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OPEN QUESTION: The Flavor Fzzlle

o \/\/hy do we obeerve such a bizarre pallern

of fermion masses aud mix'|n8 dﬂg‘es?
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\i\)hy do fermions come in 2 %e)neroﬁ\msz.
What 1 the or‘\gm of neufrimo magses

\/d\r\aJV 15 the Oﬁglﬂ O(: C¥? VlOQ@txom?
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- Sfrong CP problews



Flavor in the &M

Fermon mas®s oriee ‘\’\\rou%h nTeraction
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TOWAKD A THEORY OF FLAVOR

@ Has To be prediclive: parauueters < obsevables;
@ Has To exPQoJon, the observed hi@'a)‘CQm;es;
How @ghT can the NP scal be !

Ace H\e)'e. mecthanisms V%Tub\e CLT coQQLolesz.



o GenereHJ theories of flavor have to leave of kigk scales.
FCNC: A Y 10° GeV

Ex. . AF=2 5 X y
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Q= (st Oy d“)(s%s'*dx)
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* Tt would be 9rea’f To have theories of Flavor where
e NP scale has fo be  close to the TeV scale !

LESS AMBITIOUS BUT A GOOD STARTING PoiNT
¢ Are there smple ‘H'\eorj of Flavor where N? can be close
To the Te\/ scale 7
GOALS:
- Ge.nera'l'e. l«ieroo‘cln'\es \Mi'HAO\)T ”sma“” PosameTefs ;

- Ffovor constraints on NP at or below TeV scale.
NP possible To defect af current or near- future collidess.



Main |DEA

e Theories where the nligH“ NP are VL ferwmions with the
same dnoo'ges of 5X field.

* Flavor hierarchies ore 9eneraTed ’chrough chams of VL fermions
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DOIMILAR TO FROGGATT- NIELSEN
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- We won'T see the flavor mechamem unfil we

zee the Fea\g Losuioms



kEY PoINT: S0OFT MASS TERHS

LEPTON SECTOR ( charged legtons, Alagonae mass mafrix)
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We can rofate (e, E) — (8%,E°) To cllagor\a&ze M
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e Tn the S this 15 not poss”\b\e\,

Allow To have on\3 O(4) or O(£) entries
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If E can be af the TeV ool :
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(b) DEGENERATE FERWIONS

'S‘-, ve  Yi - All fermions maxlma‘&j coupled
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QURARK SECTOR
«Quark masses (6)
‘CkH angles () There are a Qorge numbec of Hhescies.

*CkH Phaﬁe (4)
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Oh‘y 3 ?ces\\o'n\i\'\es

+ permufaTions of rows § columus
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O pening the chain
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New Phg&xc& Scale

How does the theory Look fike in the moss bosis!
SH + Heavy fermons coupled fo h, 2w A
How Lighf can this NP be ?
TeV  scole !

- Direct Seosches

- Tndirect Consfraints  ( dewviation from 61'\)



New Phgs\c& Scale
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New Phgs\c& Scale

At the EW scofe:
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EW _ Precisiom
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FCNC
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Affer kM otaliom (assumm% Ua“’\/‘*“)
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NEOTRINO HA%3%€ES
Flawr symmetry  Ge = V)’

Ha;soramq,
1 mass term
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Conclusion

- Flavor hierarchies H/\rou%h fermion chains

- Oimple theories where flavor medhanism  appeass o TeV scale
- We may see o bunch of WLF coupled 0fe) To Wq/He

- T didnt hae twe To menfiom : U2) UEY, unifi catiom, © 4-loop | ete.
WorK In progress:

- STuc\yM% the space of theories ;

- Sfudyina the etrucTuce of m%cle’r (W) ; [Me\&n—?)cxrr = ';‘jfr;,vjjgf"‘*]

- 5TULA>IM8 defection Qrospec:\'é,



