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寻找原子的固有电偶极矩（EDM）
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在遵守洛伦茨不变性的量子
场论里是守恒的
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New physics at 
10 – 100 TeV

Probe for unknown CP mechanisms
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- Supersymmetry: more particles more CP phases

- Strong CP problem: the q-term in QCD

- Matter-antimatter asymmetry: requires additional CP mechanism(s)
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在三种不同系统中寻找 EDM
中子

核–逆磁性原子
Hg, Ra, Yb

电子–顺磁性分子,
YbF, ThO，PbF，HfF+

夸克EDM

夸克色EDM
4费米子、3胶子

电子EDM, 
电子-夸克作用

标准模型之外
的新物理: 
超对称等

Engel et al., Prog. Part. 
Nucl. Phys. 71, 21 (2013)
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系统 测量上限
(e-cm)

方法 标准模型预
期值

电子 1.1 x 10-29 原子束中的 ThO 10-38

中子 1.6 x 10-26 瓶中的超冷中子 10-31

199Hg 7 x 10-30 玻璃管中的汞蒸汽 10-33

171Yb 未被测量 冷原子 10-33

225Ra 1.4 x 10-23 冷原子 10-30



EDM of the Neutron

Beam

Limiting factor: dB ≈ v x E / c2

Ultra-cold neutron Storage

Cryo-storage



Probing eEDM in a neutral atom or molecule

| Eeff |  Z32 (e/a0
2)  P ~ P  1011 V/cm @ Z ~ 80
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Tl atom YbF ThO

Mixing s-p Rotational 
levels

W-doublet

E_ext 100 kV/cm 20 kV/cm 10 V/cm

P 10-3 1 1

E_eff 70 MV/cm 18 GV/cm 80 GV/cm

Problem:  Insight: 

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

D. DeMille - Yale
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Schiff moment 
rigorous

Schiff shielding 0atom atom nucleusd d d  

Measurability of Nuclear EDM
L.I. Schiff, Phys. Rev. 132, 2194 (1963)

0atom atom nucleusd d d  

since nuclear charge distribution differs from EDM distribution.

However



The Seattle EDM Measurement

Courtesy of Michael Romalis
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The best limit on atomic EDM

EDM (199Hg) < 7 x 10-30 e-cm
Graner et al., Phys Rev Lett (2016)
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199Hg stable,  high Z,  groundstate 1S0,  I = ½,  high vapor pressure
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Schiff moment of 225Ra, Dobaczewski, Engel, PRL 94, 232502 (2005)
Schiff moment of 199Hg, Ban et al., PRC 82 015501 (2010)

Isoscalar Isovector

Skyrme SIII 300 4000

Skyrme SkM* 300 2000

Skyrme SLy4 700 8000

放大倍数: EDM (225Ra) / EDM (199Hg)

• 能量接近，宇称相反的双能级系统 – Haxton & Henley, PRL (1983)

• 核八极变形导致较大的席夫极矩 – Auerbach, Flambaum et al. PRL (1996)

• 原子重，相对论效应高 (225Ra / 199Hg ~ 3) – Dzuba, Flambaum et al., PRA (2002)

225Ra的EDM：灵敏度高，计算可靠
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“[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) 11

225Ra:
I = ½

t1/2 = 15 d

225Ra:
I = ½

t1/2 = 15 d
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测量EDM (d) 

实验装置与方案

冷原子捕获与输运





-metal 磁屏蔽
屏蔽倍数: 50000

残余磁场 < 1 nTCos(θ) 线圈

B ~ 20 mGauss （= 2 T）

dB/dy < 5E-4/cm

ΔB/B = 0.4 ppm (100 s)

均匀、稳定磁场B



铷原子泡 电极

电极表面剩磁测量

将钛换成铜后，T2提高至与无电极时一致

5 mm

铌

钛 铜

E=130 kV/cm

Iavg= 0.4 pA， Irms = 58 pA

极性切换时间：2 s

强电场

钛

铜

(盛东课题组) 



自旋极化量子态探测 -- 传统方法

暗态：不吸收
亮态：吸收3个光子

无暗态
不能实现态选择测量
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171Yb原子EDM测量进度 1E-26
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