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A New Light Boson? Problem of Strong P and T Invariance in the Presence of Instantons

F. Wilezek™
Jolumbia University, New York, New Yovk 10027, and The Institute for Advanced Studies,
Princeton, New Jersey 085400
{Received 29 November 1977)

Steven Weinberg
Lyman Labovatory of Physics, Havvard Univeysity, Cambridge, Massachusetts 02138
(Received 6 December 1977)

1t is pointed out that a global U(1) symmetry, that has been introduced in order to pre-

serve the parity and time-reversal invariance of strong interactions despite the effects The requirement that P and T be approximately conserved in the color gauge theory of
of instantons, would lead to a neutral pseudoscalar boson, the “axion,” with mass rough- strong interactions without arbitrary adjustment of parameters is analyzed, Several pos-
1y of order 100 keV to 1 MeV. Experimental implications are discussed. sibilities are identified, including one which would give a remarkable new kind of very

light, long-lived pseudoscalar boson,

S.Weinberg 5F Wilczek
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PHYSICAL REVIEW D VOLUME 30, NUMBER 1 1 JULY 1984

New macroscopic forces?

J. E. Moody* and Frank Wilczek
Institute for Theoretical Physics, University of California, Santa Barbara, California 93106
(Received 17 January 1984)

The forces mediated by spin-0 bosons are described, along with the existing experimental limits.
The mass and couplings of the invisible axion are derived, followed by suggestions for experiments
to detect axions via the macroscopic forces they mediate. In particular, novel tests of the T-
violating axion monopole-dipole forces are proposed.
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B. Dobrescu and I. Mocioiu, J. High Energy Phys. 11, 005(2006).
P.Fayet, Phys. Lett., 95B(2), 285, (1980).
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Question of Parity Conservation in Weak Interactions®

T. I, Lex, Columbda Undversity, New Fark, New Fork
AT

. N. Yaxa { Brookbores National Laboratery, I5gdon, New Fork
(Reccived June 22, 1055y

The guestion of parity conservation in & decays and in hyperon and meson decays is examined. Possible
experiments are puggested which might test pority conservation in these interactions.

The reason for the absence of interference terms OC
is actually quite obvious, Such terms can only occur
as a pecudoscalar formed out of the experimentally
measured quantities. For example, if three momenia
Pr, Pr P are measured, the term CC - (paix pe) may
occur. Or if & momentum p and & spin ¢ are measured,
the term CC'p-e may occur. In all the §-decay phe-
nomena mentioned above, no such paeudoscalars can
be formed out of the measured quantities,

In their historic paper, they pointed out that a pseudo scalar has to be formed
to observe parity violation:

pi(@:XP) o pec
For T violation:
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B. Dobrescu and 1. Mocioiu, J. High Energy Phys. 11, 005(2006).
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Nature volume 555, pages657—-661 (2018)
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Nature volume 555, pages657—-661 (2018)
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J. Lee, A.Almasi, and M.
Romalis, PRL,120, 161801
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Fig. 3 Data collection. a A repeated bismuth germanate insulator (BGO)
mass linear motion with respect to the rubidium vapor {not scaled). The
BGO mass was extended with v = 15.38 mm s~ for 0.325 s from the initial
configuration to the final configuration and then retracted toward the initial
configuration with v = =138 mm s~ for 03255, by a motor. b Time
traces of spin-exchange relaxation-free (SERF) magnetometer signal
showing two full cycles of the mass linear metion reversal. € The voltage
output from the motor indicating the motion's direction which was high and
low at extraction and retraction of the mass. The rising and falling edges
served as the reference points for each half cycle

Y.J.Kim, P.H.Chu, |.Savukov
& S. Newman, NC,
10:2245,(2019)
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FIG. 1. (a) Side view of a schematic of the experimental setup
to probe the exotic spin-dependent interaction V,.s. An unpo-
larized BGO mass is placed next to a Rb vapor cell located inside
the head of a SERF magnetometer module. The polarized Rb
electron spins are oriented along the y axis. The mass is rotated
clockwise and counterclockwise around the z axis to reduce
systematic effects. (b) Photograph of the BGO mass connected to
a G10 rod via a plastic holder to precisely control the position of
the mass by using a three-axis translation stage. (¢) Photograph of
the SERF magnetometer module located inside a cylindrical
ferrite shield (end cap not shown) that includes compensation
coils to remove the residual field inside the shield.

Y.J.Kim, P.H.Chu, |.Savukov,

PRL, 121,091802,(2018)
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gV g6 = 0.07 & 2.06(stat) & 0.07(syst) x 10734,

g g% = —0.06 + 2.36(stat) + 0.08(syst) x 10722
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