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BERN

Fundamental Neutron and Precision Physics Group

European Spaljation, -
sSource (futdr:

‘ Beam EDM * ‘ ONeutron **

Novel neutron EDM search Measurement of the neutron electric
using a pulsed cold neutron beam charge using a Talbot-Lau interferometer

* Piegsa, PRC 88, 045502 (2013)
** Piegsa, PRC 98, 045503 (2018)
Florian Piegsa — September 24t 2025 — SSP2025 Nara Japan 2




Beam EDM u

Beam EDM highlights

BERN

» Project started in 2016 (SNSF & ERC funded)
» Concept exploits pulsed neutron beam structure

» Multiple proof-of-principle experiments during
beamtimes at PSI (2017, 2018) and ILL (2018, 2020)

» Full-scale experiment intended for ANNI facility

» Complementary to UCN experiments and
with comparable sensitivity

: | R Y
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History of the neutron EDM
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4



b
Beam EDM u

b

R a ms elechraque with a beam

Ramsey Signal
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Neutron EDM sensitivity

BERN

BEAM < > UCN*

r= 100 kV/cm r=11kV/cm

I F100 MHz (ESS) 4 =11°400/ 300 s = 40 Hz
1| —

JF100ms (50 m) 1 =180s (storage)

* Abel et al. (nEDM-collaboration), PRL 124, 081803 (2020)
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Why were beam experiments abandoned?

=

» This can cause a false EDM signal, e.g.:

EAl 6A AATgOBIT for: o m/s

» The false effect is velocity-dependent,
however, a real EDM signal is not !
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Novel concept using a pulsed beam
S ”’Length of experiment”
= /
E
» ol AaFEd.
3 S v gy SI6E
2 [ VXE 9 r
o
> l_l_l \ Y ]
Time-of-flight slope = EDM offset = vxE

:> Concept is ideal for pulsed neutron spallation sources
e.g. the European Spallation Source — proposed ANNI beamline

E> Started with proof-of-principle experiments Piegsa, PRC 88, 045502 (2013)
Chanel et al., EPJ Conf. 219, 02004 (2019)
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Beam EDM setup

BERN

SIDE VIEW CROSS SECTION
B,
E B Detector(s) I ‘
5 o T +E I1-2 cm
0O HvV o~ ]
Pulsed J -E
Source

Spin — ]
* H)I Analyser

Two neutron beams

E =100 kV/cm

B, =200 puT

L =3m (proof-of-prin.)
L =20-50m (full-scale)
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Beam time at PSI (Sept./Oct.

Spinflipper

¥
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CASCADE
detector

N

Spin
analyser

Modular 3D-magnetic
field cage system
(actively stabilised)
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b

Two layer magnetic shield (2020)
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» Passive shielding of external field innomogeneities and fluctuations
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Beam time at ILL (Aug./Sept. 2020)

w .- .‘r‘ — A 'fl’
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Ramsey apparatus at PF1b

TO p Vi ew ‘ NEUTRONS

FOR SOCIETY

» Two beams with cross-section of 1 x 7 cm?

» Main (vertical) magnetic field: B, =220 uT

» Three 1-meter-long electrode sections/stacks

» 8internal (stab.) and 5 external (monitor) fluxgates

Florian Piegsa — September 24t 2025 — SSP2025 Nara Japan 13
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b

Fermi-type chopper

100000 grrrrrrrrr

10000 ¢

1000 £

Counts

100

N

1

Tlme of fllght spectrum

0.0 02 04 06 08 10 12 14 16 18 2.0

Neutron wavelength [nm]

» Collimator (Gd-coated wafers) installed on a spinning turntable (up to 30 Hz pulses)
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Electrode stacks

» Length: 1 m, Separation: 1cm, Achieved electric field (stable): *40 kV/cm

Florian Piegsa — September 24t 2025 — SSP2025 Nara Japan
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Spin analyser and detector

Ay

Two beams / four beam spots
1 FeSi supermifrorm =5

GEM based Detector:

16%16 Pixels, Pixel = 6x6 mm?

Florian Piegsa — September 24t 2025 — SSP2025 Nara Japan
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4 cm

Spin Up

Trm-2

Rfl=

20108

1.5x10%

1.0 = 105

500 000
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Spin analyser and detector

A
2.0 = 10%
Rfl-1
1.5 10%
1| Trm-2
= = -
g O Spin Down T
' <
Ay
: ‘, A\ Trm-2
Two beams / four beam spots
1 FeSi supermifrorm =5 R e
GEM based Detector: N, !
16%16 Pixels, Pixel = 6x6 mm? N Rfl-2
e = T 4 i v
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b

Classic Ramsey frequency scan

JJPD J=||-
=V(O0 g < ]
oo T4
1.O_vvvrlv'"1""lv"'l""l""_ “.‘

_ |
06| -

04|

Asymmetry
Asymmetry
o
o

o | || 6380Hz @ 220 uT | :
[ ] -0.5
0.0 | : - - : ]
|| —e— Bottom Beam Integrated over ] | | —e— Bottom Beam i
oot} all wavelengths ; Lol e o Ceds”  A=0.95nm
5000 5500 6000 6500 7000 7500 8000 5000 5500 6000 6500 7000 7500 8000
Frequency [Hz] Frequency [Hz]

Florian Piegsa — September 24t 2025 — SSP2025 Nara Japan



Beam EDM u

b

Modulated RF-signhal & Ramsey phase scan

[ Tektromix TDS 2024C 08k oo 0N e _

,2working point“

1| Kl Trig" M Pos; 20.00rns TRIGGER ‘ 05 _
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—
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i Mode ‘ -0.5 -
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20 A 41 SR
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Top Beam |

5 0 S T
90 180 270 360

RF Phase [ A]

® Data
Sin-Fit

» Modulated RF-amplitude triggered by chopper to achieve /2 flip for all wavelengths
» Scan RF-phase between two spin-flippers with fixed frequency
» Option: measure only at ,,working point“, i.e. Asymmetry =0

Florian Piegsa — September 24t 2025 — SSP2025 Nara Japan
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Phase stabllity

Two beams Phase-difference of two beams
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» Two beam method allows for correction of (magnetic) drifts
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Relativistic vxE effect

Di f f

Phase

Ramsey

I | —— Linear Fit
® Data

High Voltage [kV]

» VXE effect allows direct measurement of electric field seen by the neutrons
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Magnetic field scan
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» Ramsey signal phase measured as a
function neutron wavelength (TOF)

» An offset magnetic field causes a change

of the slope, emulating an EDM interaction

» ,,Real EDM measurement®: determine
slopes for both electric field polarities

22
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Magnetic field scan
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» Ramsey signal phase measured as a
function neutron wavelength (TOF)

» An offset magnetic field causes a change

of the slope, emulating an EDM interaction

» ,,Real EDM measurement®: determine
slopes for both electric field polarities

23
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First EDM measurement at ILL

Measuring the difference in the slope of Ramsey phases between both beams and for
alternating polarities (L =3 m, E=40 kV/cm, + - -+ -+ + -):

1.51—

:E "I 'H"H
g F | 8 8 =
L J I .| |'
ikt S it ”u iy mH <'|‘1 » ‘ | H COMESEERLing eV Bl
FE e e R 6 B sensitivity per day @ ILL:
IS4y I \ ‘ ] l | m” w | r 0
eV
\’R 24 hours

0 50 100 150 200 250 300 350 400
Measurement number
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Search for Axions & ALPs

oscillation frequency [Hz]
107 107* 107! 102 10° 108 101!

10-6 SN1987A

10~°

10—12
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1018
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10—24

10~ 1074 10°® 107 101 107 10% 10
mass [eV]
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An ultralight axion-like particle can induce an
oscillating neutron EDM (ALP-gluon coupling):

(3 i#é‘HT(Eﬂ+§¢ 8 ecm

Cs: model dependent parameter
fy, axion decay constant

a,. axion field amplitude

m,: axion mass

* Schulthess et al., PRL 129, 191801 (2022)
* Schulthess et al., PRC 108, 065501 (2023)
** Abel et al.,, PRX 7, 041034 (2017)

*** Roussy et al., PRL 126, 171301 (2021)

25



b
Beam EDM u

ANNI @ ESS

» Short instrument to maximally exploit pulse structure: lowest systematics at full statistics
» Guide design suppresses fast neutrons and gammas from target monolith: clean beam

» Optimized for Flux density & Integral flux & Divergence to enable many experiments:

Neutron beta-decay, Electric Dipole Moment, Neutron electric charge, Hardonic weak interaction,
Nuclear Physics, CRES, UCN production, Exotic searches & Axions, HiBeam, nnbar-R&D etc.

Target monolith Neutron guide Beam preparation Experimental area Extension area \\\ ]
s
A
—___’/
W
h . e ideal position at
o at—" beam port E5
A DREAN® e
wadsHroon) ® ESPRESSO VESPA ANIP'L-J;&
. |_\\_ / ‘|‘ \I B e ’/’"
—. | = [
’ T e —
< > //\ /T / "‘. =T

25m
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Projected sensitivity from McStas simulations* e

BERN

] e Two beams with cross-section of (2%x10) cm?
| il  Simulations use measured reflectometry
-4 ™) Y ¢GL4@' )
e Fred ﬂ

curves of electrodes
 Electric field goal: E.gg = 100 kV/cm
Interaction Wavelength band | Mean interaction | Unpol. neutron EDM sensitivity
Iength time rate (5 MW) :
0.25-1.15 nm 6.3 ms 2.6 x 1010g1
10 m 12.3 ms

20m 0.25 -0.86 nm 23.7 ms
50 m 0.25-0.62 nm 545 ms

Soldner et al., EPJ Conf. 219, 10003 (2019)
* Fratangelo, PhD Thesis Bern (2023)
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Conclusions

» New complimentary neutron EDM experiment
» Directly benefits from ESS pulse structure (vxE effect)

» Proof-of-principle demonstrated &
concept ready for next phase at ESS
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Thank you for your attention !

Current Group: Former Members:

Philipp Heil Estelle Chanel

Gjon Markaj Anastasio Fratangelo

Jakob Micko Zachary Hodge

Luca Pavolo Dieter Ries

Marc Persoz lvo Schulthess

Ciro Pistillo Jacob Thorne

Pascal Tschamper
ILL:
Torsten Soldner

Fundamental Neutron and Precision Physics Group
(Sept. 2025)
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