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¥AMNG /
menis in recent years® on the energy lavels of light nueled
strongly suggest that this assumption is indeed correct,
An implication of thiz is that all strong interactions
such as the pion-nucleon interaction, must also satisly
the same conservation law. This and the knowledge that
there are three charge states of the pion, and that pions
can be coupled to the nucleon ficld singly, lead Lo the
eonclusion that pions have isotopie spin unity. A direct
verifieation of this conclusion was found in the experi-
ment of Hildebrand? which compares the diferential
cross section of the process s p—='+d with that of
the previously measured process p-p—swt-d.

The conservation of isctopic spin is identical with the
requirement of invariance of all interactions uwnder
isotopic spin rotation. This means that when electro-
magnetic interactions can be neglected, as we shall here-
after assume 1o be the case, the orientation of the
isatopic spin is of no physm:] sngnncz':ce. The differ-
entiation between a neutron and a proton is then a
purely arbitracy process. Asg usually conceived, however,
this arbitrariness is subject to the following I.mltauon.
oG gne chooses wha_t_t‘gcall a proton, what & neutren,

at.gne space-time point, one is then not free to makl: any
jges at other space-time poinis,

%; geemis that is mot consistent with the localized
field t that underlies the usual ical theoric:
In the preseat paper we wish to explore the possibility
of requiring all interactions to be invariant under
indapendeni rotations of the isotopic spin at all space-
time points, so that the relative orientation of the iso-
topic Spin at two space-time points becomes a physic-
ally meaningless quantity (the clectromagnetic field
being neglected).

We wish to point out that an entirely similar situation
arises with respect to the ordinary gauge invariance of a
charged fGeld which is described by a complex wave
function . A change of gauge® means a change of phase
factor y—’, y'= (expialy, a change that is devoid of
any physienl consequences. Since  may depend on
&, ¥, 5 and !, the relative phase factor of  at two differ-
ont space-time pointa io therefore complotaly arbitrary.
In other words, the arbitmariness in choosing the phase
factor is local in character.

Wa dafine {rolopiz garge ns an arbitrary way of choos-
ing the orientation of the isolopic spin axes at all space-
time points, in analogy with the elactromagnetic gauge
which represents an arbitrary way of choosing the com-
plex phase factor of a charged field at all space-time
points. We then propese that all physical processes
(Mot involving the electromagnetic field) be invariant
under an isotopic gauge transformation, y—s' ¢ = 5=4,
where .5 represents a space-time dependent isotopic
=pin rotation.

To preserve invariaoce one notices that in electro-

T, L;untun Ann. Rer, hudemr ;Sn 1, 67 (1952); D. R.

lngi;. Moderm Phys. 25, 300 (1953)
H. Hildebrand, Phys Rew. 57 1090 [1953),
=w Pauli, Revs. Modem Phys. 15 203 {1941},

dynamics it is necessary to counteract the variation of o
with &, ¥, £, and ¢ by introducing the elzelromagnetic
field A, which changes under a gauge tmnsformation as

el
A=A+ :

£ gy,

In an entirely similar mannér we lntroduce a B feld in
the case of the isotople gnuge transformation to counter-
act the dependence of 5 on & ¥ s, and | It will be se2n
that tl\:s i tural

pst. The field equations musﬁed by The twelve
1n|]cpcndt.nl: compenents of the B field, which we shall
call the b field, and their interaction with any field
having an i=e;npic spin are essentinlly fixed, in much the
same way that the {ree clectromagnetic Fm.d and jta.
interaction with r-nr ed fiel
nt of

mine r

In the [‘oLlowing two scctions we put down the
mathematical formulation of the idea of isatopic gauge
invarionce discussed above. We then proceed (o the
quantization of the field equaticns for the b field. In the
last section the propertics of the quanta of the b ficld
are discussed.

auge invariance,

ISOTOPIC GAUGE TRANEFOERMATEON

Let o be a two-component wave function describing
a field with isotopic spin 4. Under an isotopic gauge
transformation it transforms by

d=5¢, (65]

where § is a 22 unitary matrix with determinant
unity. In accordance with the discussion in the pre-
wvious section, we require, in analogy with the elzctra-
magnetic case, that dtr{vntivcs of ¥ appear in the
following combination:

(Fy— B 0.

B, are 23¢2 matrices such that” forg=1, 2 and 3, B, is
Hermitian and 2. is anti-Hermitian. Invarence re-
gquires that

S{a,= BV = (8, —1eB.). (2)

Combining (1) and (2), we obtain the isatopic gauge
trnsformation on Bt

'—-5'"3.;3—}-5-9"‘E (3)
. =

¢ dI,
The last term is similar to the gradiant term in the
gauge transformation of electromagnetic potentials,
In analogy te the procedure of obtaining gauge in-
wvariant field strengths in the clectromagnetic case, we

TWe use the convention: A=c=1, and r.=it, Daldface type
refers to vectors in isotopic space, not in space-time,
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From Wikipedia, the free encyclopedia

The Dirac large numbers hypothesis (LNH) is an observation made by Paul
Dirac in 1937 relating ratios of size scales in the Universe to that of force scales.
The ratios constitute very large, dimensionless numbers: some 40 orders of
magnitude in the present cosmological epoch. According to Dirac's hypothesis,
the apparent similarity of these ratios might not be a mere coincidence
but instead could imply a cosmology with these unusual features:
* The strength of gravity, as represented by the gravitational constant,
IS Inversely proportional to the age of the universe:
 The mass of the universe is proportional to the square of the universe's age:
* Physical constants are actually not constant.

Their values depend on the age of the Universe.

23F12R7TH Q@KRKRF
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The Oklo bound on the time variation of the
fine-structure constant revisited

Thibault Damour®®*, Freeman Dyson”

1 Introduction

Since Dirac [1] first suggested it as a possibility, the time variation of the
fundamental constants has remained a subject of fascination which motivated
numerous theoretical and experimental researches. For general discussions
and references to the literature see, e.g., [2, 3, 4. 5]. Superstring theories
have renewed the motivation for a variation of the “constants” by suggesting
that most of the dimensionless coupling constants of physics, such as the
fine structure constant o = 1/137.0359895(61), are functions of the vacuum
expectation values of some scalar fields (see, e.g., [6]). Recently, a mechanism
for fixing the vacuum expectation values of such massless stringy scalar fields
(dilaton or moduli) has been proposed [7]. This mechanism predicts that
the time variation of the coupling constants, at the present cosmological
epoch, should be much smaller than the Hubble time scale, but mavbe not
unmeasurably so. In this model, the time wvariations of all the coupling
constants are correlated, and the ones of most observational significance are
the fine structure constant a and the gravitational coupling constant G. In
the present paper, we revisit the current best bounds on the variation of «.

References
[1] P.AM. Dirac, Nature 139 (1937) 323; Proc. Roy. Soc. A165 (1938) 199.

[2] F.J. Dyson, The fundamental constants and their time variation in As-
pects of Quantum Theory, eds A. Salam and E.P. Wigner (Cambridge
University Press, Cambridge, 1972), pp 213-236.

[3] F.J. Dyson, Variation of constants in Current Trends in the Theory
of Fields, eds J.E. Lannutti and P.K. Williams (American Institute of
Physics, New York, 1978) pp 163-167.

[4] P. Sisterna and H. Vucetich, Phys. Rev. D41 (1990) 1034.

[5] D.A. Varshalovich and A.Y. Potekhin, Space Science Reviews 74 (1995)
259.

[6] M.B. Green, J.H. Schwarz and E. Witten, Superstring theory (Cam-
bridge University Press, Cambridge, 1987).

[7] T. Damour and A.M. Polyakov, Nucl. Phys. B423 (1994) 532; Gen. Rel.
Grav. 26 (1994) 1171.
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Muon Magnetic Moment in a Finite Theory of Weak and Electromagnetic Interactions®

I. Bars and M. Yoshimura
Department of Physics, University of California, Berkeley, California 94720
(Received 22 February 1972)

A2 R AE

B

A

We calculate the weak-interaction contribution to the muon anomalous magnetic moment of
the order C-‘,,.m,,1 in the Weinberg model for leptons. Using a £-limiting procedure we obtain
a finite correction to  (g-2), which has the value (1.8-2.2) x107%,
COoH-LL3 T WARXANTF 10
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Progresa of Theorctical Physics, Vol. 58, Ne. 3, September 1977

Muon Number Nonconservation in a Unified
Seheme of All Interactions

Motohiko YOSHIMURA
Department of Physics, Tohoku University, Sendai 980

(Received April 30, 197D

We present a unified gauge model based on tha group SU(6) that contains as commut-
ing subgroups the SU3) XU(1) of weak interactions and the color ST/(3) of strong inter-
actions. In this scheme nonconservation of separate electron and muon number naturally
arises through mixing of flavors in the quark sector, while the proton remains stable.

ANDREW PICKERINC

Constructing
UARKS

A L T < NARFEER

LA L. 78— HIMEEANZARZBN T LANY F VEFEREFELZRITANDNETEAGWLD

2 DODEEMG,.GUTFE
* B —and L — nonconservation

Quantum numbers not associated with gauge force are all
approximate. Only the rate 1s questioned.

N=AN
yi= 4 I:l

* Finite neutrino masses and mixing SFRBE M T ULV LY,

=N AN=AN

* Heavy chiral partner of neutrinos:
can be responsible for leptogenesis
A link to cosmology
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IELUWMRER
H B %75 S — VPR E 2 EH A (S Weinberg) (3. % +#5F 7 The First Three
Minutes =~ D7X/N T

"However, I do not believe that scientific progress is always best advanced by

keeping an altogether open mind. It is ofren necessary to forget one’s doubts 3 Steven
and to follow the consequences of one’s assumptions wherever they may lead- Ay BN Weinberg
the great thing is not to be free of theoretical prejudices, but to have the right
theoretical prejudices. And always, the test of any theoretical preconception is

in where it leads.”

PGB, HMSENTZFIUTHEG U TID DO RO SIRUVERENRGE., ikl TF
Nzl A, BREXK, EWo2E&THS, TTTIENDLEHT. HA T
HEWS SHEA S TULD, BBEr7mERIEWiTRun, & T EABRT 500K
HTHD, 72O TOVOVEEENGHITIERT D &, FAMNH T, BiEWTH D T &N
HIEHT %,

VOIEED P DOE Z D InMIC falsifiable I3EREEEFE I X /C LW H5 1530 H 5,
BRI S 0IC7E D 5 % T & A ifamdD A RICT K, EDETH D, B0
MH XD LRV EREm T D2DE. HESER TR A TR R L., MEEOHFTH A
I F LT, HIRRFAZIGE 2L L SR> THh 5., £ AREHEZEN
AN T 25 55 A, B, JERIC K O MEN DT IUTIE L WLE D &k
27500,

LHL 74>/ R"—=27 128 baryo-genesis ICBAL T, 7=3NA. BE-ST-RELYH - 7=,
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Baryogenesis papers

PRL

Physics Lett.

QCD®masymptotic freedom 7

Unified Gauge Theories and the Baryon Number of the Universe

Daepariment of Phypsics, Tohoku Univervsity, Sendai 980, Japan

I suggest that the dominance of matter over antimatter in the present universe s a con-
sequence of haryon-pumber—nonconserving reactions in the very carly fireball, Unified
guage thoorios of weak, elactromagnetic, and strong interactions provide a basis for
such 2 conjecture and a computatioa in specific SU(5) medels gives a small ratio of
baryos= to photos-number density in rough agreemont with cbservation,

Motohiko Yoshimura

(Recelved 27 April 1976)

ORIGIN OF COSMOLOGICAL BARYON ASYMMETRY

Motohiko YOSHIMURA

Department of Physics, Tohoku University, Sendai 980, Japan

Received 27 April 1979

Revised manuseript received 15 June 1979

A new version of cosmological baryon generation is examined. In this scheme the baryon asymmetry is caused by the
nonaquilibrium decay of an X (leptoquark) and xT boson of ~ 1016 GeV, which rakes place after an equilibrium period of
baryon nonconserving two-body reactions. This mechanism imposes a severe constraint on grand unified theories; both up-

per and lower limits to the unification mass are derived.
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COSMOLOGICAL BFRYON PRODUCTION AND RELATED TOPICS

Motohiko Yoshimura
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Usiverse exjasslon in $he unifieq sange

By the estim~

theory of strong, weak
ar% 854 sleolvomgnatio intersotions is Adsonsoad,

Ve pressated kere the baryon aymmetny A= 51 (the ratto

of the ssan baryon denaliy to the rells rld!l‘if: qoantun
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lex quark mixing,

in the quantity
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Ray contain sp sdditionsl smsll parameter, Some acnsiders-
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* Small pair emission rate of neutrino pair emission

G2 AD A
= ~33x1073% (=) B DR LB/ Lo
157 eV
* How to enhance the rate 1s crucial
resonance RAMEAICL 2 —5 > 2L 5

: : L — hiBIR, B OBHH 5,
target coherence (like superradiance)



Unique signature of Majorana
= nterference of identical fermions

myTn
S i -3°17 = > lip -7 + + 05— (36§GET —7¢- GOT)
FE7 T I/LIRF 2 DI
Effective only for pair emission LBTEMRN~I T T

Appear only (11) threshold; proportional to m 172
(vivj) i # j pair
Can be positive or negative

Direct test of Majorana nature cfLVin (Ov)S0
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Radiative neutrino pair emission from collective excited atom:

» Radiative pair emission has valuable information of
neutrino mass spectroscopy

11>

> PHOTON ENERGY

| 2>
Simplified treatment of coherence
I — f dkydka, | 3 & R pq(7,  K)|?
a
When cohrence over atoms at 7, exists,
I ~n?V [ dke,dley, F(E, + )| M(0, E)?
F(R) = | [ dref? s
v
i _ —y > =1+ 7r+ vy
with n the number dnesity, and F(K') the shape factor of targ:
with n the number density of atoms. Thus, I = n®V x a single atom :
y+2y 2y
bution.
IM|? = (3] - 82) | Mz21 20|
] (W —Agp)?+(n+712)%/4
N2 G3AZ, Ay . N 10%em?
———— ~ 3 x 10 %sec! ey ] — -
V T2 {ﬂ.5cb" LlUld' V
300 events /day A
n
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PHYSICAL REVIEW D 91, 063516 (2015)
Experimental method of detecting relic neutrino by atomic de-excitation
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FIG. 1 (color online). Spectral distortion Ry (w) caused by the
Pauli blocking of relic neutrinos, 7, = 1.9/2 K in dotted red,

J: L) E_li_ [_/ L \%EEFE'EE% ‘j:fr% EE?—/_K\E/:E 1z 37) % . 1.9 K in solid black, 2.7 K in dashed blue, and 1.9 x 2 K in dash-

dotted green, all assuming my =5 meV, €,, = 11 meV, and the
zero chemical potential. Distortions are identical for the two cases
J&@E}F%b‘B of NH and IH.
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—t= e
= $€l‘j\<}§ ( B R D EEEER S F280T yoshim@okayama-u.ac.jp)

23F12R7TH Q@KRKRF 25



Ti|

[ 1L K52 T Dtable top g EER ¢ BIXLF——2—RELE

55 LWQED2R D2 F I D 15HT L — R EIEIZ B T omnimroRa

(TR S s U T e L e

fil o1 oo R
E [eV
[ ] uetake@okayama-u.ac. jp yoshim@okayama-u.ac. jp
E [eV]
LIV TSR E =
RG] fie J&
" |j> yosimura@okayama-u.ac. jp sasao@okayama-u.ac. jp
2014 51 (T 26 1) 8 H 22 11

T I 1547 DI 1F
Y S wam | .

“o \_l/ w-1 4662 nm
0.5+ -?" “(-,(;[-,-_ le) (w=1) (a) without filters 4959 nm ~
P
0= lgy (@=0) (b) LPFs <2 .
K A
B 8: 37 KEFTOIRNF—HELL, |g) & |o) BETHE v R " ]
EEREBICH D, 2D b o) BIRBIMERETH 05 eV 4 (€) LPFs x4 ]
DIFNE—THEH, ZNEDRED 6 HFBEBUHE B ey 200
SRR |j) 359 11eV DLRALX—THE, 2 4 4400 4600 4800 5000 5200
E— LY AERDEDIZ wy & w_g DD L—F —K Wavelength [nm]
ZAHT 5, ()
12: FEERRER, 67X (4.66 pm B XV 4.96 pm) e
Al 7z, (a) LPF(Long-Pass Filter) % L D&G&  »—
o ;/_\, — kY 1. oo :
+5 S e oy B = e ?z«\ﬁakﬂ/o VL% x:b 72\7‘6(-‘40‘6,11111) E, F0 B
253 282 320 369 436 955 (1586) HFHATTHL 4.96 pm ODHABBRESNT V2. Bl ),
¢ B L 7 fG 5 ORRDMEDIZ 1.96 pm TH B Z L RHED 4
o o oy . D570, MO L — ORI IR DERHEE
0 —1 :..,.‘4 7 Sl - — fHA >
532 683 (4662) - L\PF A LCHIE L7z, (b) LPF J‘s‘{@\.ﬁi, B oxn
LU (¢) LPF4 D84, 4.66 pm DT L R S 1 s
11: 52 vH A4 FAVE, BROI 2+ 4 AV FREER, BFOIE—LVARKELVILEZRLTVRS, = = TWBHDIZHL, 4.96 um Giﬁi‘k}u&“iiftl,\’(htrb: i
REXOPURA b =27 2M (ZNF N 1.59 pm, 4.66 pm) (FHIOBEIR THREZBB L 20T, EEHICIFHENTLT EBbrd, OIS, Bl L 7G5 0REILME
WY, FAOKIEES — Mk D AIEDGICZE L TR L 72, . VR 496 pm TH S E DD,

Lo 1401+ \ky/\ﬂ&j(_'_jﬁ 26



FEEINOEEE 75y 7 h—LARIZ L 3

lmh
[T
ot
X
>
o
Nl

BICEP/Keck

P.A.R. Ade et al, https://arxiv.ora/pdf/2110.00483.pdf
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Super-string Eig D higher string loops i EZ ELEIRILF—RETHEIR i)
AlgE SR, (Damour-Polyakov)
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“Constraints on extended Jordan-Brans-Dicke gravity” :
arXiv: 2304.08656v2 (2023). |
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Damour-Polyakov: string full-loop incorporated

T. Damour and A.M. Polyakov, Nucl. Phys. B423 532 (1994).
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Bp(qrr)i'ﬁ-? — By(®)0DY + - } .

Bi(P) = e72* + r_’:g') + r_’:gﬂem + r_’:g]ff@ + - -

E.S. Fradkin and A.A. Tseytlin, Phys. Lett. B158, 316 (1985).
C.G. Callan, D. Friedan, E.J. Martinec and M.J. Perry, Nucl. Phys. B262, 593 (1985).

T re e - | e V e | fo r m : C.G. Callan, [.R. Klebanov and M.J. Perry, Nucl. Phys. B278, 78 (1986).
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T. Rosenband et al. Science 319, 1808 (2008)

and online supplementary materials (http://www.sciencemag.org/cgi/content /full/1154622/DC1)

23F12HTH @KRKFE

30

Time evolutions of energy densities of radiation, matter, and eJBD field y at epochs of =
Assumed model parameters are Vj/M; = 1.1 x 107" (corresponding to V;
do=2,dy=1,f=1/4,n=3.50=1.5)

(2. )1116‘\/) )
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