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Albert Einstein:
Everything should be made as simple as possible, but not simpler!
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leptons

weak bosons
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FRHEMBATINE  Weinberg's 3 law of progress in TH physics
(1983): You may use any degree of freedom

Gell-Mann'’s totalitarian principle (1956): you like to describe a physical system, but if
Everything not forbidden is compulsory ! you use the wrong ones, you will be sorry.
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S A ~10°Gev 1
v, v,
R 1 ~ 107 Gev
ﬂ _ﬁmass = %WMVVIC, +h.c.
MNEdnieH% , fRiFER
IRV A\ ~10°GeV HER , SERNFHEN
(100 GeV)? BRI (HIAEFH) .
Fermi scale [ RTRORY o1ev . U0CVT
Seesaw — a footnote idea:
, H. Fritzsch, M. Gell-Mann,
QCD scale A ~10°MeV P. Minkowski (1975)
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MEnrico Fermifi M iE = SH RIS Weinberg TSR , REIZNESHEMEE

Neutron Beta Decay

Neutron Proton
p
Initial Gr _ Final l
n
state > P state e~ Electron
- GF
v —= = :
. V2 W g;, e et o
n=pre *v gauge seesaw e,
Fermifd e =&l SSFRBE R
Gp ~ 1.166 x 107° GeV 2 g~0.65 Vs My, ~80.4 GeV

PFS5 7 X—sSTHRANCHEER. BhfFadialll (Yukawa) HE(ERRAR
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Cumrun Vafa 2005

M, ~ —MyMz"ME = —(H)?Y M"Y

(5 . 2n) ¥R iniEiinE
Y. Liao, 2011 UV theory swampland
(seesaw) conjecture:

A Energy scale =l

effective neutrino models
at low energies

[\Swampland
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Ni \ N i Nj =
A N H * H'| M. Fukugita, T. Yanagida 1986

D(N, =€, + H) —T(N, - 0, + 1)

Ein = Y, =Y, U
in 2:@m59Q+fﬂ+FM}»E+Hﬂ v, = M?/M?
1 *
= S {Im [(ys)m(yy)aj (ViV,), 80 + (35) .. ()., (ygyy)ijg(xﬁ)]}
Vv g

Heh (o) = a1+ 1/ (L—ap) + (L) In[a/ (L))}, Ca) =1/ (1—ay)

¢ CPIEIF I SHEFHAYTR . EREEIHIEREVMNSHEFHAYTR , UBREFEHNEIRY
FidkZzik—REFERNF ( leptogenesis ) ,

¢+ (HRIFRINFIIAZ—NEEEANG , HFERTEER , —RER T EBEAEEMSEE.
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FIBEERN AR SE | (SRS AN T IR Jariskog CPRIFAER :
UD,U” + RDyRT = 0 > M, = UyD, Ul = (1A"'R) Dy (1A"'R)"
BHESIT (mass + mixing angle + CPV phase): 3 + 3 + 3 (derivational) «<— 3 + 9 + 6 (original)

~ D, = Diag{m,,m,, my}

—~ Dy = Diag{M,, M,, M, }

¢ RtRUMYKIEMHEIASR , Jariskog AEEENUT :

J, Z €aby Z i, = 1M {(Uo)m‘ (Uo),sj (UO)Zj (UO);%}
Y k — 2 2
_ A = mp—m;
¢ —5HHE , JLLUEZT TN Jarlskog AEE (ZZX , arXiv:2306.02362 )
—1
g, = [1a5 m |(M,0)),, (M,0]), (M, M),
i>j
s ‘ S14 S15 St
¢ Z—FHHE , JLIBZRERXR | ERRRHNREIRFESHTE A g~ | e o
EFHXPRESIEETTHREFREE | iRkl Jariskog £AEE. — | P24 25 526
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S5EhRHFEXNGTESH7Y . BPEPHFRE. 31MRESH. 21CPHE(L

| (M,M]),,, (M,M]), (MM]) | = Cy [Cusin2a + Cysin28+ C, sin2y "
+Cyypsin(a+ B) + Cgy sin(B+7) + C, ,,sin (v + )

+Cy_pgsin(a—fB)+Cs_ sin(8—v)+C,_,sin(y— oz)} — ijmglAmglAm§2

o R
Co = M2M2 [ S14 (520 + 330) + 524 (Sla + 535) + 534 (Slo + 520)

— 2514515504895 COS (¢ — 3) — 2854895534535 COS (3 — ) — 2814515534535 €08 (7 — Of)]

Co = Mljwﬁil‘si% (‘912’»4535 - 534‘955) Coyp = My Mys1451554595 (3%4335 534515 T 534525 — 534335)
Cp = M, M, 83,555 (3?4535 - 3345?5) Cpyny = M MySg4595534535 (5?4535 S31515 + 854575 — 5%4335)
C, = M, Mys3, 835 (334535 - 3%4335) Clra = My My5481553453; (534515 — 514535 + 534535 — 53453;)
* - Cop = [M12 (5%4 + 55y + 534) 53— M (315 + 555 + 535 514515524525

) s3]
low seesaw scale Oﬁ*’y = [M12 (5:124 + 334 + 334) 3%4 - M22 (315 + 325 + 53 ) 3%5} 594595534535
) 53]

9
j,, < 2ays a B , 7Y Cia = [M12 (5%4 +534 +5§4) 534 - M (515 + 525 +535

2
S95] 514515534535
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E— A BN TF R F AR R CP AT :

M?s,,s . | |

+$21§($21) [524325 sin (05 - 5) + S34835 SIN (Of - ’7) H

_ M12824S25
a 87 ()2 (3%4 + 3%4 + 334)
+ 291 (T9y) [514515 sin (8 — a) + 834835 sin (5 — ) H

_ M12334335
T 8m(00)% (57, + s34 + 534)
+ 91 (9, ) [514515 Sin (7 — @) + 894895 in (v — ) ]]
M12$21£($21)

8m(P%)? (514 + 534 + 534)
+ 2814515524595 SIN (05 + 5) + 2514815534535 SIN (05 + 1) + 2894595534535 S (5 + ’Y) }

€1

€1 [33215(3721) [314515 Sin (o + [3) + 894595 SIN 23 + 534835 sin (8 + ) }

1 [%15(3321) (514515 81 (@ + ) + 894895 8In (B + ) + 534835 5in 27

2 2 2 2 2 2
[514515 sin 2a 4 85,855 sin 23 + s5,53- sin 2

£, = +
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B A B DR F AR F AR CP AT -
M2
g, = — T (32%:1;1-8;25 oy {;1;12&(:1:12) [314315 SIN 20 + Sy,895 sin ( + 3) + 845,85 sin (o + ) ]

+215C(215) [324325 sin (o — ) + 834835 sin (@ — ) ]]

M3 5945, . _ .
£ TR (02 (5% + 525 2 {3;125(5[512) 814515 S (@0 + 3) 4 S54595 81N 23 + S3,855 sin (5 + ) |

+ 215 (715) [514515 sin (8 — ) + 834835 8in (8 — ) ]]

M3 534835 . , ,
Eor = — {5’3125(5’312) 514515 i (@ + ) + 894895 8in (B + 7) + 534535 5in 27
8m(¢Y)? (5%5 + 3%5 + 3%5) [ }
+215C(T15) [314315 sin (v — ) + 94895 SINL (v — 5) H
M2y T
Eg = — 22126 (219) [3%4.9% sin 2 + 53,555 5in 23 + 83,535 Sin 2y

8m(¢Y)? (3%5 + 335 + 3%5)

+ 2514515594595 SIN (@ + B) + 2514515534535 SIN (@ + ) + 259595534535 5in (5 + ) }
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+ (EREEIRFERNEIERNNAMEPRFERERFRRE , BEEHERER , RAEE=E
WMSEED , FEEFElISIRERE—F , SXEREIRFIIFEN. XEFMEIE
1?.z<ﬁllﬁﬂtlliﬁ INERENERSHERBES T  MPETRESHHSH., X5

FARIARENEETmR , K47, IFERF !
o BIMERTEMDS : 1) BRRMXIFRE (BN ) | 2) RRRRREAIZE (BEBA) ;

3 ) [HRRREEERI—RR

BRRRISREFRBSHE (RBEARBIRBES ) | 4) BENMHFER (XT + F1EA) ...

g Although nature commences with reason and
"% % ends in experience, it is necessary for us to do the
' 777 opposite, thatis, to commence with experience
‘T\*%\h pp r _ r ~ - pe

2 and from this to proceed to investigate the reason




