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OBSERVATION OF RESONANCE EFFECT IN MODULATED FLUORESCENT LIGHT
‘ 2 . 4He+ *

" FROM COHERENTLY EXCITED 4 zs.;é and 4 “P_ LEVELS IN

Tetsuo Hadeishi'

Department of Physics, University of Arizona, Tucson, Arizona 85721

Abstract'
We have observed é resonante phenomenon in>tﬁe
fluorescent light fromv4He+ at a frequency correspond-
‘ihg to the interval between the non-degenerate Zeeman |

components B and f of the 4,ZSL and 4 2

P%.stateé exgitéd'

"By,an electron beam mbduléted ét the correspondiﬁg -
frequency (uhffmicrowavé). The observationsjcan be
interpreted as ''quantum Beats”.' An obsérvation‘which

we recently described in this way is better considered

as a time-dependent level-crossing effect.

We recently reported' our observation of S-P level crossihgs

by means of detection of Variation of the émplitude of modulation of
resonance fluorescence as the level-crossing points are'sWept through
by changing the magnetic field. Unfortunateiy, thé,words ﬁquantum
beats' used in the title wés not an appropriéte description of the

. .' phenémena we reported. The physical basis of the'S-P ievel crossing
experiment is related to the différentialjdamping of the excited stétesr
in such a way.that‘the amplitude of modulation of the,fluorés¢ent'light‘

reflects the amount of mixing of the state. More detailed explanation
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of the mechanlsm behmd the expernnent w111 be reported by Dr. G. W. Serles
‘Recently, it was pomted out by Eck and Huff2 that Hadeishi's ear11er
observation! of a modulated 51gna1 in the reglon of level-crossmg
would contam a component or1g1nat1ng “from the modulatlon of a D: C
/ signal. A snnllar D.C. 51gnal was’ also observed by L L. Hatfleld
and R. H Hughes | |

In thls Letter, we shall present expernnental observatlons which
represent the real quantum-beats phenomena wh1ch can be con51dered as;
due to the interference o:t’ electromagnetm f1e1ds in the spontaneous
decay of 4I-vie+ from_coherent_ly e)toited, non-deg_ene_ratev, states 4 281 /‘2
and_ 4 Z.P1 /2 ‘mixed by a statio electric field (the levels B and f::-of
Fig_: 2).. The_'statesu are exc':ited'from the ground state ov_fneutral'
heliUm atams by a modulated electron beam. The mainv interest at the _
present state- of the work is in demonstratmg a phenomenon and the
experlment in 1ts present form is not a prec151on measurement Under
these cond1t10ns_ it is predicted (Refs. l-and 4) that the intensity
of the fluorescent light will be given by

cos ft + C, sin ft

'I(t)¢B2 C,

r
N _ A S SR : |
where BZ' ..— <§z—:—; ’ CZ (_g-)—?-—:—v? ’ v\) |q fl ,. the off | » | )

reso’nance variable, f is the c1rcu1ar frequency of modulatlon of the
electron beam, and q is the Stark perturbed mterval between the levels

B and f.
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The experimental Qbservation of I(t) was made by rect_ification‘
of the photo-current using a superheterodyne technique. Under such

detection methods, the signal one expects to observe is given by
- . 2,2 L
It) = .BZ cos ft + 02,51n ft = <B2, + CZ) v cos (ft + ¢)

and‘what'one measures is the amplitude of oscillation gi'ven‘ By
.
12

.{B 2. Cz}l'/z . _._.._% | ' | N :
+ = i +
S O | L N CEE

1/2 _ ,
= —— , the square root of a Lorentzian.
CiR B

Figure 1 shows an experimental arrangement similar to that used in

Ref. 1, with the exception of high frequency modulati»on of the electron

‘beam at uhf to microwave frequency instead of rf frequency ranging from: -

-3 to 60 MHz and modified detection system to detect these high-frequency

light beats. In the modulation frequeri’cy up. to 500 MHz, an inexpensive

| photomultiplier tube 1P21 operated at th"eimaximum allowable voltage was

quite satisfactory. In the microwave frequency region (1 to 2 kMHz) we |

used a RCA C40045C photomultiplier tube.
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Figure 2 shows the relevant energy levels showing the region of the
- observation of light,beats along with a typicalrexperimental result. of
amplitude Variatibn of high frequency modulated resonancedfluorescence

(1ight beats) in uhf region whenvthe'Stark effect perturbation b o 0\

-1/2|E - p|4 2p
R

14 sy m - AR

. The calculated

o

energYISeparation between the level B and £ corresponding.to 416'MHZ o

' is about 2, 34 kG, u51ng the Lamb shlft order of Lea, Leventhal and

Lamb.5 The light beat, when the electron beam is modulated at 416 47 MHz,
occurred at the magnet1c field sllghtly less than 2. 34 kG as 1is shown
'ln'Fig. 2. Thls is due to the repulslon of the energy levels by the .r
Stark effect Sun1lar phenomena were observed at the h1gher modulatlon
frequenc1es up to 1 7 WMHz at the approprlate hlgher magnetlc f1e1d _
values. o

We belleve ‘that the observatlons of l1ght beats at h1gh frequency ’
and that of the level cross1ng effect we observed in Ref 1, complete
the confirmation of Series' proposal of 1964 4 At present we are working -
on reproductlon of the phenomena we reported using the Unlver51ty.of
Arizona Van de Graaff generator. We expect to observeqtheuvariation'
in'the_beat frequency first observed by.Bashkinﬁ as we vary'thevmagnetic

field.

s

I would like to thank Dr. G. W. Series for mumerous helps in -
clarifying interpretation of this experiment and that of the level-

crossing_eXperiment we reported previously.
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Fig. 1. Experimental arrangement Interference filter with \ = 46854
| _ ‘was used-;-toh detect n = 4 > n = 3. transitions.
Fig. 2. a) Relevant energy level ’diag_.r.am. The dashed line shows

the Stark-shifted energy level when

o

Ka%s am= U]

R _ I,whenE

12 M= Y2[E - pl4 ’»
is panallel tn the magnetic field, where § isithe“diffefénc‘:e'
of damplng constant between S ‘and P levels .The arrow indi—_’.
cates the pa1r of 1evels that glves the maxnnum amplltude |
of 11ght beats shown in (b). -

b) A typlcal-expgzrmental observation" nf' ‘the var_iation'of |
light oscillation b(l'ight beats) as a function of the

g _'extemall}? applied magnetic field when the electron bbbeam is

modulated at 416.47 MHz.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”

includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the

Commission, or employee of such contractor prepares, disseminates, or pro-

vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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