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Permanent EDM violates T or P

Induced EDM: Energy = —%aEz

Permanent EDM: Energy = —d-E
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- Strong CP problem: the 6-term in QCD

Probe for unknownj}ig mechanisms
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- Supersymmetry: more particles = more C# phases

- Matter-antimatter asymmetry: requires additional CF" mechanism(s)
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Probing eEDM in a neutral atom or molecule

define

H = —dgtom * Eext = —(de - Eint) —— —d, Eeff

Problem: (E;,;) =0 Insight: (d¢ - Eint) # de - (Eint)

Enhancement factor! - P.G.H. Sandars, Phys. Lett. (1965)
Commins, Jackson, DeMille, Am. J. Phys. (2007)

| E ANz (e/aoz) P ~2-10"V/ecm @ Z~ 80
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-
- Mixing s-p Rotational Q-doublet
npe levels
E ext 100kV/cm 20 kV/cm 10 V/cm
pP- -orbital 2D 103 1 1
<s|H 'lp>
E eff 70MV/cm 18 GV/cm 80 GV/cm
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Measurability of Nuclear EDM

L.I. Schiff, Phys. Rev. 132, 2194 (1963)

Schiff shielding d =d +d

atom atom nucleus

=0

= ()

since nuclear charge distribution differs from EDM distribution.

However d =d__ +d

atom nucleus
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The Seattle EDM Measurement

stable, high Z, groundstate 'S, | =%, high vapor pressure

_ 2uB+2dE

~15 Hz

Ifs =[£I <25pHz

Courtesy of Michael Romalis

The best limit on atomic EDM Unit @

ED &
EDM (19°Hg) < 7 x 1030 e-cm < ﬁ

Graner et al., Phys Rev Lett (2016)




225RapJEDM: REES, 1180
225Ra-

o Be AT, TR I A REZ Z2 St - Haxton & Henley, PRL (1983) =,
1% )\ NG5 T 5 B8 R PR i %% — Auerbach, Flambaum et al. PRL (1996) tz =15d
o JRTH, MR E (22°Ra/ 199Hg ~ 3) - Dzuba, Flambaum et al., PRA (2002)

I:IPT|W0>

+ C.C.
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A fE%k: EDM (225Ra) / EDM ('%°Hg)

Isoscalar | Isovector
Skyrme SllI 300 4000
B P = (o) — |B))N2 Skyrme SkM* 300 2000
33 keV Skyrme SLy4 700 8000

B S _
Y= (|OL> T |B>)/\/2 Schiff moment of 22°Ra, Dobaczewski, Engel, PRL 94, 232502 (2005)

Schiff moment of 1??Hg, Ban et al., PRC 82 015501 (2010)

“[Nuclear structure] calculations in Ra are almost certainly more reliable than those in Hg.”
— Engel, Ramsey-Musolf, van Kolck, Prog. Part. Nucl. Phys. (2013)

Constraining parameters in a global EDM analysis.
— Chupp, Ramsey-Musolf, Phys. Rev. C 91, 035502 (2014)



o, =2uB+2dE 3

5d =
w_ =2uB-2dE 2Ev/TNeT







195, REH7B

A=

Cos(0) £k u-metal B VeRMiiz < 1 nT
B ~20 mGauss (=2 uT) FEike{=£%: 50000

dB/dy < 5E-4/cm

AB/B = 0.4 ppm (100 s)
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E=130 kV/cm
lyg= 0.4 pA, I =58 pA
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