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Many attempts at explaining the hierarchy of standard model
Yukawa couplings:

e discrete symmetries — ((¢)/M)™ suppressions.
e GUT relations.

e wave function overlaps in extra dimensions.
e .

e loOp suppressions:

Georgi, Glashow, 1972 — attempts to calculate the electron
mass as a one loop contribution involving the muon mass.

Many papers in the 1980’s (e.g., Balakrishna, Kagan, Mohapatra, 1988)

Typical scheme: 3rd generation masses at tree level,
2nd generation masses at one loop,

1st generation masses at two loops.



However, the fermion masses (at ~ 1 TeV) look more complicated:
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Let us assume that only the top quark gets its mass at tree level,

Yt mm@wm , and introduce some interactions that communicate

EWSB to the other quarks and leptons.



r: scalar field transforming as (3,2,47/6) under

SU(3)e X SU(2)w x U(1)y o AEV charge + 5/3

T4 charge + 2/3
Most general renormalizable interactions with SM fermions

Ajj ﬁﬂmhw + Pm.ﬂ._, T mem..m (r is a leptoquark)

break explicitly the chiral symmetries of the
quarks U(2)g X U(2)u X U(1)t x U(3)g — U(1)u X U(3)q4
and leptons U(3)r x U(3)e — U(1)g,

— all up-type quarks and electrically-charged leptons get
masses at some loop level.



The 1-loop diagram responsible for the tau mass:
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Some new physics cuts off the loop integral at a scale A:
a superpartner of v, or some dynamics if r is a composite particle,

or some particle integrated out to generate the Yukawa couplings of r.

m+ depends on @wﬁ (only a lower limit on My is set by phenomenology).




Charm mass induced by a 2-loop ‘“rainbow” diagram:
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If there are no other contributions to me,

the mq/m+ ratio at 1 TeV requires kmmkmm ~ ﬁw.wu_m for A = 10M,.






