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The Questions:

Theorists' Poll

e # of Light Neutrinos: Three
e Majorana v Dirac: Majorana
e Masses: Seesaw
e Mixings: . 707

e Exotics: )Inn:{

/_—__
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The Questions:

o 7 of Light Neutrinos: s active + 7 sterites

® Majora na v Dirac:, = 2vastates per v, L viol
e Masses: degenerate, normal/inverted, Mz

e Mixi NEZS: 6.3, 623 = Z, U real v complex, CP viol., Leptogenesis

® EXOthS: Non-Osc.,CPT-V, decays, u-mom etc
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Neutrino Mixing Matrix:

Like the Quark Sector: |
The Neutrino Mass Eigenstates, |v;), are a Mixture of Flavor States, |vy):

|I/O:> — Ua,&|VZ> (usmg 8¢5 — Sl 97;]' and C;5 = COS 92_7)
—is
1 C13 s13€~"° Ci12  S12
Ui = Co3  S23 1 —$12  C12
.0
—823 €13 J \ —S13€’ C13 1

Atmos. L/E u — 1  Atmos. L/Eu<—e SolarL/Ee— pu,7

C13C12 €13812 s13€”%
= —C23812 — 8138236126“S C23C12 — 8133233126i5 13823
523512 — ~‘313023f-‘3126i‘s —823C12 — 8130233126i‘5 C13C23
If Majorana
1 Phases a3, a3 are unobservable in oscillation
U —- U e'2 phenomena, (Uq:iUpg;)-
iag

Important in neutrinoless double beta decay.
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MASS SPECTRUM. n=3

Normal Hierarchy
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Log (m>} [eV]) Log (<] (V)

Log (j<m>| [¥])

S. Pascoli and 8. T. Petcov, arXiv:hep-ph/0310003.
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K. Eguchi et al. [KamLAND Collaboration],
Phys. Rev. Lett. 90 (2003) 021802
[arXiv:hep-ex/0212021].
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ELECTRON NEUTRTMO SURVIVAL
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Neutrino Mass Squared
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Limits on 643

3y T

Chooz and SuperKamiokande:
Chooz was a v, dissappearance
experiment  using  Reactors.

Energies few MeV. - m
K2K. |

lﬂ‘ P P e | JE | Lasaal FEF I B
q 81 02 01 094 05 05 07 QB8 09 1
L

20

MINOS: S

Has some sensitivity to v, above
backgrounds.

Primary goal is to measure |§m3,|
to 10% — VERY IMPORTANT.
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'R_@Lc:’torg + Recelentons:
SiIl2 913 (<< 1)

Reactors: P.,.,= 1-— sin? 2015 sin? A3y
+ tiny terms.

LBL: Pp.—>e = SiIl2 923 SiIl2 2913 SiIl2 A31
no matter + not so tiny terms.

SuperlBL: P,_,. = sin? B3 sin® 26, 3

A 2 . 2
X (E:apla_r,) sin“(As; F al)

Incl. matter + not so tiny terms.
where A3y = dm3,L/AE = 1.27 6m2,L/E
and @ = GpN./v/2 ~ (4000 km)~.
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New Reactor Experiments:

“Super-Chooz:”

interest in Japan, Europe, Russia

and USA (CA & IL).

Figure from J. Link, Columbia U.
Using two detectors with the far
detector being able to be moved
to along side the near detector for

relative calibration.

Systematics Limited experiment.

Am? (V)

s
/_/,/’17/

///'fl;//t/
1 RN A

—90% CL
— 30

-1 10.

7 GW, 50 s, J years, and 1400 meeers

Clean measurement of sin? 26,3 down to ~0.01.

Could be a “quick” and “cheap” experiment, but ...
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3 flavor — v, — v,

. 2 2
P :‘ S U, Ugje ' mit/2E
—e Il % Y Elimate UI:lUE'l

using unitarity of U.

. ; . 2
Pyse = | 2U}3Uez sin Agre™ 432 4+ 2U %, Ueg sin Ay, |
Square of Atmospheric+Solar amplitude:
U::;Ueg = 823.‘513(3138:':@(S for v and U.

Approx. U,foez ~ co3C13512¢12 + O(813):
. 2
~ . —_ A .
P, e~ l 2593513C13 Sin Ag1e™4A32%0) 4 2¢95¢13819¢128in Agy |

Interference term different for v and v: CP violation !!!
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' . —q : 2
Pp,—ne ~ | 2893813C13 SIn A316 H(Ag2£0) + 2¢93€13819C12 SIN A21 |

10 Neutrino—AntiNeutrino Asymmetry

At the first atmospheric ! !
oscillation maximum, Az; =7, - 08— -
the Neutrino-AntiNeutrino Bt/ -
S _ - e 08y ]
Asymmetry is maximum when = td /‘,,f‘?__\
o 043 N
| a'a-tml —_ | asoll | z’fé?’(? N S 5
' 0.2 ,—g'; émj, = 7.0 x 107 v~ :
e 2 9 sin229 T 5m%1 2 - :gfam'-zsxno"ev' \\“:‘m-
sin“ 2613 ~ z | PN T %
13 W [? m] o0l uwl.s ’ w'_z ' 1ul-1 '
. | _ - sin®28,4
. -l -
At the second oscillation maximum, Ay = 2%, the peak in the

Asymmetry occurs when sin? 26,3 is 9 times larger.
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Leptonic CP and T Violation in Oscillations

CP .
Uy oV = el Super-Beams
T () ) T
Ve & V), Ve < U, Nu-Factory
CP

CP Violation in Neutrino Oscillations

is related to Leptogenesis
and hence Baryogenesis.
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CP Violation and Leptogenesis

e For most Neutrino- Mass Models there is a relationship between
the Dirac CP phase 4 and Majorana CP phases o, as.

e At a minimum they are all zero or ail non-zero.

e a9, a3 are responsible for Leptogenesis in the early universe by
allowing for different decay rates of Neutral Heavy Leptons:

N —=lt¢~and N — [~ ¢*

e B=1(B—-L)+%(B+ L), however (B+ L) violated.

e Hence the Dirac CP violating phase, 9, is a handle on
Leptogenesis and hence Baryogenesis.

Fukugita and Yanagida, Phys. Lett. B174, 45 (1986)
Frampton, Glashow and Yanagida - hep-ph /0208157
Endoh, Kaneko, Kang, Morozumi — hep-ph /0209098
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