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Abstract—In the paper the measurement of the C-field
intensity is analyzed theoretically in optical pumped Cesium
frequency standard. The transition probability from the F=3
mg=0 level state to the F=4 my=0 level state has been discussed
as the function of the frequency and power of the signal
injected to the low frequency coils. The result shows out the
fluorescence intensity in the probing region increases to 1.37
time of the normal condition without the low frequency signal

at the Ramsey cavity.

I.  Introduction

Optically pumped cesium beam frequency standard
has been realized as the primary frequency standard [1]. We
have known the accuracy of the optically pumped cesium
beam frequency standard relates with the value of the
C-field intensity. Usually series low frequency coils are
placed on the drift region of the Ramsey cavity at the
Cesium beam tube of the traditional frequency standard, in
order to acquire the value of the C-field intensity [2], but to
the best of our knowledge in optically pumped cesium beam
frequency standard nobody has discussed how to determine
the C-field intensity with the low frequency signal. In our
optically pumped cesium atomic beam frequency standard
with a sharp angle of incidence detecting laser beam, as

shown in Fig.1, the pumping laser frequency is locked to
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the F=4—F’=4 transition line of the cesium D, saturated
absorption spectrum, and the detecting laser light is locked
to the F=4, F’=5 and F=4, F’=4 cross over line of the
cesium D, saturated absorption spectrum. Because there is a
66.5 degree angle between the probing laser beam and the
atomic beam, for the atoms in the F=4 state with velocity
close to the most probable velocity, the probing laser
frequency is Doppler shifted up 125.7 MHz to the F=4,
F’=5 cycling transition, thus effectively providing cycling
transition detection for these atoms. Atoms with velocity far
from the most probable velocity do not interact with the

detecting laser light and have no contribution to the signal
(3]
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Fig.1 Diagram of experimental set-up of the
optically pumped cesium beam frequency

standard with sharp angle detecting laser beam

II.  Analyzing
‘We consider the transition of the Zeeman sublevels of F=3,
neglecting the millman effect. According to the selective

rule, the low frequency transition only takes place between



the sublevels with AF=0, Amg=+1, then the transition
frequency as follows[4]:

v(3,m, —3,m,) =350.975x10°H, —
13.358(2m, —1)H,’ (1)

Where Hy is the intensity of the C-field (unit is gauss), m,

and m, represent the magnetic quantum numbers
respectively. Assuming the intensity of the C-field is 60mGs,

we then have:
V(3,m2 —3,m1) ~21058Hz

Assuming that sublevels of the F=3 are equal distance,
so the transition from F=3 m=0 to F=3 mg==1 tends to
balance the population of all the F=3 sublevels via
cascading AF=0, Amg==£l The Resulting
population may be described by the Majorana formula
[2,4].

When passing the pumping area, the atoms interact

transition.

with the pumping laser, and almost all atoms would be
optically pumped to the F=3 ground state; then the atoms
pass through the U-shaped microwave cavity, after they go
through the first interaction with the microwave, part of
atoms transit to the F=4 my=0 ground state; after later they
interact with the low frequency signal at the drift region in
the Ramsey cavity, meanwhile the Majorana transitions take
place among all the sublevels F=3.We assume that: before
all atoms entered into the Ramsey cavity, the probabilities
were equal at all sublevels of the F=3 state. Interacting with
the microwave at the first interaction area, it is possible to
transit to the F=4,mg=0 level state from the F=3 m=0 level
state, the atomic quantities of others sublevels except the
F=3 my=0 state are unchangeable. So that at the low
frequency coils not only exists the transition from the
F=3,my=0 state to other sublevels, but also there is the
transition from other sublevels of the F=3 to the F=3,m=0,
but the change of the atomic quantities is proportional to the
difference among the F=3 m=0 state and other sublevels of
the F=3 state. So we can consider the transitions from the
F=3 m=0 state to other sublevels of the F=3 state, the

probabilities of the transition are as follows:
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Here ®, is the resonance angle frequency

corresponding to all the possible Am=*1 transition, ®
stands for the angle frequency of the low frequency signal
at the coils. d is the function of the power of inducing to the
low frequency coils. The probability of the F=3,m=0 level

state could be obtained, the result is as follows:

. 6O
sin® —
P, (0,0) = 3333 —
5(0,0) ( VY
cos? Losint®  cost Lsin? % cost &
2 )2
22! 22! 33!

The equation of interaction between the atoms and the
microwave at the Ramsey cavity could be solved, the

wavefunction of the F=4,mg=0 is given by[2,4]:



. . [ E,T]
C,(2t+T)=—isinbt-e T » ™ .

[~E,T]
C, (t)+cosbt-e " C (1) )
Where
T=1/u T=L/u

Here 1 and L represent the lengths of the interacting and
drift regions; u is the velocity of the atom; b represents the
perturbation parameter of the microwave field in the cesium
beam frequency standard; E is the atomic energy; m and n
stand for the lower state F=3 my=0 and higher state F=4
mp=0. Cy(1) and C,(1) are the atom wavefunctions after
the first interaction with the microwave at the Ramsey
cavity. Assuming that the frequency of the microwave field

is equal to atomic transition frequency and atoms enter the

Ramsey cavity at t=0. Then C,_(T)=cos(bt) and

C, (1) =sin(b7). Considering the low frequency coils are

laid at the drift of the Ramsey cavity and the Majorana
transitions occur in the Zeeman sublevels, we correct the

equation (2) and can obtain:

'E_T]

. . [-1E.,
C,(2t+T)=—isinbt-e "™l »
[-1E,T]
C,.(DP (t)+cosbt-e " C, (1)
. e (B BT
=—isinbt-cosbtle ™" e * P_(1)

+1] 3)
P(t) is correct terms because of the Majorana transitions of

the sublevels of F=3; t is the duration of passing through the
low frequency coils. With E, —E, = @h, the equation
(3) thus becomes:

So

C,(2t+T)=-isinbt-cosbtP_(t)+1] the

atomic probability at the F=4 mg=0 can be written as:

C,(2t+T)| =sin’bt-cos’ br[P, (t) + 1]

“)
The atomic quantity of the F=3,my=0 also can be calculated,

after interaction with the low frequency signal, the result is
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as follows:

cos’bt+ Y (1-cos” bt) P;(0,k)

k#0
=1-sin2bt- P;(0,0) &)
The left first term of the equation (5) represents the atomic
quantity before interaction with the low frequency signal;
the left second term is the atomic quantity of the Majorana
transitions to F=3,mg=0 level state. So we can find out the

correct term of the lower state F=3 m=0 is given by

.2
P ()= \/1 sin bf P,(0,0)
cos” bt

(6)

According to the equation (6), the equation (4) can be

written as:

IC,(2t+ T)|2 =sin’bt-cos’ bt-

— 1 2
\/1 sin b21P3 00) , |
cos” bt

]2
(7
Considering the atomic velocity distribution in the atomic

beam, the measured result should be an average of atomic

velocity distribution [5]:

<P,QT+T)>= | p(u)‘Cn Q+D'du
0

The p(u) is the velocity distribution of atoms in the

cesium beam. Because probing laser only interacts with
atoms with a narrow velocity distribution in our cesium
incident

beam frequency standard with sharp angle

detecting laser beam, so P(u) can be expressed as [5]:

(u—u, )2

Auy

—41n2

p(u) = pe

9
In the above equation p, symbolizes the normalized

constant. #, and Au are the most probable velocity and

the effective velocity width(FWHM) respectively. In our
experimental setup L[=0.126m, 1=0.01m, the length of
interaction between the atom and the low frequency signal

is 0.0lm. The equation (8) contains two variables, which



correspond to the frequency and power of the low
frequency signal, so the equation (8) has been discussed in
detail here. First when the frequency of the low frequency
signal is equal to the frequency of the Majorana transition,
the atomic probability of the F=4 level state as function of
the power of the low frequency signal is obtained as shown
in Fig.2. Second when the power of the low frequency
signal is the optimum power, then we can obtain the relation
between the atomic probability of the F=4 level state and
the frequency of the low frequency signal with scanning the
frequency of the low frequency signal. The result is showed

in Fig.3
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Fig.2: the atomic probability of the F=4
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Fig.3: the atomic probability of the F=4 as a
function the frequency of the low frequency signal

III. Result

Fig.2 shows d=8.6Krad/s at the optimum power of
the low frequency signal, Fig.3 shows if the frequency of
the low frequency signal is 21KHz, then it is evident that
the Majorana transitions take place in the our optically
pumped cesium beam frequency standard; here the
fluorescence intensity in the probing region increases to
1.37 time of the normal condition without the low

frequency signal at the Ramsey cavity.

References

[1] R.E Drullinger., J.H Shirley., D.J Glaze.and L Hollberg. 1989 in Proc.
Frequency standards and Metrology. A.De Marchi. .pp.116-119

[2] Y.Q.Wang el. al. 1986 the Principle of the Quantum Frequency
Standard(Science Publishing Company in China)

[3] D.H.Yang and Y.Q.Wang, “Long-term operation and frequency stability
of an optically pumped cesium beam frequency standard with sharp
angle incidence of probing laser beam “Jpn. J. Appl. Phys, Vol.33,
pp.1674-1676. 1994

[4] A.E.Bailey 1989 the Quantum Physics of Atomic Frequency
Standard(Bristol: IOP Publishing)

[5] JH.Zhang, F.ZWang and D.H.Yang “Experimental test of
alternating-current Zeeman interference effect in Ramsey separated

oscillating field” Chin.phys.letterVol.21, pp.1255-1257,2004

601



	MAIN MENU
	Go to Previous Document
	CD-ROM Help
	Search CD-ROM
	Search Results
	Print

