CODATA Task Group on Fundamental Physical Constants (TGFC)
Report for the 26" meeting of the
Consultative Committee for Units (CCU)

The mission of the CODATA Task Group on Fundamental Physical Constants (TGFC) is to
periodically provide the scientific and technological communities with a self-consistent set of
internationally recommended values of the basic constants and conversion factors of physics and
chemistry based on all relevant data available at a given point in time. The last regular CODATA-
TGFC four-year cycle adjustment of the fundamental constants was the 2022 adjustment with a
closing date of 31 December, 2022 for input data to be available for consideration. Relevant data
were collected and reviewed for possible impact on the determination of the values of the
fundamental constants. The results of the 2022 CODATA-TGFC adjustment are ready for release
pending approval of the TGFC with the accepted input data and analysis to be published in a review
article.

Major impact of the 2022 CODATA adjustment of the fundamental constants

One of the most significant impacts on the 2022 CODATA adjustment of the fundamental
constants are new input data for the fine structure constant, o There has been an updated value for
the 4119 mass independent term in the theory of the electron magnetic moment anomaly, a., with
tension between two independent evaluations,'> ? requiring an expansion factor of 2.1 for 4,19,
The shift from 2018 to 2022 value of 4,19 is —3.5 x 10"'!a.. There is a new measurement of the
electron magnetic moment anomaly?® by the same senior researcher as the 2008 Harvard result*
that is consistent with the previous results but with a 2.2 times smaller uncertainty. More
importantly is a new atom recoil measurement by Laboratoire Kastler-Brossel, Paris, France
(LKB) with new systematic effects shifting their 2011 value by 2.4 sigma. The resulting relevant
input data for the determination of the fine structure constant, ¢, is shown in Figure 1. The change
in o from 2018 to 2022 is 3.2 times the uncertainty of the difference. The impact of the change of
a is shown in terms of previously exactly defined constants, the permeability of free space, 0, and
the molar mass constant, M,, in Table 1.
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Figure 1: Determinations of the value of the fine-structure constant from atom recoil measurements and the
measurement of the electron magnetic moment anomaly. An expansion factor of 2.5 is applied to the uncertainties of
these data during the adjustment, so that all values lie within two (expanded) standard deviations of the CODATA
value.

CODATA Adjustment | /(4 x 107 N/A?) M,/(1 g/mol)
2018 1.000 000 000 55(15) | 0.999 999 999 65(30)
2022 0.999 999999 87(16) | 1.000 000001 05(31)

Table 1: Relative deviation of the permeability of free space, to, and the molar mass constant, My, with respect to
their previous exact values of 4w x 10”7 N/A? and 1 g/mol, respectively.

There are new results for the screening correction for *He atoms® that may be used to deduce
the bare nuclear moment from measurements made on the atoms. Combining with a new
measurement of the magnetic moment of the *He* ion® leads to a factor of 14 reduction in the
uncertainty of the bound helion magnetic moment (previously called the shielded helion magnetic
moment).

Other relevant new input data for the 2022 adjustment of the fundamental constants:

Relative atomic masses

Four new results from cyclotron frequencies ratios have become available for LSA2022 for the
determination of the relative atomic masses of the light nuclei particles: @.(**C®")/aw(p) 7,
o(PCaw(d) 3, o) aw(d) °, and @(?C*)/w.(HD") 8. Three new results from
measurements'®!112 ag well as theoretical determinations!® of transition frequencies between
rovibrational states in the molecular ion HD" have become sufficiently accurate to constrain the
electron-to-proton and electron-to-deuteron mass ratios. This is the first time that these types of
data are used in a CODATA LSA of the fundamental constants.

Atomic hydrogen and deuterium transition energies

The theory for hydrogen energy levels and for the g-factor of the bound electron keep
improving. There are also two new atomic hydrogen transition measurements available for
LSA2022: 1Si2—3S12 ' and 2S12 — 8Dsp2 2

Muonic atoms and muonic atomic ions

There is a new measurement of the Lamb shift in u*He* '®17, adding to the input data for the
determination of the radii of the proton, deuteron, and o particle.

Muon magnetic-moment anomaly

There is a new measurement of the anomaly of the positively charged muon, a,, from the
Fermilab National Accelerator Laboratory'® that is in excellent agreement with a previous 2006
determination at Brookhaven National Laboratory using the same 1.45 T superconducting storage
ring magnet, with a slightly better uncertainty.

Newtonian constant of Gravitation




The value and uncertainty for the 2022 determination of the Newtonian constant remain the
same as 2018 along with the same expansion factor of 3.9 since there is no new relevant input
datum for the 2022 adjustment.

2022 LSA treatment and results

The 2022 adjustment of the fundamental constants consists of 79 adjusted constants with 133
input data for 54 degrees of freedom. The initial LSA without expansion factors has % = 106.1,
p(106.1154) = 0.00003, and Rp = 1.40. Expansion factors to reduce residuals to 2 or less are 1.7
for all transition energies for electronic hydrogen and deuterium; 1.7 for muonic Lamb shift data;
and 2.5 for data related to the determination of . With expansions applied the final LSA that
determines the 2022 CODATA recommended values of the constants yields y2 = 49.2, p(49.2]54)
= (.86, and R = 0.89.

Membership

Due to the increasing importance of simple atomic systems and fundamental particles playing
a major role in the determination of the fundamental constants, the TGFC has invited the
following experts to become members of the TGFC: Dr Jean-Philippe Karr, Laboratoire Kastler
Brossel, Paris, France; Dr J.C.J. Koelemeij, Department of Physics & Astronomy, Vrije
Universiteit Amsterdam, The Netherlands; and Prof. Dr Frédéric Merkt, Department of Physics,
ETH Zurich, Switzerland.

The next CODATA-TGFC meeting will be held 10-11 September 2024 as a hybrid meeting at
the BIPM, Paris with virtual attendance as an option. The meeting will last for two days with
several scientific presentations on subjects of interest to the Task Group.
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