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Introduction to Neutrino Masses, Mixing and Oscillations

Solar ve — v, V> + Atmospheric v, — v, = 3-v Mixing

Absolute Scale of Neutrino Masses
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Neutrino Mass
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Standard Model: v;,v5 = no Dirac mass term L"
(no vg, vy)

Majorana Neutrino: v = v°

Vs, = vg = Majorana mass term LY ~ m" (I/_Ll/,% + ﬁ”)

Standard Model: Majorana mass term not allowed by SU(2); x U(1)y
(no Higgs triplet)
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Standard Model can be extended with vr (e, er; ur, ug; di,dg; -..)

V] + vr = Dirac mass term LP ~ mP (VivgR + VRyL) = mP < 100 GeV

surprise: Majorana mass for vg is allowed!  £L¥ ~ m¥ (V_EVR + va)

: D4+M el 0 mD l/,%
total neutrino mass term L ~ (I/[_ VL) D M
m mpe VR

m¥ can be arbitrarily large (not protected by SM symmetries)

m,'\;\,/I ~ scale of new physics beyond Standard Model = m%' > mP
. L 0 mP mP)?
diagonalization of D M = mp % mo ~ m')?/'

natural explanation of
smallness of neutrino masses

see-saw mechanism massive neutrinos are Majorana!
[Minkowski, PLB 67 (1977) 42; Yanagida (1979); Gell-Mann, Ramond, Slansky (1979); Mohapatra, Senjanovic, PRL 44 (1980) 912]
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Standard Model: Lepton numbers are conserved

L, L. L, L
(Vve,e7) +1 0 O (vS,et) -1 0 0
0 || (w5, pwt) O -1 0
(vey) 0 0 41 (v5,77) 0 0 -1

L=Lle+L,+L,

D D D

5 Mee Mg, Mgy Ver

Dirac mass term m°Vivg = (VeL VpL Vri) mBe mBM mBT ViR
D D D

My e m‘ru M r VrR

Le, L, L; are not conserved, but L is conserved L(vqr) = L(vg)=|AL =0

M M M c

y my, m,f,{‘ mgy Vs

Majorana mass term m"' Uivg = (VeL Vpr Vrr) | mye my,  my- ViR
mM m'vfu mM Ve

Te TU TT TR

L, Le, L, Ly are not conserved L(v,r) = —L(vgL)=|AL| =2
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Two-Neutrino Mixing and Oscillations

V9
Yy
2
Vo) = Z Uak [Vk) (a=-e, 1) Ve
k=1
v
V1
U — cos? sint |Ve) = cos ¥ |v1) + sint |vo)
~ \—sin? cos® v,) = —sind |v1) + cos ¥ 1)
Am* = Ams; = m5 — m7
Transition Probability: P =P — sin? 29 sin? AmL
Y- Ve—vy — T, —ve = AE
Survival Probabilities: Poessve =Posv, =1— Py,
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Solar Neutrinos

Solar v, Energy Spectrum
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[J.N. Bahcall, http://www.sns.ias.edu/" jnb]
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Homestake+Kam.4+GALLEX+SAGE+Super-K+SNO

solar neutrino problem

U 1

B o 68%CL.
] eCe8%cClL.
B o 68%CL.
11 | I 111 1 I Il

SNO __ 6 2 1 N; T | B E568%CL.
¢, =176 £0.11 x10"cm “s O e om omnc.
SN0  _500+0.66 x 10°cm 25! % i T
e U T o - s ) e
A\ & N T\ S
SNO solved -
oF I ¢ 68%CL.

Neutrino Physics TS TTTTTTTs 7 s g S 3s
] @, (x10°cm=s?)
(April 2002) S
[SNO, PRL 89 (2002) 011301, nucl-ex/0204008] 3 @
NS, 15
Ve — Uy, Vy oscillations 5

U 10
LMA: Large Mixing Angle solution

Am? ~6.5753 x 107> eV?

tan? ¥ ~ 0.4570 53 fa®
[SNO, PRC 72 (2005) 055502, nucl-ex/0502021]
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KamLAND

Reactor Ve — 7. confirmation of LMA (December 2002)

14F
12+
10_.._.+.ﬂjr._ $_, el — — — — —
o
& o08f
© 0.6 x SavannahRiver +"
Z O Bugey R
X Rovno
0.4+ & Goesgen
5 Paovade
0.2\ EChgoz
e KamLAND
O-O_ | | | | |
10" 10° 10° 10* 10°
Distance to Reactor (m) 10-6 il i
Shade: 95% C.L. LMA 0O 02 04,06 08 1
sin“20
Curve: Am? =55 x 107°eV? 95% C.L.
. . 2
sin© 219 = 0.83 [KamLAND, PRL 90 (2003) 021802, hep-ex/0212021]
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Combined Fit of Solar and Reactor

Neutrino Data

[KamLAND, hep-ex/0406035]
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Best Fit:
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Atmospheric Neutrinos

Ny + )
N(ve + Ue)

~2 at E <1GeV

uncertainty on ratios: ~ 5%

uncertainty on fluxes: ~ 30%

ratio of ratios

5 : T ISILIIIbIII| T IIIIII| T ISIT T TTTTT T TTTTT T ||||[ 0015’3:) R . [N(V# _I_ p#)/ N(Ve _I_ ﬂe)]data
:— > // \\ hrough-goi ] : - N 7 N %
R R IN(Wu + D) [ N(Ve + Pe)|yc
- - / \ —o01 ~
> i I \
2 E A A ? RX. oy = 0.60 & 0.07 & 0.05
I L \ - sub-GeV — Y- : :
S 2+ LN . _
z °f / ""-../)\ e \ T o0s [Kamiokande, PLB 280 (1992) 146]
B I % \ muons \ —
1= oo\ \ .
A VA N RX = 0.57 £ 0.08 % 0.07
- l;’ / /l \‘\l\ Y . multi-GeV — V- y .
0 (TR LIALLL 1 [obd-LLLL ]\I--H-LLIII_ 11 IIIIII| + LI 0
10+ 100 10t 10®  10° 10 10° [Kamiokande, PLB 335 (1994) 237]
E,., GeV
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Super-Kamiokande Up-Down Asymmetry

Plane tangent to S vy entering S

— any path entering the sphere S later exits
vuexitingS —  steady state = ®'"(S) = $°U(S)

— E, 2 1GeV = isotropic flux of cosmic rays

— homogeneity = ®"(s) = ®°4t(s), Vs € S

— De S = $'(D) = ddwn(D),

[B. Kayser, Rev. Part. Prop., PRD 66 (2002) 010001]

Detector
Sample

Vu path E.]arth

(December 1998)

up down
ALP-9oMn (SK) = Nou = N0\ 206 + 0.048  0.01
Vi - NSE + f\Jdown o . . y
Vi

[Super-Kamiokande, Phys. Rev. Lett. 81 (1998) 1562, hep-ex/9807003]

6c MODEL INDEPENDENT EVIDENCE OF v, DISAPPEARANCE!
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Fit of Super-Kamiokande Atmospheric Data

0 7 71 1 717 1
Measure of v, CC Int. is Difficult:
> En = 3.5GeV = ~ 20events/yr
L P : » 7-Decay =— Many Final States
> ,
)=
< v--Enriched Sample
----- 99% C.L.
—domeL Ni'® = 78426 @ Am® = 2.4x 1073 eV?
---------- 68% C.L. ] T
B I E T R R B exp _ +50
07 o075 o8 085 09 095 1 N, = 13875
sin“20 N, >0 @ 24c0
Vy — Vr
Am2 —21x 10—3 eV2 [Super-Kamiokande, hep-ex/0607059]
Best Fit: .o '
sin©26 = 1.0
1489.2 live-days (Apr 1996 — Jul 2001) future: CNGS v, — v (OPERA)

[Super-Kamiokande, PRD 71 (2005) 112005, hep-ex/0501064]
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Kamiokande, Soudan-2, MACRO and MINQOS

<« 1 T T T T
> CDHSW
L r T
e [ Kamiokande / v \Z
S | uwu
1 90%CL
10 ¢ E
10 ¢ A /
Kamiokande %, /
i contained f /;
r Kamiokande A
3 contained + up p
10 ?Kamiokande E
[ upp
[ 95%cCL
-4 L I I I
10 0 0.2 0.4 0.6 0.8 1

sin? 20

[Kamiokande, hep-ex/9806038]
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(3]
N‘é’ .............. 1: Angular distribution
< , e 2: Energy(Low/High)
0 F 142 e
3
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-4
10 g -
0 Lo b b b e e e e

[MACRO, hep-ex/0304037]

(g F LANLELL L L L Y L L 3
s F— Soudan 2 ]
102 -
-3 .
10 : sl - E
- -=- MACRO ;
— Super-K [Ref 7] -
L omm=a- Super-K [Ref. 26] -
10‘4 v v b v b v by v v by
0.4 0.6 0.8 1

sinZ (20)
[Soudan 2, hep-ex/0507068]

C\T>\ 1 E T T T I T T T I T T T I T T T I T T T E
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= - —— 0%CL. 418d .
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[MINOS, hep-ex/0512036]
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K2K

confirmation of atmospheric allowed region (June 2002)

Mtf’af‘igatake NearDetectors KEK .
Super-Kamiockande ""jm:n ) \F_:‘ . ,' K E K tO Ka m |Oka
o D - e (Super-Kamiokande)
250 km

Mt.Ikenow ma

e Y — V K
SO | ' & -1 — : :
s | C 100 68%  m—
NE . N\/ 90% LTI
S L [ S 1o 1 —
10 ¢ <
10 :
-3- B
10 3 S g
E '3 ) 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
| 10602 04 06 08 1
I sinZ20
O 02 04 06 08 _1 [K2K, hep-ex/0411038]

sin®20
[K2K, Phys. Rev. Lett. 90 (2003) 041801]
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May 2005 — Feb 2006

Fermilab —T75m—~Soudan

/ ~ 730km :,,fl:\

Near Detector: 1 km

MINOS

http://www-numi.fnal.gov/

x10°°
_—I' r- -1+ 1r o+ 1 "]
4.0 ® MINOS Best Fit ]
: — MINOS 90% C.L.
35 R MINOS 68% C.L.
> T
2 B
> 30F
O
= i
NEW 2_5_— K2K 90% C.L.
ﬂ : SK 90% C.L.
2 0 -_ SK (L/E) 90% C.L. ]
150 0 v T
0.2 0.4 0.6 0.8 1.0
sin’(26,,)
Vu — Vyu

sin® 29 > 0.87 @ 68% CL

Am? = 27415528 x 1073 eV?

[MINOS, hep-ex/0607088]
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Experimental Evidences of Neutrino Oscillations

/ Homestake \ )
Solar Kamiokande ( Amdyy = 7.92(1£0.09) x 107> eV?
Dy GALLEX/GNO
20 )
) T SAGE > — < sin? Psuyn = 0.314 (11_8%)
\Super—Kamiokande}
Reactor | [Fogli et al, PPNP 57 (2006) 742, hep-ph/0506083]
— . (KamLAND)
V. disappearance J
/ Kamiokande \ 3
: IMB % 2 _ +0.14) —3 _\/2
Atmospheric Ampry = 2.6 (1—0.15 x 107" eV
U sy Super-Kamiokande
20 )
K T MACRO > — < Sln2 Patm = 0.45 (11_838)
\ Soudan-2 )
Accelerator L [Fogli et al, hep-ph/0608060]
. (K2K & MINOS)
v, disappearance y
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Three-Neutrino Mixing

3
Val — Z Uak Vil (Ot = &, i, T)
k=1

three flavor fields v, v, v;
three massive fields v, v», 13
AmZ = Am3; ~ 8.0 x 1075 eV?

Amiy ~ |Am3y| ~ |[Am,| ~ 2.5 x 1073 eV?
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Allowed Three-Neutrino Schemes

m m
V3 P
Am%UN <
"
2
AWLATM Am?ATM
V9
B — 9
> Amgyn
141 V3
"normal” "Inverted”

different signs of Am%l ~ Am%z

absolute scale is not determined by neutrino oscillation data
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Mixing Matrix

AnalysisA

Ve = Vy

: 90% CL Kamiokande (multi-GeV)

3m? (ev?)

SUN Uel UeQ U63

U 1 U 2 U 3 - :,’ X 90% CL Kamiokande (sub+multi-GeV)

2 2 iz Y iz |

Amy; < |Amg,|
U7'1 U7'2 U’T3

f

ATM

d
I

Amipooz = Am3 = Amiqy, |
sin2 219CHQQZ — 4’Ue3’2(1 — |Ue3‘2) ,

U
|Ues|? < 5 x 1072 (99.73% C.L.) |

[Fogli et al., PRD 66 (2002) 093008]

CHOOZ: {

-4
ol
0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1

sin®(26)

SOLAR AND ATMOSPHERIC v OSCILLATIONS [CHOOZ, PLB 466 (1999) 415]
ARE PRACTICAI—I—Y DECOUPLEDI see also [Palo Verde, PRD 64 (2001) 112001]

TWO-NEUTRINO SOLAR and ATMOSPHERIC v OSCILLATIONS ARE OK!

2 |
| Ue2| [Bilenky, C.G, PLB 444 (1998) 379]

~ 2 - 2 _ 2
1— |Usl? ~ |[Uea| ™ sin® Farm = [Ups] [Guo, Xing, PRD 67 (2003) 053002]

Sin2 'L95U|\| =
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Standard Parameterization of Mixing Matrix

Vel Uel Ue2 Ue3 ViL
Vul | = U,u,l U,u,2 U,u3 V21
VrL U'rl U'r2 U7'3 V3L
1 O 0 C13 0 5136_'.513 cip S1o O 1 O 0
U= 0 C23 523 0 1 0 —S12 C12 0 0 ei>‘2 0
0 — 523 (23 —513ei513 0 C13 0 01 0 O ei>‘3
Y23 ~ FATM Y13 = YcHoOZ Y12 = Fdsun BBov
C12€13 S12€13 s13e /013 1 0 O
= | —si2c3—cios23513€13  croco3—s12523513€13  sp3c13 0e? 0
S1253—C12C23513€013  —c1osp3—s12023513€7913 313 0 0 €3

CHOOZ + SK + MINOS = sin?¥chooz = 0.00819 053 @ 20

[Fogli et al, hep-ph/0608060]
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Global Fit of Oscillation Data: Bilarge Mixing

Ams; =7.92(1£0.09) x 10°eV*  sin®dy = 0.314 (17712)
[Am3;| = 2.6 (11512) x 1073 eV?  sin® 93 = 0.45 (17730)
sin® 913 = 0.0087 9054
[Fogli et al, hep-ph/0608060]

0.82 0.56  0.09
[U|ps ~ [ 0.37—0.47 0.58—0.65 0.67
0.32 —0.43 0.52—0.59 0.74

0.78—0.86 0.51—0.61 0.00—0.18
[U|po ~ | 0.21—0.57 0.41—0.74 0.59 —0.78
0.10—0.56 0.39—0.72 0.62 — 0.80

future: measure Y13 # 0 = CP violation, matter effects, mass hierarchy

C. Giunti — Neutrino Physics: Status and Perspectives — SIF, XCIl Congresso Nazionale, Torino, 20 Settembre 2006 — 21




Future Reactor Experiments

Am3, L
Ps.—5. ~ 1 — sin® 2013 sin’ ( T3El ) (E) ~ 3.6 MeV
Oy Place L Start Duration Sensitivity
> (km) | (y) () | (sin?2015)
Double-CHOOZ France 1.0 2008 1.5 0.06

Far Detector

Double-CHOOZ

Near-tFar France 1.0 2010 3 0.03
KASKA Japan 2010 3 0.02
RENO Korea 1.5 2009 3 0.02

Daya Bay .

Near--Mid China 1.0 2008 1 0.03

Daya Bay .

Near—Far China 1.9 2010 3 0.01
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Future Accelerator Experiments: Off-Axis

Am3,; L
Pljlu_nje ~ Sil‘]2 1923 Sil‘]2 21.913 Sil‘]2 ( 31 )

4 E
ey Place (E) L Start Duration Sensitivity
P (GeV) | (km) | (yr) (yr) (sin? 2013)
T2K | Japan 0.7 295 2009 4 0.01
NOvA | USA 2 310 2011 4 0.01
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The Hunt for ’1913

107° -
I MINOS
CNGS

3 D-CHOOZz y—factories
Q
g \MINOS Chooz Excluded - TZK
% 1074 | - NOVA
gﬂ 1 OPERA World Limit 2006 Reactor—II
N0 -
£ NOVA+FPD - Superbeam upgrades

I 2"GenPDExp
102 | M NuFact

Su&arbeams+Reactor EXps

.
.
.
.
A\

Double Chooz
\
*
s
*

.

&

107 Branching point
Conv. beams

——

sin®20;3 discovery reach (30)

10 [ 4‘

r Computed with: ' 4
L ECP:O ‘
5 sign(am?)=+1 107t ¢ ;

CHOOZ+Solar excluded

\ \ \ \ \
2006 2008 2010 2012 2014 2016
Year
00
2005 2010 2015 2020 2025 2030

Year

[Blondel et al, hep-ph/0606111]

[Albrow et al, hep-ex/0509019]
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Absolute Scale of Neutrino Masses

normal scheme

100_ L) B L BRI
: QUASI
DEGENERATE
07 E E
N
m
= 10_-2 ?E:::::;i:::_:::——— ?
. : 3
r NORMAL
1073 F SCHEME | 4
E mq ]
NORMAL
HIERARCHY
10—4 r ol r ol Lol R
10~* 1073 1072 107! 10°
Lightest Mass:  m; [eV]
2 2 2 2 2
m; = m; + Am5; = m7 + Amgn

2 2 9 2
m3 = m; + Amz; = mi + AmiTwm

Inverted scheme

10° AL B AN B
g QUASI
DEGENERATE
10_1 ? o ?
ESSsssssssssssssssssssgsel®S ]
L ml
>
07y
. : ]
i INVERTED
1073 F SCHEME H
E ms3 ]
INVERTED
HIERARCHY
10—4 ol ol vl Lo
104 1073 1072 107! 10°
Lightest Mass:  mg3 [eV]
2 2 2 _ 2 2
m; = m3 — Am3; = m3 + AmiTtum

1

2 2 2 2
m5; = m; + Amy; ~ m3 + Amatm

Quasi-Degenerate for my ~ mp ~ m3 ~ m, > /Amary ~ 5 x 1072eV
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Tritium Beta-Decay

dl’ (cosﬁc Gr)’
dT 2T

H— *He+ e + 7. IM|? F(E) pE (Q — T)\/(Q T)> — m32,

Q= Msy — Mspje — me = 1858keV  m2 = m3 = > |Unk|*m?

Kurie plot

1/2
K(T) = dr/dT - [@-nyf@- 17— m,

\ (cos®c Gr)® (MJ? F(E) pE

273

my, < 2.2eV  (95% C.L.)
Mainz & Troitsk

[Weinheimer, hep-ex/0210050]

|

future: KATRIN (start 2010)

[hep-ex/0109033]  [hep-ex/0309007]

O S S [ T S T O N T N SR AN SR L ]
18.1 18.2 18.3 18.4 18.5 18.6 L
T Q-m, Q sensitivity: m,, ~ 0.2eV

C. Giunti — Neutrino Physics: Status and Perspectives — SIF, XCIl Congresso Nazionale, Torino, 20 Settembre 2006 — 26




mz%e = mé ‘Uel‘z m%—l— |Ue2|2 m%—l— ‘Ue3|2 m%

10! 10! =
A NORMAL SCHEME ] INVERTED SCHEME
| Mainz & Troitsk | 7 i | Mainz & Troitsk |
10°F E 10°F E
i """"""""" KATRIN /7 ) i """"""""" KATRIN /| )
1071 E 4 E 1071 F E
o Sy ] o) C . :
S L ms g my, Mo o
102 —mz — E 1072 - E
my mg
10-3 T T BT R B P 10-3 T AT BT T R P
04t 103 10?% 10! 10° 10! 0%t 103 10? 10! 10° 10!
Lightest Mass:  m; [eV] Lightest Mass:  mg [eV]

Quasi-Degenerate: m; ~my ~ m3 ~ m, — mé ~ m? > |Uek|® = m
k
FUTURE: IF mg <S4 X 1072eV = NORMAL HIERARCHY
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Neutrinoless Double-Beta Decay
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Two-Neutrino Double-8 Decay: AL =0

d N U
\\W
N(AZ) S NAZ+2)+e +e + e+ e =
Ve
(T12/Vz)_1 = Gy Moy |?
Ve
second order weak interaction process , e
iIn the Standard Model ; /,/W ,
Neutrinoless Double-@ Decay: AL =2
d u
N(AZ) > NAZ+2)+e +e W .
Ugj—> €

(T{)/V2)_1 = Goy |[Mou|? [mgp|?

mp ——x Vg

effective
Majorana mgg = Z ng my Uek_; e
mass k ; W ,

Z
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Majorana Neutrino Mass?

Vs d S b t

e T

1004 1073 102 107! 10° 10 102 10° 10* 10° 105 107 10%® 10° 10%0 10! 10%2
m leV]

known natural explanation of smallness of ¥ masses

See-Saw Mechanism (if vg's exist)

New High Energy Scale M = { 5-D Non-Renormaliz. Eff. Operator

Majorana v masses <= |AL| = 2 <= BBy, decay

both impl M2
P see-saw type relation m, ~ j\ElW

Majorana neutrino masses provide the most accessible
window on New Physics Beyond the Standard Model
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Effective Majorana Neutrino Mass

mgg = Z ng upP complex Uy = possible cancellations
k

mgg = |Ue1|2 mi + ‘U62|2 e'? mo + ‘Ue3‘2 '3 ms3
Aoy — 2)\2 a3z = 2 ()\3 — 513)

| U3 |*e" %3 1m13

U, > 2m,

2
|Uea [7111 Re[111]
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Experimental Bound

Heidelberg—l\/loscow (76Ge) [EPJA 12 (2001) 147]

T, > 1.9 x 10%y  (90% C.L.)

—

Imgg| < 0.32 —1.0eV

|IGEX (76Ge) [PRD 65 (2002) 092007]

Tif, > 1.57 x 102y (90% C.L.)

—

Imgg| < 0.33 —1.35eV

CUORICINO (130Te) [PRL 95 (2005) 142501]

Tf > 1.8 x10%*y  (90% C.L.)

—

Imgg| < 0.2 —1.1eV

NEMO 3 (1OO|\/|O) [PRL 95 (2005) 182302]

T f > 4.6 x 102y (90% C.L.)

—

Imgg| < 0.7 —2.8eV

FUTURE EXPERIMENTS
NEMO 3, CUORICINO, COBRA, XMASS, CAMEO, CANDLES
\mﬁﬁ\ ~ few10 eV
EXO, MOON, Super-NEMO, CUORE, Majorana, GEM, GERDA
\mﬁﬁ\ ~ few 1072 eV
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Bounds from Neutrino Oscillations

mgg = |Ue1|? my + |Uea|? €% mo 4 |Uez|* €'*3 m3

10!

NORMAL SCHEME INVERTED SCHEME

100 - 3 100
-~ -1 . -1 CP violation .
T v - T 10

— CP violation —
& & 1
£ 1072 3 £ 107%F E
1073 3 103 F 3
104 I BT BT 10_4- I BT BT BT BT
1074 1073 102 1071 10° 10! 1074 1073 102 1071 10° 10!
Lightest Mass: m; [eV] Lightest Mass: m3 [eV]

FUTURE: IF |mgg| <1072eV = NORMAL HIERARCHY

C. Giunti — Neutrino Physics: Status and Perspectives — SIF, XCIl Congresso Nazionale, Torino, 20 Settembre 2006 — 33




Experimental Positive Indication

[Klapdor et al., MPLA 16 (2001) 2409; FP 32 (2002) 1181; NIMA 522 (2004) 371; PLB 586 (2004) 198]
TOV bf

e =119 x 10¥y T}, = (0.69 — 4.18) x 10y (30) 4.20 evidence

701 — SSE
5f ]

= 2n2b Rosen - Primakov Approximation

SN
T

w
T

Counts/keV

i~
Counts / keV

N
T
]

Q=2039 keV

I\
|||
RN y L !

8000 2010\ 2020 Enerzgc;/sjokev 2040 2050 % 500 1000 Enerlsyo?kev 2000 2500 3000
pulse-shape selected spectrum 3.80 evidence [PLB 586 (2004) 198]

the indication must be checked by other experiments
1.35 < |Mg,| $412 = 0.22¢eV < |mgg| < 1.6eV

if confirmed, very exciting (Majorana v and large mass scale)
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Cosmology

Hy (Hubble Space Telescope Key Project)
CMBR (COBE, WMAP, Boomerang, DASI, MAXIMA, VSA, CBI, ACBAR)
LSS (2dFGRS, SDSS)

SNIa (High-z SN Search Team, Supernova Cosmology Project)

3
ACDM = |> m $0.2-0.7eV
k=1

C. Giunti — Neutrino Physics: Status and Perspectives — SIF, XCIl Congresso Nazionale, Torino, 20 Settembre 2006 — 35




LSND

— — 2 2 2 2
V/J, — Ve AmLSND Z 0.1eV (>> AmATM > AmSUN)
2 = T T T T TTTT T T T T TTTH &-\ 10 | ] | - T
al: ; 32 |
B ] o~ 7 - i
Lot | Eel MiniBooNE 1.0E21 pot
5 | :
C ] 4 L (90 % CL, 30 and 5 0) |
10’ E
- ] 3 .
Ngm 10-15_ _f 5 |
107 = E
C ] 1 =
L All-but-LSND ] 0.9 r
e i 0.8 -
E 0.7
. 0.6 -
. 0.5
10-4| L] I S 11
10° 10 107 10° 0.4 1
.
sin” 28, ¢\p 0.3 -
[Gonzalez-Garcia, Maltoni, Schwetz PRD 68 (2003) 053007] 0.2 e -
: _ 10 10
even allowing Am3, # Am?3, <in2s
T _ —4 ..
(CPT violation) GoF =7.5 x 10 MiniBooNE v, — Ve [hep-ex/0s06048]
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Conclusions

Ve — vy, ¥y with Amd,y ~ 8.3 x 10> eV?  (solar v, KamLAND)

v, — vr  with Amary ~ 2.4 x 107°eV?  (atm. v, K2K, MINOS)

U
Bilarge 3v-Mixing with |Ues|? <1  (CHOOZ)

B Decay, Cosmology, 880, Decay — m, < 1eV

Y

FUTURE

Theory: Why lepton mixing # quark mixing?
Why only |Ues|? < 17
Improve calculation of Mg, !

Exp.: LSND?
Measure |Ugs| > 0 = CP violation, matter effects, mass hierarchy
Check BBy, signal at Quasi-Degenerate mass scale
Improve B Decay, Cosmology, 8080, Decay measurements
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