ations and
ond the SM

Matrix
orana Neutrinos
Supersymmetry)
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Tab. 7.6 Die vier bisherigen Experimente mit solaren Neutrinos, Es = Schwel-

lenenergie. Nach [Cre93).

Experi- |Stand- |Tiefe : Eg
e . (mWA) Reaktion (MeV) Hauptquelle |Target
Chlor  |[Home- = 5 j Be’ (15%) 615 t
(cadinéhYstake 4100  [CI*"(ve, e)Ar® [0.814 | B® (78%) |CyCl4
?idlf[“ix) grz‘; 3500  |Ga™ (v, €)Ge™0.233 | [ pp (54%) ?g tC?a)
RN [ ¢ Be' (27%) e

8
SAGE  |Baksan|4700  |Ga™ (ve,e)Ge™[0.233 | L B” (10%) 130 (57) ¢ Ga
(radioch.) (metallisch)
Kamio- |Kamio-|{2700 |ve-Streuung |~ 7.5 B® 3000 t HyO
kande |ka (680 t Tar-

get)
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Neutrino Oscillations

» "Classical” SM: v_,v_, v__ are massless — no mixing

» Massive neutrinos:
[v(z))=|v(0)] e "

4 m’ oscillatio_n frequency depends
|\/<t)> ~ |\;(())> o 2k ik on neutrino mass

\

common factor for all neutrinos

depends on neutrino species

* Two generation mixing

Am’, ¢
P(v,?v,)(t) ~ 1 —sin°(20) sin’( ZQZ ) ® = mixing angle
Am’, ¢t e
P(Ve—)vu)(t) ~ Sin2(2 @) Sinz( Zq;cz ) Am_ 2= mass? di (jrence
Am’, t L,= 247 AP2 3’4/6;”’
sin"——>— = sin’(x L/L,) M1
4k sun v: ~MeV
atmosphericv: ~GeV
reactor v. ~ 100 keV
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KamI.AND
B 95% C L.
99% C L.
B 9973% C L.
* best fit

............. 95% C L.

"""" 99% C L.
— 99.73% C L.
*  best fit
| L1 | | |
1
tan’0

L2
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* MINOS Best Fit
-------- MINOS 68% C.L.
MINOS 90% C.L.

SK 90% C.L.
......... SK (L/E) 90% C.L.

lAmZ, | (eVZ/c?)

K are muon-neutrino-beam experiments
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U= vy, | —s12023 — 61282381363,5 (12023 — 5125235136?5 $23C13
vr | S12523 — €12093513€"0  —C12823 — 512093513€'0  €23C13

xdiag(eml/z} eia2/2, 1) .
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extended) SM

masses and mixing
inos (Maiorana or Dirac) and generation of masses
erarchy problem
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The SM Hierarchy (Fine Tuning) Problem

* Fermion-Higgs couplings do not decouple in the SM
— |eading to large negative radiative contributions to Higgs mass
 Similar contributions from Higgs self-coupling, but positive

mt
M,

o &
2

scalar loop fermion
’ —_—

/ MH
\ I
H w H

— — — — — — — - — — — — — — -

2

i
S

2 2 7 < |gf 2 2
2 [A +2mS10gA/mS] SM:, = [—2/\ +6m logAlm,

SM: =
> 7 16m? A

note factor 2

Higgs mass then given by 6M§{ —= Mi[,bm + BMZ
IM

A : . .
e L 10" is considered to be unnatural — fine tuning problem

— In SUSY the quadratic divergences from fermion loops are compensated
by additional scalar fermions. Only usual logarithmic divergences remain.
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Standard particles

Gauginos are

dark matter
@ Force particles Squa Sleptons ‘ ) Suﬁviumcandidates

particles

. Leplons

scalar particles fermions
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