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The motion of a body K can only be estimated by reference to
other bodies A, B, C, ... When we reflect that we cannot abolish
the isolated bodies A, B, C, ... that is, cannot determine by ex-
periment whether the part they play is fundamental or collateral,
that hitherto they have been the sole and only competent means
of the orientation of motions ..., it will be found expedient pro-
visionally to regard all motions as determined by these bodies.

- E. Mach Science of Mechanics
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LQG: Discrete Spatial Geometry
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Discrete spectra for Geometry

Angle Eigenvalua Spacirum vs. Total Spin of Vertex
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Discrete Geometry Phenomenology

~ Deep geometry has no metric structure



Discrete Geometry Phenomenology

~ Deep geometry has no metric structure

- Metric is emergent

- Local Lorentz invariance is “broken” (LLI)

- Local position invariance is “broken” (LPI)

- Rotational invariance is “broken”

- Remnants of deep spatial geometry have physical effects
- Effects exist in flat space, curvature is not necessary



Discrete Geometry Phenomenology

~ Observed geometry is stable



Discrete Geometry Phenomenology

~ Observed geometry is stable

- no inflating extra dimensions

- NO sign of signature change

- NO change in orientation

- Planck temperature 1032 K

- Fluctuations small, long range

~~ Deep geometry stable and discrete



Discrete Geometry Phenomenology
In LQG one would like semiclassical states of flat space.

Simple model of deep spatial geometry “Cellular froth":

- Random geometry is “close” to LPI, LLI, rotational invariance
- NO regular complex

- grainularity: average coordination number or *“contiguity num-
ber”

- For Voronoi (or Wigner-Seitz) froth average faces/ cell 13.6
(Coexeter)



Discrete Geometry Phenomenology
In LQG one would like semiclassical states of flat space.

Simple model of deep spatial geometry “Cellular froth":

- Random geometry is “close” to LPI, LLI, rotational invariance
- NO regular complex

- grainularity: average coordination number or *“contiguity num-
ber”

- For Voronoi (or Wigner-Seitz) froth average faces/ cell 13.6
(Coexeter)

~» fundamental particle motion is stochastic



A Machian Model

...1t will be found expedient provisionally to regard all motions as
determined by these bodies. - Mach
Non-uniforiies lead _to a preferred direction
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Discrete Machian Model

~ T here is a local, dynamic preferred direction.

- Remnant of discrete Machian space, a direction field u*

- spatial (vs. Jacobson and Mattingly)

- local preferred direction

- determined by anisotropies in matter distribution

- stochastic

- physical effects scale with distance to source of anisotropy

- spatial < u* > retains Machian effects, looses discrete effects



Discrete Machian Model: Fermions

~ Continuum/metric approximation is very accurate
- can use Effective Field Theory
- remnant effects of discrete geometry are tiny - use PT

Goal is to constrain parameters and explore tests:

- LV leads to the possibility of strong constraints, e.g. bounds
on modifications to dispersion relations

- Violation of rotational invariance leads to low energy effects



Discrete Machian Model: Fermions
Effective Field Theory model:

- flat metric nuv
- inertial mass parameter m determined by the overall matter

distribution

All possible dimension 4 operators linear in the modifications,

constructed from u*
- linear in DMM parameters
- v dynamics not included in the field theory
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Discrete Machian Model: Fermions

Effective Field Theory model

Relativistic lagrangian, free spin-1/2 fermion
L = ipMHup + D M
with
H =~ 4 abH v, 4+ B0H" 5y, + dut + ieysut
and

M = m + Cuty, + nysypul

- oM — %U(MUV)
- u stochastic

- “universal” effect
11



Discrete Machian Model: Fermions

Low energy, high precision LLI tests - non-relativistic theory

- Foldy-Wouthuysen transformation expansion in p/m (modified
by Kostelecky and Lane hep-th/9909542)

12



Discrete Machian Model: Fermions

Low energy, high precision LLI tests - non-relativistic theory

- Foldy-Wouthuysen transformation expansion in p/m (modified
by Kostelecky and Lane hep-th/9909542)

To order p/m and linear in DMM parameters:
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Effects:

- Anisotropic inertial mass
- Spin-coupled mass
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Discrete Machian Model: Fermions
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- frame with 4« = 0 effects still present.



Discrete Machian Model: Tests

Example: Spin-polarized torsion pendulum
Hamiltonian contains term dmlo;

Experiment is macroscopic, S = 8 x 1022 (U. Washington)

- spatially and temporally averaged data

- turntable rotated at w

- look for signals at w, €2 £ w , €2 sidereal frequency

- bounds on dm, ~ 10728 GeV (coherent)

- In a minimal model where the DMM parameters are all deter-
mined by the Cocconi-Salpeter scaling M /rY the sun gives a fall
off for the Machian effects: v < 0.15
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Discrete Machian Model: Summary

~ New phenomenology of discrete geometry

Remnant of discrete space via a stochastic direction field u
EFT model for fermions

universal effects

parameters granularity, machian fall off with distance
stochastically broken LLI
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Discrete Machian Model: Summary

More tests:

- Penning trap (single electron)

- Clock comparison experiments

- High energy tests

- non-systematic dispersion relations
- particle production

Differs from extended standard model (Kostelecky et. al.)
- “dynamical” breaking due to (stochastic) field

- fewer parameters

- universal effects
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