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EDM: coupling between spin and E-field
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EDM limits

Best limit from the nEDM experiment @PSI

/ |dn| <1.8x107%% e cm Abel et al, PRL (2020)

Nuclear
magneton
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UN = Dty

In natural units |d,,| < 2 X 107 X uy/c

In comparison u, = —1.9130427(5) uy

year


https://doi.org/10.1103/PhysRevLett.124.081803
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Sources of neutron EDM
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Typical 1-loop ‘ CKM contribution
contribution for
quark EDM Leading order
for quark EDMs at 3 loops!  &/"
Frog diagram.
g° mg
d, ~e e sin(¢cpy) 2 Negligible CKM prediction ( d,, ~ 10732 e cm
] * The “long distance” contribution dominates over quark EDMs, still super-small.
\ — M > TeV if phase ~1 JERN y
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Sources of neutron EDM
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4 N D
Typical 1-loop . CKM contribution
contribution for <
uark EDM ' . b
q Leading order 3 %’ﬂ@g@@mm%
for quark EDMs at 3 loops! &~ \qi
Frog diagram.
g° m
d, ~e e sin(¢cpy) M_CZI Negligible CKM prediction ( d,, ~ 10732 e cm
\ N M > TeV lf phase ~1 / \* The “long distance” contribution dominates over quark EDMs, still super-small. j
4 as = ~ )
The SM QCD theta term po- 0 G, G

generates a potentially enormous neutron EDM : d,, ~ —0.02 X 6 uy/c
— 16| < 1071% - « Strong CP problem »
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EDMs beyond the SM: modified Higgs couplings

¢ u s ¢ b U

v . —
CPV i
“—,
N

Generates EDM at 2 loops
Barr, Zee, PRL 65 (1990)

0.01 |1 90% C.L. limits from eEDM
Il 90% C.L. limits from nEDM
HEl 90% C.L. limits from ATLAS RUN2
0.001 —
Brod, Haich, Zupan, 1310.1385
Brod, Stamou, 1810.12303

Brod, Skodras, 1811.05480
ATLAS, PRL 125,061802 (2020)
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https://doi.org/10.1007/JHEP11%282013%29180
https://doi.org/10.1007/JHEP07%282021%29080
https://doi.org/10.1007/JHEP01%282019%29233
https://doi.org/10.1103/PhysRevLett.125.061802
https://doi.org/10.1103/PhysRevLett.65.2920
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Systematic approach: ladder of Effective Field Ths
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Scale= A > my ~ 100 GeV
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EFT with SM fields: quarks, leptons, gauge bosons, Higgs
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Lsmerr = Lsm + Lp= 5+ 0()+LD 7+

EFT with hadrons, leptons and photons
[sospin-diagonal, CPV operators
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Observables: EDMs of O=—d
nucleons, atoms, molecules...
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EDMs probe new physics
up to 100 TeV
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Fig. 5.1: Reach in new physics scale of present and future facilities, from generic dimension
six operators. Colour coding of observables is: green for mesons, blue for leptons, yellow for
EDMs, red for Higgs flavoured couplings and purple for the top quark. The grey columns illus-
trate the reach of direct flavour-blind searches and EW precision measurements. The operator
coefficients are taken to be either ~ 1 (plain coloured columns) or suppressed by MFV factors
(hatch filled surfaces). Light (dark) colours correspond to present data (mid-term prospects,
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https://doi.org/10.48550/arXiv.1910.11775

Basics of NEDM measurement

/. . .
To detect such a minuscule coupling

* Long interaction time

* High intensity/statistics

_* Control the magnetic field

~

Larmor frequency

/ ~30Hz@B = 1T

2pn , | 2dy

Ifd, ~107%®ecmand E ~ 10 kV/cm
duration of one full turn ~ 1 year
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« Long interaction time Use blg magnztlc shlzldmg
 High intensity/statistics / R N/, ™ |\ o P

. Control the magnetic field —

Use Ultracold neutrons A

Neutrons with velocity <5m/s can undergo total
reflection and be stored in material “bottles”

nEDM chamber storing
neutrons during 180 s

+ Use quantum magnetometry
With mercury and cesium atoms

Abel et al, PRL (2020)
= (0.0 £ 1.1 = 0.25y5t) X 10726 ecm

J X

Limited by the Uniformity of

number of UCNs the B-field
(~500 million counts) 8



https://doi.org/10.1103/PhysRevLett.124.081803
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Next generation
nucleon EDM

Best limit from the nEDM experiment @PSI

/ |dn| < 1.8X107%% e cm  aeletal, PR (2020)

Design sensitivity of 4 new experiments:
4---‘ n2EDMaeprsi + panEDM@ILL + LANL + TUCAN@TRIUMF

1 [T ‘ Possible reach proton EDM

year

1950 1960 1970 1980 1990 2000 2010 2020

CKM background uncertain, possibly 103! e cm
v
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https://doi.org/10.1103/PhysRevLett.124.081803

The design of the n2ZEDM experiment,
Ayres et al, EPJC (2021)

MSR

UCN guides

UCN switch

Polarizing magnet

UCN detectors

Insulator
HV electrode

jﬁGround electrode
UCN shutter

Coil systems

Vacuum vessel

r

kofthe PSI UCN source established in 2016

N
n2EDM: A large (4 80 cm) double-

chamber UCN apparatus,
design sensitivity 1 X 10727 e cm
with 500 data days, based on the performance
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https://doi.org/10.1140/epjc/s10052-021-09298-z
https://doi.org/10.1140/epjc/s10052-021-09298-z

Commissioning of the Nn2EDM
Magnetically Shielded Room in 2020

— L1« Setup and optimization of the degaussing

 Characterization of the remanent field

f ¢ * Measurement of the shielding factors
@l — n2EDMY
- — n2EDMX

108 ¢

| — n2EDMZ

g 10 nEDM Z
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0.01 0.05 0.10 0.50 1 5 10
frequency (Hz)

The very large n2EDM magnetically shielded room with an exceptional performance for fundamental physics measurements,
Review of Scientific Instruments 93, 095105 (2022) 11



https://doi.org/10.1063/5.0101391
https://doi.org/10.1063/5.0101391
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Installation of the B-field
mapper in the empty
vacuum vessel

U
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Record uniformity of the vertical B-field

80 80
s : B,(uT
S Field map, 2(T)
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BO coil, no trimming Lo
10 horizontal cut z=0 20,
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nEDM 2017 o(B,) = 900 pT n2EDM 2022 o(B,) = 60 pT
In the precession chamber @ 47 cm In one chamber @ 80 cm
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EDMs in storage rings - charged particles

Differences with classic EDM schemes:

* The beloved configuration E | B does not work to store
charged particles!

o Relativistic motional fields E X # and B X ¥ are not small.

1/t General situation,

Spin precession in the rotating frame: Thomas-BMT equation Q%,\ reduced EDM
1 5 P sensitivity
- q = - — N —_ —a  gesessmassEETtT
w=—l|laB—-|a—— VX E +—d[v><B+E]
m y-—1 h

Term due to electric dipole. ﬁ

Term due to magnetic dipole, _
Precession out of plane

Precession in the horizontal plane, Frozen spin
can be set to ~0 by choosing B, E, ¥ \[/ a’eﬁ EDM sensitive
« frozen spin » a
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EDMs in storage rings - prospects

\

muon EDM

g-2 experiments at

* FNAL : magic moment
p = 3 GeV, radius 7m

 JPARC: no E field,
p = 300 MeV, radius 33 cm

Sensitivity 0(107%1 e cm)

* Dedicated EDM exp. at PSI
frozen spin
p = 28 MeV, radius ~ 10 cm

Sensitivity 0(107%3 e cm)
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proton EDM prospect: 0(1072° e cm)

Pure electrostatic ring at the
magic momentp = 700 MeV

R q< 1
w=—|a-—
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N.B: radial B field control < 10 aT (!!)

« US based srEDM collaboration
plans to design a 800 m long ring, E = 44 kV/cm
to be built in the BNL tunnel

 EU based JEDI/CPEDM collaborations
Start with a prototype E/B ring

J

Then precision ring, 500 m long, E = 80 kV/cm

- J
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Outlook

New generation neutron EDM experiments are coming!
Proton EDM concept pursued for the distant future

n2EDM status at PSI:
* magnetically operational, with record B-field quality
e first runs with ultracold neutrons scheduled in summer 2023

Thank you!
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