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OverviewOverview

1.1. EquivalenceEquivalence principleprinciple testtest forfor neutronsneutrons (short(short review)review)

2.2. NeutronNeutron quantumquantum gravitygravity experimentexperiment ofof aa newnew typetype

3.3. PossibilityPossibility ofof thethe increasingincreasing ofof itsits accuracyaccuracy..
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Equivalence principle tests with neutrons Equivalence principle tests with neutrons 

(Short review)(Short review)
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1. g =935 ±±±± 70cm/sec2

2. J.W.Dabbs,J.A.Harvey, D.Pava and H.Horstmann, 1965
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g(002)=973.1 ±±±± 7.4cm/sec2

g(100)=975.1 ±±±± 3.1cm/sec2

gloc = 979.74cm/sec2



L.Koester, 1976

Knowing the neutron mass m and local free fall acceleration g one can obtain the 
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V.F.Sears,1982

Knowing the neutron mass m and local free fall acceleration gloc one can obtain the 
effective scattering length beff

2

0

22

loc

eff

m g h
b ====

π ρπ ρπ ρπ ρh

Coherence length  b was measured  also in the neutron scattering experiment with 
Pb and Bi. Thus the equivalence factor γγγγ was found

1-γγγγ = (3±3)××××10-4

J. Schmiedmayer, NIM A 284, (1989) 59 γγγγ = 1.00011 ±±±± 0.00017



Koester’s experiment and the problem of nKoester’s experiment and the problem of n--e scatteringe scattering

When the value of When the value of bbcoh coh extracts from the total cross section extracts from the total cross section 

data it is necessary to take into account ndata it is necessary to take into account n--e scattering. For the e scattering. For the 

case of case of PbPb and and Bi Bi correspondent corrections are of the order correspondent corrections are of the order 

1%.1%. Consequently, if one aim to reach Consequently, if one aim to reach 1010--44 in precision of bin precision of bcohcoh

the amplitude of nthe amplitude of n--ee scattering must be known with precision scattering must be known with precision 

ofof 1%1%. . 
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It is not evident that bne is known with such 
precision even now 

ofof 1%1%. . 



Quantum experiments with Quantum experiments with 

neutron interferometerneutron interferometer
R.Colella, A,W.Overhauser and S.A. Werner (COW), 1975
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K.S.Litrell, B.E.Allman and S.A.Werner, 1997

The experimentally obtained values for the gravitationally induced phase factor The experimentally obtained values for the gravitationally induced phase factor uu were lower were lower 

than the theoretically expected value by than the theoretically expected value by 1.5%1.5% for the skewfor the skew--symmetric interferometer data symmetric interferometer data 

and and 0.8%0.8% for the symmetric interferometer data in measurements with relative uncertainties for the symmetric interferometer data in measurements with relative uncertainties 

of  of  0.12%0.12% and and 0.11%, 0.11%, respectivelyrespectively..

ILL experiment of ILL experiment of G.van der Zouw, et al. (2000) G.van der Zouw, et al. (2000) with the accuracy of about 0.9% did not with the accuracy of about 0.9% did not 
solve the problem.solve the problem.



Experiment with UCNs (2006)Experiment with UCNs (2006)
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Idea of the experimentIdea of the experiment
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Two components are necessary for the realizationTwo components are necessary for the realization

1. Spectrometric elements1. Spectrometric elements
2. Non stationary device2. Non stationary device
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The spectrometry of UCN based on the The spectrometry of UCN based on the 
using of quantum monochromator using of quantum monochromator ––

FabryFabry--Perot interferometerPerot interferometer
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Fabry Fabry PerotPerot interferometer interferometer 

(Neutron Interference filter)(Neutron Interference filter)
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Interference filters Interference filters –– neutron Fabry neutron Fabry ––Perot interferometersPerot interferometers
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Multilayer structures on a Si wafer.
Number of layers 5-120. Typical thickness of a layer 200-
300 Å. Uniformity 2-3%



Moving grating as a non stationary Moving grating as a non stationary 
devicedevice
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Moving gratingMoving grating
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Neutron diffraction by surface Neutron diffraction by surface 
waves:waves:
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1. 1. Solution of a diffraction problem in a movingSolution of a diffraction problem in a moving system. system. 

2. 2. Galilean transformation of the wave function.Galilean transformation of the wave function.

waves:waves:

1. I.M.Frank,1. I.M.Frank, 19751975..
2. W.A. Hamilton.,  et al (1987)2. W.A. Hamilton.,  et al (1987)



Main theoretical resultsMain theoretical results
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Moving grating as a quantum modulatorMoving grating as a quantum modulator
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Diffraction in -1 order was used in our experiment
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UCN spectrometer with UCN spectrometer with FabryFabry--Perot interferometersPerot interferometers
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Two FPIs with variable Two FPIs with variable 
distance between themdistance between them

DetectorDetector
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Experimental resultsExperimental results
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Scanning curves measured at various grating rotation frequency and correspondent fitting curves

18 February 2010 GRANIT-2010 19

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44

1,0

1,5

2,0C
o

u
n

t 
ra

te
 (

c/
se

c)

Distance betwee the filter (cm)

g n max
m a H = Ω= Ω= Ω= Ωh



Final resultFinal result
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Bth = 0.30421

N = N = 75398 75398 



Possibility of increasing accuracy of Possibility of increasing accuracy of 
UCN experimentUCN experiment
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The main problems are:The main problems are:

1. 1. Serial (point after point) method of the scanning curve Serial (point after point) method of the scanning curve 

measurements measurements 

2. 2. Large influence of the background on the value of the measured Large influence of the background on the value of the measured 

center of the scanning curve.center of the scanning curve.
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Nearest Future: New Gravity UCN spectrometer with FPNearest Future: New Gravity UCN spectrometer with FP--

interferometers and modulation of intensityinterferometers and modulation of intensity

2,0

Alternative measurement method will Alternative measurement method will 
be used.be used.
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Count rate modulation measured in 2007. f = 105 HzCount rate modulation measured in 2007. f = 105 Hz. . tt≈≈≈≈≈≈≈≈ 0.11 сек. 0.11 сек. 



Time of flight spectroscopy by the measurement of Time of flight spectroscopy by the measurement of 

the count rate modulation phasethe count rate modulation phase
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Detector
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Time of flight spectroscopy by the measurement of Time of flight spectroscopy by the measurement of 

the count rate modulation phasethe count rate modulation phase
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Time of flight spectroscopy by the measurement of Time of flight spectroscopy by the measurement of 

the count rate modulation phasethe count rate modulation phase
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Time of flight spectroscopy by the measurement of Time of flight spectroscopy by the measurement of 

the count rate modulation phasethe count rate modulation phase
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Time of flight spectroscopy by the measurement of Time of flight spectroscopy by the measurement of 

the count rate modulation phasethe count rate modulation phase
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New experiment with UCN spectrometer usingNew experiment with UCN spectrometer using

FPFP--interferometers and modulation of intensityinterferometers and modulation of intensity

UCN

Advantages: Advantages: 

1.1. In contrast with calculated center of the scanning In contrast with calculated center of the scanning 
curve, the modulation phase did not sensitive  to the curve, the modulation phase did not sensitive  to the 
background.  (It may change only the amplitude of background.  (It may change only the amplitude of 
modulation).modulation).

2.    It is not necessary to scan the full curve (40 points in 2.    It is not necessary to scan the full curve (40 points in 
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Estimated sensitivity 2 Estimated sensitivity 2 ××××××××1010--44

(one cycle at PF2 ILL) (one cycle at PF2 ILL) 

2.    It is not necessary to scan the full curve (40 points in 2.    It is not necessary to scan the full curve (40 points in 
2006). Due to linear dependence of phase on filter 2006). Due to linear dependence of phase on filter 
position It is enough only to measure phase in some position It is enough only to measure phase in some 
points.points.



Step motor VSH 65HV  and driver MCD + 93-70

18 February 2010 GRANIT-2010 30



AuthorsAuthors

А.А.I..Frank, GI..Frank, G..VV..KulinKulin, D, D..KustovKustov, S. , S. GoryunovGoryunov

FLNP JINR, Dubna

P.GeltenbortP.Geltenbort, , MM..JentschelJentschel,,

ILL, Grenoble

18 February 2010 GRANIT-2010 31

A.N. A.N. StrepetovStrepetov

RRC  I.V. Kurchatov Institute, Moscow



Thank you for your attention!Thank you for your attention!
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Koester experiment. Modern viewKoester experiment. Modern view

Experiment Year bne*10-3 fm

Melkonian, Bi cryst spectr σt [3]

Re-estimation, Koester

Re-estimation, Kopecky [4]

1959

1976

1997

-1.56±0.05

-1.49±0.05

-1.44±0.03±0.06

Krohn, aqngle distribution on gases

Re-estimation, Krohn [5]

1966

1973

-1.34±0.03

-1.33±0.03

Alexandrov, 186W [6] 1975 -1.60±0.05

1. The problem of  n-e scattering. 

When When bbcohcoh extracts from the measuring of the total crossextracts from the measuring of the total cross--section, the nsection, the n--e scattering must be e scattering must be 

taken into account. For the case of taken into account. For the case of PbPb and and Bi Bi this correction is about of this correction is about of 1%.1%.

Thus for the accuracy of Thus for the accuracy of 1010--44 thethe nn--e scattering amplitude must be known with precision of e scattering amplitude must be known with precision of 1%1%. . 

It is not evident that bne is 
Koester, filters –bcoh Pb [7]

Re-estimation, Nikolenko [8]

1976

1990

-1.364±0.025

-1.32±0.03

Koester, filters –bcoh Pb [7]

Re-estimation, Nikolenko [8]

1976

1990

-1.393±0.025

-1.33±0.03

Alexandrov, TOF σt - bcoh Bi [9]

Re-estimation Nikolenko [8]

1986

1990

-1.55±0.11

-1.40±0.04

Koester, filters –bcoh Pb, Bi [10] 1986 -1.32±0.04

Kopecky, liquid 208Pb TOF σt [11] 1995 -1.31±0.03±0.4

Koester, 208Pb,Bi TOF [12] 1995 -1.32±0.03

Kopecky, liquid 208Pb TOF σt [4] 1997 -1.33±0.03±0.03

Kopecky, liquid Bi TOF σt [4] 1997 -1.44±0.03±0.04
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It is not evident that bne is 
known now with such 
precision 

Thanks to G. Samosvat


