Quantum Impedance Matching to Gravitational Waves

pPeter Cameron

Abstract

Standard practice takes spacetime characteristic impedance to be c¢*3/G ~ 10735 kg/s, and assumes that it is scale
invariant. However, it is easy to show that this value applies at the Planck length, and not necessarily at scales of interest
to the experimentalist. Given that impedance matching governs amplitude and phase of energy/information transmission,
quantization of wavefunction interaction impedances is of particular interest in design of storage ring gravitational wave
detectors and sources.
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How Impedance matching was lost in QM electric charge magnetic charge

1. Topological inversion — units of mechanical impedance are R'y”cj;:rz w0 Hiees
[kg/s]. Intuitively one might expect that more [kg/s] would
mean more mass flow. However more impedance means oo clessical
less flow. Thwarted Bjorken, Feynman,...

2. concept of exact impedance quantization did not exist until Compton Compton

' p ) ) Y q . wavelength wavelength
vonKlitzing et.al discovered QHE in 1980.
. . | ‘classical’ Bohr

3. QHE was easy — scale invariant! radius radius

4. habit of setting fundamental constants to dimensionless top, Higgs e
unityh=c=G=2Z=... =1 let Z slip over the horizon. Zw Rydberg

Mismatches are Feynman’s regularization parameters of QED.

Inclusion renders QED finite. This is what Bjorken discovered back in 1959,
anticipated it would be a powerful tool, was led astray by the inversion of Sl units.
Feynman had a student do a thesis on impedance matching to the maser.

Bjorken was perhaps not familiar with their work when
writing his 1959 thesis 46]. In that thesis is an approach

summarized[47] as “..an analogy between Feynman dia- One of the black hole event horizon

grams and electrical circuits, with Feynman parameters impedances is the 25812 ohm

playing the role of resistance, external momenta as cur- quantum Hall — scale invariant, topological,
rent sources, and coordinate differences as voltage drops. communicates phase only, can do no work.

Some of that found its way into section 18.4 of...” the
canonical text[48]. As presented there, the units of the
Feynman parameter are [sec/kg|, the units of mechanical SRGW2021
conductance[5).

J. Bjorken. “Experimental tests of Quantum electrodynamics and spectral representations of Green's functions in pertur-
bation theory”, Thesis, Stanford (1959) ]:n_;r._p: i/ seart_:];x_mr_ks ; Eta_n_f orc:i'. e&u!/"vie_\_'/ ?;QU_i-Ufi.

1. Bjorken, private communication (2014)

1. Bjorken, and 5. Drell. Relativistic Quantum Fields, McGraw-Hill, section 18.4 (1065)
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Synchronous counter-rotating eccentrics transform 2D rotation to 1D translations, are an
analog to electron and positron spinors of Dirac equation counter-rotating in phase space.

A typical vibratory piledriver generates a sinusoidal inertial force of many tens or hundreds of
tons, might be thought of as an “inertia wave generator'. Given equivalence of gravitational
and inertial mass, it might also be called a gravitational wave generator.

The extent to which such a toy model might ultimately prove useful remains to be seen. For
now it seems clear that it provides a simple mechanical shortcut to calculating quantized
electromagnetic impedances, a tool of great phenomenological power.

this is important — impedance matching governs amplitude and phase of energy transmissien



ouly 24, 1975
THE TH#0 BODY PROBLEM AND MACH'S PRINCIPLE

submitted to Am.J.Phys 1975

referees: ‘No new physics here’
Published 2011 as an appendix to the
Electron Impedances paper (next slide)

Peter Cameron
2210 Water 3treet

“ort Huron, Michigan 489060

The classical analyvsis of the two-body nroblem is
frenuently complicated by the introduction of a system of
co-ordinates which is inderendent of either of the hodies.
The validity of such an analysis rests’upon the nremise
that the co-ordinate frame does not interact with the
nhysical system via anv known nhvsical laws, and that one
is therefore free to choose whatever refasrence frame seems
mogt useful,

A strong enistemological argument might be advanced
arainst this reasoning., If sufficently rigorous constraints
are placed upon the snatial nroperties of the interacting
bodies, the introduction of an indenendent observer will
have a radical e”fect upon the form of the eruations which
degscribe the interaction, *to the extent that stronely
differing concents might be develoned regarding such

fundamental things as snace, time, and matter, Newton
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Apeiron, Vol. 17, No. 3, January 2010

Photon Impedance Match to
a Single Free Electron

Peter Cameron

Brookhaven National Laboratory
Upton, NY 11973
cameron(@bnl.gov

It is not surprising that consideration of impedance matching
the photon to the electron, or more specifically to the quantum
of resistance at the length scale defined by the mass and
angular momentum of the electron, has been long ignored in
quantum electrodynamics. Conceptually the development of
QED preceded the discovery of ‘exact quantization’ and the
associated von Klitzing constant by many decades.
Additionally, the relevance of the resistance quantum to
photon interactions with a single free electron has only
recently begun to be appreciated. In this note we offer a
simple presentation of such an impedance match, briefly
discuss the unexpected emergence of the fine structure
constant from these simple first principles, and suggest how
the procedure can be inverted to deliver a first principles
calculation of the mass of the electron.

Apeiron, Vol. 18, No. 2, April 2011

Electron Impedances

Peter Cameron

Brookhaven National Laboratory
Upton, NY 11973
cameron@bnl gov

It is only recently, and particularly with the quantum Hall
effect and the development of nanoelectronics, that
impedances on the scale of molecules, atoms and single
electrons have gained attention. In what follows the possibility
that characteristic impedances might be defined for the photon
and the single free electron is explored is some detail, the
premise being that the concepts of electrical and mechanical
impedances are relevant to the elementary particle. The scale
invariant quantum Hall impedance is pivotal in this
exploration, as is the two body problem and Mach’s principle.

To understand the electron would be enough - Einstein

SRGW2021
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1980s - present
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ionization of the Hydrogen atom (where is the proton?)

‘classical’ Compton Bohr Rydberg

105

quantum Hall s

104

103

[ohms]

102

e quantum Hall
i 1/
— electric _
= magnetic typical =
10
1
70MeV. 0.511MeV 3.7KeV 13.6eV

photon energy actually 27.2 eV

Photon near-field impedance is not to be found in
physics textbooks, curriculum, or journals.

What governs amplitude and phase of SRGW2021
energy/information transmission in QED is absent
from formal education of the physicist
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electric elec dipole elec dipole mag flux elec flux elec flux magnetic magnetic

charge moment 1 moment 2 quantum quantum 1 quantum 2 moment charge
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S-matrix of Dirac’'s QED, extended to the full eight-component vacuum spin 2 ‘graviton’ and spin 0 Higgs are
wavefunction in the geometric representation of Clifford algebra (more both manifested in the S-matrix 6D
familiar to physicists in the matrix representations of Pauli and Dirac) entangled scalar + pse“doscﬂar
Symbols (triangle, diamond,...) correspond to previous slide.
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BSM example 2 — chiral anomaly — precise pizero, eta, and eta’ branching ratios in powers of a.
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Not all are in agreement that Einstein whole-heartedly endorsed curved
space interpretations. He expressed this quite clearly in politically correct private
communication:

“It is wrong to think that "geometrization' is something essential. It is only
a kind of crutch for finding of numerical laws. Whether one links "geometrical’
intuitions with a theory is a ... private matter.”

Riemann's curvature tensor preceded general relativity by six decades.
Absent Clifford's geometric interpretation, Einstein's adoption of Riemann's
formalism led inevitably to dominance of curved space interpretations.

However, the equivalence of at Minkowski spacetime gauge theory
gravity with curved space general relativity was introduced by the Cambridge
group and Professor Hestenes, and elaborated upon by them over the course of
following decades. In that context, impedance quantization offers immediate
possibilities for quantizing gravity at the Planck length.

Of importance in general relativity is not geometrization, but rather the
equivalence of gravitational and inertial mass, the equivalence principle.
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BSM example 3 — origin of mass, gravitation, inflation, chirality, baryon asymmetry,...

‘?'elecDipulcln 10

*

ZelecDipole1P1 |

*

ZetecDipalez, [~

*e

ZelecDipole2Pt -

*e
zmagDpolzn
*e
ZimagDipoleFl,
*e
z‘clccCuuln
rfl sl
zelech‘uIP]n
e
ZmagCn:lutln
BE
ZmagCoulP],
R i
ZqE1_

A
ZqE1P],

A
qun
AA
ZqE2P1
AA
Zan
AA
ngpln
AA

1019

| Planck

top,

Higgs, Z, W |

W

T

N

| Rydberg

‘classical’ l

‘classical’

top, Higgs, Z, W

l Compton

top, Higgs, Z, W I

Rydberg

‘classical’ |

&
.

T

104s
103 m
10"° GeV

10.23 offset
from a line |‘_

quantum Hall

end of inflation

1021s »
10-%m -
511MeV

(typical)

| 3.7KeV
13.6eV

||l |

| e

20



Mechanical Impedances

all rise at shorter length scales
LIGO - 1035 kg/s is at Planck length
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three potentials — 1/r, 1/r2, and 1/r3 -
are shown here for proton and electron

22
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Quantum Impedance Matching to Gravitational Waves

3.3 Key concepts in gravitational wave detection (page 50)

There are four key concepts that must be addressed in building
detectors for any type of wave. The first is the fundamental issue
of designing a detector with the best possible impedance
matching to the wave: this determines the amount of energy that

ADVANCED
Gravitational )
Wave Detectors the detector receives...

“Spacetime has a characteristic impedance ¢3/G ~ 103 kg/s”

In electromagnetic units this is ~ 102° ohms!!! photon = 377 ohms

There exist two (or more?) varieties of impedances - geometric and topological:

- scale invariant? then topological (quantum Hall, Aharonov-Bohm, centrifugal, chiral,...) acausal
rotation gauge fields — resulting motion is perpendicular to applied force
cannot do work - communicates phase only, not a single measurement observable
cannot be shielded, channels of both local and non-local entanglement, EPR,...

- scale dependent? then geometric (Coulomb, dipole, scalar Lorentz,...) causal
translation gauge fields — communicates amplitude and phase
can be shielded, local entanglement only

c3/G ~ 1035 kg/s is dimensionally scale invariant — far field? need near

All rest mass particles have mechanical impedances.

Mass is quantized in QM. Therefore impedances are quantized.
This property has been lost in QED

Z,ech = Zew X (line charge density)?  string theory

SRGW2021




mismatch attenuated Hawking photon (‘graviton’ is entire 8-component wavefunction)
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here in this network do we want to match for SRGW? How?
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speculation on a machine design

» satisfy four primary considerations

* impedance match G-wave to beam

* impedance match beam signal to pickup
* null/difference measurement - ‘dark port’
* employ a ‘parametric process’

 need to understand graviton
* equivalence principle says gravitational = inertial
« for moon orbiting earth gravitational potential is 1/r whereas centrifugal is 1/r?
geometric # topological: this is subtle and seems to be pivotal in quantum gravity.
» S-matrix (slide 16) geometric product of two ‘dark’ spin 1 magnetic charge trivectors
yields spin 0 scalar entangled with spin 2 six DoF object (3 space and 3 relative phase)
» we take scalar to be Higgs and entangled spin 2 pseudoscalar to be graviton.
« graviton mode is indicated by red squares in the impedance network plots.

does there exist a gravitational wave
difference mode in this topologically
twisted storage ring configuration
analog of the piledriver of slide 5?

SRGW2021

(parametric?) pickup
coupled modes
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Summary and Conclusions — very preliminary

in gauge theory gravity space is inert, vacuum wavefunction has no energy (is this true?)
« curvature of GR = relative phase shifts of GTG (not single measurement observable)

LIGO — c3/G = 103° kg/s is at Planck length

* not relevant to SRGW? to LIGO? relevant to axion searches?
equivalence principle — equality of inertial and gravitational masses

« centrifugal potential is 1/r2, topological
« gravitational is 1/r, geometric

« Hawking graviton phase evolution very slow — almost topological

SRGW2021

graviton and Higgs are both manifested in the S-matrix 6D pseudoscalar
understanding impedance quantization opens new possibilities for SRGW
 longitudinal impedance (F/3v) of 7 TeV proton is ~108 kg/s = 10'® ohms???
« want high relativistic y for high longitudinal impedance — work with electrons?
« antimatter falls up?,... want a difference signal measurement
and similarly for possibly augmenting muon collider lifetime enhancement at low energy.

The open question in my opinion is
whether giving further attention to
quantum impedance matching
might increase the possibility of
more robust next generation
machine designs.

Avcelerator
C=267km
PSR A

Muon Collider
E=7+7Tev

C=141w 26,7 km

”’ 30




