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CP violation, interest

• The study of CP violation to further:

– Understanding the fundamental laws of physics

– Understanding the baryon asymmetry of the cosmos

• EDM is a particularly promising laboratory for CP violation

– The Standard Model contribution is very small

– Contributions from new physics tend not to be

EDM CP violation

The Electric Dipole Moment: dn

dn  0    P and T violation

-------------------------------------------

CP violation observed in K decay, 

B mesons    dn  0
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EDM: experimental systems

EDM: systems at hand
Paramagnetic atoms / molecules

 sensitive to de, CS

diamagnetic atoms

 sensitive to gπNN, dN, CS, CP, CT, de

...free neutron

 sensitive to dn

particle EDMs and CP odd 

interactions

charged systems (muons, ions)

fundamental theories
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Experiments: 

Measurement of Larmor precession 

frequency of polarised neutrons in 

a magnetic & electric field

Compare the precession frequency for 

parallel fields:

 = E/h = [-2B0n - 2Edn]/h

E

to the precession frequency for anti-

parallel fields

 = E/h = [-2B0n + 2Edn]/h

E

nEDM: spin frequency

The difference is proportional 

to dn and E:

h( - )  =  4E dn

Need to measure change in Larmor

precession frequency to a very 

high degree : < 1Hz

<1 turn per month!
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Uncertainty relationnEDM: Ramsey Resonance techniques

The difference is proportional to dn and E:

 = E/h = [-2B0n - 2Edn]/h

 = E/h = [-2B0n + 2Edn]/h

h( - )  =  4E dn

if B0 has not changed

Need a magnetometer!
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nEDM: Ramsey Resonance techniques

NET
dn




2
)(




: polarisation product

E: electric field

T: observation time

N: number of neutrons
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 TE

Uncertainty relation

Uncertainty in measurement of E 

directly related to uncertainty in dn
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nEDM: Ramsey Resonance techniques
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neutron EDM Experiments

EDM: experiments
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• completed room temperature EDM experiment on UCN source

• cryogenic EDM R&D on cold neutron beam

Institut Max von Laue – Paul Langevin

nEDM: ILL
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PF2 beam line

H53 beam line

nEDM: ILL
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NS

Four-layer mu-metal shield High voltage lead

Quartz insulating 

cylinder

Coil for 10 mG 

magnetic field

Upper 

electrode
Main storage 

cell

Hg u.v. 

lamp

PMT to 

detect Hg 

u.v. lightVacuum wall

Mercury 

prepolarising 

cell

Hg u.v. lamp
RF coil to flip spins

Magnet

UCN polarising foil

UCN guide 

changeover

Ultracold 

neutrons

(UCN)

UCN detector

nEDM: ILL
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nEDM: ILL

NExT Nov15                                                                                   M vd Grinten



0 5 10 15 20

29.9260

29.9265

29.9270

29.9275

29.9280

29.9285

29.9290

29.9295

10
-10

 T

N
e

u
tr

o
n

 r
e

s
o

n
a

n
t 

fr
e

q
u

e
n

c
y
 (

H
z
)

Run duration (hours)

7.7882

7.7884

7.7886

7.7888

7.7890

 

nEDM: ILL
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nEDM: ILL
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Still the leading limit to date! (>700 citations)
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new superthermal UCN source

higher electric fields in lHe

whole experiment in superfluid He at 0.5 K

• production of UCN

• storage & Larmor precession of UCN

• magnetometry

• detection of UCN

Ultra-cold neutron source:

Strong 9 Å neutron beam coupled 
to superthemal UCN source

magnetic screening:

• mu-metal & 
superconducting lead

• high precision SQUID 
magnetometry

nEDM: cryogenic R&D
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Alternatively use 3He magnetometry)



Superthermal UCN source

Shields & Ramsey cells 
coupled to UCN source
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nEDM: cryoEDM
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nEDM: PSI

Paul Scherrer Institut
 5K sD2 UCN source

 use of upgraded RAL/Sussex/ILL apparatus taking data

expect reaching our limit next year

 construct new apparatus n2EDM

should probe Ҩ (10-27 e·cm) by 2020
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nEDM: PSI
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Paul Scherrer Institut
 5K sD2 UCN source

 use of upgraded RAL/Sussex/ILL apparatus taking data

expect reaching our limit next year

 construct new apparatus n2EDM

should probe Ҩ (10-27 e·cm) by 2020



nEDM: PSI
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Paul Scherrer Institut
 5K sD2 UCN source

 use of upgraded RAL/Sussex/ILL apparatus taking data

expect reaching our limit next year

 construct new apparatus n2EDM

should probe Ҩ (10-27 e·cm) by 2020

Increase UCN numbers:

• Double storage cell

• Improved geometry



nEDM: SNS

• SNS
 superthermal 9 Å UCN source


3He magnetometry

 scintillator UCN detection

 begin construction 2012

 start EDM commissioning 2017

 10-28 ecm measurement
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nEDM: SNS

NAPP 2010                                                                                   M vd Grinten

3He DILUTION 

REFRIGERATOR

CENTRAL 

DETECTOR 

SYSTEM

MAGNETIC SHIELD 

HOUSE

• Key Changes in Alternatives Analysis:
– Central Detector System & Magnets mounted Vertically
– Separate functions into modules (Cells/HV, Magnet, 3He)
– Use Magnetically Shielded House rather than custom “skin” 



nEDM: SNS

Funding & Schedule for nEDM
• 4-yr NSF proposal for CCD approved ~6.5M$

• Anticipate 4-yr DOE Funding for CCD ~7M$

• Continuation of external Technical Review 
Committee

• Need additional ~ 25M$ after CCD

• Could complete construction of more 
conventional systems after additional ~ 2 yrs

• Commissioning underway by 2019-2020
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Measuring at ILL?
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PSI:

• Taking data with sensitivity 

comparable to RAL/Sussex RT 

expt.

• Aim to upgrade to “n2EDM” with 

8 fold increase in sensitivity after 

2020.

SNS

• Major overhaul in design

• Aim to be commissioning in 2020

• Sensitivity O(10-28 ecm ?)

TUM

• Key parts of equipment 

(near)ready

• No UCN

• Staged planning ILL/TUM O(10-

27-10-28 ecm)

LANL

• UCN Source operating, upgrade sought

• “Support” EDM experiment O(10-27)

PNPI

• RT result comparable to RAL/Sussex RT 

expt

• Various future prospects ILL/Russia O(10-27)

TRIUMF

• TRIUMF beam being constructed

• UCN source to be shipped from Osaka

• EDM apparatus to be built

• EDM experiment O(10-27) by 2020
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• nEDM searches probing beyond SM 

• World wide interest in pursuing these

• Current generation of experiments will push

limits further

• Next generation experiment (2020+) put EDM 

discovery within reach?

Summary
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The END

Summary
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EDM: experiments

EDM limits
further limits by new generation expts

different systems (2D, Ra, solids, PbO, ...)
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