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Ahstrac(

A fi-cqucl icy stancki  for ti]c t J SN() based on mercury ions in
a 1 .incm ]on “l’l-ap is oi>c[-a(ional.  lnitiai mcasummcnts  of the
ncw s[andmi  i .1”1’S-3 against an active hydrogen maser gives
a f] aclirmai fi’cqucncy  stabiiity of OY(T )=7.5 x 10”14/1 ‘“ for
measuring intcrvais up to i 0,000 seconds Stabiiity
mcasurcnlcnts  fbl longm averaging intcwais against anothcl
ion tl-ai> stan(iatd  i]avc conmcnccd.

jntmduct  ion

( h)c of tile most imimt-tant  mlcs of atomic ficqucnc}r
s(aIIdaIcis i s  to im)~,i(ic fm iong tcml dcljnition a n d
n~aintcww.c  of tinlc scaics. ‘1’hc (JSN()  maintaims (I]c [Jnitcd
States Inastcr  ciock, i>l-ovi(iin~, tile nationai time I-cfcwncx
an(i tllc ccntcl of aii i )cilartmcn[ of I )cfcnsc timed systems.
it umsists of a 1 I-mascl  stccuxi to a nlathcmatical  tinlc scale
bawxi on a ialgc numhcr  of diflixcnt ciociw, primariiy
iyit-ogcn maws. l~ol- an individual ciock ti~c major SOUICC of
fl cqucncy  cmw for long avcl-aging tinlcs alc systematic ill
natuw..  ‘i’hc acilicvabic iong term stability is clil-cctiy rciatc(i
to tile siz.c of the frequency otTscts and tile dcgt-cc they arc
mcasul-cci  and cmtrollmi

Mctculy tl ai>i~c(i ion stan(iarcis arc i~articuial-]y  attractiw  fw
kmg tclm staijility needs bccausc of the ial-gc atomic mass ami
gwund  state }lyi>cl-fine splitting (: 40.5 G] k). Sensitivity to
tilcmal effects and magnetic tici(i fluctuations al-c ]cducc(i
fl ml standmis  using Iightcr atoms. Cmfincmcnt in an io]}
trap ciiminatcs  ha[ci to ccmtmi wali shifts and alimvs long

2021 ig ia,,)i)  for atomic s t a t einbmogation times. ( lsing a
sclcc(ion, and iwlium  butlcl. gas fo]- ion cooling, continuous
opm ation is i>racticai. ‘i’i)csc a(ivant ages WCI-C  lccogni7,c(i
s(mc ycal-s ago and  h a p p e d  i o n  s(andmis dcvcloiwd  by
i icwictt I’ackald  f(w ti]c (J SN() basc[i m the  tl-aditional
il)l~cdmlic ion lrai] I I,21. Mow I cccntly, tbc cicvcioimcnt  of
lhc lineal ion tt aJ~ [3] a( Ji’i, aiiows fw s i g n i f i c a n t l y
I[nimw(i slKwt tcnll iwt-fm mancc of 0$ T )= 7X10“14/T 1’2 [4]
ami thus an llnpl-(JVL:d  wpabiiity fol’ mcasul”ing  systcnlatic
L: ffccts and sensitivity to iong tcm i>cl-t~ll-t)atiotls,

~,ong j’c~!n_S@i,ility Mcasurcmcnts  of i ,i’i’S-2

‘i’~>i~iil oi>cl sting i>aralnctcls and cnvimnmcntai  scnsi(iw(y  of
our jil-st two rcscarcb  standards 1.]’J’S- i and 1,i’I’s-2  iMVC
h c c n  iwcviously imt,lishcci [4 ,5] .  ‘1’hc ollginal I cscalch
stan(iat-ds ilavc no (iii cct I cguiatim  of ion nun]bc],  ami both
have (rely  three mapnctic shields providing a shielding tk[w
of 80(). Mcasurcnlcnts  wci c pcl-fmncd  in a thcmai  cimii~cr
Umtlolic(i  to ().05  ‘c.

E’igul  c i shows the fit St nlcasumucnt  hctwccn i .i’l’S-2  ami
i ,1’1’S  1 over a iongcr 24 ciay intc]-val. ‘1’ilc mcasul cmcnt was
pcrfm mcd in an cnvimmcnt  whcr  c occasional movement of
a slcil  cicctmnic  I ack pcr(url)cci  the frequency of 1 .l’I’S - I,
With ;i shickic~i scmsitil’ity (i5xl ()”’ fihn(i, tile stat) iiity attnmi
iOO,(K)O  sccon(is,  typlcai}y aimut 5X i ()”16,1s dcgra(ic(i  In paIl
duc t< J magnetic i>crtuj  I)at ions.

Also shown in l;igulc 1 is the siabi]ity  of 1,1’1’S-2 nwaswcd
against two i~ydrogcn  Itlascis, SA()-26  [6] and a cavity tUllL’d
mast{ S“I’SC- 1 [7]. ‘1’hc avwagc  difJ’cm~lial ~ilift Iwl!vccn
i ,1’1’S 2 and the S“J’SC- i maw ovc] the 146 (iay nwasut-cmctlt
inlcl \al was mcasuml  (0 bc (2. 13 ().8)x I ()-16  /[iay “lb,’
mcawrc(i  Imp, tcnn stability of ti~c hydmgcn Inascrs  shwm
in F’igwc i is chal-ac(c] is(ic of the tcchnok)gy  /8,91 1 lvcl)
thou@ Iittic cffmt  w[is si>cnt rcgLliating an(i isoialing 1 .i’i’S-  I
a n d  li’1’S-2 ficml cll~’lr-()~llrlcl)(al ilcrtudjalmi)s, t}lc I(m lJai)
stabi Iity cxccc(is  i l-nlascl- stability fw avctaging tlnws
bctwcc;l i (),()(K)  al Id i 06 seconds

l!~iti?i h4casllrc!llc1~ts~~ritll  1,1’1’s-3

In ti~c CUII cnt mode of o~]clation, the ial gcst sclKit ivity that
cmici ica(i to iong tcnn wwiation of the 40.5 (i] iy frcqucilcy  is
to vzi) iations  in the external magnetic ficl[i and/ol tile ll-aiqm{
ion I iumhcr (timugh  the second micl- i )oiq~lcl shift) A
lwml )Cl of ilni>l ovcillcnts ilavc hccn incolimratc~i lnl{) tiw
standal[i  fm the (I SN() (i ,1’1’S-3) including llnpl’()\’L’(i
stability of the traiq}illp imtcntials and clcctl-(m  CUII cnt (LJ ioad
i o n s  ‘[’ilc (ral~ msidL*s  ill fiw iayct”s of magncllc S\llLt\din~

inctLasing tile ion~,itu(iillal shieiding fac(m ii[)nl 8 0 0 ”  t[~
>17.000 ‘1’lw bias magnetic tici(i has hccn I-c(iucc(i fl<ml 80
10 40 m(; , Ic(iucinp, tile Sensi t ivi ty (() alnl]icnt nlaglictlc
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]’IgLII c 2 Sht km slabilily of ] ,]’1’S-~  with a 11- Inascl. A S]1OII  km] stability of o Y(,T )’ ~. S x I ()”’ 4/~”2 is show]. “i’lLc
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fluctuations to Ix 1 0“17/nl  G. ‘1’hc cnclosurc containing k trap
and vacuum assembly is thcnnally  regulated to O. I PC
allow]ng the frequency standwd k) bc portable.

II] Fig 2, a five day mcasuwmcnt  of the ncw standard against
an active I l-maser is showm ‘]’hc short hxm Allan cicvi ation
SIIOU’11  of OY(T)’  7.5 xlo”’4/z  “2 is accomplished with an 8
second n~icx owavc inkxq@ion time, a factor  of two slmrkr
than used in 1.1’1’S-1 and 1.1’1’S-2 for a comparable stability.
l’ast 10,000 sccon~is tile mcasul-cmcnt  is iimiicd by t h e
s(abil [ (y of (I1c hydmgcn  ]-cfcvxcc maser. i .cmg (cl-m stability
mcasurcmcnts  of 1.i’i’S-3  comi)at-cd  with lhc oidcl- mxcal-ch
ion (1-ai]  standards have conuncnccd.

in tile fllturc, imiwoving  the magnetic flcid homogeneity
shoui(i aliow opcmtion at stiii iowcr f~cids, further ~cducinp
magnetic scmsi(ivity. tlsing  (I1c ncw extended trap (1 .l’111)
conligura(ion 11 ()], the magnetic shields wiii bc nmci~ smaller
AIK)LIWI  bcncfd of the 1.i’1”1  i aiiows i>cl-fon:ling the microwave
In{cm)ga(ion  a( rcduccd iincar ion densities, ‘i’i~is rcduccs
.scnsil}vlty  to ion number fluctuations without compromising,
sigl~ai  k) noixc and should iwovidc CVCII  bctkx lmg [cm

stal)l lily
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