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[ Permanent Electric Dipole momer]ts

Spin-precession based magnetometry:
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Time evolution from Bloch equations:

W — ~1y x B — (relaxation terms)

Sensitivity from: AEAt > h/2
® relaxation limits measurement time
® many particles — many measurements
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[ Permanent Electric Dipole momer]ts

wlk YaSeéQa YSUK2R (2 YSI Asdeualy shawB:lj dzS y

External clock

0 , 0 .
d "0S — twt i 7 Polarized
' N K 1) — cos 2 1)+ e sin 5 [4) P particles 0,~ O,

phase evolution: — |

0 T T+T 27+ T

*subtle difference in some casesequencys.phase



[ Permanent Electric Dipole momer]ts

As usually shown:
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Reality: many parameters, many experim@nts

Standard Model physics

Sources

quark " —— quark-quark
color-EDMs

J/
*'\’

-

—

Directly measurable
in experiments

246 GeV

1 GeV

10 MeV

Left-Right
symmetric?

interactions

New physics

e e=E
\

‘ quark-lepton
interactions
quark-Higgs

" EDMs as dightning rod for new physicg, without )
needing assumptionabout the underlying model

\_Also: clear prediction thahere is a signal to detect

System i | Measured d; [ecm] Upper limit on |d;| [ecm] Reference
no | (0.0+£1.1,,,+0.2,,)-107% 2.2-107% [73]
20571 (—4.0+4.3)-10°% 1.1-107%# [74]
133¢s (—1.8£6.74, £ 1.8,,) 107 14-107% [75]
HIF* (—1.3£2.0,, +0.6,,) 107" 4.8-107% [76]
ThO (4.3+3.1,, £2.64,,)-107%° 1.1-107% [77]
YbF (—2.4+5.7,, £1.5,,)-107%# 1.2-107% [78]
199Hg (220+2.75,, +1.48,,)-107% 7.4-107%0 [79,80]
129%e (—1.9+4.6,,, +2.0,,,)-1028 1.0-107% [81,82]
171y (—6.8 £ 5.1, £ 1.2,,) - 107% 1.5-107% [83]
2%Ra (44 64, £0.254)- 1072 1.4-107% [84]
TIF (—1.7+2.9)-107% 6.5-107% [85]
| Measured w; [mrad/s] Rescaling factor x; ford; Reference

HIF* (—0.0459 + 0.0716,45 £ 0.0217,)" 0.999 [76]
ThO (—0.510 £ 03735, £ 0.310,,) 0.982 [77]
YbF (5.30 £ 12,60, + 3.304y,) 1.12 [78]

Table 1: Measured EDM values and 95% CL for upper limits on their absolute values.
For 12°Xe we combine two independent results with similar precision, using inverse-
variance weighting. For the open-shell molecules, we also provide the measured
angular frequencies and the rescaling factor which allows us to use x;d; for each
experimentally reported d;. For the definition of x;, see text. 'The frequency for
HfF* is scaled by a factor of 2 relative to Ref. [76], to consistently use Eq.(30) for all

systems.

SciPostPhys.20.6.1!
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1 GeV 246 GeV Sources

10 MeV

Reality: many parameters, many experim@nts

Standard Model physics New physics

System i | Measured d; [ecm] Upper limit on |d;| [ecm] Reference

Left-Right Py 26
symmetric? @ no | (0.0+1.1,, 4+0.2,,)-10" 2.2-10° [73]
— — 2051 | (A0 A2y, 10°2 1.1, 10—24 [74]
[75]

quark OPEN ACCESS 0
color-EDMs . . . . . 0~ [76]
First Experimental Limit on the Permanent Electric 02 [77]
l' . 027 [78]

Dipole Moment of the Deuteron Share v =
U [79,80]
A. Andres @127 v, Hejny (92, A. Nass (92, N.N. Nikolaev @31 |, pretz @12, F. Rathmann (923, V. Shmakova U:; [513[32}
41 i 18 L2 ; 0 83
. J- Slim , F. Abusaif et al. (JEDI Collaboration) 023 (84]
0~ [85]

Show more

Imr x; ford; Reference
. D9 76
Direct] Phys. Rev. Lett. 136, 241801 - Published 16 June, 2026 Export Citation |5 E??%
in e;] DOI: https://doi.org/10.1103/ns3s-1d4k 2 [78]

"95aa Fa | af A3KQy & witHoutN)
needing assumptionabout the underlying model
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\_Also: clear prediction thahere is a signal to detect
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Table 1: Measured EDM values and 95% CL for upper limits on their absolute values.
For 12°Xe we combine two independent results with similar precision, using inverse-
variance weighting. For the open-shell molecules, we also provide the measured
angular frequencies and the rescaling factor which allows us to use x;d; for each
experimentally reported d;. For the definition of x;, see text. 'The frequency for
HfF* is scaled by a factor of 2 relative to Ref. [76], to consistently use Eq.(30) for all
systems.
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[ Reality: many parameters, many experim@nts

Standard Model physics New physics

quark lepton
interactions

quark | rk
color-EDMs ’

glu mteractlons
®" color-EDM

quark-Higgs
interactions

Directly measurable
in experiments

(95a& & I &af A3KG Y &witHoutN
needing assumptionabout the underlying model

Left- nght .
symmetnc’?

PR ¢

\_Also: clear prediction thahere is a signal to detect

Particlesmostly separate from the global landscape
(for now), and/or weak limits:

Ap
A >

2.8x 10%° ecm, indirect only

1.5x 101° ecm (direct, PhysRev[80.05200%
2x 1020 ecm (indirect, PhysRevlL ett28.131803

A

[-1.85,0.61 x 1017 ecm (e*e>, JHEB4(2022110)

At

1.5x101° ecm, (p + BePhysRev[23.819

Also:
A 85RD PhysRe164.270.2and PhysRe153.36
A XeM J.Phys.B.1620

T 2 N Rb© BhvsiReikas09. 303908

A Ey, :Ba, :Tins, PhysRevLett09.193003

Forinterpretation, whichenergyscale
arXiv2403.02052
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Reality: many parameters, many experim@nts

Standard Model physics New physics
§ @ System i | Measured d; [ecm] Upper limit on |d;| [eem] Reference
Left-Right
5 eymmetric? @ no| 0.0+ 1.1, £0.2,,)-107% 2.2-10°26 [73]
n 205 25 24
Tl (—.0+4.3)-10 1.1-10" [74]
> quark ‘ k ark i 133¢s (—1.8£6.7,, +1.8,,) 107 14-107% [75]
2 quar -quar -
o color-EDMs - interactions i interactions HfF* (13420, +0. 551_,.3:} : 10_22 4.8- lﬂ_zg [76]
© quark-Higgs ThO (43431, +26..)-10" 1.1-107 [77]
< _ . stat SVSL
~ %" color-EDM interactions YbE [_24 +5. ?smt +1. 55},@.:) L1078 1.2.100% [?B]
199Hg (220+2.75,, +1.48,,)-107% 7.4-107%0 [79,80]
> 129%e (—1.9+4.6,,, +2.0,,,)-1028 1.0-107% [81,82]
o 171y (—6.8 £ 5.1, £ 1.2,,) - 107% 1.5-107% [83]
= 225Ra (4% 6, £0.2,)- 1072 1.4-107% [84]
S TIF (—1.7+2.9)-107% 6.5-107% [85]
g | Measured w; [mrad/s] Rescaling factor x; ford; Reference
2 HF* (—0.0459 £ 0.0716,15 £ 0.0217,)" 0.999 [76]
Direcﬂy measurable ThO [—G.S].ﬂ +0.373,.. % ﬂ-?’lﬂsyst] 0.982 [??]
in experiments YbF (5.30+12.60,,, + 3.304ys) 1.12 [78]
Pospelovand Ritz 2509.2353); Premasnetceos - JrmEVY) - Table 1: Measured EDM values and 95% CL for upper limits on their absolute values.
i For 1??Xe we combine two independent results with similar precision, using inverse-
Evolution of precision EDM Diamagnetic EDMs SM gt oc G (J) variance weighting. For the open-shell molecules, we also provide the measured
measurements, from the limits * Hg g Ao anguliar frequencies and the rescaling fact'n.r which allows us tnrgrr use x;d; for each
(in gray) circa 1985 through to weuen cow SM bkgd o Cyq() expi:r{menta]ly reported d;. For ﬂ?e definition of x;, see'text. The frequency for
today (in blue). The SM CKM » n e HfF* is scaled by a factor of 2 relative to Ref. [76], to consistently use Eq.(30) for all
background contributions are SM blgd o () . Systems.

shown for comparison. 02 10® 10® 10%° 102 107 10°% SciPostPhys.20.6.1!
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[ Broad categories, sources, and sensiti}/ity

Openshellatoms and molecules

A dparamagnetié
A Cs, TIYbEThQ HfF

Main sensitivities:
A electron EDM

V
e é e
de

A semileptonic(nuclear spin
independenk

e e’
=
N N
A others strongly suppressed

Closedshellatoms and molecules

AGRALF Y3y SiGAO¢
A Yb, Xe, Hg, R&IF

Main sensitivities:

Anucleon EDMs

N N

dy
A nuclear forces N \

A

g N "N
A semileptonic(nuclear spin
dependent)

Particlesand othetX

A various properties

An, ),> [, X
Main sensitivities:
A system dependent
A n constrains the QCBterm

A May need to look at higher
scales for a consistent

InterpretationX
é}»
. SRR
N . * N
9 Ja



David Kaplan / Kyle Cranmer

PDG 2018 (PhysRevD.98.030001)

Fermions
Matter

. Quarks

. Leptons

Bosons
Force Carriers

- Gauge bosons

I:l Higgs boson

sciencenotes.org

Oxygen

Caffeine

The Karlsruhe Nuclide Chart

A nuclide chart is a two dimensional representation of the nuclear and radioactive properties of all known

atoms. A nuclide is the generic name for atoms characterized by the constituent protons and neutrons. The " ‘:r
nuclide chart arranges nuclides according to the number of protons (vertical axis) and neutrons (horizontal '|l|

axis) in the nucleus. Each nuclide in the chart is represented by a box containing the element symbol and

mass number, half-life, decay types and decay energies, etc. :ﬂ-

“Magic” numbers

In nuclear physics, a magic number is a number of protons
or neutrons (e.g. 2, 8, 20, 28, 50, 82, 126) which give rise to
a complete shell in the atomic nucleus. Lead 208 for exam-
ple, which consists of 82 protons and 126 neutrons, is called
“doubly magic” since both the proton and neutron numbers
are “magic”.

Number of
rotons (Z)

3 @ Examples of
the nuclide
box structure

Numberof ~ N=28

neutrons (N)

Z=20Calcium  Black squares represent stable atoms. Other colours indicate the modes of radioactive decay,
e.g. by emission of alpha particles (a), beta particles ({3}, neutrons (n), etc.

d ’ . " -I

Periodic table of the elements

[] Alkali metals [[] Halogens
B group [[] Alkaline-earth metals [ ] Noble gases
‘é i [ Transition metals [[] Rare-earth elements (21, 39, 57-71) A8
1 1 [ Other metals and lanthanoid elements (5771 only) 2
H 2 18 14 15 16 17 | He
3 2 [ Other nonmetals [J Actinoid elements 5 G 7 T8 9 10
2l L |Be B|C|N|[O|F | Ne
1 12 13 14 15 16 17 18
3| Na Mg | 3 4 5 6 7 8 9 10 11 12 | Al [Si| P | S |ClI|Ar
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 - |36 36
“I'k |ca|sc|Ti|V|cr|Mn|Fe|Co| Ni|Cu|zn|Ga|Ge|As|Se|Br]|kr
37 38 39 40 4 42 43 44 45 46 47 48 49 50 51 52 53 54
5 Rb | Sr| Y | 2Zr [Nb |/Mo| Tc |Ru |Rh |Pd ([Ag |Cd | In | Sn | Sb | Te 1 Xe
55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
®lcs|Ba|La|Hf [Ta| W |Re|[Os| Ir [Pt |Au|Hg | TI |Pb | Bi |Po | At | Rn
87 88 89 104 |105 (106 (107 (108 (109 |110 |[111 (112 |113 (114 (115 |116 |117 (118
| Fr Ra |Ac | Rf |Db | Sg |Bh |Hs | Mt |[Ds |Rg ([Cn |[Nh | FI [Mc | Lv | Ts | Og
lanthanoid series 6 59 60 61 62 63 64 65 66 67 68 69 70 7
Ce | Pr [ Nd |Pm|Sm | Eu |Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu
aslieissas 7 91 92 93 94 95 96 97 98 929 100 (101 |102 |[103
Th |Pa| U |[Np|Pu |Am |Cm | Bk | Cf | Es | Fm | Md | No | Lr

*Numbering system adopted by the International Union of Pure and Applied Chemistry (IUPAC). © Encyclopeedia Britannica, Inc.

doi:10.1051£pjn2019004

Encyclopedia Britannica
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https://doi.org/10.1051/epjn/2019004
https://www.britannica.com/science/alkaline-earth-metal#/media/1/15638/91
https://theoryandpractice.org/images/Standard-Model.jpg
https://sciencenotes.org/what-is-a-molecule-definition-and-examples/
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[ Broad categories: sensitivity and meth(}ds

Sensitivity:

Method:

Tl, CsPbQ HfF, 199Hg, 1?29 e,*?°Ra, n (UCN)
Fr,BaF-... Rn, PaRaO X
YbEThQ WC TIF n
TaO 8L p, d,3He™, > X

Other: solid state (G&a0,,, Ey:Ba :TiQ,), colliders [, AZ X0 X ONBAGEFT oYl MOl Yiz ISBIX
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Molecular EDM

In an ion tradfF ]

1)

L)

m;:=+3/2

e e e e —— —— ——— —— ———————

ablation skimmers

S S o®

HfF
source chamber

=N

Hf rod \\O\Og)_. \

X [\ o

ion detectlon

« |
trap
[

%
%

electrodes
/ HfF \ I
| 'z
: . I rotatlng Iab
 lon trap S Ty rame

Sun Park, EDMs?20.



https://doi.org/10.1126/science.adg4084
https://lpsc-indico.in2p3.fr/event/4176/contributions/9091/

Buffer Gas Beam Source

Molecular EDM in a (neutral) beaihO
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[ Molecular EDM in a (neutral) beaﬂ?‘nO]
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[ Openshell systems constrady, Cs ]

20571 (—4.0+£4.3)-107% 1.1-107%

133Cs (—1.8 £ 6.7 + 1.8) - 1072 1.4-107%

HfF* (—1.3 £2.04, +0.6,) - 107 4.8-107%°

ThO (4.3 £ 3.1 £ 2.64,) - 107 1.1-107%

YbF (—2.4 £ 5.7, + 1.54) - 10728 1.2-107%7
Globalresult (flipped) 4
SciPostPhys.20.6.151 D

5 n 1 | e e
<& | d,
HfF
e e

ThO ><
Cs

neglecting theory uncertainties

including theory uncertainties

d; = Z Qic;Cj= a;g,de +aic,Cs+...
.

]

0 0 0
e {42,069, 60,0, }
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0 __ Y (1)
C'S — &8s F Im(cfedq B Cﬂequ)
2
(1) Y (1)
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[ This already needs hadronic structur%!

20571 (—4.0+£4.3)-107% 1.1-107%

133Cs (—1.8 £ 6.7 = 1.84) - 1072 1.4-107%

HfF* (—1.3£ 2.0, £0.64) - 107°° 4.8-107%°

ThO (4.3 £ 3.1 £ 2.64,) - 107 1.1-107%

YbF (—2.4+ 5.7, +1.5,,)- 10728 1.2-107%
Globalresult (flipped) 4
SciPostPhys.20.6.151 A ]
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/Hadronicmatrix elements

g Pypy = (N |au+dd|N)

1
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[ Open shell systems and hadronic sec}or

no | (0.0+1.1,,+0.2,,)-107% 2.2-107%
E‘;;E [2[201 ﬂ; 2 15%..[ +1 ;f-.““i‘ 13:22 74 13:22 Note: Hgand neutronimposeverytight, correlated constraints
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caveat neglectedparameters
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[ Open shell systems and hadronic sec}or

no | (0.0+1.1,,+0.2,,)-107% 2.2-107%
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[ Complementarity foatoms/nuclel ]

N |
S = sydy + NIA {!U{;;) ~+ ul{;_gr) + HQQ,E)_
i
We donot expect large Schiff moments 1#PXe/1%°Hg But deformed nuclei can actually haeehancedEDMs:
(suppressed by the screening effect)
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[ Complementarity foatoms/nuclel ]

1 (
S = sydy + ;f“m [H{}f};} + Hlf}.gr) +>‘§§2z]

I

We donot expect large Schiff moments 1#PXe/1%°Hg But deformed nuclei can actually haeehancedEDMs:
(suppressed by the screening effect)
—— dy(dia) = kgS — K CY) + ke Ty — dy(dia) = kS — kS CY + k& Y]
" Excluded,
l ! Do not : ] b
- Mention A4o§(a) & _f'_() 3 ;l;ﬁ 12 2
E L 10
o9 30 1T } i 1 o
N ) s ¥ 220p, 1 229pa | o ,
2 20;' 11 $ = 225R3 1t E E 225Ra - g
'.g 10 = E 223Fr ® from 220Rn E 223Fr -_0.6 N
= : 223Rn ® from 226Ra 223Rn 104 §;
0 221Rn ® from 224Ra | 22'Rn 1 =
I=0

Q=0 Q>0 Q<0 Phy Rev. Lett121, 232501 (201¢



[ Octupoleenhanced nuclel (radioactive])

S = sydy +

mpy

ga (0) (1)
s

[ﬂ{}f} + d 1 E_}Jr

I

We donot expect large Schiff moments 1Xe/1%Hg
(suppressed by the screening effect)

—— dy(dia) = k¢S — [kf,g},cgf‘) n kf;'jcgf)]

¢ o 77ﬁ2ﬁ32A2/3r03
E, -E_

50 keV
S S, S : AL{
w S Sw 10002285 Ak 50 100
SHg S Hg SRa ﬁz ﬁ3 Al\;\Rn
| 400 keV
500-1000

(J. Engel et al.)
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But deformed nuclei can actually haeehancedEDMs:
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Thanks TimChupy



| 225Ra and beyond: radioactive molecules

Q2 (efmz)
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Full hadronidevel global analysis

g x 10°

g% x 10°

o

gl x 10°

d, x 102 [c cm]

00 25
W x 10°

git x 10° )

d, x 102 [e cm]

00 25
W x 10°

d, x 10% [e cm]

de x 10% [e cm]

00 25
W x 10°

c x 10°

neglecting theory uncertaintics

including theory uncertaintics

00 25
W x 10°

TheoryuncertaintiesX no statisticalinterpretation
A Assumdiat likelihood
A No constraintif compatiblewith zero

Correlationsouilt into analysis
A Comagnetometemeasurementgsofar)
neglectsub-dominant EDMs
A Deliberatelycorrelated complementary
Flatdirectionsalreadywith 4 or 5 parameters
A Dependson neutror/ proton, pion loops

Formally 7 parameters 11 experiments
Reality:the experimentsare not complementary
A Wellconstrained 2 parameters(d,, Q)
A Poorlyconstrained 5hadronicparameters
(currently5 measurementy
A Otherparametersshouldreallybeincluded
aswellX missingtheory inputs
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[ Full hadronidevel global analysis ]

.:;'?itter I
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no theory uncert.

theory uncert.

2 <

j 0("3
7 Yo Ys T

“y

20

10

0

—10

r—20

—30

+
+J 0‘9 +J 0{9 JOV??

Q

< 0@/

TheoryuncertaintiesX no statisticalinterpretation
A Assumdiat likelihood
A No constraintif compatiblewith zero

Correlationdouilt into analysis
A Comagnetometemeasurementgsofar)
neglectsub-dominant EDMs

(Flatdirectionsalreadywith 4 or 5 parameters ’

A Dependson neutror/ proton, pion loops

Formally 7 parameters/ 11 experiments

@eali}y:the experimentsare not complementary b )
A~WelFconstrained Z parameters(d,, &
A Poorlyconstrained 5 hadronicparameters
(currently5 measurementy
A Otherparametersshouldreallybeincluded
aswellX missingtheory inputs




invariant mass

[ Thematic recap]

"unknown"

Weak Scale

(coupling) ~*

Atomic/molecular and particle EDMs
F NBE O2YLX SYSY (Il NEB

We need more complementary
experiments, new systems and
deliberate correlations can open doors

Theoryvalues and especially
uncertainties often limit interpretation




Questions?

Seeking students and Pofiocs!

ANALYSIS

OUR NEV TEtESERE (JILL
ANSWER TWO KEY QUESTIONS:

D WHY IS THERE ALL THIS MATTER?

2) CAN \JF.DO ANYTHING ABOUT IT?

[

what-if.xkcd.com

Special thanks to:

N. EImerT.Plehn T.Modak(HD)

M. Muhlleitner (KIT)

Many, manycolleagues who helped
answer guestions and pinpoietrors

Experimental colleagueSuperSUN
PanEDMand globalEDMcommunity



An example from storage rings*

ABackground:

FlLYy 2dziaARS

321 at Brookhaven, measurement of the muan

anomalous magnetic momena, = 3(g, — 2)

ARelativistic evolution of a charged part@enomentum and spin,
observed withstatic and unifornelectric and magnetic fields applied

AGS

E821final report: Phys. Rev. T3, 072003(2006
EDM proposal: Phys. Rev. L88,.052001(2004)

---------
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An example from storage rings*

o FlY ?dzﬁé)\ﬁé
ABackgroundQ y Hm 0 . NR271 KI @Sy s YS! &dzN
anomalous magnetic momena, = (g, — 2)
AwWSEt I GABAEAGAO S@2ftdziazy 2F | OKI
observed withstatic and uniformelectric and magnetic fields applied

. c%: 10
Master equation: g f
q 1 /8 X KB E E LN A A A A~ A
w, =——|a,B—|a,— 5 s
m v — 1 C g 10"}
= - ~
l : =
vanishes at the “magic” value v = 29.3 5 A .
10° | | AR AR AT
Result: a,(Expt) = 11659208.0(5.4)(3.3) X 1071 o m w e s
Ime modaulo s



An example from storage rings*

*an outsideIQ perspectivi

AThe full treatment to get the EDM as well as the MDM:
p=qFE +quv x B

ALabframe velocity rotation:

| 9
q 9 vX B
w’”:mm [ 2_1( - >_B}

Y LY C

AParticleframe spin dynamics:

1S dS
o [} = X Bt +d X E oot

ar



An example from storage rings*

ASpin evolution in the lab frame:

d.f_qSX[B_qx(ﬁx

d mn v+1 c?
1S vX FE
+ a2 [B — T
m C
1S
+ 7 1 x[E+v><B—
2mece

o))

v v(v-B)
v+1 2
v v(v- E)

FlLYy 2dziaARS

G.ac¢ SldzZ GA2Y¢
MDM in lab frame: see
Phys. Rev. Lett. 2, 435 (1959)

EDM term, wher 1) # ()



An example from storage rings*

*an outsideIQ perspectivi

ASpin evolution in the lab frame:

)

OBMT equatios for torque on
- MDM in lab frame; see

1S x . B Phys. Rev. Let?, 435(1959
+a x |B-7 — — 7 _v(v-B)
m c? vy+1 2 _
1S v(iv- K ]
+ 7 1 X |E+vx B — 7 ( ) - EDM term, wher 1) # ()
2me v+1 2

AMuon EDM limit from the Brookhaven experimerld,| < 1.8 X 10" "¢ cm

Phys. Rev. B0, 052008 (2009)



An example from storage rings*

*an outsideIQ perspectivi

ASpin evolution in the lab frame:

dS ¢S [B Y (‘U X E)}
— B 5 6.ac¢ Slidd GAz2y:
dt m) v+ 1 ¢ - MDM in lab frame; see
1S x F . B Phys. Rev. Lett. 2, 435 (1959)
alS [p vXE_ o v B)
m c? vy+1 2
qS v(iv- K ]
+ 7 d E+vx B — 7 ( ) - EDM term, wher 1) # ()
ome vy+1 2 |

AOne approach to measure the EDM: cho&sB, andp to suppress

{]E rest

ARotation of spin with respect to velocity in the lab frames; = — T
f""*;’/




An example from storage rings*

FlLYy 2dziaARS
ASpin evolution in the lab frame:

dsS qS y [B 84 ('UXE)}
— = , - —— 5 G.ac¢ SldzZ GA2Y¢
dt mn v+ 1 ¢ - MDM in lab frame; see
aS v ¥ E viv-B Phys. Rev. Lett. 2, 435 (1959)
Iy qo < B _ Sl Y ( | )
m | c? y+1 & ] ]
Now at PSI: aS viv- E )
dfrozen spir 7 ! X |E+vXxX B — J ( ) - EDM term, wher 1) 7 (
method 2me y+1 ¢ ]

AOne approach to measure the EDM: cho&sB, andp to suppress

d E rest

ARotation of spin with respect to velocity in the lab frames; = — T
f""}/




Muon EDM at P$|

A from PionR S O Bighpblarizationf) wuv P
A Injection through superconducting channel

A Fast scintillator triggers pulse X@

A Magnetic pulse stops longitudinal motion ‘of W\' 2\ €
A Weakly focusing field for storage “%

A Thin electrodesrovide electricfield for frozen spin f‘;
A Scintillating fiber detector (CHEfb) Q - tracking 2, _
o x % Pulse Coils
1618 g5 n/2 :
Z (pulsed B field)
EDM (exp) BNL [3] 4
- —— EDM (indirect) Ema et al. 2022 [4] s Electrodes
10-19¢ e (static E field)
3n/8
10-20 \ESlEwse Ld) 4o C e Bect) L. . 0
: - Superconducting
E E Injection Chanel
% 10721} n/4 g/l;
= S
PSTFes Moldi) —oxI0 ech ;
10722 Entrance Detector
/8 (t=0 & trigger signal)
10—23 L
1070 10-11 101 100 108 g

Aay = ay —aSM

*A.Crivellin M. Hoferichter, PSW PR3, 113002(2018 Thanks’ Phlllpp Schm,l_We”enburC



Neutron EDM ]
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el vk Statistical sensitivity of the 2020 PSI experiment:
i ORNL-ILL... 1

] ElectroX

ILL-Sussex-RAL...
I magneticx
_1E-21 3 Q

LNPI St Petersburg

¢D>40nm

h
o(dn) 2
VY 200 \115\ T\/N\

1E-22 et
5 Current limit (PSI): (54x109)x(10¥shot)
2.2x10%%e cm, 95% C.L. 11 kV/em
1E-23
{weinberg Polarization 180s
1E-24

O2Y (NI ald F noy

TourdeforceA Yy &eéaidSYIl GAOa &i

3 multi-Higgs

Neutron EDM Upper Limit (e.cm

1E-26 4——

‘10S "Ued 19NpRY ‘nuuy ‘MOoUS 7 0JIN :M3INBIG00Z

=M'_'” / = . .

1 susy But statistics not much improved for 20 years!
1E-26

{Left-Right :

1 symmetric Xbut now seearXiv2504.13030
1E-27 ... vl .~ 1. 7T.3 1. .

1950 1960 1970 1980 1990 2000 2010
Year of Publication
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Neutron EDM Upper Limit (e.cm)
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Neutron EDM Upper Limit (e.cm)

Neutron EDM

=103 Participating institutions Paul Scherremstitut Institut Laue LangeVi
. ® ¢ H - .
: s ORNL-Havarg | (PSIVilligen (ILL, Grenoble)
15_20' \\ O BNL-MIT | A present limit A previous limit
e y omwLe. | A systematics A statistics
d . ~-oussex- |
1 magnetic & LNPI St Petersburg A n2EDM A PanEDM
1E-21 4 Q
1E-22 -
3 z]
1E-23—:.t =]
] v
|Weinberg © |
1E-24 = — 1
i multi-Higgs S
1E-25 |
1Minimal & = 2
] susy *x <«—— Now strongly limited by available neutrons
1E-26
Left-Right \
1E-27 .sy,m".w f’c. - <« Sensitivity target for experiments now commissioning

1950 1960 1970 1980 1990 2000 2010 2020
Year of Publication



Neutron EDM

TEST3 e Parcpng s | Paul Scherreinstitut Institut Laue Langevi
®  ORNL-Harvard - "
— ¢ EeMT (PSlyilligen (ILL, Grenoble)
{Etectro- A ILLSussorPAL. | A present limit A previous limit
magnetic & LNPI St Petersburg . . .
_ e A systematics A statistics
A n2EDM A PanEDM

=
==

1E-23 =

. '\ i
— Wem{:e(g * |

3 multi-Higgs .X
1E-25 4 *

iMinimal 2 -

1 susy A *
1E-26 -

iLeft-Right \

1 symmetric
1E-27 - .

T L4 T $ 1 L T ¥ T 4 T ’ T
11950 1960 1970 1980 1990 2000 2010 2(#0
] Year of Publication

____________________________________ No SM background]
(neglectingdycp

Neutron EDM Upper Limit (e.cm

- =

+SNE NRddAK FFEOG2NAR &SLI N GAyYy3

108 (*) 10 10°-10°
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SuperSUNHigh«density UCN saurce

Phase | characterization
Measurement agrees with expectation (48 MW)
cf. EPJ Conf. 219, 02006 (20aadarXiv:2504.13030

60000 -

Total UCN output: 3:8.0° (integral of blue peak) i
Source density: 270 UCN/2m — 200007
Long storage times: 126000 UCN remaining after 20mig _
$ 40000

]

Expected density iRanEDM3.9 UCN/crii(58 MW)
Source characterizatioanEDMommissioning ongoingg

S

42 30000
Phase Il expectation g _
Peak field: 21T 2 20000
Source density: 1670 UCN{€rh gair) > _
10000 A

Density inPanEDM 40 UCN/ci(x10 gair)

I Photo credit:
Ecliptiqueg LaurentThion

y &

Comparison to the prototype source SUN2
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