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Neutron EDM measured by the nEDM collaboration (2020):

dn = (0.0 £ 115001 £ 0.255) X 107* ecm

C. Abel et al., Phys. Rev. Lett. 124 (2020), 081803
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EDM limit / e cm

Exper ts on Neutron EDM

The PanEDM collaboration @ILL, Grenoble
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The Los Alamos National Laboratory nEDM Experiment
@LANL UCN facility, USA
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Exper ts on Neutron EDM

TRIUMF Ultra-Cold Advanced Neutron (TUCAN) Collaboration,
@TRIUMF, Canada

12 institutions:
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How to measure nEDM?

Dipole moments as couplings of the spin to the
Magnetic field (MDM) and Electric field (EDM)
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Larmor frequency
f=30Hz@B =1uT

Precession of the spin around B



How to measure nEDM?

Dipole moments as couplings of the spin to the
Magnetic field (MDM) and Electric field (EDM)
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How to measure nEDM?

nEDM measurement. The idea:

Larmor frequency
f=30Hz@B =1uT

B 2u d
+—|E|

2
\ .
~ spin If d=10"2ecm and E = 11kV/cm

=~ — ——’ . .
- - = one full turn in a time

Eﬁ-ZOOdays

To detect such a minuscule coupling
Long interaction time
High intensity/statistics
control the magnetic field

The actual upper limit (2020)

ld,| <1.8x107%° ecm  (90% C.L.)

C. Abel et al. Phys. Rev. Lett. 124, 081803
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Historical overview: the main milestones
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Neutron EDM measured by the nEDM collaboration (2020):

dy = (0.0 £ 11501 £0.255) X 107 ecm

& The next goal

C. Abel et al., Phys. Rev. Lett. 124 (2020), 081803



Ramsey’s method of separated oscillating fields

Q Neutron spin || B,

BO

= ‘a Apply oscillating m.field L B,
By +By

k@,« Let precess for 180 s

By

< - @ Again apply oscillating m.field L B,
B, + By

Obtain neutrons with spin either UP or DOWN,
Count the number of each, which depends on f

Polarizing
magnet

! TOP chamber |
l BOT chamber |
UCNs —

(a) Polarized UCNss fill the precession chambers

| TOP chamber l

BOT chamber

7 Spin-sensitive
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(b) UCNSs are guided towards the spin-sensitive detectors.
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Asymmetry:

The asymmetry as a function of the applied frequency

Ramsey’s method of separated oscillating fields
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(b) UCNSs are guided towards the spin-sensitive detectors.
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Example, NEDM experimental data (2017):

each point is a measurement cycle with a precession time of T = 180s performed

with the nEDM apparatus (single-chamber),

the magnetic field: BO=1036.3 nT

which corresponds to a

Larmor precession frequency of 30.2235 Hz.

The maximal sensitivity is obtained for
cycles measured at A = 0 where the slope
of the resonance curve is highest.
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Historical overview: the main milestones
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Neutron EDM measured by the nEDM collaboration (2020):

dy = (0.0 £ 11501 £0.255) X 107 ecm

& The next goal
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Historical overview: the main milestones

First neutron EDM experiment
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Historical overview: the main milestones

., First UCN nEDM experiment

1

= | Altarev et al.

® | NPA 341,269 (1980)
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Neutrons with energy < 200
nev, are totally reflected
by material walls.

They can be stored in
material bottles for Tong
times , up to 15 minutes.

They are
affected by gravity.

significantly
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Historical overview: the main milestones
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Historical overview: the main milestones

Drift of the magnetic field! _mh
~ 2E|

(Faly = fan)

A sequence of nEDM data (2016)

. . . g I 30.2365 . h =

f is affected by drifts of the magnetic field! N ‘.ﬁ* h““.-,; ‘p"%_,s_s .
. £30.2363-\ F '}i_l'l !g __; “‘I

Solution: € 30,2362 ij B

Mercury co-magnetometer 30.2361{ ¥

30.2360

Polarized 1°°Hg atoms precess in the same chambers 7 dode
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Precession volumes

R =

Cs Cells

BE v 384248 0 100 200 300 400 500

HV electrode Cycle number

1 Rt Simultaneous measurement of f_ and f,
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e E
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a UV probe beam transverses the chambers
- record the absorbtion of the light (an oscillating signal),
extract fy,
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Towards greater sensitivity
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Experimental challenges (stat and syst)

Requirements for the magnetic field for n2EDM as an example

Related to statistical errors

(B-gen) Top-Bottom resonance matching condition —0.6pT/cm < Gj o < 0.6pT/cm
(B-gen) Field uniformity in the chambers o(B.) < 170pT
(B-gen) Field stability on minutes timescale < 30fT

(B-meas) Precision Hg co-magnetometer, per cycle, per chamber < 30 fT

Related to systematical errors

(B-gen) Gradient stability on the timescale of minutes o (G)[5Smin] < 50 fT/cm
(B-meas) Accuracy mercury co-magnetometer per chamber < 100 T

3-meas) Accuracy on cubic mode (Cs magnetometers) 563 < 20fT/cm
(B-gen) Reproducibility of the order 5 mode o(Gs) < 20fT/cm
(B-meas) Accuracy of the order 5 mode (field mapper) 565 < 20fT ,/ cm
(B-gen) Dipoles close to the electrode < 20pT at5cm
(E-gen) Relative accuracy on E field magnitude <107

Table 4: Summary of the requirements for the magnetic-field measurement (B-meas), magnetic-field generation (B-gen) and
electric-field generation (E-gen) for the n2EDM design.



Experimental challenges (stat and syst)

The magnetic field mapper at n2ZEDM

possible

Fixed under the
MSR frame

3 motors

Detected a magnetic piece! (July 2021)

A very clear evidence of a presence of a magnetic element
inside the flange located on the bottom surface of the
vacuum vessel. The middle and the lowest z-position ring
scans.

B, (pT)

B,

source:MAP_2021-07-25T22_42_53 full.csv

~e— Ring scan without m=2 modes at 2=-12.5 cm and p=50 cm /
@~ Ring scan without m=2 modes at 2=-42.5 cm and p=50 cm 1]

0

30 e 9% 120 150 18 2l0 240 270 300 330
()

(pT)

—939800

—940000

—-940200

—940400

—940600

—940800

—941000



Experimental challenges (stat and syst)

Coil system installation at n2EDM: moving by mm’s — tuning pT’s !

Map type:
The first vertical map after the installation of the B, coil .
showed a deviation in the 1%t-order gradient G o. .
A :
" Gyo=-19.9pT/cm - compatible with a vertical shift of .
the entire coil system with respect to the MSR by Az = 3mm ‘ .

RUN 187.7. By down

—— polynomial fit (order 10)
o Evaluation of the vertical shift value in order to get
il I the G, o gradient within the desired range
o ORI Gig=-19.9 pT/cm 25 ’
% 101900 Gy = -0.1|pT/cm? —— linear fit
« -1.01325 g go I
=1.01350 scan time = 318 seconds o 201 i
101375 E Predicted slope Gio/6z = 6.45 (pT/cm)/mm
—40 30 20 1o 0 10 20 30 20 = Slope from fit G10/6z =6.58 = 0.01 (pT/cm)/mm
z (cm) £ 151 o
An example of a vertical scan of the B, field component in initial B, coil position. =
o
£ 10
2
o
[=)]
© 51
o
£
(]
" >
Requirement 0-
on field production (B, coil): Guo =0 at 62= |- 3.10£0.07 mm
—0.6 pT/cm<G,( < 0,6 pT/cm -5l - - - :
“Top-Bottom resonance matching condition” Vertical coil displacement 6z (mm)

(maximum permitted vertical gradient of the magnetic field) The values of Gy ¢ shown for each polarity of the B coil are the averages of the

values of G ¢ after degaussing in L6 and L6-crossed configurations.
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Towards greater sensitivity
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Towards greater sensitivity

~10"%7ecm

n2EDM@PSI, Switzerland PanEDM@®@ILL, France

View of future facility at TRIUMF

all )
DM experiment




NEDM@SNS, USA

(Spallation Neutron Source
at Oak Ridge National Laboratory)

Concept:
R. Golub & S. K. Lamoreauy,
Phys. Rep. 237, 1 (1994)

Towards greater sensitivity ~10"%8ecm

3IHe services

Magnet and
shielding package

8.9 % Central LHe volume (400
mK, 1000 liters)

~6m



Central part of the PanEDM experiment
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Double chamber Ramsey interferometer at
room temperature

Simultaneous measurement for the “P1”
and “P " configurations

Magnetic shielding: 6x10° @1mHz

199Hg and Cs magnetometers

UCNs: 80neV allowing for high statistics

PanEDM@ILL status and outlook
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PanEDM@ILL status and outlook

SuperSUN Col)d/beam panEDM

Lead shie*Id

Ongoing installation of parts, He cryostat
\ .

commissioning with UCN in progress since 2023

¢ Characterization of the UCN spectrum: ongoing.

¢ Neutron guiding system produced and being tested.

e Three-way switch upgrade in progress.

e Magnetic field mapping will be resumed during
the reactor shutdown.

e Infrastructure (IT, electrics...) revision.

¢ New effort on simulations of
the UCN transport (Geant4).

SP UCN optics

Vac. pumps

Three-way switch

'ﬁ'ﬁl

C0|I system




“Almost there...”







Uniformity of the vertical B-field n2EDM

= 80 80
5 Field map, B, (uT)
> 60- BO coil, no trimming 60-
horizontal cut z=0 1.041
40 40-
201 1.040 20
o, 1.039 \ :
-20- -20 N ,
E 1.038 4 e
—60 - —60 - 1 i
-80 ' ' i i . . . 1.037 -80 i ' ' i . .
-80 -60 -40 =20 0 20 40 60 80 -80 -60 -40 =20 0 20 40 60 80
x (cm)
nEDM 2017 o(B,) = 860 pT n2ebM 2022 o(B,) = 60 pT
In the precession chamber @ 47 cm In one chamber @ 80 cm

Thanks — Guillaume Pignol 13/16



SuperSUN: High density UCN source ©

Phase | characterization Comparison to the prototype source SUN2
Measurement agrees with expectation (48 MW)

cf. EPJ Conf. 219, 02006 (2019)

~4= SuperSUN
~— SUN2

] —+— SuperSUN
00000 14— sunz ol ]

Total UCN output: 3.8x10° (integral of blue peak) ] ; =

Source density: 270 UCN/cm?3 50000': oY Pt 10 E ‘

Long storage times: 126000 UCN remaining after 20min ] '-5.%" Q%‘k%.r N Yo
K& ATy

%

ek
Expected density in PanEDM: 3.9 UCN/cm3 (58 MW) ST re®
Source characterization, PanEDM commissioning ongoing ¢

-+ e N 3 ' 2
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> g q

20000 1

Zoom log

40000

Phase Il expectation
Peak field: 21T
Source density: 1670 UCN/cm?3 (x5 gain)

UCNSs [counts per seconds]

Density in PanEDM: 40 UCN/cm3 (x10 gain) 10000
0 -+
0 500 1000 1500 2000 2500 3000 3500
Time [s]
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Measurement agrees with expectation (48 MW)

SuperSUN: High density UCN source

Phase | characterization Comparison to the prototype source SUN2

— SuperSUN
+— SUNZ

Zoom log

cf. EPJ Conf. 219, 02006 (2019) | —— Ssupersun
000007 1 sun2
Total UCN output: 3.8x10° (integral of blue peak)
EPJ Web of Conferences 219, 02006 (2019) https://doi.org/10.1051/epjconf/201921902006

PPNS 2018

The PanEDM neutron electric dipole moment experiment
at the ILL

A David Wurm', Douglas H. Beck?, Tim Chupp?®, Skyler Degenkolb*?*, Katharina Fierlinger', Peter Fierlinger',

A Hanno Filter', Sergey Ivanov®, Christopher Klau', Michael Kreuz*, Eddy Lelievre-Berna*, Tobias Lins',
Joachim Meichelbdck', Thomas Neulinger®, Robert Paddock®, Florian Rohrer!, Martin Rosner', Anatolii P. Serebrov’,
Jaideep Taggart Singh’, Rainer Stoepler', Stefan Stuiber', Michael Sturm', Bernd Taubenheim', Xavier Tonon®,
Mark Tucker®, Maurits van der Grinten®, and Oliver Zimmer*

by material walls only, and a similar spectrum is expected.
. The converter volume is 12 liters (three times larger than in
Ongoing work: spectrum, transfer SUN2); scaling for this and the brighter cold beam implies

.« _» . 5 -1 .
efficiency and storage in external 50 on. 2
volumes, etc...

total of 4 x 10° stored UCN is predicted
3.8x10°% UCN measured (fill-and-empty)

1200 1400 1600 1800 2000 2200
Time [s]

.

2400

Time [s]
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FOR SCIENCE

I Photo credit:
Ecliptique — Laurent Thion.
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The PanEDM Experiment

Statistical sensitivity:

Frequency measurement:

Per 100 days

h
o (dn) 2 - | = L2
20|E|T VN
SuperSUN Phase I
Saturated source
density [cm™] 330
Diluted density [cm™] 63
Density in cells [cm™] 3.9
PanEDM Sensitivity [10, e cm]
Per run 55%x107% —IAFEAL 2 h/Q
Per day 3.8 x 10726

3.8 x 1077




