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Search for the
neutron EDM

MSR Coil syst:
UCN guides Vacuum vessel
Precession chambers
{ Switch
/i § oo

Sl e
olarizing magnet - ) 4
Detectors % n2EDM |

under construction at the UCN source at the Paul Scherrer Institute (PSI) /
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The actual upper limit (2020):

Measurement of the neutron EDM !
|d,|< 1.8 x 1072¢ ¢ ¢cm (90% C.L.)

Neutron spin precession C.Abel etal. Phys. Rev. Lett. 124, 081803
1 2 2d 2
B |E 2:'rf—?'u tIE| = fOD - f(1) = -—dE

( ‘Sp% 2| F (f OEFW)
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The actual upper limit (2020):

Measurement of the neutron EDM !
|d,|< 1.8 x 1072¢ ¢ ¢cm (90% C.L.)

Neutron spin precession C.Abel etal. Phys. Rev. Lett. 124, 081803
1 2
2TEf— —|E| L4 f(TT)—f(Tl):——th
/ -7
‘g 2| F (f(Tl) fan)
spm
B=1uT E = 15kV/cm
Larmor frequency: with d = 10-26e cm
f = 30Hz 1 full turn of the spin: ~160 days
f=108Hz
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Measurement of the neutron EDM The actual upper limit (2020):
|d,|< 1.8 x 1072¢ ¢ ¢cm (90% C.L.)

C. Abel et al. Phys. Rev. Lett. 124, 081803

Neutron spin precession

A
2
B |E 2:frf——B+—|E| - f(TT)—f(Tl):—EdE
/ -7
‘g 2|E| (f(Tl) ()
spm
B=1uT E =15kV/cm
Larmor frequency: with d = 10-26e cm
f=30Hz 1 full turn of the spin: ~160 days
f=10%Hz
Solutions:
,\l' = Maximize the exposure of the neutronsinkE -> UCNs (can be stored up to 15min)

= Maximize the statistics -> good UCN transport system, large UCN storage volume

= Control of the magnetic field -> Hg co-magnetometer; measurements of the m.field uniformity;

- shielding: MSR, AMS. /
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Measurement of the neutron EDM The actual upper limit (2020):
|d,|< 1.8 x 1072¢ ¢ ¢cm (90% C.L.)

C. Abel et al. Phys. Rev. Lett. 124, 081803

Neutron spin precession

A
2
B |E 2:frf——B+—|E| - f(TT)—f(Tl):—EdE
/ -7
‘g 2| E (f(Tl) Q)
spm
B=1uT E =15kV/cm
Larmor frequency: with d = 10-%6e cm
f = 30Hz 1 full turn of the spin: ~160 days
f=10°Hz i
iy
SOlUtiOI’lS' Magnetically Shielded Room
,\l' = Maximize the exposure of the neutronsinkE -> UCNs (can be stored up to 15min)

= Maximize the statistics -> good UCN transport system, large UCN storage volume

= Control of the magnetic field -> Hg co-magnetometer; measurements of the m.field uniformity;

- shielding: MSR, AMS. /
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Measurement of the neutron EDM

Ramsey’s method

TOP chamber

. Polarizing [i
Q Neutron spin [[ B, magnet | BOT chamber
BO
B UCNs —
C— % Apply oscillating m.field 1 B,

(a) Polarized UCNS fill the precession chambers

\'@. Let precess for 180 s
B, TOP chamber

l BOT chamber
— 4
i % Again apply oscillating m.field L B,

. — " ] Spin-sensitive

(\ | detection
| ]

- > Obtain neutrons with spin either UP or DOWN,

Count the number of each, which dependsonf, —  ~  ‘==—————-—-

(b) UCNs are guided towards the spin-sensitive detectors.
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Measurement of the neutron EDM d = ;—; (Fah) = ()

A sequence of nEDM data (2016)

30.2365 1

30.2364

30.23634

fn (Hz)

30.2362 1

30,2361

30.2360 Jug
3.84246 1

3,84248
0 100 200 300 400 500

Cycle number
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Measurement of the neutron EDM d = 3F

GOEIIW)

A sequence of nEDM data (2016)
f is affected by drifts of the magnetic field! 30.2365 1 h-h.

T | SRR R
g Ty, 2 @ ]

30.23634

30,2362 !ﬁg\rj - &

30.23611 ¥

fn (Hz)

HV polarity: +/- or 0

O 44t 0 ====0 +44+ 0 == == 0f

30.2360 u——

3.842461

3,84248
0 100 200 300 400 500

Cycle number
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Measurement of the neutron EDM 2lE| = (raan - ram)
A sequence of nEDM data (2016)
f is affected by drifts of the magnetic field! 30.2365 4 . ‘h&, N
N ‘-ﬁg % ‘-" "H'fs :
530.2363-\ F 'ji_!! E 4 Q"
Solution: " 3023624
Mercury co-magnetometer 30.23611
30.2360
Polarized 1%°Hg atoms precess in the same chambers 3.84246 1
g
\ g » F 384247 M oy

R=Tf

? Precession volumes
Cs Cell 3.84248
T e 0 100 200 300 400 500
UCNs Cycle number
BE .

RGERE Simultaneous measurement of f and f,,,

1 Hg atoms
Ground electrode = o — T |E| A
T - f Hg )’Hg Ehf Hg

Thfi nJHg (STOP TOP BOT BOT
=g (RIPP — RIPP + RETT — RECT).

f,,g measurement principle:
\ a UV probe beam transverses the chambers
/i -> record the absorbtion of the light (an oscillating signal),
extract f,,
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n2EDM experiment

MSR Coil systems
? UCN guides Vacuum vessel
Precession chambers

Switch

Polarizing magnet

) Detectors
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n2EDM experiment The switch

UCN switch

UCN guides

o Coil systems

Vacuum vessel

UCN guides

Precession chambers
Switch

Polarizing magnet ‘

Detectors
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n2EDM experiment

AMS

8 actively-controlled coils
Spanning a volume of ~1000m"3
Compensates field disturbances from outside

\— —
1 1

Stablc and uniform magnetic ficld around MSR|

N Ry e . A4 ”
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Thermohouse‘

Coil systems

MSR

UCN guides Vacuum vessel

Precession chambers
Switch

Polarizing magnet

Detectors %



6 mu-metal layers
Inner dimensions 2.93m x 2.93m x 2.93m
Quasi-static shielding factor 100’000

Residual fields < 150 pT (in central volume)

MSR Coil systems

Vacuum vessel

UCN guides

Precession chambers
Switch

Polarizing magnet

Detectors %
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n2EDM experiment

Coil systems

» Produce a very uniform BO field (1uT)
» Produce specific gradients
» Hold the UCN polarisation
» Neutron spin manipulation

BO coil

3 Trim coils =3

RF coils

MSR Coil systems

UCN guides Vacuum vessel

Gradient coil(G10)

Precession chambers
Switch

Polarizing magnet

Detectors %
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| MSR Coil systems

Vacuum vessel

UCN guides
’ Precession chambers
— Switch
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Detectors %

Polarizing magnet



n2EDM experiment

* coil system cartography
* offline control of high-order gradients
* searches for magnetic contamination

180° rotation
possible

Fixed under the
MSR frame

3 motors




n2EDM experiment
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