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o Why are l.here fermion masses
? dw S Ho b.
3 ; (large angle MSW) u-e ce re
o What physics determines vi—eiovyev, co  ue e
the pattern of - - R
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o Whv do neutrinos have ELEMENTARY
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mass yet so light?
o What is the origin of CP ¢
violation? =
o What is the origin of e
matter anti-matter g
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asymmetry in Universe?




Big Questions
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o Why are there Q3.2 +7), u(d.1+7), d3,1,-3).
unrelated gauge ? (
: L(1,2,-2), e(1,1,-1
o Why is strong (1,2,-3), e(1,1,-1)

interaction strong?

o Charge quantzzatlo.n ELEMENTARY
o anomaly cancellation PARTICLES

o quantum numbers
o Is there a unified
description of all forces?
o Why is my < Mp; ?
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Qm (Spergel et al 2003)
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electric force

weak force




How exactly do we do it?
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We can’t even get started!




Need a lot of energy to keep it small!




only 10% of mass even

for Planck-size







consistent with whatever
physics at shorter




~100GeV EW scale
~1TeV SUSY

physics that
2?27? answers
questions

shorter
distance
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New physics looks alike
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missing Er1, multiple jets, b-jets, (like-sign) di-leptons

4th generation SUSY technicolor

+Universal extra dimensiog, little Higgs with T-parity
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See, however, “A Universe Without Weak
Interactions” (Harnik, Kribs, Perez)
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Angular scale

cosmologists got antsy
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Qm (Spergel et al 2003)




Angular Scale
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excluded
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10 107 106 105 104 10 102 10" TeV=10!%eV the correct
Mass / solar mass
energy scale
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http://dmtools.brown.edu/
Gaitskell,Mandic,Filippin:
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Dark Matter Concordance

. . . o '.d'- =t ‘"“.n'”?.“""‘?"-'b;b ""‘*"_‘l-ma A 1 L - - - = ] s - ”

Fraction of Dark Matter Density
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coincidence natural
o Indeed, p,~(2meV)* vs

(TeV)*/M,~0.5meV

Dark Energy

Target Statistical Uncertainty
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| Flat Universe network of cosmic strings
o “Why Now” problem o2l Consant w ok e
»
o Actually a triple coincidence g ]
problem including the g g% range of
E b -% Il —o06 90% o "Quintessence" —
radlatlon % 2 68% models
o If there is a deep reason for comologiaconsant |
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Vertical
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Einstein’s Dream
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o Is there an underlying
simplicity behind vast
phenomena in Nature?

o Einstein dreamed to
come up with a unified
description

o But he failed to unify
electromagnetism and

gravity (GR)
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% H1 e'p NC 94-00 prelim.
O ZEUS e*p NC 99-00 prelim.
— SMe'p NC (CTEQ5D)

o
>
S
=
(=7
ey
N
=4
5
=

* H1 e"p CC 94-00 prelim.
O ZEUS e*p CC 99-00 prelim.
— SMe'p CC (CTEQ5D)




LHC+LC

>
&)

S
%))
%)
©
S
o
£
o
-]
©
o

10" 10'®

10° 10"
Energy (GeV)




fermion masses
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What distinguishes different generations?










arbitrary scale

complex
T seesaw

10-1
F*=Amzsolar/Amzatm




Altarelli-Feruglio-Masina hep-ph/0210342
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Archaeology




Technicolor




Leptogenesis
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o YOU generate :

o L gets converted to B via EW anomaly
o generate L from the direct CP violation
in right-handed neutrino decay
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o Two generations enough for CP
violation because of Majorana nature
(choose 1 & 3)

o It is non-trivial tl}gt it still works!




Can we prove it experimentally?
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o Unfortunately, no: it is dlfﬁcult to
reconstruct relevant CP-violating phases
from neutrino data

o But: we will probably believe it if

o found

o CP violation found in neutrino

P(v, — ve) — P(7, — D) = — 16515125136 523¢23
oscillation s (AI;HL) = (AI;B L) (AI;% L)

o EW baryogenesis ruled out

o Archeological evidences e.g,
49




Standard
Seesaw




ambitious questions

conceivable




