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State of the art and outlook for investigations in the field
of optical metrology and quantum frequency standards

M.A. Gubin

The Editorial Board of Quantum Electronics decided to
publish in several issues the selected papers devoted to the
study and applications of quantum frequency standards
(QFSs) and optical metrology. The latter includes frequency
measurements in the range from 10" to 10" Hz, which was
earlier virtually inaccessible for calibration in absolute
frequency units (hertz) specified by the primary cesium
frequency standard. In this field, annual reviews are
published in the world literature and two — three interna-
tional conferences are held. The selected papers reflect
mainly the state of the art at Russian scientific centres.

The role and place of QFSs among other modern
directions in physics are well known, and advances in
this field reflect to a great extent the development dynamics
of quantum radiophysics and its contribution to the world
science. Beginning with the solution of practical air navi-
gation problems in the 1940—50s, this topic served as a
‘motor’ for many fields in quantum electronics such as the
development of a variety of narrowband (kilohertz) and
ultra-narrowband (subkilohertz) tunable lasers, precision
(both in resolution and sensitivity) laser spectroscopy,
including methods of ultra-deep cooling, confinement,
and manipulation of atoms and molecules, and finally
for an amazingly spectacular combination of ultrafast
femtosecond processes with extremely stable continuous-
wave lasing.

This achievement of physics of ultrashort pulses per-
formed a true revolution in the QFS field. The method was
developed for the first time for efficient and convenient
measurements of optical frequencies, i.e., a ‘clock mecha-
nism’ was created capable of dividing in one stage a
frequency in the visible range by a factor of 10* —10°
down to the cesium standard frequency (9.1 GHz). This step
allowed one to ‘combine’ together different laser and
microwave frequency standards separated by tens and
hundreds of terahertz. An advantage of such a combination
is the transfer of output parameters from one device to
another, which allows the user to approach an ‘ideal’
standard by selecting the required combination of properties
(the relative frequency stability, spectral width, repeatabil-
ity, reproducibility, accuracy).
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The reverse influence of ‘frequency’ measurement tech-
nologies on ‘temporal’ technologies based on ultrashort
pulses is no less fruitful.

The phase control (in particular, phase stabilisation) of
spectral components formed by a train of ultrashort pulses
by comparing with the QFS frequency allows one to change
the pulse shape, provide the coherence between pulses from
different femtosecond lasers, and vary the phase delay
between the envelope and carrier. All this provides quali-
tatively new opportunities for using ultrashort pulses in
problems of nonlinear optics of superstrong fields, spectros-
copy, metrology, telecommunications, and  other
applications.

Stable master oscillators, for example, quartz oscillators
play an important role in the QFS hierarchy. The typical
frequency stability of most popular quartz oscillators used
in wrist watches is ~ 107° per day. At present, a concept of
an extremely miniature (1 cm® in volume) atomic clock is
developed (and the technology is being rapidly elaborated)
which provides a stability of 107! per day and is based on
two-frequency semiconductor lasers and the effect of
coherent population trapping in Cs vapours. The improve-
ment of frequency stability by five orders of magnitude
along with a small size of such a clock allows one to solve
many problems of navigation, recognition, and coding in a
new way, and to organize the mass production of clocks, for
example, in mobile telephones.

The diversity of ‘clock’ transitions, methods for record-
ing narrow reference lines, mass—size requirements, the
global scale of the problem itself, and the development
of highly precise ‘time-coordinate’ field available at any
place on Earth and in space provide the natural basis for a
wide international cooperation.

The presented papers show that Russian researchers
make a noticeable contribution to the time and frequency
metrology in the world. Because these papers cannot reflect,
of course, all the variety of QFS studies, several recent
reviews devoted to this field are also presented [1—4].

References
Basov N.G¢, Gubin M.A. /EEE J. Sel. Topics Quantum
Electron., 6, 857 (2000).
Baklanov E.V., Pokasov P.V. Kvantovaya Elektron , 33. 383 (2003)
[ Quantum Electron , 33, 383 (2003)].
Udem Th., Holzwarth R., Hansh ThW. Nature, 416, 233 (2002).
Ye J., Schantz H , Hollberg L.W. IEEE J. Se!. Topics Quantum

Elctron., 9, 1041 (2003) and other papers in the issue.


http://dx.doi.org/10.1070/QE2003v033n05ABEH002423
OMIS
��˘ˇ���� ˆ�˙�
 ˝�˘���� ˝�˙� �����	���� ���˘��	��
 		
 ˛�˛ ����˛�

OMIS
˚ ������� ������	��
 		
 ˛�˛ ����˛�˜�

http://dx.doi.org/10.1109/2944.902135
OMIS
����� ��	�
 	��
� ���� ���� �� ���� �	
��
 �������

OMIS
������	��
 �
 ��� �������

http://dx.doi.org/10.1038/416233a
OMIS
 !"# $%�
 &�ˇ'(�)*% +�
 &����% $%�,� ˇ�����
 
��
 �˛˛ �������

http://dx.doi.org/10.1109/JSTQE.2003.819109
OMIS
." /�
 01%��*' &�
 &�ˇˇ�")2 3�,� ���� �� ���� �	
��
 �������

OMIS
�����	��
 �
 ��-� ����˛�



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [1800 1800]
  /PageSize [595.276 841.890]
>> setpagedevice


