
DBD-NME in the QRPADBD-NME in the QRPA
method: a critical reviewmethod: a critical review

OsvaldoOsvaldo    CivitareseCivitarese
University of La Plata.University of La Plata.

*some of the results presented in this talk have been obtained in*some of the results presented in this talk have been obtained in
collaboration with J. collaboration with J. SuhonenSuhonen. Univ. of . Univ. of JyvaskylaJyvaskyla . .



TopicsTopics  andand  MotivationsMotivations

     Basic      Basic notionsnotions  aboutabout  thethe QRPA QRPA
     Nuclear      Nuclear matrixmatrix  elementselements in  in thethe QRPA QRPA
     Parameters and dependence upon them     Parameters and dependence upon them
     Beyond      Beyond thethe QRPA QRPA
          SomeSome  resultsresults ( (symmetrysymmetry  aspectsaspects))
          ConclusionsConclusions



-Nuclear structure effects on the matrix elements
governing the mass sector of the neutrinoless
double beta decay (g_pp-dependence)

-Effective parameters: single-beta decay and
double beta decay?
two-neutrino or zero-neutrino modes?

-Universality (if any) of the matrix elements

 * as a rule:
    if a certain approximation does not work in a
simple model then there is certainly a problem with
it in realistic cases.



Schematic view
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2-neutrino mode
A(N,Z)     A(N-2,Z+2)+2 electrons
                                  +2 neutrinos

a) Lepton number is conserved

b) Suppressed by kinematics (four leptons in the
final state)

c) Independent of neutrino properties





0-neutrino mode
A(N,Z)     A(N-2,Z+2)+2 electrons

a) lepton number is not conserved
b) not suppresed by kinematics (two leptons in the

final state)





Basic Basic InformationInformation ( (consistencyconsistency  testtest))

Single beta Single beta decaydecay  andand EC  EC transitionstransitions
EnergyEnergy  spectraspectra, , electromagneticelectromagnetic  transitionstransitions
ParticleParticle  transfertransfer  andand  chargecharge  exchangeexchange
(3He,t),((3He,t),(p,np,n) data.) data.

PracticalPractical  rulerule: : TheThe  informationinformation  obtainedobtained by by
““theoretical reproducingtheoretical reproducing”” a single DBD transition a single DBD transition
does not mean anything, unless these relateddoes not mean anything, unless these related
observables are also reproduced.observables are also reproduced.













G_ppG_pp  dependencedependence
Transformation Transformation fromfrom  thethe single- single-particleparticle  toto  thethe
quasiquasi--particleparticle  basisbasis ( (particleparticle  numbernumber  isis  lostlost, , isospinisospin
symmetrysymmetry  isis  lostlost).).
In In openopen  shellsshells  thethe  InclusionInclusion  ofof  pairpair  termsterms  ofof  thethe
residual residual protonproton--neutronneutron  interactioninteraction induces induces
attractiveattractive  pairingpairing--likelike  effectseffects  whichwhich compite  compite withwith
repulsiverepulsive  spinspin--dependentdependent  termsterms. . ThisThis  effecteffect  isis  alsoalso
presentpresent in  in shellshell  modelmodel  resultsresults..
TheThe  renormalizationrenormalization  ofof  thethe  particleparticle--particleparticle
interactionsinteractions may  may inducedinduced a  a symmetrysymmetry  breakingbreaking,,
whichwhich  invalidatesinvalidates  thethe  qrpaqrpa  approachapproach
Mean Mean fieldfield  termsterms  andand residual  residual interactionsinteractions ( (theythey do do
notnot  talktalk  toto  eacheach  otherother))







BeyondBeyond  thethe QRPA QRPA

  -  -InclusionInclusion  ofof  termsterms  whichwhich  gogo  beyondbeyond  thethe
quasiquasi--bosonboson  approximationapproximation: : thethe  procedureprocedure
isis  notnot  supportedsupported by  by selfself--consistencyconsistency
requirementsrequirements  andand  itit introduces  introduces spuriousspurious
effectseffects..

 - -AmongAmong  thethe  attempts: attempts: ““fully renormalizedfully renormalized
qrpaqrpa””











SymmetriesSymmetries

              IsospinIsospin  violationsviolations (mean  (mean fieldfield  effectseffects))

1)Mean 1)Mean fieldfield  approximationsapproximations ( (likelike BCS) BCS)
breakbreak  isospinisospin  andand  numbernumber  symmetriessymmetries..

2)2)TheThe QRPA  QRPA alsoalso  breakbreak  thesethese  symmetriessymmetries,,
        butbut in a  in a differentdifferent  wayway..
3)3)BothBoth  mechanismsmechanisms are  are notnot  coupledcoupled..







SpuriousSpurious  rootsroots

      TheThe QRPA do  QRPA do havehave  spuriousspurious  rootsroots (a  (a zerozero
energyenergy  rootroot) ) whichwhich  originatesoriginates in  in thethe  quasiparticlequasiparticle
pairpair  termsterms  ofof  symmetrysymmetry  operatorsoperators ( (likelike  numbernumber,,
isospinisospin, , oror angular  angular momentummomentum in  in thethe  deformeddeformed
case). case). TheyThey  representrepresent  collectivecollective  rotationsrotations in  in thethe
spacespace  ofof  thethe  symmetrysymmetry variables. variables.

      TheThe  rootroot  isis  coupledcoupled  toto  thethe  ““intrinsicintrinsic”” roots, roots,
sometimes it is mistaken as a real intrinsic root.sometimes it is mistaken as a real intrinsic root.







ResultsResults
  Standard   Standard elementselements are: are:
- - SaxonSaxon--WoodsWoods  oror  harmonicharmonic  oscillatoroscillator  potentialspotentials..
- - EffectiveEffective  interactionsinteractions  constructedconstructed  fromfrom  oneone  pionpion

exchangeexchange  potentialspotentials..
-- GapGap  parametersparameters  adjustedadjusted  toto reproduce  reproduce oddodd--eveneven

massmass  differencesdifferences  aroundaround  thethe  doubledouble beta  beta decaydecay
systemssystems..

-- Residual Residual interactionsinteractions  adjustedadjusted  toto  reproducedreproduced  thethe
GamowGamow--TellerTeller  resonanceresonance  andand  otherother  giantgiant  statesstates
ifif  theirtheir  energiesenergies are  are knownknown..



















SUMMARYSUMMARY
- - ResultsResults  ofof  thethe  extensionsextensions  ofof  thethe QRPA  QRPA andand  ofof  thethe

QRPA are QRPA are notnot comparable. comparable.
- - TheThe  effecteffect  ofof  renormalizedrenormalized 1^+  1^+ contributionscontributions  toto

thethe NME  NME ofof  thethe  neutrinolessneutrinoless  modemode  isis    minorminor..
--TheThe  bulkbulk  ofof  thethe NME,  NME, forfor    thethe  neutrinolessneutrinoless  modemode,,

isis  nearlynearly  insensitiveinsensitive  toto  g_ppg_pp
-Single beta -Single beta decaydecay, , particleparticle  transfertransfer, (3He,t) , (3He,t) andand

((p.np.n) data  are ) data  are properproper  toolstools  toto  extractextract  g_ppg_pp
valuesvalues..

--ItIt may be  may be thatthat  g_ppg_pp  isis  enterelyenterely  fixedfixed by  by symmetrysymmetry,,
i.e. : i.e. : notnot  needneed  ofof  ““ad-hocad-hoc”” procedures which go procedures which go
beyond the mean field + qrpa approach.beyond the mean field + qrpa approach.


