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eliminating Planck’s constant. The electron mass is determined about
67 times more precisely, and the unit of electric charge determined 139
times more precisely. Improvement in the experimental value of the
fine structure constant allows new types of experiment to be compared
towards finding “new physics.” The long-standing goal of eliminating

Figure 5. Contours of x?, the summed-squared differences of data versus

fit obtained from the independent relations given in Table 1. Left panel: As
a function of parameters x and A, with ¢, — c. Right panel: As a function
of parameters x and c, with A, given by Compton’s value. Dots shows the
points of minimum Xz ~ (.24 in both cases. Contours are 7(2 =1, 2, 3... Lines
show modern values ¢ = 3 x 10%cm/s, A, = 3.87 x 10711, x = 1/137 all lie

inside the range of Ax? < 1.
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LNITS AND CONSTANTS ARE A SCHEME

We do not care about actual S| definitions partly because
we do not consider seriously the legal side of S| and due to
that we believe that we may ourselves interpret and correct
S| definitions if necessary. Physicists serve as experts only
while decisions are made by authorities. The Sl system has
been created for a legal use and trade rather than for
scientific applications.

Karshenboim, S.~G.,
"Fundamental physical constants: looking from different angles”,
Canadian Journal of Physics, 83, 767, 2005
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Figure 6: Schematic of the global fit assuming Standard Model physics. A line between a fit
parameter and a data sector indicates a dependency. Strong dependencies are indicated by blue
data sectors. For instance, a. (blue) dominates the fit to o, while ., which depends directly on a,
does not. The Rydberg is strongly dependent on pH and pD data because the experimental and

theoretical uncertainties of that data are very small.



In: Horizons in World Physics. Volume 298 ISBN: 978-1-53614-795-7
Editor: Albert Reimer © 2019 Nova Science Publishers, Inc.

WE PUBLISWED

Chapter 4

DETERMINATION OF THE FUNDAMENTAL

PHYSICAL CONSTANTS OF QED = COMNUISIT e AL ATON
AND THE STANDARD MODEL OSTEN SOURLE N PEERM

A MECHANISM FOR COMMUNITY-WIDE A NE W "DEA

John C. Martens™ and John P. Ralston
Department of Physics and Astronomy
The University of Kansas, Lawrence, KS, US

Abstract

The values of fundamental physical constants are crucial for testing
current theories and their possible extensions. It is not widely appre- w N
ciated that determining the constants is quite sensitive to how data and ‘ K E

theory are selected, and how theoretical and experimental uncertainties
are treated. There exists no universal definition of the ’best” procedures
or constants. Procedures dedicated to finding constants with the highest
possible precision generally select data that confirms the theory. Contrary
to perceptions, the theory is not tested at the same level as the uncer-
tainties of fitted parameters. The uncertainties found under a given pro-
cedure also cannot reliably constrain parameter variations from different
procedures. Determining physical constants cannot consistently be done
piecemeal, but needs global fits incorporating the shifting relationships
between theory and data. An important example comes from high preci-

sion data for muon physics. A circular process has previously excluded

*Corresponding Author Email: martens @ku.edu.
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Contradictions in the determination of fundamental
physical constants have existed for years. Yet the
problem has seldom been recognized. Instead, an
iImplicit agreement led to constant determinations
based on selecting some data for high precision,
while excluding other data. We show that global fits
are quite sensitive to how data and theory are
selected, and how theoretical and experimental
uncertainties are treated. The high sensitivity of
constants to procedural decisions is disturbing.



The modern era of high precision measurements has
created a new situation in fundamental physics. The main
scientific reason to concentrate on high precision constants
IS to test theory and explore theoretical alternatives. Posing
scientific alternatives is not mere speculation: Science exists
by posing alternatives. An alternative theory does not
change one constant, but generally disrupts the network of
relationships involved in the global determination of many
constants. Yet this is not generally understood: Most of the
time, a new experiment or a new theory variation will deal
with one constant that gets attention, as if determining the
other constants were independent, and written in stone.



Scientists generally assume that tables of fundamental
constants have been determined with extreme
objectivity. Yet compiling fundamental constants is a
form of data analysis. There are no universal rules for
data analysis, while there are sensible guidelines. The
actual decisions scientists make depend on the field
they happen to inhabit.



We find it is not possible to rely on any particular
constant nor its uncertainty without taking into account
the universe of assumptions and correlations that led to
the constant. In effect, the constants of the 21st century
are mutually dependent on a finite perturbative
renormalization scheme that defines their limitations. A
true global approach however requires well in excess of
30,000 characters of Mathematica code.



We have developed a website, called Constant
Finder (http://www.constantfinder.org), which
allows users to pose alternatives to QED within a
global framework, often within seconds. Anyone
iInterested can determine the fundamental
constants on the basis of data, uncertainties, and
theory inputs of their choosing.



deuterium, and m./ comes from atomic recoil and mass ratio experiments. Symbol 0x

stands for any additional parameters. A basic fit is expressed with
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The terms in the order shown will be called x*(a.), x*(a,), and so on. The parameters we
typically vary are displayed explicitly in the expression above, while others whose variations

are safely suppressed are set to reference values given on the website.
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Table 3. Experimental data compared to calculations by the Constant
Finder. Calculated values are based on a Standard Model fit to Table 2
data. Fitted constants for the fit appear in Line 1, Table 4

Experimental datum

Experimental value

Fitted value

Oexpt

v (251/2 — 851/2) [Hz
vr (281/2 — 8D3/2) [Hz,
vi (251/2 — 8D5/2) [Hz
vi (281/2 — 12D3/2) [Hz]
v (281/2 — 12D5/2) [Hz]
vi (2P1/2 — 251/2) [Hz
v (251/2 — 2P3/2) [Hz!
vi (2P1/2 — 251/2) [Hz,
vp(2S51/2 — 851/2) [Hz]
vp(251/2 — 8D3/2) [Hz]
vp(251/2 — 8D5/2) [Hz]
vp(251/2 — 12D3/2) [Hz]
vp(251/2 — 12D5/2) [Hz]
vp(2P1/2 — 251/2) [Hz,
vp(281/2 — 2P3/2) [Hz
vp(2P1/2 — 251/2) [Hz,
Qe

Ap
AFErs(uH) [meV]
AELS (,UD) [meV]

Ae [m]/107 12

7.70649350012000 x 104
7.70649504450000 x 10
7.70649561584200 x 104
7.99191710472700 x 104
7.99191727403700 x 10'*
1.05784500000000 x 10°
9911200000
1057862000
7.708590412457 x 10
7.708591957018 x 10
7.708592528495 x 10
7.99409168038 x 10**
7.994091849668 x 10'*
1059280000
9912610000
1059280000
0.00115965218072
0.00116592089
202.3706
202.8785
2.4263102367

7.70649350015089 x 104
7.70649504448244 x 10
7.70649561577394 x 104
7.99191710480623 x 104
7.99191727407767 x 10'*
1.05783220761556 x 10°
9911209318
1057832208
7.7085904124256 x 10'*
7.70859195700519 x 104
7.70859252845263 x 10'*
7.99409168041396 x 10'*
7.9940918497316 x 104
1059220261
9912815235
1059220261
0.00115965218078
0.00116591840
202.3705
202.8785
2.4263102356

8600.
8300.
6400.
9400.
7000.
9000.
12000.
20000.
6900.
6300.
5900.
8600.
6800.
60000
300000
60000
2.8 x 10713
6.3 x 107 1°
0.0023
0.0034
1.1 x 107°
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Figure 8: 1, 2, and 30 chi-squared contours for the full global fit in fit-parameter space. In each subplot the fit parameters not shown are fixed at the
best fit values of Line 1, Table 4.
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11
12
13

omit

none

A,y Ay

pH,uD,a,
eH
eD

eH,eD

eD, uD

X2

27.9
27.3
25.1
27.3
22.8
27.3
11.8
11.6
7.1
20.0
23.1
15.7
23.1

dof

17
16
16
16
15
16
16
15
14

X5,
0.18

0.18
0.18
0.19

XiH
0.0012
0.0012

0.00076

0.000013 0.0012

0.18
0
0.19
0.18
0.18
0
0.18

0.0012
0.0012

0

0.00062

0

0.00062

XiD
0.000095
0.000095
0.00043

0.000094
0.000095
0.000094

Xz,
0.042
0
0.043
0.042
0.045

0.042
0.044
0.042
0.042
0
0.042

\

2
Xa,

15.7
15.7
15.7
15.7
15.7
15.7

15.7
15.7
15.7
15.7

7.4
7.3
4.8
7.2
3.3
7.3
7.3
7.3
3.3

7.2

7.2

4.3
4.2
4.4
4.2
3.9
4.3
4.3
4.3
3.9
4.1

NS—

2 2
XeH XeD

Table 6: Contributions to x? for global fits with different observables omitted. dof stands for

the number of degrees of freedom. Standard Model physics is assumed. The a, sector, when it

appears in the global fits, contains only one experimental observable while contributing 15.7 units

of chi-squared. All other sectors across all fits have well-controlled contributions to x~.

wieN Yov
ARE THE

CHOOSER,
O WHAT

To oM\V




Figure 10 rather clearly shows the effect of including uH data. The figure is made
adjusting the experimental uncertainty o(uH) as a free parameter, while otherwise defined
by Line 3 of Table 4. As o,y is increased, the fitted r, approaches the value from eH.
Increasing o, by a factor above 200 (!) dilutes its information enough to be the same as
omitting it.

For simplicity the muonic deuterium (uD) datum has been omitted in making Figure
10. When included, the uD datum dominates the fit to r; exactly parallel to the above.
When the Rydberg is fit by generic least squares using eH, eD, uH, uD the muonic data is

decisive, unless decisions are made to render it otherwise.

0.88["

200

N AT, ()N,

Figure 10: The change in the fitted value of r, from adjusting the experimental error of the uH
datum AFrs(uH) — No, where o is the experimental uncertainty. As N is increased 7, moves
from .84 fm, the value favored by the uH datum, to .88 fm, the value favored by the eH sector.

The global fit here is the same as Line 1, Table 4 omitting muonic deuterium.




tp://constantfinder.physics.ku,edu:8080/ROOT-2/home.jsp
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