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Abstract

We have made a new type of recirculating oven for a cesium beam frequency
standard, which consists of a cylindrical graphite tube, a nichrome heater and
thermoelectric cooling module. The beam characteristic was investigated by the
theoretical ‘calculation using beam orbit simulation. Then sufficient results such as
the beam efficiency of 2.5 % and the beam directivity of 2.5 degree were obtained.
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1. Introduction

A vertical type of cesium beam experimental frequency standard has been under
construction at Kinki University” to develop new basic technology to obtain the
accuracy of 7 X107 which is 1 order better than that of traditional one™. In
Fig. 1 the structure of beam tube is shown. Since 1994, preliminary experiments
have been conducted such as vacuum test of the beam tube, measurements of
magnetic field characteristic of the solenoid coil inside of 4 magnetic shields,
Ramsey cavity, and manufacturing and measurement of 4 -pole electrical magnet
and recycle oven, as shown in Fig.1.

In this paper a new design and the beam characteristic of recycle oven is reported.
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Fig.1 Structure of beam tube in a vertical cesium beam experimental
frequency standard.

Department of Electronic Systems and Information Engineering, Kinki University, Wakayama 649-6493, Japan
* Communications Research Laboratory, M. P. T.



47

2 . Structure of collimator

The recycle oven. in cesium beam primary frequency standard NIST-7 at
National Institute of Standard and Technology was recently reported by R.E.
Drullinger et al. and they obtained about 2 order improvement in beam directivity
efficiency. Their recycle oven consists of porous metal collimator which is cooled
to decrease the evaporation of adhesive cesium metal from the inner cylindrical
surface. The evaporated cesium metal in oven cell oozes from the collimator wall
of oven cell, because the structure of collimator is not cylindrical like usual one
from which passes the evaporated cesium metal from oven cell side”. In our case,
as the structure of collimator a cylindrical tube was adopted, because the usual
type collimator output of about 0.5 mm diameter had been stopped up occasionally.
For the material for absorption tube, hard graphite is used, which may not
become soggy and would not stop up the collimator tube after absorption of
cesium metal in vacuum. It is easy to cut and disposable, too. Figur. 2 shows the
structure of recirculating oven with the local temperatures of collimator input and
output for calculation.
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‘Fig.2 Structure of recirculating oven.

3. Calculation method

As shown in Fig.3 a number of emitted cesium atom dN from a small area
dS to a small solid angle dw is

dN = %nvds

-+ (1),
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Fig.3 Beam emission from a small area dS to a small area dS’.

where 7, v are the density and the velocity of the atom, respectively, and
combined with the velocity distribution function. Then an angle dS’ of the small
area dS from the normal of the small area dS can be written as

dN=—-]'—chos 0 dwdS e 0 (2),
ir

where dw is related with distance r and dS’ in Fig.3 as follows

dw=%§—=sin9-d6d¢ e e (3).

Then dN is given by substituting equation (3) into equation (2) as follows

dn=—4—1;-z—nvcosesin 0dode dS , - (4).

The beam intensity from the collimator input or inner surface to the output for
any angle (arbitrary beam orbit) can be numerically calculated by this equation.
It is assumed that the density n# of the inner surface of cylindrical collimator is
decided by the saturated vapor pressure of cesium atom absorbed.on the surface
and that the pressure depends upon the surface temperature.

As shown in Fig. 2, the set temperatures at the collimator input and output are
373 K and 313 K, respectively ; therefore the temperature linear gradient promotes
the absorbed cesium metal on the wall of collimator to pass through the inside
of graphite for recycling to oven cell.

4. Results of calculation

The beam orbit simulation using the above-mentioned equations clarified the
beam characteristic abouf, collimator directivity, recycling number of atom, and
beam efficiency which depend upon the collimator length and the temperature of
the oven cell and the collimator.
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Figure 4 shows the beam directivity of the collimator by changing the
temperature at collimator output. The intensity in a vertical line means the
density of atom number/s/sr. The beam directivity width, which is defined to be
half intensity angle, is 2.5 degree at 315 K. It means the improvement of 1/12 in

directivity on comparing with that of the traditional collimator. The improvement
of number will be described later.
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Fig.4 Beam directivity of 2 cm collimator for different collimator
end temperatures.

In Fig.5 we compared the number of atom passing through collimator tube
with that of evaporated atom from the inner surface of collimator. As described
later in detail, the number of atom from the inner surface is 1/5 on comparing
with that of the direct atom through collimator. It means that the atoms from
the surface expands from the collimator output and is almost useless as beam.
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Fig.5 Directivity of beam through collimator and from inner surface
of collimator.



50 Memoirs of The School of B.0.S.T. of Kinki University No.4 (1998)

Figure 6 shows the input and output characteristic on temperature dependence
in recyculating oven. The input temperature is constant 373 K, though the output
temperature is changed. The number of back atom is big, because the inner surface
near the input is at high temperature. As the inner suface temperature becomes
higher, the number of absorbed atom into garaphite increases and finally becomes
minus. This indicates that the number of evaporated atom increases greatly at
high temperature and an anti recycling phenomena occurs.
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Fig.6 Recycle oven characteristic : input to collimator, back to oven
cell, absorption of collimator inner surface and output from
collimator depend upon collimator end temperature.

Figure 7 shows the characteristic on beam intensity in case of the ioutput
constant temperature for different collimator lengths. The shorter length of
collimator effect is good in conductance.
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Fig.7 Collimator out beam depend upon oven cell temperature at
collimator end temperature 313 K.
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In Fig. 8 we investigated the number of atom into the magnet, which contributes
as beam for the frequency standard. It showed no dependence on length, as
expected. We calculate atoms passing through the ring area of 0.95-1.8 mm at
constant distance 6.2 cm from the collimator input to the ring area which locates
at the middle position of the magnet. In case of temperature 393 K and collimator
length 4 cm, 80 % of the atoms go through the collimator tube without collision,
since the mean free pass is 8.8 cm in the case. '
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Fig.8 Beam to magnet depend upon oven cell temperature at
collimator out end temperature 313 K.

In Fig. 9 we investigate the beam efficiency which means the ratio of the number
of the above-mentioned beam to magnet and that of collimator output. In case
of the collimator of 4 cm length the beam efficiency becomes 4 % which means
16 times improvement by recycling on comparing with that of traditional one.

45
4
— ——Col L=2
= 39 olL=sem
~ 3 —&—Col.L=3em
>
% 25 —#—Col.L=4cm
‘§ e
% 2
£ 15
3
o 1
05
0

313 333 353 373
Temperature [ K ]

Fig.9 Beam efficiency (beam to magnet/collimator output beam)
depend upon the temperature of collimator output end at
oven cell temperature 313 K.
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5. Coriclusion

We manufactured the recyculating oven with a graphite collimator whose output
temperature showed 331 K due to the thermal conductance from the collimator
input of temperature 373 K. In future we may improve the temperature resistance
between the input and output of collimator.

In calculation we showed beam directivity 2.5 % and beam efficiency 2.5 % for
the collimator in Fig. 2. If we would set the temperature of oven cell from 373 K to
393 K and collimator length from 2 cm to 4 cm, the beam intensity could increase
4 times and the collimator output beam may decrease until 50 %. In this case the
beam efficiency can be 4 %, which means 16 times improvement by recycling.
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