Super-K Solar Neutrinos — 825 days
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Sonnenneutrino-Defizit
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v,-Defizit von der Sonne

Homestake | Kamiokande Super- Gallex Sage
Kamiokande
Schwelle [MeV] 0.814 7.5 7.0 0.233 0.233
Laufzeit 1970 - 1994 | 1987 - 1995 | 1996 - 1998 | 1991 - 1997 | 1990 - 1997
Vorhersage 77U 5.15702 515102 1207 1297
Experiment 2564022 | 282+0.38 | 2.42+£0.08 77.5+8 66.6 £ 8
Stn/Serp 3.0 1.8 2.1 1.7 1.9




SNO: totaler v-Fluss von der Sonne

Sudbury
Neutrino

Observatory

4K SHO Event Display [SHO 0000003510 000 zdab:56581] B =] X]

File Move Display Data Windows

Messe 8B-v's in
D,O
CC und NC
(had.& lept.)

v, +d —
v +d —
L —l— e —

e +p+p (CC)
v+ p+n (NC)
v+ e~ (ES)

O (ve)
O(ve) + o(V,+)

= 0.306 £ 0.026 £ 0.024
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Reaktor-Antineutrinos: KamLand

Notwendige Information zur Interpretation der Sonnenneutrinos
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KamLAND 15 swrounded by 53 Japanese power reactor umifs

when C' P11 holds
P(Wq — g U) = P(va — vg; U”

Erwartet: 365.2 +23.7 Ereignisse
Beobachtet: 258 Ereignisse
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Atmospharische Neutrinos
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Atmospharische Neutrinos

Super - Kammkande 545 days Prellmlnar_l.r
I T I T I T I I I T I T I

| multi-GeV e-like 1 T multi-GeV mu-like [FC+PC]
150 4 F -

100 — -

« Data

771 Predicted

—  NuUmU=nutay osc.

0 L | L | . | L | . . | L
-1 06 -0z 02 0B 1T-1 06 -02 02 06 1

cos(zenith angle) cos(zenith angle)

AL DL LLLLU DL RLLL LR LLLL B L
| % Sl
Ty |
Eﬂ = —F-I_i.‘-_+ -+

’ v ||k
N o p-llke 7
a i | il L.
1 " L':Eu I:HITI.ﬁ;:; wq o

vV, >V, v, #v !

e Diameter of Earth ————»
Plv,—v,) = 1-sin“28sin®(1.27 Am°LiE)
Meutrings that travel Meutrinos that fravel
short distances keep their long distances have roughly 0%

}:_ original flavor chance to have changed flavors
R ‘l’
-
o
-—
}:l.
R
-
L
~—>]

o
-
w2
o
)

4
=
Eﬂ? ; 1 |||||||I L lIlIIld L LLLL H L
-

p 3

€ 10 10 10 10

Neutrino Flight Distance (km)

Hermann Kolanoski, EEP SS06 - 4.Neutrino-uscimauuiicn o



Neutrino-Oszillationen (Formalismus)

Favour-EZ — s, _Z{m ;< Massen-EZ
(def. durch CC-Kopplung an | *)
zeitl. Entwicklung der (Mg
. ) = o “2D; .
Massen-EZ: vi(z) = e 27 1;(0)
3
zeitl. Entwicklung der
U* e 0
Flavour-EZ: Z m %(0)
FI Oszillati <
avour-Oszillationen: ZZE* et qE Jr{ U
G V3
G=1 i=l1

Plv, — vs z) = |{_Mﬁ(0)|p&.(:1:)}|2
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3-Generation-Neutrinomischung
PMNS Mischungsmatrix (ohne Majorana Phasen)

* 3 Mischungswinkel: 6,,, 8,5, 0,5
« 1 CP-verletzende Dirac-Phase: &

/Ve\ 1 0 oY C; O Slse_idy Co S 0\/‘/1\
V, |Z10  Cp Sy 0 1 0 |-s, ¢, Ofw,
V) 0 =S5 Caf-8£° 0 g (0 0 Ll
Outm 63, 0 Ol
AV AVAVA __Vr_
Ve { AV AVAVAY : } Ve _
v3 "VVVVN Ve
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3-Flavour-Mischungsmatrix

wie bei CKM-Matrix: 3 Winkel + 1 Phase

1 0 0 ci3 0 sp3e® cia2 S12 0
'[J'T* = 0 Coq Sog U J_ U —512 (19 0
0 —893 Cog —513835 0 13 0 1 0
~ - Y j_e{j
C12€C13 S512€13 513€
[— 0 ) 0 ) '_l.é ) ] 'j.{j\ =
= | —S12023 — C12823813€""  C12023 — S12823813€" 823013
o " -_."‘*5 * e j.{i ) *
512523 — €12023513€ —C12523 — 512023513€" C23C13

Ergebnisse

sin® 61 ~ 0.31, sin’fy3 =~ 0.50, sin® 63 =0

912 == ‘3380 933 == 45,UG, 913_ == Oo

— ganz andere Situation als bei Quarkmischung:
2 grolde, 1 kleiner Winkel (oder =0)

= Wolfenstein-Parametrisierung nicht moglich
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Reaktor- und Sonnenneutrinos
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Atmospharische und Beschleuniger- Neutrinos
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Massenhierarchie

Am?, =m2 —m? ~7.9-10""eV? > 0, festgelegt)
12 2 1 ere
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Am?_  >> Am?g & 0,,=0 = Aufspaltung in effektiv 2-kompon. Mischung

fur jeweils solare und atm. Neutrinos
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2-Komponenten-Mischung

. _ Ve \ cosfy  sinfy "
Vakuum-Losung: ( Yy ) o ( —sin Ay cos By ) ( /9 )

5 A
P(v. — v, x) = | < v.(2)|r.(0) > |* = 1 — sin® 26 sin® -
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Pendel-Neutrino-Korrespondenzen

Pendel Neutrinos
Lineare Schwingung Kreisbewegung des ,Phasenzeigers”
Feste Moden Massezustande
Mischung wegen Kopplung Flavor Mischungsmatrix
=> Aw? ~ kIM => Am?
Oszillationsfrequenz der Pendel | Oszillationsfrequenz der Neutrinos
~ Aw? der festen Moden ~ Am? der Massezustande
Amplitude? jedes Pendels Wahrscheinlichkeit, Neutrino zu finden
l bs 4T E [
1 _[m%—m%
Anmerkung:
nicht-maximale Neutrino Mischung Pye-»ve
entsprache Pendel mit gl + g” Cos{ze

—
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L, =30kmxE(MeV) Derzeitige WerteL,.=1kmx E(MeV)

Am?2,,=2.4 x 103eV?

Am?2,;,=25x 103 eV?

Am?,,=0.08 x 10-3eV?

,schnelle” Oszillation

.langsame” Oszillation

L,,=1 km x E/MeV

L,,=30 km x E/MeV

0,;,=45°

0,,< 10°

01, =32 ",°

konsistent mit tri/bi-maximaler Mischung

Uppmns =

(2 1 \
NI
I R
J6 3 2
1 1 1
V6 3 V2 )

Harrison, Perkins, Scott '99,’02
Z.Xing,'02, He, Zee, '03, Koide '03
Chang, Kang, Kim ’'04, Kang '04
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Realisation als gekoppelte Pendel

vy = ( -V, + V)2
Vo= (—Vg + Vv, + V,)/\3

Vi=(2ve + Vv, + VN6

A

normal

pgc—

V), I
v, I

invertiert m/znA
Vo Il 46/min
\Z] N [
43/min
\'Z I 42/min
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Solare Neutrinos

nukleare Fusion: (ohne MSW Effekt: Produziere 100% v,)
4p > “He + 2e* + 2v,_ + 27 MeV

Vakuum: langsame Oszillation mit 6,,, Pendel: schwache Federn

Anregung von (v, — v, )/N2 nicht méglich, weil v, nicht in v,
Oszillation nur zu (v, + v, )/\2
P(v.2 v.) > 50% da nur v, und v, beteiligt
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Atmospharische Neutrinos
« Kamiokande 2000:

beschrieben als v, > v, g GGEVeTke | MuRFGEV ke
* Pendel: E'éznu

V. : schwache Feder zu vy, Vq 'E

v,.: schwache Feder zu v, “ o

starke Feder zu v_

Interactive Neutrino Oscillation Laboratory

1 1 1 1 1
3.0 3.5 40 4lq 49

Gens
e =0.009
2=0333 0.816 0.577 0.0 e mu=E.453
= 0500 -0.40 0.577 0.707 mu tau= 0.990
0.408 -0.57 o.rar tau
composition of the composition ofthe
initial neutrino 1 2 3 3.0 GeVflux at 5000, km
interms of mass eigenstates in terms of flavar states
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MSW-Effekt

d () 1 [ mi 0 vy 1y
i ( . ) =% ( 0 m2 b )= H, v, Massen-EZ

Vakuum: _ )
COd [ v, Ami, [ —cos20 sin 26 Ve Ve
"or ( vy, )  4p ( sin26  cos 26 ) ( Uy ) = Hy ( v, ) Flavour-EZ
Vy ; Vy A ; e
NC (x=e, yu, 1): , Z0 CC. W~
e ’ e e : Vg
CC-Wechselwirkung der v, in der Sonne ~ N, Vir) = V2GEN, ()

N, ~6-10% cm—3 beir=0

?L_J ve \ _ [Amiy [ —cos20 sin26 N Viz) /1 0 Ve
or\ v, ) | 4p sin20  cos 26 2 0 —1 v,
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MSW-Effekt: adiabatische Losung

i Ve \ _ Am3, [ —cos20 sin 26 +1‘r[:;1‘:] L 0 Ve
L ve ) | Ap sin 260 cos 26 2 0 —1 vy

V(z) = V2GpN.(x) N, ~ 610 cm™

Falls H im Sonneninneren quasi-diagonal (V(x) gross) = ~ Massen-EZ = v,

bei adiabatischer Entwicklung V(x) — 0 am Sonnenrand

— vy = sinf v, 4 cos f vy,

= Pl Ff’(.:] = Hi112 a. P vy ] — C‘UHE 9.
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Adiabatic conversion - .|

. oy . — c[n2
Ny >> Ny Non-oscillatory transition ‘L?P =sin”9
Vom 1 V2
Mixing suppressed interference suppressed
Ny, > Ng Adiabatic conversion + oscillations
[ AP
=] 2
Ny <Ng Small matter corrections
Vom B Vo
Vi B ] v,

A. Yu. Smirnov )



Neutrino Flux

SuperK, SNO

. ' —EnEET T DT
Calliam Chlorme

Bahcall-Pinsonneault 2000

Neutrino Energy (MeV)

grsion
Sun

4p + 2 = “He + 2v, + 26.73 MeV I

a

electron neutrinos are produced

F=610% cm=ct

i

N total flux at the Earth
Oscillations

In vacuum

v Oscillations
in matter
of the Earth



Profile of the effect

Earth matter

|/, ~E

Oscillations with Conversion + CO”V"—'"SIQ” Wfﬂ" NO”'°§§i llatory

small matter effect  oscillations S'P]?” $5C'||°T'°" Transition
effec

A Yu Smirnov



survival p

T

resonance —y

\ﬁ.

survival prok

survival probability

Conversion inside therSuni==r#"

distance




