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How are the fundamental constants determined?

Fundamental constants α, R∞, rp, rd , λe
are determined by ML fit to experimental data.
.
Most basic incarnation* corresponds to minz of a χ2 function.

χ2 =
∑
j

(dj − tj(θ`))2

σ2j

dj and tj are the jth data and theory values,
where tj is a function of the fundamental constants θ`.
θ` are free parameters, fixed by minz.
σj is the jth experimental uncertainty.
.
*Correlations, pull parameters are higher order effects, safely ignored for
present purposes
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How are the fundamental constants determined?

χ2 =
∑

j
(dj−tj (θ`))2

σ2
j

can be broken out into ’data sectors’
.
Sectors: ae , aµ, eH, eD, µH, µD, λe (neglecting scattering data)
.
Global picture

Values of constants sensitive to which sectors (and which data in which
sectors) are included in fit.
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How are the fundamental constants determined?

NIST standardizes values of constants
NIST fits constants using only elec-
tronic data; does not confront muon
expt’l anomalies
Rationale: STANDARDIZATION

.
NIST = NO MUONS

piecemeal fit
.
.
.

NIST sectors: eH, eD, λe (α det’d upstream from fit to ae)
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How are the fundamental constants determined?

SELF-CONSISTENCY REQUIRES A GLOBAL FIT
.
If you:
add data, remove data, change data, change theory, add BSM physics to
QED-verse ... re-do global fit to constants.
.
www.constantfinder.org makes it easy.
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Global fits with www.constantfinder.org

Ex: No-name model 1606.06209 Ralston, JM ⇐ ’bottom-up’ pheno
.
Particle X : mass mX , coupling αX = |g`gp|/4π = g2

` /4π ` X

Moments: ae, aµ
.

Spectroscopy: eH, µH
.
Yukawa:
VX = ±αX · e−mX r/4πr
.
∆EX ∼ ±(meα/n)3 ·αX · (1/m2

X )
.
First-order PT ok if αX/m

2
X small

enough.
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Global fits with www.constantfinder.org

Collected results: Part I (mX = 50MeV )
.
Line 1 fit solves muon g − 2 and proton size,
with χ2 for each sector under control.
Note: α∗, R∗∞, r

∗
p , r

∗
d all shifted by multiple σ compared to NIST values.

.
χ2 budget
.
.

line omit χ2 dof RB ∆χ2 χ2
λc

χ2
µH χ2

µD χ2
ae χ2

aµ χ2
eH χ2

eD

1 none 12.5 15 .91(10) 15.0 1.0 0.0011 0.000096 0.24 0.019 7.0 3.3
9 µH, µD, aµ 6.9 13 .73(11) 0.23 0 – – 0 – 3.3 3.0

Fitted values
.

line omit (δR∞/R
∗
∞)/10−12 (δα/α∗)/10−10 rp fm rd fm ξ MeV−2/10−11

1 none −12.5(2.9) −5.1(2.3) 0.84115(27) 2.12879(13) 1.52(39)
9 µH, µD, aµ 2.5(9.6) 0.0(5.0) 0.883(20) 2.1428(97) −1.1(2.3)
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Global fits with www.constantfinder.org

Collected results: Part II
mχ MeV ∆χ2 (δR∞/R

∗
∞)/10−12 (δα/α∗)/10−10 rp fm rd fm ξ MeV−2/10−11

15 6.6 −10.9(3.1) −10.6(3.9) 0.84157(37) 2.12894(16) 4.3(1.7)
25 12.4 −11.4(3.0) −8.9(2.9) 0.84147(31) 2.12890(14) 3.45(98)
50 15.0 −12.5(2.9) −5.1(2.3) 0.84115(27) 2.12879(13) 1.52(39)

100 15.5 −13.0(2.9) −3.6(2.2) 0.84101(26) 2.12875(13) 0.70(18)
150 15.6 −13.1(2.9) −3.1(2.2) 0.84097(26) 2.12873(13) 0.49(12)
200 15.6 −13.1(2.9) −3.0(2.2) 0.84096(26) 2.12873(13) 0.40(10)
300 15.6 −13.2(2.9) −2.8(2.2) 0.84094(26) 2.12872(13) 0.320(81)

Red band is region in the (mX , αX ) plane favored by the no-name analysis. Solid black
lines define a piecemeal solution region that solves muon g − 2 anomaly with α, R∞, rp,
and rd fixed at NIST values. Piecemeal = falsely restrictive !

Martens (KU) Fundamental Constants October 17, 2018 12 / 10

www.constantfinder.org


Conclusions

Piecemeal fits = falsely restrictive
Global fits = necessary (for self-consistency)

For all your global fit needs: www.constantfinder.org

.
THANKS
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