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neutrino mass properties

nuclear matrix elements
M=NME

 = light neutrino
N = heavy neutrino

phase space - contains the weak 
axial vector coupling  factor (gA)4
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What are the Nuclear Matrix Elements for the  Decay of 76Ge?
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Results and conclusions
1) All of the current results are incomplete in some respect

2) Hamiltonians in a model space that reproduce the  
low-lying  spectra for A=76 are a necessary starting point

3)  But this is not enough for double-beta

4)  The most important 
two-body operators are:

all have a different type of renormalization 
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model space
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horizontal truncation

configuration interaction (CI)
method can include the complete 
set of configurations for jj44

jj44 means protons and neutrons
in the four orbitals
0f5/2, 1p3/2, 1p1/2 and 0g9/2   

1,358,882,246 m-states for 76Se

IBM also evaluated in jj44 but 
truncated to a s-d boson space

model space
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100Sn

78Ni
56Ni

jj44b (2005, unpublished)
jj44 = good isospin

133 TBME + 4 SPE
starting with Bonn-C
550 data
30 SVD
240 keV rms
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JUN45
jj44 = good isospin

133 TBME + 4 SPE
starting with Bonn-C
400 data
45   SVD
185 keV rms

J = from Hjorth-Jensen
U = trial code
N = version number
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“complete” spectrum up to
about 3.5 MeV. Not only
many new levels but also 
removal of many 
incorrect levels 
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States 
incorrectly 
placed
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IBM parameters for 76Ge: Duval et al., PLB 134B, 297 (1983)   

about 45 states
up to 3.5 MeV
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3+
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one nucleon transfer – orbital occupations

neutron                                       proton
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neutron                                       proton
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Absolute calculation of two nucleon 
transfer?

Lots of experimental data in this region

Is the cross section obtained with jj44 a 
factor of two smaller than experiment?

A collaboration with reaction theory is 
needed to answer this.
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two nucleon transfer
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76Ge      E2 map

Width of red line is 
proportional  to the 
B(E2)
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vertical expansion

particle-hole configurations for all orbitals

1) QRPA in 

a)   jj44  =        (0f5/2, 1p3/2, 1p1/2, 0g9/2 )  
b)   fpg  = 0f7/2, (0f5/2, 1p3/2, 1p1/2, 0g9/2) 0g7/2 
c)   21 orbits 

2) Many-body perturbation theory
(MBPT) to include 2 particle-2 hole (2p-2h)
excitations to high excitation.

 particle admixtures and mesonic 
exchange currents (MEC)

model space
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Plus short range 
correlations (SRC)

Operator and TBME for 0 double beta
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GT operators
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Jpp

Jph

particle-hole                         particle-particle
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CI conclusion:
The Jpp=0+ term is partly
cancelled by  Jpp=2+

heavy 0 decay
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CI conclusion:
The Jpp=0+ term is reduced by a factor 
of two from higher Jpp.

light 0 decay
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particle-hole                    particle-particle

f(r)

2 (1)

0 light (1/r)

0 heavy (r)

1+

0+

9+

9+

1+ 0+

Jph Jpp
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Observation (old):
CI theory for 2 decay
is a factor of 2.5 too large

We will write 

M = RV M(CI)   where RV = 0.4

Where RV is a correction factor
that takes into account the 
“vertical expansion” of the model 
space (beyond jj44)

2 decay
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 decay

We have known for 30 years that the experimental B(GT) strengths
observed in experiment are systematically smaller than that obtained in 
sd and pf shell-model calculations by a factor of  R=0.5 to 0.6.
Compilations:

sd shell Brown and Wildenthal                    pf shell Martinez-Pinedo et al
ADNDT 33, 345 (1985)                               PRC 53, R2602 (1996).

B(GT) = [T(GT)]2

R = 0.60                                                 R = 0.55 to 0.60
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pf shell model with R=0.55

In this case the Ikeda sum rule
3(N-Z) = 6
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 decay: some recent examples
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B(GT-) – B(GT+) =  3(N-Z) sum rule is always satisfied but
we must go up to about 50 MeV.

The two-neutrino double-beta only depends on the low-lying 
strength (up to about 10 MeV) that is reduced (quenched) due
to configuration mixing 
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 decay – where does the GT strength go?

example of 17F with the Ikeda sum rule S = B(GT-) – B(GT+) = 3(Z-N) = 3

sd shell                                   sd + (2p-2h) in s-p-sd-pf

17F (5/2+) to 17Ne

2 decay depends on low-lying strength
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 decay: recent example
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Bexp = 0.60 BCI = (1 - 0.223)2 BCI

Explained (1980’s) using MBPT as being due to 2p-2h admixtures 
up to high excitations, and mesonic exchange currents (MEC)
including the  isobar:

Arima, Shimizu, Bentz and Hyuga (for sd shell) (1987):
BASBH = 0.65 BCI = (1 - 0.220 + 0.025 )2 BCI

Towner and Khanna (for sd shell) (1987):
BTK = 0.65 BCI = (1 - 0.175 - 0.020 )2 BCI

 decay for sd and pf shell
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Conclusion I: from QRPA
Inclusion of both spin-orbit pairs
reduces the 2 NME by about a
factor of about 0.5

Conclusion II: 
2p-2h beyond QRPA reduces
the low-lying GT strength 
further by a factor of  about 0.6

III – the total reduction is thus
(0.5) x (0.6) = 0.30

Compared to 0.40 from exp

2 decay
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heavy 0 decay

Experiment is not known
- we must predict this

Within jj44 all model are
rather consistent.

Should CI should be reduced 
by a factor of 0.4?

(equivalent to reducing 
gA from 1.27 to about 0.8)
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QRPA conclusion:
Vertical expansion enhances
the heavy 0 NME by about a 
factor of 2.

heavy 0 decay
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particle-hole                    particle-particle

f(r)

2 (1)

0 light (1/r)

0 heavy (r)

1+

0+

9+

9+

1+ 0+

Jph Jpp
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The short-range pairing interaction causes an odd-even oscillations in the 
separation energies. This can be used to extract a vertical correction to
the jj44 model space for a similar operator of about    RV = 1.65(25)

Particle transfer cross section calculated within the jj44 model space 
should under-predict the data and must be corrected for the pairing from
other orbitals  using MBPT.
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Corrections to the calculated observables depend on the observable and the model 
space. Examples in the sd shell from the 1980’s

exp/theory (average)

B(GT)                                                     0.6

One particle removal cross sections       0.7

B(M1)                                                     0.8

B(E2)                                                       4.0

All of these have been understood in terms of MBPT and the vertical expansion

We write   MGT = RV MGT-CI   where RV is the vertical expansion correction factor

2 RV = 0.40          f(r)  = 1   empirical value consistent with other data
0 heavy       RV = 1.65(25)    f(r) = b (r)  pairing enhancement from other data
0 light         RV =  ?               f(r) =  a /r
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light 0 decay      f(r) = a/r
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Effects of vertical expansion
within QRPA are small.
This due to competition between
ph (1+) reduction and 
pp (0+) enhancement.

IBM and QRPA are too large
within jj44. Due to lack of 
cancellation from Jpp = 2+ contributions 
in those models.

light 0 decay      f(r) = a/r
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particle-hole                    particle-particle

f(r)

2 (1)

0 light (1/r)

0 heavy (r)

1+

0+

9+

9+

1+ 0+

Jph Jpp
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Jpp = 0       2       other     total

CI:        6.83 – 2.31 – 0.90 = 3.62

IBM:    4.98 – 0.49 – 0.00 = 4.49

QRPA:  6.92 – 1.00 – 0.95 = 4.97
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Used 2p-2h MBPT: 

0 NME for 76Ge was increased by about 20%

So we use MGT = RV MGT-CI      with RV = 1.20(20)

light 0 decay
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Short range correlations – repulsive part of NN potential pushes 
out the relative wave function at short distance and reduced the
radial matrix elements for 1/r and (r)

Several options exits – I started with the CD-Bonn – the weakest.

Others are AV18 (the strongest) and UCOM (in between).

So for now I take the mean with the error coming from the
difference.

Heavy neutrino – NME reduced by RS = 0.80(20)
Light neutrino   – NME reduced by RS = 0.97(3)
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Final results for 76Ge starting with CI in jj44 called MCI

2 Mexp = 0.140(5)                  

= (RV ) (RS ) (RGT )  MCI

= (0.40) (1)    (1)    0.31(3)  (“not inconsistent with expectations”)

=  (1- 0.37)2 0.31(3)                       

=  (1 - 0.10 - 0.27 - 0.02)2 0.31(3)

2p-2h 1p-1h   MEC 
(this is my estimate for the size of these numbers 
- they must be calculated in MBPT)             (number are a guess – need to be confirmed)
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Results for 76Ge starting with CI in jj44 called MCI-GT

0heavy neutrino

M =     RV RS RGT           MCI-GT

= 1.65(25)   0.80(20)   1.13(13)  155(10) 

= 232(80)
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Results for 76Ge starting with CI in jj44 called MCI-GT

0light neutrino

M =     RV RS RGT        MCI-GT

= 1.20(20)   0.97(3)   1.12(7)  3.0(3) 

= 3.9(8)
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76Ge           3.1 - 4.7                                0.18 – 0.25   
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CD  Bonn SRC 

AV18 SRC 

CI
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Next

1) Check the jj44 CI Hamiltonian for the A=76 region by making more
comparisons to known spectroscopy including two nucleon 
transfer and other transfer reactions.

2) Understand the horizontal – vertical division  with ab-initio and no 
core calculations for lighter nuclei.

3) Check and improve the corrections beyond jj44 with MBPT and
other methods like coupled cluster (CC) for all relevant operators 
including B(GT).

4) Reduce the error on the short range correlations – using for example the
techniques being developed by Bogner et al for in-medium similarity 
renormalization group (IM-SRG)

5) Make a similar evaluation for other cases of interest.
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Germanium detectors – detector is its own source of decay
T1/2 > 3 x 1025 yr (90% C.L.)        <m>  < 0.30 eV
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Current limit from 0νββ
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Shaded areas shows what we know from neutrino oscillations
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Next Generation sensitivity should  
cover this region

• Covering the inverted hierarchy region (<m> ~ 15 meV) requires 
sensitivity to half-lives of 1027 – 1028 years.

• Corresponds to one decay per year for a tonne of material
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Shaded areas show what is allowed from neutrino oscillations
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