


What are the dark matters?

If dark matter interacts weakly ...

... its likely mass is 0.1 to | TeV: Fermi scale



Worth your attention ...

Recent theoretical studies suggest that
monojet searches may be more
sensitive to low-mass dark-matter
particles than direct (passive) searches

Technical assumptions on force
particles that couple SM & DM:
a contradiction could be informative

Bai, et al., arXiv:1005.3797

Goodman, et al., arXiv:1005.1286



http://arxiv.org/abs/1005.3797
http://arxiv.org/abs/1005.3797
http://arxiv.org/abs/1005.1286
http://arxiv.org/abs/1005.1286

Challenge: The Unity of Quarks & Leptons

What do quarks and leptons have in common!?
Why are atoms neutral?

Which quarks with which leptons!?

Extended quark—lepton families:
proton decay! leptoquark bosons!







logio(Msusy) = 19.00







Why is empty space so nearly massless!?

Natural to neglect gravity in particle physics

Gravitational ep interaction = 10~ EM

But gravity is not always negligible ...

Higgs field contributes uniform vacuum energy density

M2 2
OH = Igv > 10° GeV* =~ 10%® g/liter
o BHR
Critical density o = S G 10~ =" g/liter
ewtion
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Another “small” challenge:
Does My < | TeV make sense?

The peril of quantum corrections




How to separate electroweak, higher scales!?

Extend electroweak theory on the |-TeV scale ...

composite Higgs boson
technicolor / topcolor

supersymmetry

Ask instead why gravity is so weak




|. What is the agent of EWSB!? Is there a Higgs boson!
Might there be several?

2. Is the Higgs boson elementary or composite! How
does it interact with itself? What triggers EVWSB?

3. Does the Higgs boson give mass to fermions, or
only to the weak bosons? What sets the masses and
mixings of the quarks and leptons? (How) is fermion
mass related to the electroweak scale?

4. Are there new flavor symmetries that give insights
into fermion masses and mixings?

5. What stabilizes the Higgs-boson mass below | TeV?




6. Do the different CC behaviors of LH, RH fermions

reflect a fundamental asymmetry in nature’s laws!?

/. What will be the next symmetry we recognize! Are
there additional heavy gauge bosons!? Is nature
supersymmetric? Is EW theory contained in a GUT?
8. Are all flavor-changing interactions governed by the
standard-model Yukawa couplings! Does “minimal
flavor violation” hold? If so, why?

9. Are there additional sequential quark & lepton
generations! Or new exotic (vector-like) fermions?
0. What resolves the strong CP problem!?



| |. What are the dark matters? Any flavor structure!?
12. Is EWSB an emergent phenomenon connected
with strong dynamics? How would that alter our
conception of unified theories of the strong, weak,
and electromagnetic interactions!?

| 3. Is EWSB related to gravity through extra
spacetime dimensions!

| 4. What resolves the vacuum energy problem!?

|5. (When we understand the origin of EVWWSB), what
lessons does EVVSB hold for unified theories? ... for
inflation? ... for dark energy!?



| 6. What explains the baryon asymmetry of the
universe! Are there new (CC) CP-violating phases!?

| 7. Are there new flavor-preserving phases?! VWhat
would observation, or more stringent limits, on
electric-dipole moments imply for BSM theories?

|8. (How) are quark-flavor dynamics and lepton-flavor
dynamics related (beyond the gauge interactions)?

|9. At what scale are the neutrino masses set! Do

they speak to the TeV scale, unification scale, Planck
scale, ...?

20. How are we prisoners of conventional thinking?
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Connections ...

arXiv:0905.3187 Scientific American, 2.2008



http://arxiv.org/abs/0905.3187
http://arxiv.org/abs/0905.3187
http://www.scientificamerican.com/article.cfm?id=the-coming-revolutions-in-particle-physics
http://www.scientificamerican.com/article.cfm?id=the-coming-revolutions-in-particle-physics



