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*» Famous paper” with 436 citations with
R. Rapp:Chiral Symmetry Restoration
and Dileptons in Relativistic HI
Collisions. Published in Annals of Physics 2000.

1) Cooperstein, Wambach: Electron capture in
Stellar Collaps ; Nucl. Phys. A420(1984)

2) Chanfray, Rapp, Wambach: Medium
Modifications of the p Meson at SPS
Energies; Phys. Rev. Lett. 76 (1996)
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Model for Model for
n-Meson o-Meson

p-Meson : : : :

nt-Meson

Pion propagation in hot and dense nuclear matter:

nt-Meson

nt-Meson : : : :
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Sehr geehrte radioaktiven

Damen und Herren:

Wolfgang Pauli

1900-1958

Awarded the 1945 Nobel Prize for physics for the discovery of the
exclusion principle, also called the Pauli principle.
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Reines and Cowen and the Neutrino-
Detection (1956 at Suvanna River Reactor)
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Detection of the
Neutrino

1955/56:
by Fred Reines

and Clyde Cowen

Fission of Uranium Nuclei produce Neutron

rich Medium Mass Nuclel, which beta decay:
FAESSLER: 8% 5. 388l MeV my = 939.56MeV

= 0.511MeV

n—=pte +,

E.Reimes: , WOyears o § meutvine
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van. Tavt. Nucl. Phys, 32(199Y
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1) Direct Determination of m(ve) from B decay

dNIdE = KTF(E.Z) p Eyy (EyEo) X [U,PL ErELP - mlv) "
(modified by electronic final states, recoil corrections, radiative corrections)

Mainz + Troisk

Triton Beta-Decay
P my,<23eV

2-10"

AAAAAAAAAAAA

energy £ [keV] E—-Eo [eV]
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SH — 3He+e +

C
Ve

EO — Q -|- Me, Q = 18. Mainz + Troisk
L 9 2 Triton Beta-Decay
Ee— \/me _I_pe E m,6<23eV

dNe
dE

3
=K. F(E, Z) °peEe(E0 - Ee) Z |Uej‘2\/(E0 B E€)2 -
=

m(l/j)2

Distinguish flavor (production) e, u, 7

and mass 5 = 1,2, 3 eigenstates.

' 2010




Results with Gaussian error

951% confidence limit

l<m >< 2.3eV |

<m .2 [eV?] -0.6 (2.3 eV)?
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Single Beta Decay
Electron Capture

Sensitive to mQ(Ve): z ‘Uej‘Qm]Z
=123
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..

eLaim : m(ve) < 0.3[eV]
KATRIN
Spectrometer
tank on the way
from the Rhine to
the FZ Karslsruhe
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P(k) «x [5° ((p (T})—ﬁ )>2 exp(ikr)rdr

wave number: k = QTW

klh/Mpc] = 0.1 X = 50Mpc
klh/Mpc] = 1 A= 5.0Mpc
klh/Mpc|l = 10 A= 0.5Mpc
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Neutrino mass from cosmology
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Neutrino mass
from cosmology

D.N. Spergel et al. ( WMAP)
(astro-ph/0302209) 2m(v,) <0.7 eV

WMAP+ACBAR+CBI+2dFGRS +Lya Daten

S. Hannestad et al.
(astro-ph/0303076) 2m(v,) <1-2 eV

same data, more conservative asumptions

S.W. Allen et al.

(astro-ph/0306386) 2m(v,) = 0.64 eV

WMAP+2dFGRS
+f .. TXLF (x-ray cluster data) data

q
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« WMAP = Wilkinson Microwave
Anisotropy Probe.

 ACBAR = Arcminute Cosmology

Bolometer Array Receiver (Berkeley)
» CBIl = Cosmic Background Imager
(CALTEC)
« 2dFGRS = 2 degree Field Galaxy
Redshift Survey
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3) Neutrino mass from Ovpp-Decay
(forbidden in Standard Model)
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GRAND UNIFICATION

Left-right Symmetric Models SO(10)

L'"R p=1"
Majorana Mass: - —
| L=...+myvvdmin

Wli(81GeV) :cosﬁWLi-{-smﬁWé:
WQi(?GeV) :—SMWLi-{-cosﬁWg
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QRPA starts with Pairing: a;" =U¢CZ-+ — VG

AT =90V, of =5 (xmAT -y 4,)
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EfelSingle Beta Decayjass
Electron Capture

m2(ve) = Y |Up?m?2
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QRPA(Tu)

A /o<
-~
v . ’ \-_ ‘ .\
o~ ”
,’ ‘.’ * \\" v \.
\
y »
’ v A %
3 - \ *
/ &
/ £l - = o - - ~ \\
- \
A - \‘
k)

"‘5_(1:a 75(;; ”80 °°£r i“ﬁo"“‘s'n ‘”1"0 “”'I"e 136y 150

FAESSLER; GSI 16. November
2010



1 T 1 § 1 .\ - § » T T T

- ® ® GCM+PNAMP ¢ 1BM2 A QRPATWY :
6 x -m eV » PHFB w QRPALY) -

§ IA\ . =
5 |- * L S A -

4 Bl > SRY o

1 P“\.‘, ‘ e ,’ ~ e

4+ i v v “w - a
§ F / = 4 E - v“

3 : 4 a ~ \\ -

by, o n - . A \‘0 *

ki

2 L— . 3 \‘ =
1F = -

3 .
0

“(;a ”(;o "‘.;o "er 'mhllo"’éd "“S‘n 'a';’e '”;a '“)te ’“'!:ld

FAESSLER; GSI 16. November
2010



Which Angular Momentum J~
Neutron Pairs contribute to the
Neutrinoless Daouble Beta decay?




a) QRPA all the Ring a)

digrams: vacuumO &+ LY [ 4
Ground State: 0, 4, 8, W
12 , ... quasi- particles
(seniority) a ,5 ‘! !’ i, -8
_|_
b) The Shell Model
Ground state: 0, 4,6,)8, .... b)
ANNAT
L™

Problem for SM: Size of the Single Particle Basis.
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MOVBB

L in the Ground State

Not in QRPA
825

Increasing Admixtures

0] 2 4 6 8 10 12
maximum seniority
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QRPA (TUE), Shell Model
(Madrid-Strassburg),
IBM2 (lachello), PHFB (P. Rath)

A (R)QRPA (Tii)
<o SM

O IBM-2
6 B @ PHFB (PQQHH)
T4 % %
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{ HID claim 1or Detection off Ov: DB

10.9 kg 86% enriched "°Ge
from 8 % "tGe in Russia

-

Spectrum TR 5 ggow ’-14i3i 1
with 20} !

/1.7 kKgey §
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Experiment Heidelberg-Moskau:

Klapdor-s et al. Claim

6Ge Mod. Phys. Lett. A21,1547(2006) ;
T(1/2; 0vpp) = (2.23 +0.44 -0.31) x 10%° years; 60

Matrix Elements: QRPA Tuebingen
. <m(v)> = 0.24 [eV]
(exp+-0.02; theor+-0.01) [eV]
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Summary

1) QRPA seems presently a reliable method

2) Shell Model: to small basis IKEDA sum rule violated by
90%
3) Projected Hartree Fock Bogoliubov: Pairing +Quadrupole

and Gogny force; mainly 0+ neutron pairs change in proton
pairs.

4) Interacting Boson Model: Changes only s(0*) and d(2*)
neutron pairs into protons pairs.

5) To prove the mass mechanism is leading, one needs to
measure several nuclear systems. Only if proved, the
neutrino mass can be measured in the neutrinoless Double

BetaDecay.
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