Progress on a *He-'%°Xe Co-magnetometer

E PRINCETON Mark Limes, Dong Sheng, Mike Romalis
/ /
@ UNIVERSITY
- n u u 10-1 [T T T 1 T T L L |
The 3He-®Xe co-magnetometer is a natural choice for precision measurements PUMp beams 5 | | e
(including nuclear spin gyros, EDM and spin-gravity experiments) because both noble T 3 g £
gases are spin-1/2 nuclei and have long coherence times. We use ®Rb as a sensitive )| Y T -
probe of a °He-1?’Xe co-magnetometer through their Fermi-contact interactions, which el |3 " Magneic fld (nG)
enhance the dipolar magnetic fields by a factor of 5.6 for *He 490 for !%°Xe. In turn, S | | Linear it resid. -
these interactions cause noble gas precession frequency shifts due to the 8Rb © | | ]
polarization. We actively depolarze the 8Rb in the noble gas frames using magnetic = | 1
. Q 3 .
field pulse sequences. %10 | E
Our results presented here are from attempts to suppress the Fermi-contact shifts of ; ‘ .
the nuclear spin precession frequencies while retaining sufficient detection sensitivity, " JAERVY ‘), o :
K : PO oven N2 2 1 SRl o o0 110 racliziosea o 1o
and also mitigate the effect of the pulse sequences themselves on the nuclear spin lB_ o < b T PR
. . . . . . Ias T11e -4 ) : ¢ ;1 | | A8 |
precession. To achieve this, we are experimenting with two modes of co-magnetometer 10 0 50 60 70
. . . . . . . B | d - F H
operatlon, (1) 'in-the-dark’ (Wlth no Rb pumpmg/deteCtlon durmg noble gas eVO|UtIOI"I) pglgpifneeter Lock-In The *He and *°Xe signals are so Iarg;etilﬁnvsg ﬁui)out of linear dynamic range of the Rb
and (2) continuously detected. For detection of the 3He—129Xe, a/95nmo 4+ / O _pump response. Thus previous iterations used low *He and *#°Xe polarizations. Detection is no
. . . . . . . imi : 3 129 : : ; _li T ;
beam syncronlzed with a S|ngle-aX|s 87Rb 7 pulse train is used. The pulse train longer limited by high *He aerd Xe polarlzatlonsélgy usgllg a non-linear fitting routine.
effectively depolarizes the Rb along the bias field with respect to the noble gases, while S=Apnm =AB( -+t +.)
keeping sufficient Rb polarization for detection, but has a few drawbacks in both modes Inset: Non-linear Rb response to large signals.
of operation. These single-axis pulse effects can be supressed by applying specific x 10" B : e Co-rotating Rb r1-pulse @ (y,,.+v.)B,
and y Channel 7"' pulse trainS. > F N * Measurements_: 0.004 e Rb ni-pulse along x-axis One draWbaCk Of the
90° pu|Se 90° pu|se 5 _5 27 — Model 0.003 e Counter-rotating Rb m-pulse @ -(y,,.*Yy.)B, single-axis pulse train is
Pump ¢Detection Detection¢ Gradient _ | 9BgeZ3omG u§ E N 0.002 IIIIIIIII that it causes different 3
] =2. ~—’ ¥ .
\ Depolarization - T o B =6.8 MG c > 0.001 LxxE" frequlzegncy shifts on the “He
- Y [ i = Brr=9.3 MG 2 * S 1000 i e and “~“Xe. However, by
- - S fo " Lo = k g : T2 using Rb 71 pulses with a
P = . . " 3 L -0.001 IIII"+++ ) : :
(1) _'I T Y—y—— 8 4 o . g oo S o Ty, e, pulse axis slowly rotating at
1 T L o ® o - > -0.002 I A IR P the sum of the *He and
5 g = o 0 ° o S - 2 -0.003 B f [l Ta. T 129%e (see inset), the
g S R o o o 102_ e l & -0.004 QL[[ *...‘_* change in the_ 3He-129%e
E) 0 — - s " B —_— . " 10° 2 3 456 8104 2 3 456 8105 2 _0.005 wHe+ :);?e * . [Lequercy ratlobcaused Zy
r - . . I R . Rb T Pulse Rate (Hz u - - 1 the pulses can be zeroe
% 0.01 500 1000 1500 2000 2500 3000 _ _ (Hz) _ _ I -2 | 1 ! -1 | -1 t
- Frequency (Hz) Decoupling of the Rb-Xe Fermi-contact interaction 8.0x10 1.0x10 1.2x10 1.4x10"  OUL.
n - by a factor approaching 10* using sufficiently high Rb 7 Pulse Field (G)
- Decoupling of the Rb-Xe Fermi-contact interaction repetition rate Rb 7 pulses. Model includes alkali- Another drawback of the single-axis and slowly rotating Rb pulse train is
ing si ization i Ikali spin exchange. . . o
20 40 60 80 100 120 140 :y2a4f?nc(t;olr3i<:;%0ecl)du5|ng sine wave depolarization in adll Spif &XENange that it does not depolarize the 8Rb along the direction of the pulses,
Time (s) ' ' 1y leading to backpolarization of the Rb from the 1%°Xe. By alternating x and
E : y pi pulses, the 3Rb is effectively depolarized along all axes, and the
b5 = 1.0 - noble gas precession frequencies are not greatly affected from the pulses.
) —— Continuous detection ~ - | | | | | | | | | ;
( ) e T 08| ° D “
5 o = . A LoXy pulses "in-the-dark" +
P g U o6l F ~ y pulses "in-the-dark” l
< S s [: T , | Y pulses continuous ’ ; ] -
£ = 5 | — S /‘I'
o] o 3z 0.4 1, —— Measurements N ol ’ %
% - [ Model 1 LC>; |
5 S 0.2 - g T The effect of alternating x
2 S F ] =3 2 | and y direction in this way
& R e 00— v %_4{ 52 | | creates a sense of rotation
\ '-_ 0.1 1 10 62 04 06 08 1.0 12 14 < and counter-rotation, and
w20 40 60 30 100 Time (h) Rb 7 Pulse Rate (Hz) xo &* ol 204 | | 'slips' can be introduced
Time (s) . Gradient Pulsed detection has demonstrated bias stability The sensitivity of the Rb detection increases as the % * 2| for any additional
: ¥ of 7.7 n_HZ _at 24 hours, using a sine wave for Rb pulse repetition rate exceeds the Rb precession 7 % -8 “ 0 N frequency ratio correction.
. depolarization. rate in the bias field. o’ 08 action 3 1 ou 1 However, this particular
_ | | | | | | rac IOI;] 0] | usel I t b
+ Decoupling + References 00.9 091 092 093 094 095 096 097 098 0.99 1 E;esfatseec?gﬁ]r_lfselilgsrkne
90° pulse gnd Detection 90° pulse [1] New Classes of Systematic Effects in Gas Spin Comagnetometers, D. Sheng, A. Kabcenell, M. V. Romalis, Phys. Rev. Lett. 113, 163002 (2014). Fraction of Rb 7 pulse

[2] Nuclear spin gyroscope based on an atomic comagnetometer, T. W. Kornack, R. K. Ghosh, M.V. Romalis, Phys. Rev. Lett. 95, 230801 (2005).
3] NMR Dectection with an Atomic Magnetometer, I. M. Savukov and M. V. Romalis, Phys. Rev. Lett. 94, 123001 (2005).



