Colmy=0) explasy(s = 1))
+ C~2|mJ=‘2)exp[lw_2(t : to)]} L

: fef‘;ﬁ5>fto Where T is the feciprocal enle cogerencetulme, the C's are
constants thet depeﬁd on the typc o; e#cltauon,lane L@é,: gz/h, wb = Eo/ﬁ,
wnd;;Vv /h o”respondlng to the ene”gy of". tnetfm3f= 2, O,‘énd’-'2
;uatee, respectwvnl élxi e*absorpuwon prooaollluy of-tﬁe;iineer1y poiarizedl
T enance radLatwoﬁ is pvoéorulonal to the square of the wodulus of the matrix
nps_e( (3S )la ,q) - wvhere & is the: e7ectr1c -dipole 1nteractwon operator

A

whose-veetor 1Svparallel to the dlrectlon of polarlzatlon of the incident

.J

resonance'radiatioh} Thczzbsorntlon prooabllluy is aescrlbed by the damped-

os01llator tyne funCuLonj »10

-   exza-[_-'-f(f]’fA.*'f"o_)J (a+ 3 expl- i%(# - tg)] # B explimg(t - o)1),

'here aéo/2n ws tvwce che'ﬁarmor preeessﬁdn’frneueney; ife., due to single-
nulse eXcitatioh; the absorbed lﬁnearly polar?7ec llght is modulated at twice
the . Lermor frequency and daﬁoed v1bnva damplng constant Y,- It is interesting

to note that the eleetronJexchange”termszdo not contribute to the modulation.
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Thus'puising or modulating the electron beam at‘tﬁice the.Larmor'frequency
causes theAdamped_OScillator tqlbecome undamped;‘ If the electron bean 1is
modulated as (1 + cos’&t),“thevintensity.of'thé resgnance radiation from the

absorbed resonance is proportional to -

) . ._ . 4 ey . - v . . _. + - 3 - r
A | Y cos x + @,y sin x Y cos(wt - x) (@ w20)51n(wt x)
2+ 2|8 1+ B [— :

v - T2‘+ w2 : - o T2 + (w - w,.)
‘ 20 20
. Y cos(wt * x) +-(@ + @go)s1n(wt,+ x) L A Ycoswttwsin &t}

The first term corresponds to the Hanle depolafization in a magnetic field.
: I : o S !

The second term represents the beat at twice thé .Larmor frequency. The above

’ i A ‘ L : - o _ 1
equation is derived in a manner similar to that used by Aleksandrov and Kozlov.

' 3 - , : » .
A large quantity of “P. metastable-state atoms was produced in a gap of

2
a planar diode with an indireetly hedted Phillips cathode containing mercury
vapor ‘at -room temperature. This didde, wvhich was the same type used in our

‘ 8 o o L
previous experiment, was operated under the space-charge-neutrallzation

e
7,'8,11 - " ’ . . .
- The electron beam was modulated by varying

~condition at about 15 V.
the. applied voltage between the cathode and the anode. The typical electron

current we used was about 400 mA peak at 3 MHz with about 100% modulation.

T

‘0 eliminate the stray magnetic field produced by the indirect cathode heater,
observations were made only during periods vhen the heater current was switched
off (every 1/50 sec). To estimate the magnetic-field width associated with the

D)

beat experiment, we first observed the coherence lifetime, using the Hanle

[0}
'ﬁ
-
[0)
(o]
ct
[}
)Ja
o)

ce this signal was very large. For observing an intensity beat,

the electron beam was modulated at 2.89 MHz, and the absorbed light was detected

- N U N P . . .
by a 2.09-MHz tuned amplifier. This signal was traced as a function of the
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externally épplied maghétic field. 'In.addition to phagejsensitive detection,

we used digital integration‘employing a L0O-channel multiscalar, as in our
8 . :
vrevious. work.  The schematic of the experiment is showm in Fig. 1. TFigure 2
shows the 2.59-MHz component of the optical absorption as a function of the
applied magnetic fileld. The peak absorption corresponds to a magnetic field

of H = (688 * 10) mG, at vp = 1. L5 MHz. The Hanle effect was quite strong

‘and had a magnetic field Jlduh the same as tnao of the absorption signal. To

make certain‘thgt the signals vere real, ve shiftea the moduiating freqﬁency‘

to 2.72_MHZ énd:observedﬁtﬁe'éfoper‘énift of the,beat éignai. We also‘observed

an absox ptlon 31gval at H ( 1376 ; 15) mG, corresvo nding to-a Larmor frequency

v =.2t89 MHz. Whls s1gpal ha& 2/3 the w1dth and 1/2 the amnlltudc of the

signél seen at H (688 WO) mG . We bave not "ot fully explained this effect.
We hawe ODuCrVﬁQ a con51derab1e broaaenlng of ubc magnetlc fweld ULdth

as the plasma ionlzatlon 1ﬁcreéses, 1nq1ca 1Dg a cecreuse in uh° coherence

time duexprobabwy to perturbatipns arising from the'piaSma‘fields. Ve are

currently investigating this effect in detail to study the mechanisms of the

-perturbation.:

We would lﬂAc to express our uupr001atlon €O P*ofessor Hovard Shugart

i dis sion of this work, and.to ProfeSSoer. W;'Seriesvof_Oxford University,

Fngland for his comments.
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' FIGURE LEGENDS

Fig. 1. Sbhematic of the apparatus.  Tor the Hanle-effect measurement; the

[

signal was fed directly into'thé'low—frequency preaﬁplifier either with

“

or without rf modulation.
Fig. 2. Resonance-absorption beat’signal with electron beam modulated'at
-2.89 MHz.
]
g
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»v
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