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È In the Standard Model, CP violation is 
described by a unique physical phase in the 
CKM quark mixing matrix

È CPT is conserved

È T violation is a consequence of the above
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Symmetry conservation in the Standard Model
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CP violating 
phase
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È Baryon asymmetry of the universe (BAU)
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Sakarov -
conditions



No dark matter with the required 
properties observed on cosmology 
(might require new particles)
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È Neutrino mass = 0 (while we know they oscillate)

È Expansion of the universe is accelerating (might require new 
forces)

È Value of particle masses are not in the model

È No full theory of gravitation as described in the general relativity

Á Simply adding a graviton to the SM does not reproduce the 
experimental observations

Á SM is widely considered incompatible with the current general 
relativity 
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È Plankõs limit: the Standard Model is 
only a "low energy" approximation to a 
more fundamental theory



È The hierarchy problem

Á It is the huge difference in the strength of fundamental forces or the wide range in mass for 
the elementary particles. 

Á Why is there such a wide spectrum of masses among the building blocks of matter? Imagine 
having a Lego set containing bricks as disparate in size as that!

È The hierarchy problem is also related to the Higgs boson mass. 

Á Corrections to the Higgs mass are proportional to the mass of the contributing quark

Á The top quark being the heaviest particle, it adds such a large correction to 
the theoreticalHiggs boson mass that theorists wonder how the measuredHiggs boson mass 
can be as small as it was found.
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Å The  naturalness problem (hint: it is a consequence of the hierarchy 
problem)

ð the cosmological constant [often referred to as òdark `energyõ ó in public settings] is 
amazingly small, compared to what youõd naturally expect.

ð the hierarchy between the strength of gravity and the 

strengths of the other forces is amazingly big, 

compared to what youõd expect
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Single Event Sensitivity



È SM ingredients are insufficient to explain the nature 
beyond the SM. Most likely we need:

Á new forces (with adequate CP violation)

Á new particles

È Mass of possible New Physics spans 40 order of 
magnitude

È We donõt have a clue of whatõs beyond the Standard 
Model

È Scientists are hard pressed to design new experiments 
for understanding whatõs going on
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LHC, 

SuperCDMS

etc.



È Newest theoretical models prefer gauge bosons in MeV-GeV mass range as òémany of the 
more severe astrophysical and cosmological constraints that apply to lighter states are 
weakened or eliminated, while those from high energy colliders are often inapplicableó (B. 
Batell , M. Pospelov, A. Ritz ð2009)
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È Direct searches

È Proton beam dump

È Electron beam dump

È Fixed target electron scattering

È Fixed target proton experiments

È Colliders
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È Complementary approach

They are required for a full 
understanding of the structure of 
the dark sector
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Faser

ships



È Advantages:
Á Cleaner backgroundvs p-beam dump:

È Disadvantages:
Á Lower Yield
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Courtesy A. Celentano
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Apex @ JLAB


