Experimental test of gravitational inverse square law at short range
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Experimental Constrains

Deviation frorn Newtonian Gravity (Newton = 1)
20

10
excluded area

Upper Limits

p-atom

‘ = G2 (1 e

Van der Waals r

Planstary
Lake Tower Lumar Precession

Torsion Balance
10"° ‘ g ' : 10 *3 10*® 10

nuclei Earth moon lambda [m]

+9

Interaction Range

Existence of Gravity Confirmed




Lunar Laser Ranging (LLR) Measurement : Apollo-11, 1969
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Satellite / Planets Kepler Orbit : LAGEOS-NASA (1985)
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Tower Measurement : BREN tower 465m, Nevada, 1989
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Torsion Balance Measurement :
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Torsion Balance Measurement: Cavendish 1797 ...
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LIMITS ON EXTRA YUKAWA FORCE
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Interaction Strength between quarks/leptons
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Large Extra Dimension Model (ADD) 1998
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Violation of Newtonian inverse square law is expected at 0.1mm,
assuming unification scale of 1TeV with d = 2
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Prologue : PHENIX exp. at RHIC
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Prologue : PHENIX Muon Tracking Chamber 1999~2001

Three Stations of Cathode Strip Chambers
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HIC-PHENIX Optical Alignment System to
Pico precision Displacement Sensor
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Wide Dynamic Range, Precision Position Measurement

Extremely weak force measurement, by observing displacement

In cm scale,
Gravitational Force ~ 10nN
Initial Position Place Another Mass Displacement ~ 1nm (1m pendulum)
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Newton-0 exp. 2003

1st Step Exp. Using 1m long Pendulum Measured Result
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Newton-l, Il Torsion Balance Experiments
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Movie File

Image Analysis

Ninomiya, J. Phys. CS189 (2009) 012026




2"d year of Newton-I 2006

4000

Time(sec)

Yazawa, Sato 2005
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Small Scale, Legacy, but unique and powerful tool:
Torsion Balance Bar

NEWTON Experiment (2009)

F ~ 100pN o weight of 10um water cubic
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Attractor Position
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Top View of the Torsion Balance Bar
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Top View of the Torsion Balance Bar




..Sults from the Newton Torsion Balance Experiments
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Eot-wash experiment : University of Washington (2006)
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Gravity Signal Search at LHC-ATLAS

s Quantum Black Holes
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Planck Mass Meodification in ADD
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Searching Large T-Violation at TRIUMF, Canada \"rr //

ot P(Lv-'vndiy for T2V olations exp.
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T-Violation < 0.1%
Murata, J. Phys. CS312 (2011) 102011
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MTV-G exp. : Searching Large Geodetic Precession \ rr W
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Planck Length

M W

MTV-G exp. : Strong Gravity Search at Nuclear Scale ) . % .7,

Gravity may not be possible to be ignored ...
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Measurement = R-Correlation MW
Search of P-odd & T-odd New Interaction b fir T o
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Book for General Readers
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Warped Passages Lisa Randall, S. Mukohyama, 2007

“Extra-dimension” and Violation of Inverse Square Law
Kodansha, Jiro Murata, 2011
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Playing with Gravity is a great fum !

Let’s enjoy together !

Tower Measurement (undergraduate exp.)
at Tokyo Skytree, Jan 2013




