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Dabbs et al., Phys. Rev. 139 (1965) B756
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Gravity is extremely weak.

PROPERTIES OF THE INTERACTIONS

Interaction

unaamen

Acts on: Mass - Energy Flavor

Electric Charge Color Charge See Residual Strong
Particles experiencing: All

Interaction Note

Quarks, Leptons Electrically charged Quarks, Gluons
i iating: Graviton -
Particles mediating: ik yet\(l)lbgmg) w+ w- 20
Strength relative to electromag | 10-18 m 10-41 0.8
for two u quarks at:

i : 3x10-7 m 10-41 104

for two protons in nucleus 10-36

Hadrons

Y Gluons Mesons

1 25 Not applicable
1 60 to quarks
1

Not applicable

1077 to hadrons 20
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PROPERTIES OF THE INTERACTIONS
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Property Gravitational
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Strength relative to electromag | 10-18 m 10~ 0.8
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Y Gluons Mesons

1 25 Not applicable
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Why is the gravity so weak?
Gravity is not renormalizable.
Gravity is the nature of space time.

Gravity is essential at the Planck scale.

“hierarchy problem”: Mcutr~1024eV & Msu2)xu(1)~1011eV

Phenomena out of the standard model is existing.

N rin illation, Dark Ener Dark M r
Super-K, SNO, KamLAND WMAP
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Gravity is extremely weak.
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Gravity is extremely weak.
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Gravity is extremely weak.
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Gravity is extremely weak.
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Neutron Electric Dipole Moment

n

|dn|<3%x10-26 @ cm
(90%C.L.)

Baker et al., PRL97 (2006)131801
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Neutron Electric Dipole Moment
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Measurement of Neutron Electric Dipole Moment

search for the phase change when the electric field is reversed
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Confined Ultracold
Neutron

. E=104 V/cm, T=100s
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Measurement of Neutron Electric Dipole Moment
Confined Ultracold Neutron Spin Precession Frequency
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Measurement of Neutron Electric Dipole Moment
Confined Ultracold Neutron Spin Precession Frequency
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Neutron Phase induced by Earth’s Gravity

Collela, Overhauser, Werner, Phys. Rev. Lett. 34 (1975) 1472
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Neutron Phase induced by Earth’s Gravity
Collela, Overhauser, Werner, Phys. Rev. Lett. 34 (1975) 1472
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Neutron Phase induced by Earth’s Gravity

Collela, Overhauser, Werner, Phys. Rev. Lett. 34 (1975) 1472
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Neutron Phase induced by Earth’s Gravity

Collela, Overhauser, Werner, Phys. Rev. Lett. 34 (1975) 1472
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Neutron Phase induced by Earth’s Gravity

Collela, Overhauser, Werner, Phys. Rev. Lett. 34 (1975) 1472
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Neutron Phase induced by Earth’s Gravity

Collela, Overhauser, Werner, Phys. Rev. Lett. 34 (1975) 1472
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Fermi pseudopotential

Neutron Reflection

: neutron mass

b : scattering length
:  atomicnumber density

neutron wavelength : A

+243neV
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Fermi potential O
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Multilayer Mirror

neutron wavelength : A A=2dsin¢ non-uniformity and roughness decreases the reflectivity
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: : Y. Seki et al., J. Phys. Soc. Jpn. 79 (2010) 124201.
Mirror Alignment ekl etal, J. Phys. Soc. Jpn. 79 (2010

Space r (ZERODURE)

14 mm

multilayer mirror
gap layer
multilayer mirror
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: : Y. Seki et al., J. Phys. Soc. Jpn. 79 (2010) 124201,
Mirror Alignment ekl etal, J. Phys. Soc. Jpn. 79 (2010
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: : Y. Seki et al., J. Phys. Soc. Jpn. 79 (2010) 124201,
Mirror Alignment ekl etal, J. Phys. Soc. Jpn. 79 (2010
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Multrlayer Neutron Interferometer

larger interferometer

nC* | LAU
=¢II—¢1’¥\/%‘7LC

better statistics slower neutron
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Multllayer Neutron Interferometer
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Neutrons for General Relativity ~ T.Morishima Nucl. Instrum. Methods A529 (2004) 187

nceutron

interleromeler
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Neutrons for General Relativity ~ T.Morishima Nucl. Instrum. Methods A529 (2004) 187
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Neutrons for General Relativity

nceutron
interleromelter

T.Morishima Nucl. Instrum. Methods A529 (2004) 187
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Neutrons for General Relativity ~ T.Morishima Nucl. Instrum. Methods A529 (2004) 187
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Neutrons for General Relativity
_ Jamin type
post-Newtonian terms \

P ; ) i
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Aromalous Gravity?

3-dim. Gravity N-dim. Gravity
m.m m.m
| 17749
F(r) G 2 FN(F)=GN N1
continuity at r=R*
G, [ G,
R %2 = R *N -1 G R xN-3

If R* is longer than the Planck’s length, Gz becomes smaller.

- - GM
Parametrization:  V(r)=-—— (1 Lo P—f//\)

KK-graviton, which is emitted off our brane with the momentum
(a1, g2, ...,an) along the extradimension, looks having the mass |q].

momentum is quantized in the unit of 27 /L in the extra-dimension

n
(2L ) /e"“'d"’u
—

r r<< L

Title(Slow Neutron at J-PARC)
Conf(Workshop on Gravitational
Date(2017/11/30) At(Tokai)




Scattering Experiment to study Intermediate-range Force
T.Yoshioka

Differential cross section

Neutron Scattering by Noble Gas Atoms

search for deviations from nuclear scattering degree
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Scattering Experiment to study Intermediate-range Force
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Fig 1. Exclusion map for an unknown interaction A[m]
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Scattering Experiment to study Intermediate-range Force

Scatterlng Exp *:.
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Interferemetric Search for Intermediate-range Forces

U(z) = — / AGMmanp —r/xqy
vV

T

—2raGm,pAZe /A

density

P2=E24n24+({+2)>2 volume

Mhn
neutron
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Interferemetric Search for Intermediate-range Forces

U(z) = —2raGm,,pr2e=*/>

N=2 a=16/3
G=6.67x10-11 m3 s-2 kg-1
Mn=1.674x10-27 kg
p=1.930x104 kg m-3

density
p=19.30 g cm-3

A=2x104m = U(0) = -2x10-20 eV
A=102m = U(0) = -4.5x10-17 eV

mn=1 .6 74
neutron
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Interferemetric Search for Intermediate-range Forces
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a=16/3

G=6.67x10-11 m3 s-2 kg-1
mn=1.674x10-27 kg

0=1.930x104 kg m-3
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A=2x104m = U(0)=-2x10-20 eV
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A¢ — ¢II — ¢I B MnC LAU mpc? = 9.4 x 10%V
2K he fic =197 x 10~ eV m (= 197 MeV fm)
E L Adp AU AU/(mqg)
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1m 10 rad 9% 1016 eV 9 nm
m 103 rad 5x1018 eV 40 pm
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alSi interferometer
w8 multilayer interferometer
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lgcm—3

w/1m2 multilayer interferometer
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Summary

Precise measurement of the spin precession of ultracold neutrons

for spin-dependent gravity o-g

Enlarged multilayer interferometer for pulsed cold and very-cold neutrons
for post-Newtonian terms

For anomalous gravity in short-distance

heutron scattering, neutron interferometry

Title(Slow Neutron at J-PARC)
Conf(Workshop on Gravitational P
Date(2017/11/30) At(Tokai)




Phys. Rev. D59 (1999) 086004

Anomalous Gravity in the vicinity of Material Surface
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Val(r) = G ae T/

T
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X

L

<Veﬂ" — 21 Gamy, pA* (2 _ e—w/)\)

Title(Slow Neutron at J-PARC
Conf(Workshop on Gravitatia
Date(2017/11/30) At(Tokai)



Phys. Rev. D59 (1999) 086004

Anomalous Gravity in the vicinity of Material Surface
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Anomalous Gravity in the vicinity of Material Surface
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Phys. Rev. D59 (1999) 086004

Anomalous Gravity in the vicinity of Material Surface

Veg = kg 202eL/2X cosh (z)

A
z\  sinh(L/A) = [2(—=1)"(L/A)sinh(L/X) nmwe
COSh(X) =~ LA +n§[ (L/N)2 + n2n? COS(—)]
pamametric resonance
2k0 nm 4L

sy L T 70
2 SPUYAN T

a?X2  (L/N)sinh(L/\) o—L/@N

T="32 (T/22 + 16x2(L/ )
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Anomalous Gravity in the vicinity of Material Surface
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Parametric Resonance in 1-dim Potential
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Gudkov, Shimizu, Greene, PRC 83 (2011) 025501
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Parametric Resonance in 1-dim Potential
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Parametric Resonance in 1-dim Potential
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Experimental Apparatus of the Search for Parametric Resonance
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Experimental Apparatus of the Search for Parametric Resonance
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Experimental Apparatus of the Search for Parametric Resonance
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Experimental Apparatus of the Search for Parametric Resonance
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Experimental Apparatus of the Search for Parametric Resonance
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alSi interferometer
w8 multilayer interferometer
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w/1m2 multilayer interferometer
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Summary

Precise measurement of the spin precession of ultracold neutrons

for spin-dependent gravity o-g

Enlarged multilayer interferometer for pulsed cold and very-cold neutrons
for post-Newtonian terms

For anomalous gravity in short-distance

heutron scattering, neutron interferometry
parametric resonance?
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