Realization of a high-performance
laser-based mercury magnetometer
for neutron EDM experiments
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NEDM — new source of CP violation — important guide to explain the baryogenesis
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~= The measurement principle & ;e

dn = o (R (£ = 13) + g (BT TBN))

Correction of magnetic field drifts
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=== Magnetic field drift correction

Run 6310
30.0141 T T T T I I
e with Hg correction
O w.0. Hg correction
30.014F High Voltage [a.u.]-
| m) |
| 0O |
. IDD@:DI;L!]:%E‘@D” crar s st et enan e -9
30.0139} . . m'E[- o o5 DT; ol oo o . 1
O | . o | I@@j O o Od 05 0
.. ® | 1D énl -IE-] lJJ—_l [ ] EI:|:|\|I:|:l .. .I
"'"-"'-*W"—-w T~ A -%ar‘“,ﬂ
30.0138 @ ® .o 4 - 9 o'outoa A Y
¥ “'I"‘v’;}?@?ﬁ 0‘" h ". 6 eetesd, S0rce o e
= @ _
- U e . (] - 560
300137 ° .° L S e ® ]
l_[ﬂlﬂ lo ED
s | Y O
O | = . O
30.0136} Og i ' -
s o
]
300135] Po ° .
O
300134 1 | | | | | |
0 20 40 60 80 100 120 140 160
cycle

Sybille Komposch 12.06.2017 9




sy
PAUL SCHERRER INSTITUT ﬂﬁ' Universiy of Suseex
. %
= Requirements s
> nEDM
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Correction: Wp =Wn — —WHg
“YHg
: / 2
Error propagation: Aw = d Aw? + (ﬂAng) - Aw, K
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Increase of the statistical error due to correction: K = 1+
Awn [wn
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For nNEDM: K< 1.05 =y

Awp/wy = 0.25ppm =P Awp,/wie < 0.08 ppm

Magnetometric resolution: AB < 80 fT
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(=)= Performance Hg magnetometer in NEDM g ;'
A0 e

Data taking 2015-2016: 56007 cycles in total

* 98% of cycles shown
1.9% statistical increase 10%-100%

99.9% of all cycles recorded
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Preview: n2EDM setup

Magnetometric resolution
UCN guide . per cycle:

AB =161T

d chamber  Coating o} E N o(dy,) o(d,)
(cm) (kV/em) UCN per cycle (e-cm) (e-cm)
after 180s per day [ 500 data days
nEDM A7 dPS, DLC 0.75 11 15000 11x107% | 5.0x107%
n2EDM 47 dPE, DLC 0.8 15 100300 28x107% | 1.3x107%7
n2EDM 80 dPE, DLC 0.8 15 292000 : 7.5 x 10728
n2EDM 100 dPE, DLC 0.8 15 400000 6.4 x 1072

n2EDM - Design status report 2017
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= Sensitivity lamp-based magnetometer

Sensitivity: > 35 fT

Large uncertainty on the output frequency
Spectrum:

« Emission light is Doppler-broadend
« Self absorption
« Light cannot be focused / collimated

=» Improve with UV-laser-system

Proof of principle measurement:
5-fold signal increase
(Thesis M. Fertl 2013, ETHZ)
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PS5 The UV laser & peoM
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(= Frequency stabilization
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= Sketch of the laser system & nEDM =
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== Position- and Power-stabilization @ peDM g
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- Read-out detector

Power spectral density (V/+ Hz)
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(= Performance % peDM
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= Conclusion ‘“‘ "

1

. d, = o5 ( (fTT ffii) + L, (BTT _ BN))

» Very good performance of the Hg magnetometer in the nEDM experiment :
99.9% of all NEDM cycles recorded, induced statistical error 2.88% (goal <5%)

« Laser-based Hg magnetometer realized exceeding the performance requirements of n2ZEDM
Magnetometric resolution a factor 2 better (shown: 8fT, goal:<16fT)
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Thank You!

and
the nEDM collaboration
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== Laser power optimization @ ol
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=

Back Up
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PH = | |( E)- u| |Bi7{
-5 -5
TH=-d—F-u—(-B)+H
5| g
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How to measure the nEDM?

I S Cm— > %Lj“‘“ l
(I R LR

Spinup 1% RF pulse Free precession 2°'RF pulse Spin down
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Graneb Lu

N, 21 A
Ni(Av) = 70 [1 — (L COS (7;—1/”)]

AV = Uy — N

1
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= Sensitivity

h
ZQETFP \V4 N()

o(dy) =

d chamber  Coating o E N o(dy,) o(dy)
(cm) (kV/em)  UCN per cycle (e-cm) (e-cm)
after 180s per day 500 data days
nEDM 47 dPS, DLC  0.75 1 15000 11x107%  50x107%
n2EDM 47 dPE, DLC 0.8 15 100300 2.8x10726 1.3x107%
n2EDM 80 dPE, DLC 0.8 15 292000 1.7x107%6  75x107%
n2EDM 100 dPE, DLC 0.8 15 400000 1.4x107%°  6.4x107%®
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Graneb Lu
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BS GPE for higher orders o EDM

General expression valid for any field distribution and volume geometry:
Pignol, G. ; Roccia, S. Phys. Rev. A 85 (2012)

hm ’har
dfalse = _Af(E) !

Lm (7)
Magnetic field parametrization:  B(7) = ), G|, m( Uzm(f“))\
ds’”( ) Harmonic polynomials in x,y,z of degree |

[ m (xB,+yB,) Gorar(5-107 oun)
10 —fﬁc; 0.57pT/em

3 0 % 2 (207 —H‘))c; 2.4-107 pT/cm’

5 0 ——=r?(15rt+3HY-20H*r?)G 8.92-107%pT/cm”

NEDM geometry: H=12cm , r=23.5cm
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