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Measurement of the neutron EDM |

Neutron spin precession in a weak magnetic and strong electric field
, o , A field map: set of rings
U
=—B+— M—-f(Ml)=——4dE
s |E 2= EETIEl m fOD-fON=-—
1 o a="" (FV = F£(D)
Ol o= “zp Y
e ’ I—D'—n’/ dy = (0.0 £ 11ya £0.245) x 100 ccm [1] -
B:1|J.T E:15kV/Cm ——— 40

986200

/ 30 Hz 10~8Hz \ V’.:\ o 4

z el Larmor frequency if d =10"2%ecm

986000

1 full iulrgoog ;;;3 spin: 7; o 7'14«\7 / 20 i
Solution: . w 9858002:
» Maximize the exposure of the neutrons in E 3 -98560000
use UCNSs (can be stored up to 15 min) ~10
» Maximize the statistics 20 585400
good UCN transport system, large UCN storage volume =0 ) Is
» Control of the magnetic field a0 - <58 —

Hg co-magnetometer; shielding: MSR, AMS

checks of the magnetic field uniformity: mapping
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The offline magnetic-field characterization using an automated
magnetic field mapper. Here, the mapper was installed inside the
MSR without the vacuum vessel in order to measure the remnant

Field parametrization

A weak magnetic field B, = 1 YT is applied in a
volume of >1m3. The field is considered to be field and to test the coil system. The measurement volume is a

cylinder of diameter 156 cm and height 82 cm.

purely static and very uniform, but the remaining
nonuniformities have serious consequences.
To characterize them, a polynomial expansion of PAUL SCHERRER INSTITUT
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From raw data to results

Ring by ring Fourier decomposition

B, (@)= ) Gy, cos(ng) + by, sin(me)
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For one ring, since the radius P and w“h harmonic polynomials
height z are fixed, the magnetic field
is simply a function of @. We fit it with Az (P 2) = z G Il m(p, 2)
a Fourier series with the Fourier 120
coefficients as parameters of the . s0{ o ZZem —"
After having extracted a set of Fourier e iteem . °
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Set of gradients G,
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into account by the design.
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B(r) = 2 Gym | My 1m(7) n2EDM experiment B | Uniform flejd =
L m I1 zlm (77) under construction at fhe. UCN source 5 n
at the Paul Scherrer Institute _ & I
p— A flip for sl ~0.51
where the modes I1;,, are harmonic polynomials fhe:robe/\ I
) calibration -1.0 1
in x, v, z of degree [, and G;,, are the é e R 4 5 i : 3
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expansion coefficients. MSR coil i | First order gradients I
This is convenient and satisfies Maxwell’s = systems £ - _ I
= = 0.0 - -
eq uations: UCN guides v:::s:T Fixed under the The motor block B
=2 = p— = MSR frame © ~%?
V:-B=0 and V X B=0. Precession pa—
Switch chambers
| ";e qup_i'z;:f:) — Second order gradients
Requirements 0. T = |
4 + 410 (mm) E_ 0.00 1 I I - I
= On field production — BO coil: S —oos I
3 motors —0.10 1 | ; : :
Polarizing magnet
—0.6 pT/cm <G, <0,6 pT/cm
“Top-Bottom resonance matching condition” [3] Detectors ‘
i.e. B, needs to be similar enough between the Conclusion
two chambers
The generalized gradients shown above
rovide the full information about the field
o(B,)=/(B2) < 170 pT e go P
“ N p : The mqgnehc'fleld mapper produced by the B, coil inside the MSR.
to prevent neutron depolarization - .
is designed to measure the We have qualified the B, coil to the
. . . specifications:
. . mdgne’rlc fleld at any pOInT v The top-bottom  resonance  matching
= On field measurements — mapping: . . - :
of the Cylindric volume inside condition on G ¢ is satisfied after the height
, . adjustment (see the block below).

6:63 < 20 fT/cm - accuracy of cubic mode the emphed vacuum vessel v The dominant contribution to a(B,) arises
0Gs < 20 fT/cm — accuracy of 5-order mode from G, and is equal to 35.7pT.
’ ’ : . Considering all modes up to | = 2 included
G3 and G should be measured precisely enough Purposes: M bod 9 P , ) '

false . . e v Coil system cartoaranh apper body we get d(B,) = 57.1 pT, which fulfills the
to calculate dm_Hg with a precision below 107%%e cm Y grapny requirement on the neutron depolarization
v Offline control of high-order gradients rate: o(B,) < 170 pT.
- - - Mapper vertical axis |
False EDM is a systematic effect arising from the relativistic motional field ‘/ SequheS for magnehc contamination Fluxgate sensor Grensile \ Bcasn
E x U/c? experienced by the moving particles in combination with the MADE IN FRANCE
residual magnetic gradients and leading to a frequency shift.
The dominating contribution d,fl"’:lsﬁg is the false EDM transferred from the
co-magnetometer atoms Hg'®”. The goals of the 1" mapping campaign are to qualify the subsystems to the main requirements on the field production, and to search for a magnetic
contamination of the vacuum vessel.
lllustrative achievements & work in progress within the 1 mapping campaign
‘ Vertical adjustment of the coil system L
° ° ° Map type: - RUN 187.7. B, down
Magnetic characterization of the vacuum vessel = The first vertical map after the installation of .| =
) . L . oo : the B, coil showed a deviation in &1 which Ried I A P “before”
An example of the magnetic pattern visible in the maps of the inner surface of the vacuum vessel. > : . , , ’ N A e
. . o ) — . was an evidence of a vertical displacement of 3. Go-otemen
The pattern is particularly sensitive to temperature gradients of the vacuum vessel. . . : : , .. <
> the entire coil. This was anticipated, and a o
T = = possibility of mechanical adjustment was taken oo
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An example of a vertical scan of the B, field component in initial B, coil position.
The 1 and 2"9-order gradients:

1 G109 =—19.9pT/cm - compatible with a vertical shift of the entire
coil system with respect to the MSR by Az = 3mm

vV Go=(-7£1)X 10"%pT/cm? — meets the expectations
(COMSOL-based simulations).

each polarity of the B, coil are 10862

The values of G4 shown for Gao = -0.09 pT/cn?

A vertical scan of the B, field component

after B, coil adjustment:
RUN 529.20. By down.
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v' The new value of the 1% order gradient in the
B,-down configuration: G; g = —0.59 pT/cm.
The average of the G;, measured for the two

—0.6 pT/cm <G, < 0,6 pT/cm
st san_un 1592_a ctc con_fun 533 Evaluation of the vertical shift value in order to
get the Gy gradient within the desired range
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source:MAP_2021-07-25T22_42_53_full.csv §
An illustrative finding: S
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A very clear evidence of a presence of a g 10
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magnetic element inside the flange located on the & ©
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Map | bottom surface of the vacuum vessel. The middle- = 5.
type: | . . e . U the averages of the values of
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| polarities of B, gives the value of 0.2 pT/cm i.e.
0 it is in agreement with the prediction, meets the
requirement and demonstrates an impressive
sensitivity of the mapping!
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