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Fi1c. 12. Pike's Peak, 7900 gauss. A disintegration
produced by a nonionizing ray occurs at a point in the
0.35 cm lead plate, from which six particles are ejected.
One of the particles (strongly ionizing) ejected nearly
vertically upward has the range of a 1.5 MEV proton. Its
energy (given by its range) corresponds to an Hp=1.7 X107,
or a radius of 20 c¢m, which is three times the observed
value. If the observed curvature were produced entirely by
magnetic deflection it would be necessary to conclude that
this track represents a massive particle with an e¢/m much
greater than that of a proton or any other known nucleus.
As there are no experimental data available on the multiple
scattering of low energy protons in argon it is difficult to
estimate to what extent scattering .may have modified the
curvature in this case. The particle is therefore tentatively
interpreted as a proton. The other particle ejected upward
to the right may be either an electron or a fast proton. The
four particles ejected downward are positively charged
and do not ionize sufficiently strongly to represent protons
of the curvatures shown. If they are positrons their [EEESE
energies are respectively 105, 250, ~500 and 60 MEV. B
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Why are their masses
so different?
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11 1 obtaining the expression (11) the mass difference bra is slightly larger than that (0.23%) obtained from

between the charged and neutral has been ignored. the p-dominance model of Ref. 2. This seems to be
2M. Ademollo and R. Gatto, Nuovo Cimento 44A, 282 true also in the other case of the ratio I'(n— ntr7y)/

(1966); see also J. Pasupathy and R. E. Marshak, T'(yy) calculated in Refs. 12 and 14,

Phys. Rev. Letters 17, 888 (1966). L. M. Brown and P. Singer, Phys. Rev. Letters 8,
13The predicted ratio [eq. (12)] from the current alge- 460 (1962).
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Asked what single mystery, if he could choose, he would like to
see solved 1n his lifetime, Weinberg doesn’t have to think for long:
he wants to be able to explain the observed pattern of quark and
lepton masses. In the summer of 1972, when the SM was coming
together, he set himself the task of figuring it out but couldn't
come up with anything. “It was the worst summer of my life! I
mean, obviously there are broader questions such as: why 1s there
something rather than nothing? But if you ask for a very specific
question, that’s the one. And I'm no closer now to answering it
than I was in the summer of 1972, he says, still audibly irritated.
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A class of models is considered in which the masses only of the third generation of quarks and leptons
arise in the tree approximation, while masses for the second and first generations are produced respectively
by one-loop and two-loop radiative corrections. So far, for various reasons, these models are not realistic.
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Yukawa coupling
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e ATLAS has similar results and projection

o Agree with the SM prediction ~tew10%
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® Jarlskog invariance

® Small  wealk ,Z{{

(can't explain the mater-antimatter asymmetry)
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Mass hierarchy and CKM ~1 (small mixings)
= diff. species!

= diff. Q# in QFT




e flavor problem
~ origin of the pattern of Yukawa

® Other flavor limits to keep in mind:
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structure zeros

Table 14

The five phenomenologically viable five-zero textures of Hermitian quark mass matrices.

Mo My, and Mg ar Hamitian,

Some

m\« g
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Z.-z. Xing / Physics Reports 854 (2020) 1-147
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0 C, 0 0 ¢ 0 0 0 b, 0 ¢ 0 0 0 D,

M= |cc B o ¢ 0 B, 0 B, 0 ¢ B B, 0 B, B,
0 0 A 0 B A DP 0 A 0 B A D' B A,

0 ¢, 0 0 ¢, 0 0 ¢ 0 0 ¢ O 0 ¢ o0

M= |c; B, B, C: B, B, C: B, B, c: B, 0 c B, 0
0 B A 0 B A 0 B A 0 0 A, 0 0 A,

® \/—\\ >> | B >> |C/(,||>| ( 137 hawd )



‘Horizontal symmetry ‘

é continuous > O), sUe) ~ - -
discrete YOAN Sw A+ 2y - - -

flavor problem ® How to assign the representations?

=

® How to break the Symmetry?

Extra-dimension

8 WS ~ LEFT XRIGHT

- IR
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e Simple but NOT simpler
=  Vu)

e ¢global = gauged

o Anomaly-free as a guide
(vofe. M FN, ¢ > 9.4 s sPll a soluti, )

o Avoid the massless Goldstone

o Moreover, new gauge boson could have
testable phenomenology.

® Without introducing new chiral fermions



SM fermions ‘ A T3+Y

(X 3 generations )




Cancellation of the Chiral anomalies
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Requirements

@ Me~(73Cev = Yl 0

= only 3rd generation has the SM Yukawa

® The mass of 2nd G ~ FN + Structure zeros

¢ Mu, md, me = ot tree leve|

= radiactive generation

We have explored all possible integer solutions
¢ ~ o < ew|la 7

= only a few are realistic



® One of the few realistic Sol.
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® Scalar fields for FN
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® At this level, M,=md= 0O
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( And all the structure zeros disappear.)
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Some Numerical highlights

o OGmasses,3angles, | &g (af p=(Tev by RGE )
Can be easily fitted

T pp o<...) 94 X #{
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and a charged singlet
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¢ Since Me= 3¥Me = S (| Ko isreal,
the phase of &3+ must be removed by

field redefinition.

® 5 ¥ Aag >0

4 c oand >~( ovp

Hs a eff. Higgs Yukawa
® / could be very diff from

@; the SM one.

e <

H — WW*— (v +2jets. For a benchmark monochromatization with 4.1-MeV c.m. energy °

spread (leading to 0ee»y = 0.28 fb) and 10ab~! of integrated luminosity, a 1.3¢ signal
significance can be reached, corresponding to an upper limit on the e* Yukawa coupling at
1.6 times the SM value: |ye| < 1.6]yM| at 95% confidence level, per FCC-ee interaction
point per year. Directions for future improvements of the study are outlined.
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e Morcover, accidental global U(1)’s:
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Conclusion

e Economic/simple gauge U(1) without exotic chiral fermions
( doubetx ¢ sy-,é-,ld X | vecdor N X | )

® anomaly-free —> only a few realistic sol.

® All charged fermion masses, CKM, and J accommodated.
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