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Abstract

The Newtonian gravitational constant G remains the least precisely known of the major fundamental
constants. Modern measurements report small internal uncertainties, yet their values remain spread beyond
a simple common-error interpretation. This paper refines a branch-state proposal for organizing reliable G
measurements. The data are not treated as a single random cloud, nor primarily as a function of publication
year, source-mass atomic number, mass number, or calendar month. Instead, the measurements are organized
as LOW, MIDDLE, and HIGH branches, interpreted as signatures of apparatus family and campaign state. The
2026 NIST redetermination using the BIPM torsion balance is included as a central clue, because it connects
the historical BIPM lineage to a lower central value. The proposed hidden variable X is the Gerber-Mach
gravitational potential where the radial velocity (dr/dt) represents the relative velocity of the source mass +
test mass towards the Sagittarius A*. The Mach angle o describes the interaction of the mass of the Milky Way
Galaxy with the measured system — the source mass + the test mass. The Mach angle can be adjusted by the
observer and to obtain “the delayed choice” value of G — the observed spread of reliable values of G. The paper
does not claim that the branch model is proven. It proposes a testable diagnostic map and a research program
in order to scan suspected hidden variable — the Gerber-Mach gravitational potential.

Keywords: Earth < Sagittarius A* Radial Velocity, Newtonian Gravitational Constant G, Gerber-Mach
Gravitational Potential, Hidden Variable X, Delayed-Choice Experiment.

1. Introduction! larger than for most other fundamental constants [1]-
The Newtonian gravitational constant G appears in (201 The difficulty is not that the law is conceptually
complicated.

Newton’s law of universal gravitation. In the equation
it is simple, in the laboratory it is extremely difficult. The key difficulty is not merely that G is hard to
The gravitational force between laboratory masses is  M€asure. The deeper problem is that high-quality
weak, and the desired signal is easily accompanied by experimegts d‘" not agree as well as their quoted
small mechanical, gas-pressure, thermal, electrostatic, Uncertaintiesmightsuggest. Schlamminger, Gundlach,

magnetic, and geometrical effects. The Newtonian andNewman[21] emphasized this disturbing situation
gravitational law is written in a simple form: in their 2015 analysis of recent G measurements as a

function of time.
GMm

- a2 (1

2 G =6.67430(15) 107" m'kg™'s™ M This refined paper proposes that the spread of G

values is best viewed as a map of apparatus-family and
where F is the attractive force between two masses  campaign-state biases. In this view, the values form
M and m separated by a distance r, and G is the experimental branches rather than a single featureless
universal gravitational constant with the CODATA-  cloud. This paper proposes a hidden parameter X
2022 recommended value. This corresponds to a that may represent a correction of Newtonian gravity
relative standard uncertainty of about 22 ppm, much — the Gerber-Mach gravitational potential, e.g. [22]-

F=

r

Citation: Jiti STAVEK, On a Branch-State Interpretation of the Spread in Measurements of the Newtonian Gravitational Constant. Open
Access Journal of Physics. 2026;8(3): 118-127.

©The Author(s) 2026. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.

Open Access Journal of Physics V8. I3. 2026 118



On a Branch-State Interpretation of the Spread in Measurements of the Newtonian Gravitational Constant

[35]. The question is not whether it can replace
general relativity, e.g. [36]-[49]. The question is what
information should be inserted into the Gerber-Mach
formula in order to describe the observed spread of G
values.

2. Working Hypothesis and Data Organization
Strategy

The working hypothesis is that each experiment
measures the true gravitational constant plus small
apparatus-dependent and campaign-dependent offsets.
These offsets may be positive or negative and may
differ across apparatus families:

The proposed hidden parameter X is introduced as a
compact diagnostic parameter measuring the size of
some unknown effects modifying the value of G_ .
The scientific task is therefore to replace the abstract
rank-order parameter X by a physically measured
state variable constructed from real experimental
metadata, [50]-[51].

The analysis follows six organizational steps:
composition parameters, calendar month, short
acquisition campaigns, BIPM/NIST lineage, branch-
state grouping, and the G Atlas Project. Table I surveys
the program for ordering the reliable measurements of G.

Gmeasured = Gtme (1 * X hidden ) (2)
Table 1. Ordering of reliable measurements of G
Step Test Purpose
1 Composition test Plot G versus Z, A, and Z/A of source masses.
2 Calendar-month test Reorganize Schlamminger et al. Table II by month of mean acquisition date.
3 Short-campaign filter Use measurements with acquisition duration shorter than 75 days; add NIST-26
4 BIPM/NIST lineage Compare BIPM-01 and BIPM-13/14 family values with NIST-26.
5 Branch model Organize reliable values into LOW, MIDDLE, and HIGH branches.
6 A hidden variable X The G Atlas Project

A natural first question is whether the spread of G
correlates with the source-mass composition. The
figures published in [52] do not show a simple
monotonic law where G does not depend on the
source mass atomic number Z, the atomic mass A,
and the fraction of proton number Z/A.

3. Calendar-Month Organization

Schlamminger, Gundlach, and Newman [21] tabulated
Table 2. Calendar-month projection of the G data

start dates, end dates, average acquisition dates, and
acquisition durations. This enables a reorganization of
their values by calendar month instead of publication
year. Calendar month may be only a proxy, but it can
contain an unknown parameter X. Table II organizes
G values of those campaigns for the middle month of
those long-time experiments.

Month group Representative entries Method family Observed region
Mar LANL-97; UWUP-02; UW-00 mixed methods around 6.6740-6.6743
Apr HUST-09a; UCI-14b; UCI-14c time-of-swing family around 6.6735-6.6746
May-Jul JILA-10; LENS-14; MSL-03 pendulum, atom interferometer, servo low to central
Aug UZH-06 beam balance middle-high
Sep-Oct HUST, NIST-82, UCI, BIPM entries mixed; BIPM high values appear wide spread
Nov-Dec BIPM family entries BIPM torsion balance high branch

Fig. 1 documents the spread of reliable measurements of the Newtonian gravitational constant G as a function of calendar month.

Reliable measurements of the Newtonian gravitational constant G
as a function of calendar month (reorganized from Schlamminger et al., Table I1)
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Calendar month of mean data acquisition date

Each point uses the average date given in Table Il of Schiamminger et al. (arXiv:1505.01774v2). Vertical error bars show the reported 10 uncertainties.

Oct Nov Dec

Figure 1. Reliable measurements of G as a function of calendar month, reorganized from Schlamminger et al. Table II [21].
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A morerefinedfilteris to select measurements acquired
over relatively short campaigns. This reduces mixing
of different apparatus states over long-time intervals.

The working criterion is: At (acquisition) < 75 days.
Table 3 and Fig. 2 show these selected short-campaign
measurements of G.

Table 3. Selected short-campaign measurements of G. (Reorganized from Schlamminger et al. Table Il [21]). Values are in units

of 10-11 m3 kg-1 s-2.

Month ID G u(G) Duration Method

Mar UW-00 6.674255 0.000092 39d acceleration servo
Apr HUST-09a 6.67352 0.00019 60d time-of-swing
Apr UCI-14b 6.67408 0.00015 48 d time-of-swing
Apr UCI-14c 6.67455 0.00013 36d time-of-swing

Apr* NIST-26 6.67387 0.00038 150d BIPM torsion balance at NIST
May JILA-10 6.67234 0.00014 25d two pendulums
Jul LENS-14 6.67191 0.00099 7d atom interferometer
Aug UZH-06 6.67425 0.00012 21d beam balance
Sep NIST-82 6.6726 0.0005 42d time-of-swing
Sep HUST-05 6.6723 0.0009 72d time-of-swing
Sep BIPM-13c¢ 6.67586 0.00036 10d Cavendish

Oct BIPM-01s 6.67553 0.00040 34d electrostatic servo
Oct HUST-09b 6.67346 0.00021 39d time-of-swing
Oct UCI-14a 6.67435 0.00010 38d time-of-swing
Dec BIPM-0lc 6.67565 0.00045 18d Cavendish

Dec BIPM-13s 6.67515 0.00041 69d electrostatic servo

Reliable short-campaign measurements of G (acquisition duration < 75 days)
with the added NIST-26 value
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Figure 2. Short campaign measurements of G with NIST-26 added as a modern comparison point, reorganized from Schlamminger

Calendar month of mean data acquisition date

Only measurements with acquisition duration shorter than 75 days are shown, plus NIST-26 added by request. Vertical error bars show 10 uncertainties.

etal Table Il [21].

4. The BIPM/NIST Clue

The 2026 NIST redetermination [12] is a central clue
because it used the historical BIPM torsion-balance
lineage but obtained a lower value than the earlier
BIPM branch. This suggests that the same apparatuses

lineage can move from the HIGH branch toward the
MIDDLE branch, depending on campaign state and
correction model. Fig. 3 documents BIPM-01, BIPM-
13/14 and NIST-26 values of G.
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BIPM torsion-balance lineage organized in time
(from the 2026 Schlamminger et al. paper and earlier BIPM-family values)
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NIST measurement campaign
24 Jan - 22 Jun 4024

NIST-26 final result = 6.67387
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6.67351 m electrostatic servo
combined BIPM value

Y NIST-26 final value

[
I
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Time (average date of measurement campaign)

This organization emphasizes the time history of the BIPM torsion-balance family. NIST-26 is plotted at the midpoint of its measurement campaign.
The 2026 paper also reports that copper and sapphire source masses gave virtually identical results, while pressure-dependent torques revealed a likely systematic effect.

2015 2020 2025

Figure 3. BIPM torsion-balance lineage organized in time, from BIPM-01 and BIPM-13/14 to NIST-26.

5. LOW, MIDDLE, and HIGH Branches

The most useful organization found in this study is
the branch-state organization. The reliable values are
divided into LOW, MIDDLE, and HIGH branches:

LOW: G <6.6730

MIDDLE: 6.6730 < G < 6.6750 3)
HIGH: G > 6.6750

The branch structure is interpreted as a diagnostic
map of hidden apparatus and campaign-dependent
biases. Each branch may represent a family of hidden
parameters that should be discovered in the future. In
this interpretation, the branch model does not replace
precision metrology. It provides a map for deciding
which hidden variables should be measured and
deliberately scanned. Tables 4 and 5.

Table 4. Reliable G values organized into LOW, MIDDLE, and HIGH branches. Values are in units of 10" m’ kg™ s~

Branch ID G u(G)
LOW LENS-14 6.67191 0.00099
LOW HUST-05 6.67222 0.00087
LOW NIST-82 6.67248 0.00043
LOW JILA-18 6.67260 0.00025
LOW TR&D-96 6.67290 0.00050

MIDDLE HUST-09 6.67349 0.00018
MIDDLE MSL-03 6.67387 0.00027
MIDDLE NIST-26 6.67387 0.00038
MIDDLE LANL-97 6.67398 0.00070
MIDDLE HUSTT-18 6.674184 0.000078
MIDDLE UWup-02 6.67422 0.00098
MIDDLE UZur-06 6.67425 0.00012
MIDDLE UWash-00 6.674255 0.000092
MIDDLE UCI-14 6.67435 0.00013
MIDDLE HUSTA-18 6.674484 0.000077
HIGH BIPM-14 6.67554 0.00016
HIGH BIPM-01 6.67559 0.00027

Table 5. Approximate weighted branch means of G values organized into LOW, MIDDLE, and HIGH branches. Values are in units

of 10-11 m3 kg-1 s-2.

Branch Number of values Weighted mean G Interpretation
LOW 5 6.67258 low branch; mostly below CODATA
MIDDLE 10 6.67426 central branch; includes NIST-26 and CODATA neighborhood
HIGH 2 6.67555 BIPM high branch
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The next step is a structured G Atlas Project: a conceptual coordinate into a measured experimental-
metadata-rich database of reliable G experiments. state variable. Table 6 proposes G Atlas metadata
The purpose is to turn the hidden parameter X from a fields.

Table 6. Proposed G Atlas metadata fields.

Category Parameters to collect
Time start date, end date, midpoint date, month, duration
Method time-of-swing, acceleration servo, electrostatic servo, Cavendish, beam balance, atom interferometer
Apparatus family BIPM, HUST, UWash, UCI, JILA, LENS, MSL, NIST, others
Source masses material, density map, geometry, surface state, mounting circle
Vacuum/gas pressure, pressure drift, gas composition, pump state
Thermal state mean temperature, gradients, source-mass heating, chamber asymmetry
Mechanical state torsion fiber or strip, Q factor, anelasticity correction, drift
Electrical state patch potentials, shielding, servo voltage, capacitance gradients
Magnetic state susceptibility, magnetic shielding, ambient magnetic field
Data treatment blind analysis, correction model, covariance handling, residuals
gravg:::) ‘:;xiile‘nﬁal The mass distribution in the Milky Way Galaxy

Figure 4 shows these three branches in the organization model of reliable values of G.

Organization of reliable measurements of the Newtonian gravitational constant G
into LOW, MIDDLE, and HIGH branches
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Branch definition used here: LOW if G < 6.6730; MIDDLE if 6.6730 < G < 6.6750; HIGH if G = 6.6750.
NIST-26 is highlighted with a black edge. Horizontal black bars show weighted branch means.

Figure 4. Organization of reliable G values into LOW, MIDDLE, and HIGH branches. NIST-26 is highlighted in the MIDDLE branch.

6. Unknown Parameter X: from Composition G +G (5)
i G,y =21 = 6.67375%10" m'kg~'s™

to a Hidden Parameter X mid 5 . g

If the observed spread is not organized by source- Thjg midpoint is not proposed as a new recommended

mass composition and calendar month campaign valye. It is a visual and conceptual line for studying
alone, one may ask whether it is organized by a hidden (¢ bias landscape.

experimental state variable. Let X denote an unknown L .
parameter or combination of parameters that orders 7. The Gerber-Mach Gravitational Potential

the apparent value of G. This is not yet a measured Newtonian potential energy of two masses M and m
physical quantity: B(X) = hidden experimental bias. separated by a distance r is:

It is phenomenological coordinate shown in Eq. 3:
Gmeasured(X) = Gtrue + B(X) (4) V _ N (I’) = —

The measurements can be ranked from the smallest
to the biggest measured G values or vice versa. The
midpoint of the full range is then given in Eq. 4:

GMm (6)
r

Gerber’s velocity dependent gravitational potential
may be written in modern notation as:
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GMm 1

2
( | J
g

Here dr/dt means the radial rate of change of the
separation, and c, is the propagation speed that
Gerber associated with gravity. In many historical
presentations c¢_is simply written as ¢, because Gerber
inferred a value close to the speed of light from
Mercury s perihelion data.

V_G(r.r)=-
(7

Ernst Mach proposed his famous Mach’s principle:
the gravitational constant is a function of the mass
distribution in the Universe, e.g. [53]-[55]. In
our model we propose to insert into the Gerber’s
gravitational potential the radial velocity of the Earth
towards the Sagittarius A* and the Mach angle ®
describing the orientation of the system source mass
+ test mass towards the Sagittarius A*:

GMm 1

]
£ {1_ r;cosw]
fg

Here dr/dt means the radial rate of change of the
separation, and c, is the propagation speed that
Gerber associated with gravity. In many historical
presentations c, is simply written as ¢, because Gerber
inferred a value close to the speed of light from
Mercury s perihelion data.

V_G{r,i',m] =—

(8)

Fig. 5 documents that the geometrical arrangement
of the system the source mass + the test mass + the
mass of the Milky Way Galaxy represented by the
Sagittarius A* could play arole in the observed spread
of reliable values G.

Sgr
A*

Orientation of the source and test
masses towards Sgr A*

i

Sgr A*

1

Sgr A* Sgr A*

Figure 5. Orientation of the source mass (blue points) and the test mass (red points) towards the Sagittarius A*.

8. The Radial Speed of the Earth Towards
Sagittarius A*

The radial speed of the Earth toward the center of
the Milky Way Galaxy (the radial velocity relative
to the galactic core, Sagittarius A*) fluctuates
throughout the calendar year between roughly — 21
km/s (moving away in September) and +41 km/s
(closing speed toward the galactic center in March).
Our Solar System does not circle the galactic center
in a flawless circle. Over its 230-million-year orbital
period, the Sun travels along a slightly eccentric
path. In our current cosmic epoch, the Sun is actively
drifting closer to the galactic center as it heads toward
the perigalacticon. This foundational inward drift
gives the Sun - and by extension, the Earth system —a
baseline average radial velocity of roughly + 10 km/s
toward the galactic center.

The maximum inward speed (~+41 km/s) occurs in
March. During this season, Earth’s orbital velocity
vector points almost directly toward the galactic
core, compounding the Sun’s baseline motion. The
minimum radial speed (~-21 km/s) occurs around
September. As Earth swings to the opposite side of
its orbit, it moves away from the galactic center at 31
km/s. Because this outward speed exceeds the Sun’s
10 km/s inward drift, the Earth experiences a net
retreat from the galactic core, denoted by the negative
value.

Gerber gravitational potential contains the derivative
dr/dt (+ for the outward motion, and — for the inward
motion). This situation is shown in Figure 6.
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(Galactic Center)

; T Model shown: solar inward radial component it Sagittarius A* lies slightly below the ecliptic,
(=€) (~11.1 km/s toward Sagittarius A*) plus ; soJune and December are not exactly
Earth's orbital projection. zero radial velocity.

Figure 6. The radial velocity of the Earth towards the Sagittarius A* in the Gerber’s notation.

9. The Allowed Spread of Reliable Values collected by Schlamminger et al. in [21]. If we
of the Newtonian Gravitational Constant insert the radial velocity between the Earth and the
Sagittarius A* and the Mach angle o into the Gerber-

The Gerber-Mach gravitational  potential might /.., gravitational potential (Eq.8) we will get Figure 7.

explain the reality of the spread of G reliable values

—@—Gmin = 6.6725 Gmax = 6.6752

6. 6755

6.675

~ 6.6745

6.6735

6.673 | e}

Allowed values G

6.6725

6672
-50 -40 =30 =20 =10 0 10 20 30

Radial velocity Earth - Sagittarius A* [km s-1]

Figure 7. The allowed spread of reliable values of the Newtonian gravitational constant from March to September calculated using
the Gerber-Mach gravitational potential.

Fig. 7represents a “DELAYED CHOICE” experiment mass + the test mass towards the Sagittarius A*. This
when the observed value of G can be determined by situation is interpreted in Table 7.
the geometrical orientation of the system: the source

Table 7. The “delayed choice” determination of G.

MINIMUM Source mass <> Test mass — Sagittarius A W=7
Test mass o . 4l
MIDDLE —— > Sagittarius A n=—
Source mass 2
MAXIMUM Test mass <> Source mass — Sagittarius A" =0
1
)
AGeﬁrber-Mach . i coS @
gravitational correction 1-
CS'
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10. Conclusion

The comparison of reliable values of G shows no
simple dependence on source-mass Z, A, and Z/A and
on the calendar-month. This excludes the hypothesis
that proton or nuclear composition directly explains
the present spread of reliable values of the Newtonian
gravitational constant. The calendar-month can
contribute to the final observed value of G but there is
still an unknown hidden parameter X.

There might exist an unknown parameter X that could
organize the present spread. The preferred physical
meaning of X is the Gerber-Mach gravitational
potential where the radial velocity between the Earth
and the galactic center of the Milky Way Galaxy and
the geometrical arrangement of the source mass + the
test mass towards to the Sagittarius A* could cause the
observed spread of reliable values of the Newtonian
gravitational constant.

The observer can manipulate with the geometrical
arrangements in these experiments and thus obtain
“the delayed choice” value of G.

The spread of measured values of G should not be
read as a failure of precision, but as a message from
the experimental world: Newton’s constant is simple
in the equation, yet difficult in the laboratory, because
every apparatus carries its own hidden memory — the
unknown parameter X.
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