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[Introduction

] [The narrow beam divergence atomic oven

1. We have built strontium lattice clock systems with cryogenic chamber: the design of the new vacuum system is
multilayer chamber with main chamber, heat shield and internal cryogenic chamber

2. We have built multichannel laser systems with interference filter as separator of the wavelengths. The first beatnotes
of the appropriate channels in multichannel systems: «clock» and secondary cooling were obtained.

3. Thermal narrow atomic sources (ovens) had have built also. The narrow beam divergence atomic oven for Sr and Yb
optical clocks developed as import elements replacement program.

[The internal chamber with cryogenic cooling ]

R 4 ’
Bi‘? L ) N

The view of the optical clock multilayer chamber.
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Special suspension of the AL-10 Cryomech cryogenic
cooler (14W@80K) has been developed.

The chamber consists of external «big» chamber,
thermal aluminum shield and cryo «internal» chamber.
Min achieved temperature of the internal chamber is -

187°C

[The narrow-line multichannel optical stabilization system]

1.The two dual channel system have been built. The cavities of both systems have finesse F = 60000

2.Reducing the weight and size characteristics of the frequency stabilization systems group

3. The simplifying of the tuning and the cost reducing of the stabilization systems by combining of the optical parts of
the stabilization systems of the several laser sources

4. Evaluation of the systems by comparison with each other
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ONoOpH- ¥p
-10.6 dBm

0.0dB

JdeTeKkT
Makc

RBW
J Hz

VBW
J Hz

BpeMa pass..
34 s

Traces
A: Normal

Sweep (Fast)
Continuous

NCT. CUHXP.
10.000 MHz

@1.964 062 MHz

-10.6 dBfn

#YPOBEHb- aTT [706

O630p 4.420 kHz

-40.6

-60.6

Span 4,420 kHz | ' I

AMVW {

i

-

[ ]
Ty

ﬁlﬂw\"ﬂ'

-100.6 d@m

1.981 876

MHz

Center 1.964 086 MHz

1.986 296 MHz|

10 dBidiv.  Ref -6.60 dBm

Log

Mkr1 323.857 477 7 MHz
-43.63 dBm

Center 323.85611 MHz
#Res BW 1.0 kHz

#VBW 3.9 Hz

Span 56.80 kHz
Sweep 11.36 s (1001 pts)

Beatnotes spectrum of two clock systems:
horizontal (~47 cm) and small vertical (~10 cm)
(span 4.4 kHz, 440 Hz per div.).

Beatnotes of the clock channels of the
multichannel laser stabilization systems (span
56.8 kHz, 5,6 kHz per div.).

Aims:

1.Reducing the weight and size characteristics of the atomic oven

2. The maintainability improving

3. Simplification of the manufacturing technology, elimination of “thin” spots of the previous developments

Solution: The principle of the universality (item 1) + the “matryoshka” principle (item 2, 3): (Altshuller G.S., 1973):

1. the object performs several different functions, eliminating the need for other objects

2. one object is placed inside another, which, in turn, is inside a third, etc.

3. one object passes through cavities in another object.

[The atomic oven previous development
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Type of the heater: replaceable

The heater position: outside of the vac. volume
Operating temperature: 400-600°C.

Power consumption: 110-130 W.

Max oper. temperature: up to 600°C.

The reparability: without devacuumization
Characteristic length: ~30 cm.

Flange: CF16

Type of the heater: replaceable

The heater position: inside of the vac. volume

Operating temperature: 430°C.
Power consumption: 25-30 W.

Max oper. temperature: up to 550°C.
The reparability: with devacuumization

Characteristic length: ~8 cm. [6]
Flange: CF35

Type of the heater: replaceable

The heater position: inside of the vac. volume
Operating temperature: 430°C.

Power consumption: 25-30 W.

Max oper. temperature: up to 600°C.

The reparability: without devacuumization

Characteristic length: ~8 cm.

Flange: CF35

[Simulation of the temperature distribution
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The distance from the edge of the
atomic oven 160 50 33
to observation zone, L, cm
Min diameter of the vacuum
system/tube, D, cm 3’5 1’8 3’5
Divergence angle, a, deg n/a n/a 1,82
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1. During of the strontium lattice clock experiments the multilayer chamber with thermal radiation shield and internal
cryogenic temperature has been developed. The min temperatures which could be achieved below -187°C.

2. The multichannel laser stabilization system with high-finesse cavity was suggested and realized. The separation of
the wavelength is realized with interference filter. The beatnotes of the two multi-channel systems have been
implemented. The new type of the autorecovering of the systems with radiofrequency modulation feedback is

suggested and realized.

3. The compacted source of strontium atoms, developed during a laser cooling experiment also. The elements of the
iImplemented design are made of stainless steel, even thermal insulator. The design of the atomic source does not
contain heating elements inside the vacuum system. The neediness for complete depressurization of the vacuum
system during changing of the heating elements was eliminated. final divergence of the new atomic oven beam did

not exceed 30-31 mrad.
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