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CP_violating phases in the lepton sector
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NB Majorana phases do not affect v oscillation
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Future lcmg base line experiments L4
motivation
Oscillation parameters in Ny=3 Framework
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v Tactories VS conventional beams
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Z. Pﬂsmbrhty of measurements of CF in futere LBL orp.
CF in vacuim

Pl Vs) 1l iy ik . 2f AExL
P{L_Jii%)}] = EqF - ﬂ}%h&{ljpj Ub; Usk Unr ) sin (_zhL)

¥ o # ;
+ Ejzhjm[ Ug; Vs Uph Uste) S0 (ﬂEth)

Plvs=Vg) =P (Ve )
= 4 _‘]E{:E‘jm ( Ulgj U% U;; Uui:) Sin (ﬂ-Eth)

= 4 jm{Uw an U;*:r. Uﬁz) [Siﬂ {,ﬂERL} 'I'S}ﬁ{ﬂEzaL)-Sin [ﬂEEL}]
T&ﬂffﬂi’]ty conditio \_—'—F-L\F (B
Vil -4 gk o g2l o (AFaL
JmeFJ Uai UP-EUEEEJ 431”(1_) S}ﬂ( 32 )Sm( 23 )
= Jm (Up2 Uz Ups Usg)

= ~jm(Up|LE Uga Unfjr)

JarlskU9
factor

S CE g g e
= =2 sin20r sin20is sin 283 sin§

= £ 16T sin{45uk) sin(48nL) 5in(4EsL)




Sighature of CP wiolation
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NB T wviolation
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So we consider indirect measurements

of CP violation
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Y Axt used in the analyses of indirect CP measurements

KOS
= min |M = N;! uwpa?_; tx\z,ﬁ (G, By, A, 8) ot -
O, A, A L (O35, Amig A DVE.&% /Ni(®k,am;, A, opcm.éL
ﬁuz? I;_um_x.v
PY, , (N3 (Qyx Amic A, 8) = NSz, amyi A,O)T°
AX* E__EQI:__FTM = 0 -~ VeV
kA 2 ; s T t
+ L2 3 +_”L_ grt il
oF ey, L T 7 7




loike- Ota- Sato hePFP%/ODi 1387 (revised)
optimization with A%s

e Fd
/_’lh’ﬂ;'. = |xID +EV
20 = 00% S 28s= 0.0

Bmtay = 11074 eV

sinthi=10.1 sin Bz =10L05
i w0
b 3500
BIee
= =
== ]
= = M
~ =g
i)
143 sl
B o i 3
Egd [Gov] E.I1GeV]
T
=
|l
5
g
i'n 0 I6 31 16 3L % A1 46 51 26
HH V] Epf oY)

F:gure t: Same as Fig., bt for differont parameters. All the eraphs pregented here are
for fmi; = 1 = 105 eW% The geaphs in left column are for sin iy =01 while the ones in
right column are for sin Gy = 0.05, The top two graphs are for d = /6. the second two
sraphs are for § = 772, and the bottom two graphs are for § = Bm /2. Parameters nok
pl.E.EEFt.-E:I_‘]. here are taken to be sane a2 Fig.2. The difference of the sensitivity [or 6 =7 /0
and for 4 = 57 /6 35 due to the difference of matter eiffect,




=

i

Koike- Ota- Sato hap~ph}00! | 38F (revised)

optimization with A XS
ﬂ,ﬂ?:[ = Cxio” eV°
5]?112@43’—(}.04

dmta1 = 5x107° V>
sin 813 = 0.1

sin20s=0.0]

sin B13 = 0.05

LR E]

T
5'13

IO [T e 1 i (R R 8 1

Ey 1 TGeY]

f

L] dn 51 H

{3 R [0 R - 0 R

]
1]
3| =

611 14 | 35 31 30 <L &b 51 GG 6]
Ey [ [GeV]

L0 Rl

TR LG IE 20 31 36 41 8b A0 M ol
By f[GeV]

a R
(VO ] T e T L i

Ey { [GeV]

Figure 10: Same as Fig.9, but for dm2, = 5 = 10~ V™

4



5
Freund ~ Huber ~ Lindner NP B6SI Conss)

Sen Sitiuit}r to O

W v fim "E. 1 = r -3
Sin*28 3= 0. Sin“zBs= 10 Sinz20i =10
:E; i1 bl .nu-m" =z ot il -—_50-
b :
o
=i
w e 1do
E Ll 4| -
g |f [ 30
| S BT '_ P S | e |
n |} |= I 20 | RS [ EERE | k=3 -2 )
ae i 2R W1 T BE 3t 5 REL S
B sraaoss E sveaiciis E RIS 05
ok e, l|;| Fecif Sl whes ) ; —J.ZI ey s rE=, . . | wingw ]
00 qDoG 00 R N0 12000 NHHL 4000 RO B DD BN il ) Did - A AHED KR R0
4000 L,Jmlgm Eﬂﬂﬂ% LIkn] w000 mqjm |.1|m.|B
2000 0
6o | /km 6090 | /kem 6000 " Acin

Figure 13: Results of fits of the CP phase dgp as funciion of the baseline [ and the
muon energy £, for Amd = 3.5 107%eV?, Ami = 10%eV?, #a = 7/4, b2 = w4,
Nomy, = 2 10% Lkt vear and three values of sin” 204 (10~ 1075, l[l‘aj- Dark shading
indicates the preferred regions. The quantity § plotted here is the percentage of the dop
parameter space |- (2 /2] which s compatible with the simulated experimental data at
the 3¢ confidence level. The contour lines corvespond to § = 50% and & = 95%. TIn the
white shaded region no imformation en the CP phase can be obtained.




013=8° fz=10"°

50 1 5O
{10 10

i =

©

| ©

3 2 i R
10 100 7000 70000 10 00 1600 36000

=5° fo=10" 042=5° fo=107

_913—5 fE_’b .50 '13: 5 fE_'lﬁ o 50
3 - 1{]' 3 & - 1&

(] (] >

1 (x4

| S

: _:1 : -‘E w:i
10§00 7000 76000 10 100 1000 10000

=1° ={0> By2=1° fp= -3

61:}1 f..E_10 1 50 15 .E.’-!O 1 50

: : >

[

| S

il

41 - 41 L
10 100 {000 36000 10 m'lj.f = 1000 10000

L/km m o _
AR /A= 5%

detector size

60kt — a5 a function of {baseline L }
1583&% — - fmuon energy Ty
=~  to reject a hypothesis 8=o

at 3G CL  Pinney-0Y. PRDE4()073003




15=10" AC=10%

, 15=10° AC=10%
591 7=8°

EFBD

50

= 10

-
b
Qo
10 100 000 FOOD0 10 A0 1000 10040
fa=10° AC=20% . lfg;jgjﬂ_acﬂ:zn% i
1613=8° 015=8° rr :
0 10 3 il
- ' | ==
i @
| ©
=
~ 1 1 L)
—b _ P
10 100 1000 io0p0p 10 100 1000 10000
L/km L/km
AA
100K}  s— AC = ‘ A

%= Fig.8
detectoyr size |

as a function of{baselme L }

muon energy EP

J[:D rEjﬁ‘Et a h}']?ﬂ-thES.i'S 82{}
at 3ocl  Pinme-0Y PRV6(0)0B03




) , |
=2 nufact (E=20GeV, L=1000km) JHF 4MW NBB 1R e-fike _
16406 ———————— 10406 ——— e ————— |
bac 043=8" —— |
100000 | DICkGIOLNdS 0,,=5° — | 100000 -
| are :m-m.__mm_u_ﬁ | 0,.=1° 1
= 10000 | p £°< o3 13 - 10000 :
N if g P - -
= o
T 1000 = 1000 :
=5 5 i
(] 100 100 | +mﬂ L% = 10 m:mﬂma e
10 | o | efficlency of Ve 013=5° — ]
S - 0.304 613=2° —
-180-150-120-90 -60 -30 0 30 60 90 120150180 e el T R T
Pinney — 0., 5 8 sinedp = x1o7! 5
*u_u, Uﬁﬁ.ﬁ.ﬂ_umﬂmﬁuww WM ME“M.@GH wn_n“ﬂw :
nufact (E=50GeV, L=3000km) [° Sin"26i = |x1o JHF 4AMW NBB n"cut
.__ ﬂp—.ﬂm T L T T T K | : T T 1e+06 Y ] E | T T T T T
ounds B3=8° —
100000 | Hnrmﬂ lici bl ml_wuma i 100000
are negligible ma...._a i
= 10000 | i 5= Toke aie 10000 }
o 155
= T
H 1000 m 1000
= B 5
ol w0l fp= 2% 107 Giegs =
10 oL efficiency of Ve B13=5° — |
1 ] | =0.504 ﬁ._mu._m _ ]
-180-150120-90 -60 -30 0 30 60 90 120150 180 r_m.“_ T T T TR T

3

S




by E,=20GeV, L=1000km —
E, =20GeV, L=2000km —
E,=20GeV, L=3000km —

L

E=20GeV, L=4000km —|

1000 :
Iy ]
?. E
o l
= )
(]
100
-5 ‘_E?‘igo -@E.'Y_ -3 -2 -
o o] o Lo} o - 4
10V + e A + + sin 28z
0.1 1 10
8,5/degrees

sensiTivity to o

10000 -
: EF= 50 GeV
1000
p
-
=2, :
" r
oo
E =50GeV, L=1000km —
E,=50GeV, L=2000km ——
| E.=50GeV, L=3000km ——
T R T e | sired
0.1 1 10
0;s/degrees

Fig. 1. Data size (kt-yr) required to reject a hypothesis of & = 0 at 30 when the true
value is d = 5/2, in the caze of 4 neuteino lactory with 10%! yselul muon decays per

vear and a background fraction fs =103, —=
; | L e .FB = lD
! Pfl"]ﬂ"ﬁy ne |¢“""'F’|="-' [ O|0621D




General Teatures
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NB B factory (Thankstn N.Kitazawa)
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3. Summary |D= detector size to reject &=0
@ 3scl|
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Future problems
v direct measurement of EP7

. test of wnitarity

tarzan - Smirnoy  hep-ph/020110S

detemination of 4, & and owe
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S‘NES a check of pnitarity.
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