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Abstract

A ficquency standard for the 1 J SN() based on mercury ionsin
al incarlon Trap is operational. Initial measurements of the
new standard i .1”1'S-3 against an active hydrogen maser gives
a fi actional frequency stability of 0, (1)=7.5x10"*/1 ' for
measuring intervals up to i 0,000 seconds Stability
measurements for longer averaging intervals against anothe
ion trap standard have commenced.

Introduct ion

( Ine of the most mmportant roles of atomic frequency
standards 1S to provide for long term definition an d
maintenance of time scales. The USNO maintains the United
States master clock, providing, tile national time reference
and the center of alli department of | defense timed systems.
it consists of all-masci steered to amathematical time scale
based on a large number of  different clocks, primarily
hydrogen maws. For an individual clock the major source of
frequency error for long averaging times are systematic in
nature. The achicvable long term stability is directly related
to the size of the frequency oflscts and tile degree they are
measured and controlled

Mercury trapped ion standards arc particularly attractive for
long term stability needs because of the large atomic mass and
ground state }lyi>cl-fine splitting (= 40.5 G] k). Sensitivity to
thermal effects and magnetic ficld fluctuations are reduced
fiom standards using lighter atoms. Confinement in an ion
trap climinates hard to control wall shifts_and allows long
interrogation times. Using a  *Hg lamp for atonue state
selection, and helium bufler gas for ion cooling, continuous
oper ation is practical. These advant ages were recognized
some years ago and happed 10N standards developed by
i lewlett Packard for the U SNO based on the traditional
hyperbohe ion trap [ 1,21. More 1 ecently, the development of
the hincar ion tap [3] at P, allows for  significantly
improved shortterm performance of 0$ 1) 7x10*14/T 214]
and thus animproved capability for measuring systematic
¢ eets and sensitivity to long term perturbations,

Long Term Stability Measurements of 1 .11S-2

Typical oper sting parameters and environmental sensitivity of
our first two rescarch standards 1.]'JS- i and [.I1'S-2 have
hcen previously published [4,5]. The original 1 esearch
standards have no durcct 1 egulation of ion number, and both
have only three magnctic shields providing a shielding factor
of 80(). Measurements wei ¢ performed in athermal chamber
controlled to 0.05 °C.

Figure i shows the fir St measurement between i .1TS-2 and
i .ITS 1 over alonger 24 day interval. The measur ement was
performed in an environment wher ¢ occasional movement of
asteclelectronicrack perturbed the frequency of 1 .I'I'S - 1,
With ashiclded sensitivity of 5x107mG, the stability around
100,000 scconds, typically about 5x i 0'fs degraded in part
duc t magnetic pertur bat ions.

Also shown in Figure listhe stability of 1,1’ 1’ S-2 measured
againgt two hydrogenmascrs, SA0-26[6] and a cavity tuned
mascr S'I"SC- 1 [7]. The average differential drift between
i I1S 2 and the S*J SC- i mascr over thel46 day measurement
interval was mecasured to be (2. 12 0.8)x 1 0% /day  The
measured long tenn stability of the hydrogen masers shown
in Figure i is characteristic of the technology {8,911 tven
though httle effort was spent regulating and 1solating 1.1TS- 1
and 1ITS-2 from environmental perturbations, the 1on trap
stabi lity exceeds i I-maser stability for averaging times
between i 0,000 andi 0° seconds

Imtial Mcasurcinents with LITS-3

In the curient mode of operation, the lai gest sensitivity that
could lead to long term vanation of the 40.5 (i] 17 frequency is
to varations in the external magnetic ficld and/or the trapped
ion niumber (through the second order i doppler shift) A
number of impr ovements have heen incorporated nto the
standard for the USNO (1 ,1'1'S-3) including improved
stability of the trapping potentials and electron current to foad
ions The trap resides in five layers of magnetic shielding
increasing the longitudimal shiclding factor from 800" 1o
>17.000 The bias magnetic ficld has been reduced from 80
to 40 mG | reducing the Sensitivity to ambient magnetic




Allan Deviation

Figwe 1Tractionalfrequency stability of the reseal-ch 1 1g+standard 1.1' 1'S-2 compared to (8) the 1on trap standard
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Iigur ¢ 2 Short term stability of LITS-3 with a H- maser. A shortterm stability of o (1)-7.5x1()"" /1" is shown. The

stability measurement past 1 (),()()() seconds is limited by the H-maser eference standai d




fluctuations to Ix 1 0"/mG “The enclosure containing the trap
and vacuum assembly  is thermally regulated to O. | #C
allowing the frequency standardtobe portable.

Intag 2, afive day measurcment of the ncw standard against
an active I |-maser is shown. The short term Alian deViation
shown of o,(1)= 7.5 x10"/1 2 is accomplished with an &
second mictowave interrogation time, a factor of two shorter

than used in 1.1'1'S-1 and 1.1'1'S-2 for a comparable stability.
Past 10,000 scconds the measurement is limited by the
stabil ity of the hydrogen reference maser. i .ong term stability

measurements of LITS-3 compared with the older rescarch
ion trap standards have commenced.

in the future, improving the magnetic ficld homogeneity
should allow operation at still lower ficlds, further reducing
magnetic sensitivity. Using the ncw extended trap (1 1TE)
configuration |1 ()], the magnetic shields wiii be much smaller
Anotherbenefit of the LITI  allows performing the microwave
mterrogation at reduced hincar ion densities, This reduces
sensitivity to ion number fluctuations without compromising,
signal to noise and should provide even better long term
stability

*'1 his wotk was performed at the Jet Propulsion 1 aboratory,
Califor ma Institute of Technology, under contract to the
National Aeronautics and Space Admunistration.
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