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The current limit de < 1.6 x 10-27 ecm has already  

discounted many variants of Supersymmetry 



Барионная асимметрия 

 При температуре 5∙1012 К закончилась стадия рекомбинации: 
почти все протоны и нейтроны аннигилировали, превратившись 
в фотоны; остались только те, для которых не хватило 
античастиц. Как показали наблюдения, на один барион 
приходится почти миллиард фотонов – продуктов аннигиляции. 
Значит, первоначальный избыток частиц по сравнению с 
античастицами составляет одну миллиардную от их числа. 
Именно из этого «избыточного» вещества и состоит в основном 
вещество наблюдаемой Вселенной. 
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 System must be neutral 

one. 

 NMR resonance shift 

correlated to electric 

field is measured. 

1963 – CP-violation in K0 -decay 





General method to detect an EDM 
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Energy level picture: 

Neutron beam 

Δω·Δt ≈ h          →     Δω →0  &  Δt → 

UCN storage 



Solution 

Larmor Equation - the basic NMR equation 
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Rotational reference 



4. 

3. 

2. 

1. 

Free 

precession.

.. 

Apply /2 

spin 

flip pulse... 

“Spin up” 

neutron... 

Second /2 

spin 

flip pulse. 

Ramsey method of  

Separated Oscillating Fields 



         



dn = (+2.64.01.6)10-26 ecm 
 

dn < 9.710-26 ecm (90% C.L.) 

The neutron EDM experiment at PNPI (1970-1995)  
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Experimental setup 
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PMT output: 

Top 
view: 

PMT 

Polarised Hg atoms 

Hg co-magnetometer 



New limit: 
|dn| < 3.1 x 10-26 e.cm (90% CL) 

dn = (-0.31  1.54  1.00) x 10-26 e.cm 



Comparison with theory 
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Multi-chamber EDM Spectrometer. Status 2005* 
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The scheme of the multichamber nEDM spectrometer 

1. 1’ - UCN detectors 

2. - polarization analyzer foil 

3. - UCN switch 

4. - four-layer magnetic shield 

5. - electrode with zero potential 

6. - channel for Cs magnetometers 

7. - oscillating field coils 

8. - BeO-coated insulator 

9. - HV electrodes 

10. - vacuum chamber with magnetic   

field coil 

11. - superconducting polarizer with a  

membrane to separate the vacuum  

of the UCN source from the vacuum 

of the EDM spectrometer 

12. - UCN storage chamber                   

(1 out of 13) 

13. - UCN shutter 

14. - UCN guide  



Multichamber nEDM spectrometer and its advantages 



Data analysis with a multichamber EDM spectrometer 

EDM(n)=D-D0 

   EDM and magnetic fluctuations 

   Magnetic field distribution 



Compensation of magnetic field fluctuations by means of 

multichamber nEDM spectrometer and requirement for 

stability of magnetic field 

The effect of compensation 

fluctuation 

type 

Version II 

final EDM 

Version I 

mini EDM 

0z 1 pT 3.5 pT 

1z 10 pT/m 35 pT/m 

2z 1 pT/m2 3.5 pT/m2 

3z 0.1 pT/m3 0.35 pT/m3 

The requirement 



Housing of neutron guide system and vacuum chamber 



Quartz ceramic frame for magnetic field solenoid 



Cs-magnetometers 

Preparation of 16 Cs-magnetometers at IPTI and VSOI 

The scheme of  

16 Cs-magnetometers 



Scheme of allocation of multi-chamber EDM spectrometer at PF2 UCN facility 

Project accuracy of measurement < 10-26 ecm / 100 days 



Next generation 
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Physics model |de| 

Standard Model ~10-41 e·cm 

Left-right symmetric 10-26-10-28 e·cm 

Lepton flavor-changing 10-26-10-29 e·cm 

Multi-Higgs 10-27-10-28 e·cm 

Technicolor ~10-29 e·cm 

Supersymmetry < 10-25 e·cm 

|de| < 1.610-27 ecm 

B. Regan, E. Commins, C. Schmidt,  

D. DeMille, PRL 88, 071805 (2002) 



EDM enhancement factor 

 Shiff theorem: In atoms and molecules an electric field on e- and on nuclear Zn
+ is 

equal to zero. 

 Non zero electric field appears due to magnetic (relativistic) effects. 

 

 

 Relativistic effects increase with Z and internal electric field can be more than external. 
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EDM enhancement factor 

 Energy shift for external electric field polarized paramagnetic atom or molecule: 

 

 

 

 

 

 

 Polarization of atomic state (atom is spherical) 

P ~ ESt/Ry~10-3 

 Polarization of molecule 

P ~ ESt/Erot  or ESt/EΛ~1 
 

 For diamagnetic molecule (electric field at nuclear) 
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Physics model |de| 

Standard Model ~10-41 e·cm 

Left-right symmetric 10-26-10-28 e·cm 

Lepton flavor-changing 10-26-10-29 e·cm 

Multi-Higgs 10-27-10-28 e·cm 

Technicolor ~10-29 e·cm 

Supersymmetry < 10-25 e·cm 

|de| < 1.610-27 ecm 

B. Regan, E. Commins, C. Schmidt,  

D. DeMille, PRL 88, 071805 (2002) 





Problems 

 Choose of molecule 

 Calculation of internal electric field. 

 Producing of molecular radicals 

 Cooling of molecules, population  

 Deceleration of molecules, line width 

 Quadratic Stark effect 

 Polarization 

 



Calculation of the enhancement factor 

in molecules 

 YbF –            8.3·10-26 e·cm/Hz 
Mosyagin N.S., Kozlov M.G., Titov A.V. J.Phys.B, 1998, v.31, L767.   

Kozlov M.G. J.Phys.B, 1997, v.30, L607.  

Titov A.V.,Mosyagin N.S.,Ezhov V.F. Phys. Rev. Lett. v.77,5346 (1996) 

Kozlov M.G., Ezhov V.F. Phys.Rev.A, v.49,4502(1994). 

 PbO –           1.6·10-25 e·cm/Hz 
Kozlov M.G., DeMille D. Phys.Rev.Lett., 2002, v.89, p.133001 

T.A. Isaev, et. al. Phys. Rev. A (Rapid Comm.), 69, (2004) 030501(R). 

 PbF –           7.1·10-26 e·cm/Hz 
Dmitriev Yu.Yu. et.al.Phys.Lett.A, 1992, v.167, p.280  

 TlF –             3.2·10-20 e·cm/Hz 
Petrov A.N., Mosyagin N.S., Isaev T.A., Titov A.V., Ezhov V.F. Phys.Rev.Lett., 

2002, v.88, 073001.  

 

Choose of molecule 

Calculation of internal electric field. 

http://nrd.pnpi.spb.ru/cgi/bibl.cgi?lang=ru&sort=date&get=title&author=Mosyagin+N.S.
http://nrd.pnpi.spb.ru/cgi/bibl.cgi?lang=ru&sort=date&get=title&author=Kozlov+M.G.
http://nrd.pnpi.spb.ru/cgi/bibl.cgi?lang=ru&sort=date&get=title&author=Titov+A.V.
http://nrd.pnpi.spb.ru/cgi/bibl.cgi?lang=ru&sort=date&get=title&author=Kozlov+M.G.
http://nrd.pnpi.spb.ru/cgi/bibl.cgi?lang=ru&sort=date&get=title&author=Kozlov+M.G.
http://nrd.pnpi.spb.ru/cgi/bibl.cgi?lang=ru&sort=date&get=title&author=Petrov+A.N.


EDMe enhancement in atoms and 

molecules 

TlF YbF PbF PbO* Tl 

Applied field (kV/cm) 15 25 15 15·10-3 100 

Internal field Eint 

(GV/cm) 

30 100 30 0.06 

Beam Beam Trap Cell Beam 

Coherence time  

 (ms) 

3-30 

 

3-30 >1000                    0.1 3 

Sensitivity: 
  

NTE
NST

E

resolution

shift 
1

//1
    



Stability of magnetic field 

For EDM equal to    10-27e·cm 

 

PbF (X2P1/2, 

J=1/2, F=1) 
5·10-2 Hz 8.8 pT 

n                   1.6·10-7 Hz                 0.005 pT 

  
NTE

NST

E

resolution

shift 
1

//1
    



Trot < 1K 

Tvap 1000 K v  300 m/s 

Nhf  10 Ω  10 -5 

10-9 !!! 

Diffusion source 



Supersonic expansion. 



PNPI molecular beam generator 
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V. F. Ezhov, et.al. 

Pribory I Tekhnika Experimenta 

v.2  (1998) 104 

N2 

Xe 

eff. TlF ss. TlF 

Unfortunately using of Xe as carrier gas 

too is too expensive 

Producing of molecular radicals !!! 



YbF molecular beam source 

 (Imperial College UK, PNPI) 

J Phys B, 35, (2002) 5013, 

A – X spectrum of YbF near the 542811 GHz. 

effusion beam at 1500 K 

3.5 K supersonic 

beam in Xe 

Too fast beam !!!  



The acceleration of the atom depends on the number of photons per second 

 absorbed and then re-emitted via  spontaneous emission.   

The maximum value of the acceleration is amax = hkΓ/(2m)  
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Optical cooling and deceleration of atoms 



0 400 800 v(m/s) 
Δω·Δt ≈ h          →     Δω →0  &  Δt → 



DECELERATION OF LIGHTER, LESS ENERGETIC 

MOLECULES HAS BEEN ACHIEVED WITH A TRAVELING 

POTENTIAL WELL  

Figure from Meijer and coworkers, 

PRL 84, 5744 (2000.) 

Timed pulse sequence gives  

decelerating trap potential.  

vo t - a t2/2 

It was be done for light molecules – CO !!! 



Phys.Rev.Lett. 92, (2004), 173002 

YbF decelerator 
(Imperial College UK, PNPI) 
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 Schematic view of the apparatus. Diameter of the oven orifice is 3.9 mm. 

Diameter of the orifice in the cell front cover was varied between 0 and 3 mm. 

Distance between oven orifice and cell orifice is 25 cm. 



Measuring the Electron’s Electric 

Dipole Moment using trapped PbF 

molecules 

The University of Oklahoma 
Neil Shafer-Ray  

Kim Milton 

Eric Abraham 

George Kalbfleisch 

St. Petersburg Nuclear 

Physics Institute 
Victor Ezhov 

Mikhail Kozlov 

University of Latvia 
Marcis Auzinsch 





 

Макроскопические проявления 

квантовомеханических явлений 
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 For the gradient ~2 T/mm          E
n
= 5.16·10

-31
 Joule 

The value of transversal velocity of neutron that equal to 

distances between energy levels must be about: 

V
trans

= 0.0248 m/s 

One dimensional Harmonic oscillator Hamiltonian for magnetic 

 moment in the gradient of magnetic field 

Energy of Quantum levels  

In case of two dimensional potential well 

 2 2 2

2

m
V x y 

We receive two sets of quantum levels 

1 1 2 2

1 1

2 2
E n n 
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0,1,2,...n 

1 2, 0,1,2,...n n 



E = 5.16·10-31 Joule = 3.22 peV = 0.00322 neV = 5.33·10-5 T  



Main experimental features of two-dimensional potential well 

Potential well will be elliptical 
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Typical set of experimental data 

To exclude the linear 

growth of background 

the differentiation of 

experimental data is 

used. 









1.4 1.6 1.8 2.0

-30000

-20000

-10000

0

10000

20000

30000
N

e
u

tr
o

n
s/

m
m

2

Jap (mm)

Second derivative (4 left and 4 right smoothing of data)

Period of second derivative corresponds to the step in the initial data 



Fitting of experimental data  
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 Experimental data

 Fitting function

Equation y=A1*cos(pi*(x-xc1)/0.
0266)+A2*cos(pi*x/(w2
-w1*(x-1.2))-xc2/w2)

Adj. R-Square 0.52883

Value Standard Error

H xc1 1.29896 0.00119

H xc2 0.24664 0.02201

H w1 0.0092 1.41613E-4

H w2 0.04828 2.24101E-4

H A1 0.13813 0.01872

H A2 0.12871 0.03175
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Спасибо за внимание 


