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The n2EDM double chamber j\ﬁ@
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The n2EDM double chamber j\ﬁ@

E

—

BO Simultaneous measurement of:

fatl and fatt

199Hg magnetometer allows for
cancellation of drifts in B via:

r=In
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The d@lseeffect @LZEDM

 Special relativity gives a motional magnetic field for particles moving in an
electric field :
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The d@lseeffect @LZEDM

 Special relativity gives a motional magnetic field for particles moving in an
electric field :

Br= B x

= X —

m C2

« If By # uniform > df@!s€ for neutrons and 19°Hg comagnetometer

« dfalse for neutrons and Hg are not the same due to different velocities and
precession frequencies!

RMS velocity few m/s =150 m/s

Larmor frequency ~3.8 vy, |B| =30 Hz Vhg|B| = 8 Hz
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The dfalse effect @LZEDM

* The dlf_f‘ése leads to a shift in the ratio R = 2%

ng
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The dfalse effect @LZEDM

* The dlf_f‘ése leads to a shift in the ratio R = 2%

_f}{g

hYHgVn
» This results in an induced nEDM df5g>¢ , = %(xBx + yBy)

Pignol & Roccia, Phys. Rev. A85,
042105 (2012).
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The dfalse effect @LZEDM

* The dlf_f‘ése leads to a shift in the ratio R = 2%

_f}{g

hYHgYn
» This results in an induced nEDM d5g*S ,, = %(xBx + yB,)

Pignol & Roccia, Phys. Rev. A85,
042105 (2012).

He 5 n €an be of order 1077 ecm !

Page 4



The dfalse effect @LZEDM

* The df2I%® leads to a shift in the ratio R = In
g ]?}{g
h
* This results in an induced nEDM d{‘f‘ésﬁn = %(xBx + yBy)

Pignol & Roccia, Phys. Rev. A85,
042105 (2012).

He 5 n €an be of order 107%7ecm !

* Gradient control using Cesium magnetometer array!

Page 4



Representing dfalse jﬁ@

Hg—-n

—
* By can be represented by spherical harmonics Abel, C. et al., Phys. Rev. A 99, 4 (2019).

h|yugynl
fal _ grn
dk?gs—ein - 22 Z Gl,m(ﬁ“p,l,m)
Im
Gradients:

G ... Hg co-magnetometer
G30,Gs0,G7 ... Cs magnetometer array
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The pump-probe-cycle @LZEDM

Pout

Cs

Py
Z. D. Grujic et al., Eur. Phys. J. D, 69(5), 2015.
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The pump-probe-cycle j\ﬁ@

Pout

Cs

Z.D. Grujic et al., Eur. Phys. J. D, 69(5), 2015.
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The pump-probe-cycle j\ﬁw

Pout

< CS Pout

|

\

=

Y
—

100 ms

Z.D. Grujic et al., Eur. Phys. J. D, 69(5), 2015.
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Optical pumping
* Wavelength = 894 nm (D; - line)

* Linear polarization

6%P,/, F = 3
A A
m
11\
/11 \
T /1 1 \
LI
1 2
1 Voo  6°51,F=4
or t %n‘a 1/2
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Optical pumping
* Wavelength = 894 nm (D; - line)
* Linear polarization

* spin populations in high |mg|
= spin alignment
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Optical pumping
* Wavelength = 894 nm (D; - line)
* Linear polarization

* spin populations in high |mg|
= spin alignment

* Observed precession frequency:

ZO)L — 7 kHZ
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Cs Magnetometer array @ n2EDM j\ﬁ@

 Total of 112 Cs cells on 28 plates (gradientsupto [ < 7)

Type A Type B

= giiin: 4

* Placement accuracy: £0.5 mm T L f

Fggp-

Type B Type A

* Two types of holder geometries

* Magnetometric accuracy: 5 pT

Pais, D., DISS. ETH NO. 27742, 2021. Page 8



0.5 mm n2EDM
Placement and accuracy @L

— AB[=0pT = — AJB|= 1pT — AlB| = 5pT
. A|B| = 5pT reg. arr.
| L L1

* Placement determined with
genetic algorithm

AdfE TB(Gy ) (107 ecm)

* Restriction to unit plates of 4 cells each

* +0.5 mm is well within our sensitivity goal

Adise TGy g, Gr,0) (1072 ecm)

e —
Pais, D., DISS. ETH NO. 27742, 2021. 0.01 0.1 1

Sensor position uncertainty A(x, y, z) (cm)
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Laser stability
and accuracy

* Linear polarisation supresses
systematic shifts

» Probe power

Sensor offset (pT)
o

® Linear Polarization
@ Circular Polarization

[
o ¢ ¢
¢
. L
¢
0.7+5 1.00 1.25 1.50 1.75

Probe Power (LA)
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Laser stability
and accuracy

* Linear polarisation supresses
systematic shifts
» Probe power

» Laser detuning

Sensor offset (pT)

Sensor offset (pT)

200 @ Circular Polarization )
10 ¢
[
o L] ¢ ¢
0 ¢ * ¢ R
[
S0 .
-20 +
0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50
Prohe Power (11A)
N Resonance
41 4 Sweep Up
4 Sweep Down —
2]
0- = :'&:
——
.
—44

® Linear Polarization

—100 —50 0 50
Laser detuning =5 (MHz)

100
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Single Cs plate

90:10 splitter and

power monitor diode

: fiber termination

: collimation lens

: electrical connector
: optical fiber

ij
FT

: photo-diode
: linear polarizer
: shielding and fiber

PD unit holding

plate (glass)
Cs cell

50:50 beam
splitter cube

sensor module

protection coaxial cable

n2EDM
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n2EDM

Single Cs plate

OF PD unit holding
/ plate (glass)

FT :fiber termination PD : photo-diode ~ /
CL : collimation lens LP :linear polarizer

EC : electrical connector FP : shielding and fiber ) 7 \\ /
OF : optical fiber protection coaxial cable il
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Cs magnetometer prototype liLZEDM

s non-magnetic
glass cell containing Cs vapor g

photo diode
magnetometer
module
optical module with collimator
non-magnetic fiber connector magnetometer
base
single-mode fiber

— N
B beam splitter
/ = e P
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Cell testing

12 A

10 1

* Laser light absorption:

Number of cells
o

xi
o |

28 30 32 34 36 38 40 42 444
Absorption (%)

Page 13



Cell testing

* Laser light absorption:

e T2 relaxation time:

Number of cells

14

12 A

10 1

oﬁ.Lj_JthhIIII“LH_J_
28 30 32 34 36 38 40 42 444
Absorption (%)

!iinZEDM

50

T2 time (ms)
& 5 &
[ ]
[ ]
[ ]
L ]
[ ]
L ]

w
o
L

N
w
L
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Magnetometer stability

» Tested at BMSR-2, PTB Berlin

Page 14



! i inZEDM

Magnetometer stability

» Tested at BMSR-2, PTB Berlin

10F
requirement 5 pT @ 300 s
TE
- X
o
3
< BO field drift
0.10F S
statistical scaling1.3 pT/vHz—
minimum ASD 26 fT @ o = 1200 s
0.01 "l L L aaual L il Laaial L i 1aaal L il
0.1 1 10 100 1000 104
Page 14
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Summary and Outlook

* 112 Cs magnetometers will be used in n2EDM
* Positioning has been optimised

« ~ 60 with optimal characteristics

* To be calibrated for intrinsic offset

» 8 plates (32 cells) to be installed early 2024
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Testing Cs absorption

Amplitude (a.u.)

—— = A
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n2EDM

Measuring Cs T2 time

Mz magnetometer
Voltage Current L‘x

source source QWP PD y

FG

Oscillo
scope

Switching

ser Cosy
roller control

hub
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The genetic algorithm

Create 500 more

geometries

]

[

Start: Create 1000 random geometries

-

— N
Given a “toy”’ B, for each geometry:
Get perfect B for each CsM
Add A|§| and Axyz noise
Compute G,
Compute d}‘;‘;_s,i and Ad‘{;‘;_sjl
\_ — J

-

Select 500 best geometries
for next generation

Pais, D., NEDM2021 Workshop.

n2EDM
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