Search for spin-dependent short-range forces
in 3He/'?°Xe clock comparison experiment

GUTENRERG:

Institut fur Physik, Universitat Mainz:
C. Gemmel, W.Heil, S.Karpuk, Yu. S,
K.Tullney
Physikalisch-Technische-Bundesanstalt, Berlin:
M. Burghoff, W. Kilian, S.Knappe-Grlineberg,
W. Miller, A. Schnabel, F. Seifert, L. Trahms

Physikalisches Institut, Ruprecht-Karls-Universitat

Heidelberq:
U.Schmidt




i

motivation
description of experiment
measurement results

conclusion and outlook



%

&'((

)*




T w=w +Dw

( 9 + DW:\7/

= :I:%/GD V(z)dz = £V (0) % (1 _ E—D;’A) (1 _ e_dm) 5

2 95°0,
V(O) =N x 2x= =P
4xm,

!
|




aer- Tannoudii et al., PRL 22 (1969),758;

31 #4 675 58)
90 .)& ) #
884:; 831
.AH (1 » <=:>)
o]

JV\/\/V\/\
0 190 (:::)e
1 le)

IM

670 675 680 (mn)



yS. Rev. A 37, 8 (1988)

t
exp -—
K exp -

\'l' & #

DB[ pT] » 220xp[mbar] ¥ x ER

3



Bsoun [PT]
Bsoun [pT]

time [s]

<) iEl il =k b5k

T, =(602+0.1)[/]

0 2 4 6 8 10
time [h]

1

+ ® T,,,=(69+4)n

(855 (370£64)h >



ASD [uHz]
=

Wy = 2Ty = 7|§‘

1000

|



1,0

= T
- TR -
e .
------------

— o .

h[ dan e -
e .

+ b=

)
*He
l\
|
1l
\j

o—o——"*" i
. —e—,
oo,

drift ~ 1pT/h
B
|

o i

0.6 0.8

t[s]

04

0,2

|
!

H
21,0
10

1

0,0

\
268

0
\
|
\

|

A

v
20,6

|
time [s]

>8G G
m >8G G}
>8G GE
2
/i
!

[1u]

fa
|
264

L
20,2

1
filtering:
4,7 Hz

20,0

1,0

[Ld] jeuBis ainds i

129>(e
:
1
vV

06 08
t[s]

04

02

0,0



FREQUENCY ESTIMATION

He magnetometer:
long coherence time,
coherent oscillation

>t

Accuracy of frequency determination:

s, 1 Fourier widthl ’ L 172
! [# of data pointg]
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-Sensitivity of clocks with short cohere mes:

Cs OPM:
short coherence time
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example DT =5 min® » 300" less sensitive !
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" S[n]=Axcos(20 xf Dtn+F )sexpl DT, ) +win] n= 0123,..,N- 1

If the noise w[n] is Gaussian distributed, initial phase is
known, the Cramer-Rao Lower Bound (CRLB) sets the
lower limit on the variance

3
(2p) {SNR’ xf,, XT3
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example: SNR = 2000:1°

fow =1 HZ > /sz » 015nHz
T=10000 s

For more details look article: ,Ultra-sensitive magnetometry based on free
precession of nuclear spins, accepted in EPJD
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Ghe

Dw= ,/’/L,He -
Yxe

W’/L,Xe ! O

The detection of the free precession of co-located
199 . .
















D o
Measurement: | Mass sample(s) Gas mixture 3He / 12°Xe Relaxation time T*,
sample(s) removal time 3He : 129Xe : N, | initial amplitude | 3He / 12°Xe before // after

/ (mbar) (pT) sample (s) removal
measurement (hours)
time without
sample

(sec)
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Direct fit of signal*

Minimization of sum of the [Yi = (,[i | a)]z,
squared residuals: i

F(t,a)=a,+a,sin(at+F )
+a,sin(a,t+F )




Digitaflockin“ method: —
o First, the measured SQUID signal s(t) is mixed numerically with a reference
frequency ~ < e xe)™> @ccording to s(t) - exp(-l < exe)>t) @nd is then transformed
into the frequency domain via direct Fourier transformation (FFT).

« After that, a gaussian filter ~ exp(- 2/ ,?) is applied. Its cut-
off frequency determines the bandwidth of our output data.

» The filtered data are then transformed back into the time domain using inverse FFT.




Comparison of results of two methods for obtaining of magW
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Further data processing for extraction of Short-ran ge interaction effect:

1. To cancel magnetic field influence we calculate from He,Xe phases
the following weighted phase difference:

D/ (t)=) o - ke

Y xe

Xe

2. Make polynomial fit &, + a,t + a,t* +.. of D/ (t) for
measurements with sample and without




e Possible false effects: —

1. Effects due to paramagnetism or magnetization of samples (one
sample shows 2 pT change in magnetic field after removal): distance
between He and Xe mass centres Dz, ~ 0.1 um is extremely small
according to Maxwell-Boltzmann distribution:

_Mxeg 2 ~Mxeg 2

Dz.,, » zxe X dv [/ e “ dV-Vi

zdV

-> therefore expected effects should be << 1 fT




The effective PT violating potential of the interaction between spin
of one fermion with another fermion is given by

V*(r) is coordinate dependent part of V(r).

UsOp <4 (2 ) mge dn/ (NV  <V*(r)>),
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10 weeks measurement /7 ~
with BGO

Our current sensitivity
level (preliminary)
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Magnetic field measured by SQUID via He precession signal in presence of
block of aluminium (diameter 56 mm length 70 mm)

removal of aluminium block




Conclusion and Outloc — —

* A novel 3He/*2°Xe co-magnetometer was used to probe macroscopic
short range spin-dependent interactions (pseudo-scalar interaction)

e It was shown that high sensitivity of such co-magnetometer and
Immunity to the influence of magnetic field fluctuations allow us to reach
a new constraints on pseudo-scalar interaction in range 0.2 — 10 cm.

 Further work on investigation of possible systematic effects and
on materials suitable for samples for such measurements can give
an opportunity to improve significantly existed constrains.




