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150Nd paper.     Some propositions, remarks etc.     

I. Which journal?

There are a few “natural” possibilities:

a) Phys. Rev. Lett. (impact factor is 7.07)
b) Phys. Rev. C  (3.33)
c) Phys. Lett. B   (5.04)
d) Nucl. Phys. A  (2.15)
2) PRL has most limited volume for the paper (4 pages). In the other journals we are practically free.
3) Speed of publication. 

a) Phys. Rev. Lett.   ~ 3-4 months

b) Phys. Rev. C       ~ 8-10 months

c) Phys. Lett. B       ~ 3 months

d) Nucl. Phys. A     ~ 3 months

As I understood Stefan want to send the Nd paper to PRL. For me it is O.K. But if we will have a problem with the volume then we can chose the PLB or NHA. Unfortunately it is not the same structure for PRL and other journals (for PRL we have not formal structure).
II. I am discussing here the draft which was distributed by Nasim (it was written in format for PRL – without formal structure). 
[I’ve gave my remarks to Nasim before. Here I discuss most important ones and new ones].
  1) I think we do not need Fig. 4 for such short Letter. 
2) Fig. 5 has to be presented in “standard” NEMO’s way – so-called “background subtracted” presentation (see NEMO-3 publications in PRL’05, NPA’06 and NEMO-2 publications in PRD’95 and NPA’98-99 and last presentation in Moriond’08). Fortunately we see real signal in our experiment and finally we have to present results for the signal in our paper.
3) We have to add to Fig 5 single electron distribution. [We each time say that this is strong side of NEMO to measure all parameters of 2b-decay, but very often forget to present these important spectra!] 
4) Introduction has to be improved (see part III below; I hope that something from it will be used for the improvement. In fact I sent it to Nasim ~ 1.5 month ago).

5) NME discussion has to be added (see part IV below – this is present status of the subject. I’ve sent it to Nasim too. I believe it can be written more compact and with better English).

6) We have to add Table 2 with our main results (to minimize the text; I’ve put here just my estimation for excited states and Majoron n=2,3,7):

Table 2. Half-life limits at 90% C.L. for 0( decay and decays with Majoron emission of 150Nd (see text). *) Limits at 95% C.L.
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III. 

INTODUCTION

Interest in neutrinoless double-beta decay has seen a significant renewal in recent years after evidence for neutrino oscillations was obtained from the results of atmospheric, solar, reactor and accelerator  neutrino experiments (see, for example, the discussions in [1-3]). These results are impressive proof that neutrinos have a nonzero mass. However, the experiments studying neutrino oscillations are not sensitive to the nature of the neutrino mass (Dirac or Majorana) and provide no information on the absolute scale of the neutrino masses, since such experiments are sensitive only to the difference of the masses, (m2. The detection and study of 0((( decay may clarify the following problems of neutrino physics (see discussions in [4-6]:

 (i) neutrino nature: whether the neutrino is a Dirac or a Majorana particle, 
 (ii) absolute neutrino mass scale (a measurement or a limit on m1), 
(iii) the type of neutrino mass hierarchy (normal, inverted, or quasidegenerate), 
(iv) CP violation in the lepton sector (measurement of the Majorana CP-violating phases).

In connection with the 0((( decay, the detection of double beta decay with emission of two neutrinos (2(((), which is an allowed process of second order in the Standard Model, provides the possibility for experimental determination of the nuclear matrix elements (NME) involved

in the double beta decay  processes.  This leads to the development of theoretical schemes for nuclear  matrix-element calculations  both in connection   with  the 2((( decays  as well as  the 0((( decays (see, for example, [7-9]).  

Recently, it has been pointed out that the 2((( decay allows to investigate also particle properties, in particular whether the Pauli exclusion principle is violated for neutrinos, and thus, neutrino obey at least partly the Bose-Einstein statistics [10,11]. 

The (( decay can proceed through transitions to the ground state as  well as to various  excited states of  the daughter nucleus. Studies of the latter transitions  allow supplementary information about (( decay to be obtained (see review [12]).  
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IV. NME discussion

To put limit on <m(> one has to know nuclear matrix element value for 0( mode (NME(0()). Situation with NME calculations for 150Nd is quiet complicated. Usually used for calculations Large Scale Shell Model (LSSM) and QRPA models are not suitable in this case. In the framework of LSSM such calculations for 150Nd can not be realized neither now nor even in the far future (see discussion in [1]). In the framework of QRPA model such calculations are not correct because this model was developed for spherical nuclei, but 150Nd is strongly deformed nucleus. Consideration of deformation could decrease the NME in a few times1). Nevertheless calculations of NME(0() for 150Nd using “spherical” QRPA were done by a few authors in the past [2-5]. Among all these calculations we want to mark recent calculations from [5] as most full and reliable because the authors took into account many important factors (short range correlations, higher order terms of nucleon current, nucleon finite-size effect) and parameter gpp was extracted from 2( experimental data.  But in this paper it was specially stressed that result for 150Nd was included just for illustration because “deformation will undoubtedly modify its 0( matrix element”. If, nevertheless, one will use the result of the calculation from [5] then the following limit on <m(> can be obtained, <m(> < (1.9-2.7) eV. But one has to take into account that real limit can be in a few time weaker (see discussion in [6]).

     Taking into account the problems with using QRPA models to calculate NME (in the case of deformed nuclei) the calculations for a few strongly deformed nuclei (including 150Nd and 238U) were done in [7,8,9] using pseudo-SU(3) model. Good agreement with existing experimental data for 2( decay of 150Nd and 238U has been obtained [7,9] and it gives hope that quality of calculations for 0( mode is good enough too. Using NME(0() value for 150Nd (for gA/gV = 1) from [8] and experimental limit on T1/2(0() obtained in the present work the limit m(> < 8.5 эВ (< 5.4 эВ for gA/gV = 1.25 ) is obtained. And we believe that <m(> < (5.4-8.5) eV is most correct limit on <m(> which can be extracted from our limit T1/20((150Nd) > 1.45·1022 y.   

1) Influence of deformation for 2(-mode is discussed in [10-13]. Influence of deformation for 0(-mode was confirmed in framework of LSSM where it was shown that because of difference in deformation between initial (48Ca) and final (48Ti) nuclei suppression factor on NME(0() is ~ 2 [1,14].  
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[  In the text we have to discuss our results for Majoron and give limit on coupling constant of Majoron to neutrino in the case of “ordinary” Majoron (n=1) gee < (1.5-2.4)·10-4 using NME from [8].  Because:
T1/2 (0((0) > 1.55·1021 y  (  gee < 2.4·10-4 (gA/gV = 1)  

· gee  < 1.5·10-4 (gA/gV = 1.25)  

This limit is not far from best present limits  !!!  ]
