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Test of Inverse Square Law of Gravity
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Test of Inverse Square Law of Gravity

* Gravity is extremely weak compared to the other forces
— Can be naturally explained by assuming extra dimensions.

— Deviation from inverse square law 1s expected if extra
dimensions exist.

— Model-independent search is performed by assuming
Yukawa-type force with coupling constant oo and Compton

wavelength A.
V =—-Gxn mr,:M (1 + oze_r/)‘)
Newtonian  Yukawa
potential potential
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a-A Exclusion plot
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a-A Exclusion plot
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a-A Exclusion plot

Main background is Van der Waals force ' " Sealfon et al, Phiys. Rev. D. 71 083004
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Experimental Principle

» Differential cross section of Yukawa force is evaluated with Born approximation.

do (6)
dQ2 |y

mry . Target mass
Onuclear - NUClEAr scattering
Cross section

* Nuclear scattering = Isotropic

* Yukawa force = strong angular
dependence in the forward region
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Mercury Target
for neutron production

Muon Production Target
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J-PARC/MLF/BLO5(NOP)
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J-PARC/MLF/BL05(NOP)
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Supermirror bender

* It has an advantage for small angle scattering experiment although
beam intensity i1s low compared to the other two branches.

* We can simultaneously take data with neutron lifetime experiment.
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Experimental Setup

Beam stopper

Vacuum chamber

Gas circulalion|
system

Collimator T AN ) .
/L

BLOS duct Gas cell Vacuum chamber

T N\
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* Physics run has been started in late 2016.
 J-PARC beam power : 150 kW

e
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Results
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* First, experimental data is normalized by the corresponding simulation data for each
gas species to remove any g-dependence, then the ratio of two gases was taken.
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Results

Set new limit below 0.1 nm. 10%
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Summary & Prospects

* A search for deviations from inverse square law of gravity at nm range via
neutron-noble gas scattering has been performed at J-PARC/MLF/BLOS.

 We set new limit below A < 0.1 nm using first data taken in 2016/2017.

* We have already collected more data with improved apparatus and higher
beam power (300kW)1in Dec. 2017.

— Background was greatly reduced. Can be access larger Aregion.

e Continue data taking until this summer.

— J-PARC beam power will be 400kW from Jan., 500kW from Apr. and more after
summer shutdown.

* Ne and Kr will be tried for the systematics studies.

2018/Jan/9 10th International Workshop on 22
Fundamental Physics using Atoms



