
establish CP violation is demanding but doable. As such, that effort will also provide precision

measurements of all parameters of 3 generation neutrino mixing as well as a sensitive probe of

”new physics” effects from sterile neutrinos, extra dimensions, possible dark energy effects etc.

Since neutrinos only interact weakly, new physics that affects how particles interact is more likely

to be detected in the neutrino sector. Unfolding the neutrino mass ordering via matter effects should

be a straightforward byproduct. Second, CP violation has, so far, only been observed in the quark

sector of the Standard Model. Discovery in the leptonic sector should shed additional light on the

role of CP violation in Nature. Is it merely a consequence of inevitable phases in mixing parameters

or something deeper? Perhaps, most important, unveiling leptonic CP violation is a particularly

compelling goal because of its potential connection with the observed matter-antimatter asymmetry

of our Universe, a fundamental problem at the heart of our existence. The leading explanation is

currently a Leptogenesis scenario in which very heavy right-handed neutrino decays give rise to

an initial lepton number asymmetry in the very early Universe which later becomes a baryon-

antibaryon asymmetry via the B-L conserving ’t Hooft mechanism of the Standard Model at weak

scale temperatures.

Leptogenesis offers a natural, elegant explanation for the matter-antimatter asymmetry; but

it requires experimental confirmation of its various components before it can be accepted. Those

include the existence of very heavy right-handed neutrinos as well as lepton number violating

interactions and leptonic CP violation in their decays. Direct detection of those features seems very

unlikely; however, indirect connections may be established by finding lepton number violation in

neutrinoless double beta decay and CP violation in ordinary neutrino oscillations. Such discoveries

will go very far in establishing Leptogenesis as the mechanism of choice for explaining the matter-

antimatter asymmetry; since all the necessary ingredients will be in place or at least extremely

plausible. For that reason, neutrinoless double beta decay and leptonic CP violation in neutrino

oscillations are almost universally given very high priorities by the nuclear and particle physics

communities.

In addition to the above picture, precise experimental knowledge of neutrino parameters is

essential to test neutrino mass models. Specifically, the the value of θ13 and the nature of the

mass hierarchy will help distinguish between models based on lepton flavor symmetries, models

with sequential right-handed neutrino dominance and the more ambitious models based on GUT

symmetries. A recent survey of 61 models that are consistent with current oscillation data and

have concrete predictions for θ13 indicates that half of them predict sin 22θ13 > 0.015 [1]. GUT

models and models with right-handed neutrino dominance naturally yield a normal hierarchy and

a relatively large θ13 (although in some GUT models, an inverted hierarchy can be obtained with

fine-tuning). Models based on leptonic symmetries can easily accommodate an inverted hierarchy

and small θ13. Thus, experimental establishment of an inverted hierarchy and small θ13 will lend

support to models based on leptonic symmetries and reduce the interest in GUT models and
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