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ABSTRACT

There exists a simple relation "between the photon statistics

in resonance fluorescence and the statistics of the momentum transferred

to an atom by a plane travelling wave [l]. Using an atomic beam

deflection by light pressure, we have observed sub-Poissonian statistics

in resonance fluorescence of two level atoms.

There has been growing interest in recent years in optical

phenomena that exhibit purely quantum-mechanical features of radia-

tion field , Handel's theory indicates that photon statistics

of fluorescence of two-level atom is sub-Poissonian photon statis-

tics, the narrowing of photon number distribution shows photon anti-

bunching in time, and the photon anti-bunching in time can only

occur in a quantized rediation field1 ,

R.J. Cook first points out that there exists a simple rela-

tion between the photon statistics in resonance fluorescence and

the statistics of the momentum transferred to an atom by a plane

[11 u s

travelling wave . This relation allows/to derive expressions for
mean photon number <n> and variance <(in) > of the photon number

the
of atonic motion in a travelling wave. From this theory

we can obtain

(1)
£(j'+

and

Mere 1 is the Rabi frequency of two level atom in travelling wave,

B is half the Einstein A-coef ficient, and £= u>-u'o is the detuning

frequency. A natural measure of the departure of photon s ta t is t ics

from Poisson Law is Handel's Q-parameter
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(3)

The Q-parameter is plotted as a function of A/f in Figure 1. For exact

rcsor.arc-e 0 is loss than zero, <(.'r.l2> is less than <n>. the photon

statistics is sub-foissonian. For certain off-ressonance cases 0



may be greater than zero, the photon statistics is Super-Poissonian.

This result is of interest because it shows that sub-Poissonian

photon statistics is not a necessa y consequence of photon anti-

bunching in time, which is always present in the radiation from a

single two-level atom. Anti-bunching and sub-Poissionian statistics

are distinct effects that need not necessarily occur together .

An experiment to verify this prediction is very valuable.

R. J. Cook suggested an atomic beam deflection experiment to

demonstrate the non-Poissionian statistics. The atomic beam is

transversely illuminated by a laser beam. In this case, the 0 is

expressed as

7_
5"

Here M is the mass of atom, V is the velocity in X-direction, fik

is photon momentum, <6> is the mean deflection angle. <(£8) > is

the atomic beam spreading under laser beam illumination. <(AO)>0

describes the initial beam divergence and S <e> is the contribu-

tion to the beam spreading resulting from the distribution of the

atom's velocity. S is expressed as S =!<l/v >-<l/v •> ]/<l/v > .

2 2For a thermal atomic beam, <6> S is quite large. To overcome

this problem, S must be decreased by velocity selection, meanwhile

the density of atomic beam decreased strongly. For a significant

measurement < (Av| >v<v> must be less than 1/4D'1'.

We suggest a experiment of atomic beam deflection by the

multiple laser beam to test photon statistics. The principle

scheme of the experiment is shown in Figure 2. The idea is that

the atomic beam travels across the multiple laser beam, which

propagates forward and backward between two reflectors, the mean

light forces cannot. change the motion of the atoms, but due to

-3-

the quantum feature of radiation field, the momentum diffusion

occurs, and the atomic beam spreads. In this case, the Q-parameter

has been derived.

w l > - (b)

Here N is a number of laser beams, d is the diameter of laser beam.

For resonance, i=0 and the intensity of the laser beam is strong

enough r >>P , 0 become!-,

Q- (f.)

All parameters in the expressions (5) and (6) are direct ly measured

in the experiment.

This method has two advantages: F i r s t , the expressions (5)

and (6) clearly show that the velocity dis t r ibut ion does not

introduce any additional spreading of the atomic beam. The reason

is that , in the multiple laser beam experiment, the average deflec-

tion <p> is zero, so that S <6> is zero. Second, in this experi-

ment, atomic beam interact with the laser beam perpendicularly,

a l l atoms will take part in the interact ion, so that signal to

noise ra t io is much greater than that in the experiment usinq a

velocity relected atomic beam.

An experiment nfl atomic bn;un dc-fleel-i™ to tn«5i the noti-Pnir.Koninn

sta t i s t ics is currently being cacrii'ii out in nur laboratory. Tlie scheme- ,cCn̂

the experiment is a l i t t l e different from that mentioned above. Sig.3

shows the scheme. The laser beam is incident at an oblique angle

tj> with the atomic beam. The laser frequency is tuned to near

resonance of the atom, due to the Doppler frequency sh i f t , only

part of the atoms is resonant with the laser beam. In the case

- I . -
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of * ̂  84°, the velocity distribution of the resonant atoms is

very narrow, it in, about (:'.v2)'i/v0 •*. 5xlO~ . The Q-parameter is

e xpressed nr>

(7)

Fiqure 4 is the experimental setup. The setup was described in

[6], When the laser beam 1 is interrupted the OMA records the

intensity distribution of the fluorescence of the atomic beam,

as shown in figure 5, which indicates the initial divergence of

the atomic beam. When the laser beam is incident to the mirrors,

the atomic beam is spread by the momentum diffusion, as shown in

Figure 6. If the amplitude of the distribution is expressed by

J, the <(A9) > can be obtained as,

rj
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tte
From the experimental data, using/expression we have obtained

<(£R)2>o = 2.15xlO~
7 and <-(.'.6)2> = 1x10 . The experimental caramel.*

used art? the followina: the laser power P = 4.5mw, the source

temperature T - 790K, the mean velocity <V> = 930m/s. and the

saturation parameter G = 1.22, using expressing (61, we have ob-

tained Q = -0.63. Using the expression (3) we have obtained Lhe

theoretical Q = -0.74. The difference between experim'' -,tal and

theoretical results is due to measurement error of laser power

inside the vacuum chamber. The preliminary experiment shows

that the photon statistics in resonance fluorescence of two-

level atom is sub-Poissonian, the < (An) > is less than <n-. We

conclude that our results are consistent with QED theory of

resonance fluorescence and the quantum theory of tho motion of the.

atom. -5-
-6-
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Flg. i . Q-parftmeter versus &j& torR=j2(3 Pig.3. Another schematic diagram of the expprlment

LASER BEAM

Pig.2. The principle scheme of the experiment.

Pig.4. The aehenfttlc dlftpran of the pxperiment setup.
t-CV laser I 2-oven: 3-colllnitorf 4-D.C magnet; *>-% plate: 6-Na

absorption celU 7»OKA! 6-oacllloaeope.
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Pig. 5- The curves of the experimpntal results-

1-umiltffused: 2-dlffaspd.
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