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Probing strong gravity using geodetic precession in nuclear scale
- Laboratory tests, wide range Review —
as tests of Inverse Square Law .
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Test of Weak Equivalence Principle at the shortest scale
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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%°m)



Experimental Constraints on Gravitational Inverse Square Law

Our analysis Murata-Tanaka CQG 32 (2015) 033001
10" (arXiv:1408.3588)
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Important points to think about experimental gravity

Be quantitative. Think S/N ratio.

Gravity can be probed by many tools, in principle.

The backgrounds are 103° times stronger forces.

1. shielding (or natural cancellation)
3. extreme short distance

IS hecessary :



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

Newton-ll Experiment (2009)

6
Ninomiya, J. Phys. CS453 (2013) 012007  F ~100pN . weight of 10um water cubic
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| Newton-IVh (2013) |
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Attractor masses _ _ .
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& TRIUMF
MTV-G : Gravity Experiment

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

[-ainm [2013 Tansia Arakes|

Frame-dragging Effect ‘ 2 ninadce
-39 mas/year WE \ L R ; M m
i 2 LV =cb—— [1 +a exp(— r/ l)]
Guide Star e =Y - r

IM Pegasi

(HR 8703) © (

Geodetic Effect
-6,606 mas/year NS

lambda [m]

Gravity Probe B (May 2011)

spinning particle

Nucleus large geodetic precession Nucleus

| Newton Gravity = Flat Space Time | Strong Gravity = Warped Space Time




Planck Scale

Energy [GeV]

Higer Dimensional Planck Scale
g MD=1TeV/c?

\-\ otrong

Newton Gravity

5

Distance [m]

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

12
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Mott polarimetry for 7-Violation exp.
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T-Violating Electron Polarimetry

Searching Large Gravitational Precession




beta decay

beta source

O

Transverse Pol.

| Coulomb scattering

e o7

Longitudinal Pol.

2nd scattering = Mott analyzer

Transverse Pol.

Longitudinal Pol.

S. Tanaka (2014)
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lectron / / pb : : m—
S ociron [ muon 7 phar Constraint maximum allowed gravitational

strength G(r) at measuring scale r

AL = AVt AV,

o measure ( FC )\2 N O_theory ( FC ) <
pbar He atom (32-31) ASAKUSA PRL 96, 243401 (2006) - measure . / S

G(r) <3%10% SM / Gravity = 6 x 1035
G, r=10pm Experiment (transition frequency) 1 x 108
Model (Planck const.) 4 x 108
CODATA 2010

G(r) <1x10% SM / Gravity = 2 x 103°
G, r=50pm Experiment (transition frequency) 1 x 10-14
Model (Planck const.) 4 x 108
THC monoiet ete. r r=2x10"m - r
LHC monojet etc G(r) 1x10¥ Muonic hydrogen atom G(r) < 1x10*
Gy r =250 fm G,

Hydrogen atom
(1S-25)




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

ATLAS PRL 110, 011802 (2013) # of extra dimension  (arXiv:1408.3588)
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Kaluza-Klein modes

0 mode Newtonian Gravity

= power law

Extra Dimension : Power Law type (e.g. Donoghue post-
Newtonian, quantum correction )

Compactification of one extra-dimension
A\(0) = inf

Yukawa pot.
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A2 =R/2

h=0+1+2 mode
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N3 =R/3

An)=R/n

of extradimension

\ g

momentum

\ 4

seen as discrete graviton “
world

of extradimensional
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ADD line (power law) in Yukawa alpha-lambda

Alpha is not constant, but enhanced in power law

Murata-Tanaka CQG 32 (2015) 033001
arXiv:1408.3588
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@ 10% precision

Smaller scale around above Casimir region
Murata-Tanaka CQG 32 (2015) 033001

(arXiv:1408.3588)
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High-end digital microscope & wire cantilever

Reduction of thermal noise by wide range video
imaging (space smearing effect).
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A review of short-range gravity experiments
in the LHC era
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Short-range test of the universality of WEP Viclation Parameter

gravitational constant G at the millimeter
scale using a digital image sensor
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Figure 7. Constraints on the ‘reduced” WEP violation parameter 1/A(B/ ). plotted as
a function of measuring distance. The result of this study is shown as Newton-11 2016.
References are same as figure 6.
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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: UC —Irvine 1985
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SEOENRBADEE

Finally, assuming a modified dispersion relation for
gravitational waves [97], our observations constrain the

Compton wavelength of the graviton to be 4, > 10" km,
which could be interpreted as a bound on the graviton mass

5 o) . . - -
m, < 1.2 x 107 eV/c=. This improves on Solar System

f‘ \ —-/'\E il:l o v R
fe & /= =k and binary pulsar bounds [98,99] by factors of a few and a
thousand, respectively, but does not improve on the model-

dependent bounds derived from the dynamics of Galaxy
clusters [100] and weak lensing observations [101]. In
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