
1

Probing strong gravity using geodetic precession in nuclear scale
- Laboratory tests, wide range Review –

as tests of Inverse Square Law

Jiro Murata

Rikkyo University

1. Our Tabletop & Nuclear exp.
2. Interpretation of LHC & Atomic system

?

ATLAS

Workshop on Gravitational physics with particle accelerators 2017 

Nov.30, 2017 
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Test of Weak Equivalence Principle at the shortest scale

Ninomiya-Murata, Class. Quantum Grav. 34 (2017) 185005

Equivalence Principle ~ Lorentz Invariance ~ Quantum Gravity
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FAQ on Gravity

Where is the minimum scale, at which gravity is tested?

Expected answer: 100 micron

My answer: the LHC scale (10-20m)
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Experimental Constraints on Gravitational Inverse  Square Law

Yukawa parametrization
Boson exchange / 1st KK excitation 

Our analysis

Our experiments

Murata-Tanaka CQG 32 (2015) 033001
(arXiv:1408.3588)

Gravity not observed

Our work
1. Table top experiments
2. Nuclear experiments (done)
3. Reviewing Analysis (done)

Gravitational Wave

Apollo-11

Graviton mass – Freq. dep. on v ～
Wave form deformation
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Important points to think about experimental gravity

Be quantitative. Think S/N ratio. 

The backgrounds are 1030 times stronger forces.

1. shielding (or natural cancellation) 
2. extreeeeeme precision on background estimation 
3. extreme short distance

is necessary 

Gravity can be probed by many tools, in principle. 
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Newton-II Experiment (2009) 

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

F ~ 100pN weight of  10um water cubicNinomiya, J. Phys. CS453 (2013) 012007



J. Murata 2011



J. Murata 2011
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1st Gravity Signal

experiment
newton gravity

ሺ1.56 േ 0.21ሻ ൈ 10ିସdeg
ሺ1.38 േ 0.02ሻ ൈ 10ିସdeg

Target

Attractor

5mm20mm

Confirmation of Newton Gravity at mm with 10% precision (after UW, HUST) H. Murakami (2014)
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Attractor masses
(Tungsten wires 10~500micron)

1mm

Attractor Motion

Cantilever bending
~1nm 

wire image
Cantilever
(Tungsten wire 10~100micron)

micron scale

Shield

wire image

3rd

4th

2nd1st

Amplitude spectra

Thermal noise
+ Gravity signal

Suppression of High Frequency Thermal Noise 
by Image Analysis due to space smearing

Newton-V test setup & result 
(S. Saiba 2015)
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Wire pitch 4mm

MTV-G : Gravity Experiment
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   /exp1)( r
r

MmGrVgravity 

Test of Gravitational inverse square law at nuclear scale, 
to search large extra-dimension

Geodetic precession in a warped scape-time

S. Tanaka (2014)

Gravity Probe B (May 2011)
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Potential Energy

Force between quarks with Q=e & M=1TeV
Fundamental charge : quark color charge, e, MD

Nuclear Region
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MTV exp. = searching T-Violation 

T-Violating Electron Polarimetry

Searching Large Gravitational Precession



Scatt.(lead ball)

90Sr source

S. Tanaka (2014)

MTV-G exp.  



Thomas precession at ܤ ൌ 0

T=0.5MeV
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Relativistic Simulation (classical electromagnetism)

Spin Precession Observed !
Factor x 2 disagreed with simulation ..
Set upper limit on large geodetic precession (G at fm scale)

S. Tanaka (2014)
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Constraint maximum allowed gravitational 
strength G(r) at measuring scale r

28103)(
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Experiment (transition frequency) 1 x 10-8

Model (Planck const.)  4 x 10-8

SM / Gravity = 6 x 1035

32101)(
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rG

Experiment (transition frequency) 1 x 10-14

Model (Planck const.)  4 x 10-8

SM / Gravity = 2 x 1039Hydrogen atom 
(1S-2S)

pbar He atom (32-31)

30101)(
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NG
rG r = 2 x 10-19 m

r = 50 pm

r = 10 pm

LHC monojet etc.

ASAKUSA PRL 96, 243401 (2006)

CODATA 2010

Muonic hydrogen atom 34101)(
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r = 250 fm

r
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ADD assumed (n in dep.)

Murata-Tanaka CQG 32 (2015) 033001
(arXiv:1408.3588)

Ambiguity on Planck const. 

Nuclear structure : > 
Hadron structure ?

Proton Radius
Kumano-san
can contribute 

?
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ADD interpretation

Laboratory
(ADD assumed)

Collider
(Direct)

Short Range : Data  > Power Law Parametrization > (ADD) > MD
Collider : Data  > MD > (ADD) > Power Law Parametrization > alpha-lambda

Murata-Tanaka CQG 32 (2015) 033001
(arXiv:1408.3588)ATLAS PRL 110, 011802 (2013)

Searching graviton emission

30101)(
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# of extra dimension
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Compactification of extradimension

Quantification of extradimensional 
momentum 

seen as discrete graviton “mass” in 4d 
world

S Yukawa = power law

Extra Dimension : Power Law type (e.g. Donoghue post-
Newtonian, quantum correction )
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ADD line (power law) in Yukawa alpha-lambda
Alpha is not constant, but enhanced in power law

mm is the best place for n = 2LHC is the only sensitive tool 
for n > 2

Corrected alpha:
Physics = power law
Parametrization = Yukawa

Murata-Tanaka CQG 32 (2015) 033001
(arXiv:1408.3588)
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@ 10% precision 
Smaller scale around above Casimir region

High-end digital microscope & wire cantilever
Reduction of thermal noise by wide range video 
imaging (space smearing effect).

Murata-Tanaka CQG 32 (2015) 033001
(arXiv:1408.3588)

possible ? Low energy high precision accelerator exp.
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At
t

T
ar

Motor Freq. 1/17Hz

Gravity Signal 1Hz

Newton-V status

Newton-V Test Data 2017 at ~ 500 microns with 40 micron wire
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Murata-Tanaka CQG 32 (2015) 033001
(arXiv:1408.3588)
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Ninomiya-Murata CQG 34 (2017) 185005
(arXiv:1708.01482)

WEP Violation Parameter
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高エネルギーニュース Vol.32 No. 4 (233) 2014

日本物理学会誌 解説：まもなく脱稿(今日が締切)。。。





Scientific American JAPANESE edition. 2013
Book for young readers (blue backs) 2011
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BS Fuji Galileo-X, Nov 2013

NHK BS Cosmic Front, Nov 2014



Attractor Position

29Top View of the Torsion Balance Bar

J. Murata 2008



30Top View of the Torsion Balance Bar

J. Murata 2008



backup
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Movie File

Image Analysis

Ninomiya, J. Phys. CS189 (2009) 012026



33Yazawa, Sato 2005

2nd year of Newton-I 2006

Hata, J. Phys. CS189 (2009) 012019
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n

power rr
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ADD

ADD assumed (n in dep.)

m 23 TeVM D 6.4
TeVM D 9.1m 130

ADD n=2
Short Range Exp. (UW)
Collider Exp. (LHC)
ADD n>2
LHC is the only sensitive tool

Laboratory
(ADD assumed)

Collider
(ADD assumed)

Murata-Tanaka CQG 32 (2015) 033001
(arXiv:1408.3588)
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atomic

Casimir
Torsion Balance

< 10 um
Gravity cannot observed
Setting Upper Limits

Casimir, Atomic and Particle exp.

Murata-Tanaka CQG 32 (2015) 033001
(arXiv:1408.3588)
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n

power rr
MmGV 1'

Single Yukawa : Good at l ~ r 
Not Good for l >> r 

Power Law        : Good at all l region 
(Yukawa sum)           



Lunar Laser Ranging (LLR) Measurement : Apollo-11, 1969 

1010
s~0.00000001% @ 1000km

Dickey, Science 265 (1994) 482



Earth - LAGEOSMoon - LAGEOS

Planet’s Kepler Orbits

LAGEOS
Planets

Satellite / Planets Kepler Orbit : LAGEOS-NASA (1985)

s~0.00001% @ 1000km

710

Smith J. Geophys. Res. 90 (1985) 9221



Tower Measurement : BREN tower  465m, Nevada, 1989 

310
s~0.1% @ 1km

Thomas PRL 63 (1989) 1902

mg 



Torsion Balance Measurement :   UC – Irvine 1985 

310

Hoskins PRD 32 (1985) 3085

s~0.1% @ 1km
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Gravity not observed > 2.8 x 1015 m

> 1016 m

今回の重力波観測の影響

波形解析から

なかった領域

調べていない領域

ありそうな領域

距離

太陽系

ずれ（誤差）

逆二乗則からずれる～重力子が
質量を持つ～周波数によって速
さが変わる～波形が変わる

LIGO/Virgo PRL116 (2016)

分解能が向上すれば大幅に感
度あがるかも


