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6 P. A. M. Dirac, Proc. R. Soc. A 118, 351 (1928)
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para-hydrogen. The value obtained is 5 nucloar
magnetons for the two protons in the ortho-hydrogen

molecule, that is, 2-5 (and not 1) nuclear magnetons
for the proton.

This is & very striking result, but further experi-

ments carried out with increased accuracy and over a
wide range of experimental conditions (such as
temperature, width of beam, etc.) have. shown that
it is correct within a limit of less than 10 per cent.

“Don't you know the Dirac theory?
It is obvious that gp=2!"

87 (Pauli)

Nature 132, 169-170 (1933)
Z. Phys. 85 4 (1933)
14 Z. Phys. 85 17 (1933)
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8 Phys. Rev. 46, 163 (1934)
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FEf+ ( Kusch ) #0g8F! ( Foley )

tively. To remove this discrepancy we must assume for
the ratio of the gr values

23/2 | ,
o177 = 200344::0.00012 =2 4.

It the electronic configuration in these states is accu-
rately described by Russell-Saunders coupling the above
discrepancy must be assigned to a change in the g value
of the intrinsic moment of the electron or of the orbital
moment from their accepted values. If the electron spin g
value gg=2-85 and the orbital g value gz, =146z, then
A=36g=—387. Our present experiments, even assuming
Russell-Saunders coupling, do not permit any evaluation
of 85 and 8;.. However, the discrepancy could be accounted
for by taking gs=2.002294+0.00008 and gr=1, or alter-
natively gs=2 and g, =0.99886 +-0.00004.

J.E. Nafe, E.B. Nelson and LI. Rabi, Phys. Rev. 71 (1947), 914-915
D.E. Nagle, R.S. Julian and J.R. Zacharias, Phys. Rev. 72 (1947), 971-971
P. Kusch and H.M. Foley, Phys. Rev. 72 (1947), 1256-1257
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10 Phys. Rev. 73 (1948) 416-417
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Q@ g e — 2 002 3 8 (1 O) l The Magnetic Moment of the Electront

P. Kusce anp H. M. FoLey
Degpartment of Physics, Columbia University, New York, New York

-5 O (Received April 19, 1948)
o R BEREEE a=(g-2)/2=0.1% . . . .
° A comparison of the gs values of Ga in the 2Py, and 2Py states, In in the 2P, state, and Na in

the 25 state has been made by a2 measurement of the frequencies of lines in the Afs spectra in a
constant magnetic field. The ratios of the g7 values depart from the values obtained on the basis
of the assumption that the electron spin gyromagnetic ratio is 2 and that the orbital electron
gyromagnetic ratio is 1. Except for small residual effects, the results can be described by the
statement that 51,:1 and Es=2£1.00119i0.00005). The possibility that the observed effects
may be explained by perturbations is precluded by the consistency of the result as obtained by

various comparisons and also on the basis of theoretical considerations.

12 P. Kusch and H. M. Foley, Phys. Rev. 74, 250-263 (1948)
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REVIEWS OF MODERN PHYSICS, VOLUME 78, OCTOBER-DECEMBER 2006

Nobel Lecture: Passion for precision™

Theodor W. Hansch'

Max-Planck Institute of Quantum Optics, Garching, Germany
and Department of Physics, Ludwig-Maximilians University, Munich, Germany

(Published 17 November 2006)

DOI: 10.1103/RevModPhys.78.1297

Since Galileo Galile1 and Christiaan Huygens 1in-
vented the pendulum clock, time _and frequency have
been the quantities that we can measure with the highest
precision. Today, it 1s often a good strategy to transform

other guantitics such as leneth or voltaec into a fre-

quency in order to make accurate measurement. 1his is
what my friend and mentor Arthur Schawlow at Stan-

ford Universily had in mind when he advised his stu-
dents: “Never measurc anything but frequency!” Mca-
suring a frequency, that 1s, counting the number of cycles
during a given time interval, 1s intrinsically a digital pro-
ccdurce that 1s immune to many sources of noisc. Elcc-

14

B EZ- B Arthur Schawlow
5%56‘623219811%”72

Never measure anything
but frequency!
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MAY 15, 1937 PHYSICAL REVILW VOLUME 51

Note on the Nature of Cosmic-Ray Particles

SETH H. NEDDERMEYER AND CArRL D, ANDERSON
California Institute of Technology, Pasadenu, California
(Received March 30, 1937)

EASUREMENTS! of the energy loss of massive than protons but more penetrating than
particles occurring in the cosmic-ray electrons obeying the Bethe-Heitler theory, we
showers have shown that this loss is proportional have taken about 6000 counter-tripped photo-

|. Rabi
17
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Observations of the Failure of Conservation er < <:| |:> - 2" I\
of Parity and Charge Conjugation in i
Meson Decays : the Magnetic <:I g o
Moment of the Free Muon* : .7
S 1
Ricuarp L. Garwin,f LEon M. LEDERMAN, e T I T v Ty
AND MARCEL WEINRICH AMPERES - PRECESSION FIELD CURRENT

Plivsics Department, Nevis Cvclolron Laboratories,

AV

\

Via

Columbia University, Irvinglon-on-Hudson, \ \ 3 _ﬁ_ /
New York, New York @ ljﬁﬁ%*&{%éa\¥a Eﬁiﬁ l:I:l Eﬁi = EJ
(Received January 15, 1957)
s D sTr<) = —— = \=
EE and Yang' have proposed that the long held ® é?ﬁ{]ﬁ " |T_I_$EEXj-a:15IJ\;i\ N l ’rE
space-time principles of invariance under charge
conjugation, time reversal, and space reflection (parity) J—
are violated by the “weak” interactions responsible for ® éy | E/}]g - I — 200 + 010 ( EBL-E]./Z )
decay of nuclel, mesons, and strange particles. Their
hypothesis, born out of the r—#@ puzzle,’ was accom- =+= 33 =] EE, E/J e ;ﬁn
panied by the suggestion that confirmation should be ® ZJ H/J* E%I)\JESJL J é 3 = 3 Y /E\R
sought (among other places) in the study of the succes- NE
sive reactions ( | I I I;i EEE,?E/J”;&E,U\ )
mt—ut 4, (1)
ut-—et—+2p, (2)
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QED electroweak é
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Y g
QED EW HVP HLbL
Y D
“&Y i aM = a*” + aEW + allVP + gflLbL

L0 hadronic hadronic LbL — 116 591 810 (43)x10~ ' 0.37 ppm!
2tH B {EH

20 T. Aoyama et al., Phys. Rep. 887 (2020) 1-166



J. Bailey et al., Nucl. Phys. B 150 (1979) 1-75
G. Bennett et al., Phys. Rev. D73, (2006) 072003
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KoMz FRRF Ly (CERN) MmERBXEZFRXINE (BNL)
1960-1970F % 1980-2000F
7.3 ppm 0.54 ppm
ay™ =116 592 089 (63) x 107"
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History of muon anomaly measurements and predictions

I | [ | | | I

} . - ® | [ 7.3 ppm] 1979, CERN Illl u* data 1974-1976
| | | [ 7.1 ppm] 1979, theory
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0.30 ppm] 2017, Jegerlehner 2017
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—— —[ 0.37 ppm] 2020, Muon g-2 theory initiative

re1 experimental measurement
<——> 3./0 4 theory at the time of measurement publication

H4  theory prediction
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Corrections due to beam dynamics
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Corrections due to transient magnetic fields

@, (T') = Proton Larmor precession frequency in a spherical water

sample weighted for muon distribution
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Students with 2-3 years of university physics
education are invited to apply at:

hitps.//indico-tdlisjluedu.cn/event412/
Description:
This summer school aims to provide a pedagogical introcuction and overview of our prefound
understanding of the microscopic world and its connection to the entir2 Uriverse. Th2 schcol

will also cover recent experimental developments n dark matter, ncutnno, collider and muon
physics where significant progress have been achi2ved.

Contact: ziyang@sjtueducn
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