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ABSTRACT

CP-violation phase is still an unknown parameter in neutrino oscillation mixing matrix. The
effects of CP-violation phase on neutrino oscillation probabilities are minimal at the magic
baseline. We calculate the magic baseline numerically and compare the result with that
obtained by the analytic calculation. We then show that the CP-violation phase does not affect
the determination of &3 octant by neutrino factories operated at the magic baseline.



ACKNOWLEDGMENTS

I’d like to thank my advisor, Prof. Guey-Lin Lin for offering me this opportunity to study
some interesting properties in neutrino physics, and be patient with the mistakes 1 made
during the work. Prof. Lin shows me the aspects of this work when | was hesitated, and helps
me a lot in programming. 1’d also like to thank my schoolmates for effective discussions in
physics. This encourages me to continue the study. Thanks to the committee members, Prof.
W. F. Kao and Prof. C. H. Wang for giving me many advices to complete the work. At least, I
want to thank my family who support me through my study.



Contents

FITR BT wovvesenseessesssessssesessssssssesssssssssss s ssssssessss s s s s s s s sssssssssess i
ABSTRACT ..o i
ACKNOWLEDGMENTS ...t i
1 INEFOAUCTION ... 1
2 Neutrino Oscillation and the Magic Baseline ..., 3
2.1 The MAgIC DASEIINE ......c.ueiiiiiie et 3
2.1.1 Where does the magic baseline come from? ............ccoooiiiiiiiiie e 4
2.1.2 Corrections to the magiC DASEIINE «.ueevivvveiiiuriiiiii i 5

2.2 The neutrino oscillation probability.........cccccoiiiiiiiiiii e 6

3 The Dependencies of P, and P,, on CP-Violation Phases and a Combined
Analysis for Determining the @3 Octant ................cc.ccooviveiecececececeeeee s 8

3.1 Quantitative study for dependencies of P., on dcp and the magic baseline..................... 8

3.2 Combined analysis of appearance and disappearance modes at the magic baseline

............................................................................................................................. 16

3.2.1 The breaking of G23 AEGENEIACY .......cciuiiiiiiiieiiiie e 16
3.2.2 Framework of combined analysis ..........ccooviiiiiiiiiiieiiiie e 16
3.2.3 The combined analysis at different CP-violation phases ..........cccccocverviieeiiieennn. 19

4 Summary and CONCIUSION ..o 22
BIDIOGrapNY ... 23



List of Figures

2.1 The earth geOMELriC PArAMELEIS. ... .cciuii ettt e et e et e e be e e an e e e nnaee s 7

3.1 The CP phase dependencies of P,, and P, for baseline length L = 1000 km and 5000 km

..................................................................................................................................... 10
3.2 The difference of P)™ and P" asa function of baseline length ...........c...cc..ccocouunn, 12
3.3 The ratio of P)™ and P" asa function of baseline length...........cc..ccoooeriiriiinninninn, 13
3.4 The difference and the ratio of P)™ and P as a function of baseline length..........., 14

3.5 Magic baseline lengths as a function of energy for both sin26,,= 0.2 and 0.3 in numerical

(both P™ - P™ and P™"/ P™ cases) and analytic calculations .............ccccc.ocoevevevevevenane, 15

eu eu eu eu

3.6 The 1o, 20, and 36 contours for ranges of neutrino mixing parameters 6,3 and am2, for

sin2013 = 0.2, and the input values 023 = 50.768"..........cceeeeiiiiiiie e 18

3.7 The 1o, 20, and 36 contours for ranges of neutrino mixing parameters 023 and am2, fors

sin2013 = 0.2, and the input values 023 = 39.232° ..o 20



List of Tables

3.1 Oscillation parameters USEA NBIE ..........coiuiiiiiiie it 9
3.2 Best-fit points calculated through various CP-violation phases at magic baseline with

input values 8,, = 50.768° and AmMZ = 2.4x10°(BV?)  oooecveceneiinieeeee e 19

3.3 Best-fit points calculated through various CP-violation phases at the magic baseline with

input values 6, = 39.232° and AMZ, = 2.4x10 72 (BV?) ...uvuririrnreneineieeeieeeeeeseenens 20

3.4 Combined analysis of muon neutrino appearance and disappearance modes at baseline

length L = 7513 km with input values 8,, = 50.768° and AmZ = 2.4x107°(eV?) ............ 21

Vi



