Present status of PNPI-ILL EDM experiment
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Scheme of multi-chamber EDM spectrometer
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December 2007. Assembly of multi-chamber EDM
spectrometer
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December 2007. Assembly of multi-chamber EDM
spectrometer

UCN detector with analysis of polarizi
(13 neutron channels, 117 Si detectors with electronics)



December 2007. Assembly of neutron guide system and switcher.
March 2008 Reparation of switcher and UCN guides
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System of 16 Cs-magnetometers

The scheme of
16 Cs-magnetometers
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Magnetic field of multi-chamber EDM spectrometer
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Counts

UCN detector system
(13 neutron channels, 117 Si detectors)
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Left: pulse height spectra of upper part of detector array 10 placed above analyzer
foil and consisting of 4 detectors with size 2 cm x 6 cm. Right: spectra of lower part
of detector array placed under analyzing foil and consisting of 5 detectors with sizes
2cmx 6 cm.



Preliminary estimation of sensitivity of
multi-chamber EDM spectrometer

Number of UCN captured in the Estimation of sensitivity:
traps:

1.5-10-2> e-cm/day
N=5.1-10% (p=0.85 n/cm3)
Storage time in the traps:

=47 s

Tstor

Unfortunately, UCN density is about 4 times less than expected.



Problems of multi-chamber EDM spectrometer

1. Noise of Si-detector (complicated electronic system).

Improvement of UCN detector system is required!

2. Two double-chamber scheme with three monitor chambers is
optimal one.

3. In the middle of 2" reactor cycle 2008 we revealed the damage
of the electric contact of the current input inside the cryostat of
the superconducting UCN polarizer.

The complicated reparation has to be done!

We were forced to continue program by means old double-
chamber EDM spectrometer.
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Assembly of double-chamber EDM spectrometer in
summer 2008 in the interval between reactor cycles
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August 2008. Completion of main part of assembly.
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September 2008. Start of the first measurements




Resonance curve of the double-chamber EDM

spectrometer
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nance curve of the double-chamber EDM spectrometer
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Magnetic field, nT

Stability of magnetic field during resonance measurements
(system of stabilization of resonance conditions +
feedback by means current coils)

full day tests of bridge crane
after reparation
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Preliminary estimation of sensitivity of
double-chamber EDM spectrometer

Number of UCN captured in the Sensitivity:
spectrometer trap:

1.5-10-%% e-cm/day
N=4.1-10%
Storage time:

Ty =00 S

stor

Unfortunately, UCN density in the traps again about 1 n/cm3.
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Direct measurements of UCN density in the EDM
spectrometer entrance and at the UCN turbine exit
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EDM spectrometer entrance
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High-voltage test in PNPI
(30 kV/em — 5 ecm, 20 kV/cm — 8 ¢cm)

j ﬁ : new HV device
vacuum vessel of . |. with changeable

new device : . polarity




Conclusion
(for the 1% part)

To reach accuracy of measurements 1-10-2° e-cm
(three times better than present limit 3-10-%¢ e-cm)
2 years of measurements are required.
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2. New constraints for CP-violating forces
in range 10 cm — 1 cm
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Possible long-range interaction (axion-like interaction)
between nucleons

A.A. Anselm JETP Lett. J.E. Moody and Frank Wilczek
v36 N2 (1982) Phys. Rev. D v30 N1 (1984)

M..(2) r - - r
gs gs Y 1)..(2) 621‘ 1 1 -
Var)=—>="—e* V(r)= +—|e?
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Direct experimental limits for g,g, and
“axion window” of mass or distance of interaction
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Figure 1: Short-distance gravity upper lim- Mg %
its [37] on the product of mass- and spin-vertex
couplings as a function of the interaction range Figure 2: Exclusion and experimental search ranges
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Additional potential near material surface

V(r)=0.0, = ( 1 +i2)e%

I 8zm \Ar r
V(2)= 1V,e /2 (1 - e_%) ~1V,e /7
d>A
)
where V, = am Ng.g,
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Additional effective magnetic field in EDM spectrometer
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Calculation of UCN depolarization per one wall collision

The pseudo-magnetic field near to a surface is described by dependence:
H(r)=H, (4)e’" ™"
where

)

H = N
o= am %%

In system of coordinates of a moving neutron H (r) is transformed to H , (t):
H, (t)=H, (2)e
where 7, = Al v, V.- normal component of speed to a wall surface.

Thus, in rotating system of coordinates of a moving neutron:

H(t)=H, (2)e cosat
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Calculation of UCN depolarization per one wall collision

, P,=P cosp~ F’O(l—(oz/Z)
|30 B = ¢2 / 2 - probability of depolarization for one wall collision
Y/
o dzyH t
¢ =2myH, j e cos o, tat = WA ’12
o 1+ (a)zz'/l)
20,7
P = S
1+ (wzrl)

where @, =2zyH, (/1)

2
'le{ 20,7, }
2{ 1+ (w,7,)
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UCN depolarization after n collisions

1) R=R(1-¢'/2)
P,=R(1-¢'/2)
P =P (1-¢"/2)

where N — average number of collisions, f — the frequency of collisions
with the vertical wall in a unit of time, T — UCN storage time

2) ®s, =\/ﬁ¢
P,=P,(1-¢}/2)=R(1-np*/2) =R, (1- Tg’ /2)

29



Measurement of UCN depolarization in EDM spectrometer

Polarization
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New constraints for CP-violating forces between nucleons
in the range 104 cm + 1 cm
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The future progress in this task is possible by means
search for shift of resonance line. For this purpose

the multi-chamber EDM spectrometer can be used
(See talk of Oliver Zimmer.)
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Final conclusion

Both experimental tasks:

* search for pseudo-magnetic CP-violating field
* search for neutron EDM

should be realized
using different EDM spectrometers
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