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sequence of two uncorrelated SCE reactions  
(2νββ-like mechanism)
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...focusing on sequential Double Charge exchange process...



Analogies between dSCE and 2νββ matrix elements

dSCE NME 2νββ NME

[J. Barea, J. Kotila, F. Iachello, Phys. Rev. C 91 034304 (2015)]
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Integrated σ [nb]  in 0°< θlab < 8°
76Se(18O,18Ne)76Ge 76Ge(20Ne,20O)76Se

exp. theo. exp. theo.
29 ± 6 14.6 30 ± 6 11.3

insert dSCE-PLB optical 
potentials used



Integral xsec (nb)  in 3°< θlab < 13°
116Cd(20Ne,20O)116Sn

Exp. Theo.
13 ± 2 1.4



...focusing on sequential Double Charge exchange process...

sequence of two uncorrelated SCE reactions  
(2νββ-like mechanism)

H. Lenske, J.I. B., M. Colonna, D. Gambacurta, Universe 7 (2021) 4, 98

(β)

(γ)

(α)

J.I. B., S. Burrello, M. Colonna, J.A. Lay, H. Lenske, PLB 807 (2020) 135528

t - channel

s 
- c

ha
nn

el



• dSCE transition matrix element in momentum space

• changing variables

•  

• Thus, the only quantity depending on ξ is 

like SCE !

H. Lenske, J.I.B., M. Colonna, D. Gambacurta, Universe 7(4):98 (2021)





 Sequential DCE (dSCE) cross section calculations for the pilot system allow to recover the order of magnitude of 
the data, but for heavier nuclear systems dSCE the data are progressively underestimated:

     → possible effect of nuclear deformation not properly treated (already affecting SCE)
           further improvement of nuclear structure inputs → check the effect of nuclear deformations 
                                                                                        → try to establish a protocol allowing to better
                                                                                             reproduce experimental energy spectra

     → contribution of Majorana-like DCE reaction mechanism, which should be coherently added to the sequential one

 to refine dSCE - s-channel fomalism in order to be able to extract separately projectile and target nuclear matrix 
elements from DCE cross section measurements

SUMMARY and CONCLUSIONS
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Heavy Ion Double Charge Exchange (DCE) direct reactions:

      powerful and alternative tool to gain information on 0νββ decay Nuclear Matrix Element (NME) 
                                                                     

      0νββ NME information are embedded in  HI DCE transition matrix element: 

      in momentum space

       
   
      at low momentum transfer, the nuclear structure term containing information on 0νββ NME can be         
      factorized from all the other ingredients entering the HI one-step Charge Exchange cross section

    

Why Heavy Ion Double Charge Exchange (DCE) nuclear reactions?

F. Cappuzzello et al., Eur. Phys. J. A (2018) 54 : 72 

H. Lenske, J. I. Bellone, M. Colonna, J. A. Lay, Phys. Rev. C (2018) 98, 044620 E. Santopinto et al. , Phys. Rev. C 98 061601 (R) (2018) 



...before analyzing sequential Double Charge Exchange process, let's 
check Single Charge Exchange reactions ...

sequence of two uncorrelated SCE reactions  
(2νββ-like mechanism)
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Energy range 
(MeV)

Integrated  σ [μb] ; 4°< θlab < 11.5°
76Se(18O,18F)76As 76Ge(20Ne,20F)76As

Exp. Theo. Exp. Theo.
Direct SCEDirect SCE

[0,3] 77 ± 2 20.1 37 ± 1 5.8
[0,5] 170 ± 3 36.5 93 ± 2 12.5

[0,10] 552 ± 6 163 347 ± 4 94.9

 multi-nucleon transfer mechanism contributions
 discrepancies could also be due to the deformed nature of interacting nuclei not properly accounted for in our 

nuclear structure inputs
     → part of the strength pushed out of the energy range of interest or at all underestimated?
     → NEWSRs for L = 0 modes are exhausted to a good extent, but how to check higher multipolarities 
         (which dominate in these energy ranges)?

Checks on SCE reactions -  76Se(18O,18F)76As   vs    76Ge(20Ne,20F)76As



SCE experimental cross section integrated in θlab in [4.5°,14.5°] and in [0,0.35] MeV excitation energy range

Checks on SCE reactions -  116Cd(20Ne,20F)116In

Energy range 
(MeV)

Integrated  σ [μb] ;  4.5°< θlab < 14.5°
116Cd(20Ne,20F)116In

Exp. Theo.
Transfer

SCE
Direct
SCE

[0,0.35] 0.7 ± 0.3 0.31

20F excited 
states used

Direct
SCE  σ [μb]

2+

 g.s.
3.69·10-3

4.15·10-3

3+ 
(0.4 MeV- theo.)

1.62·10-2

1.86·10-2

4+ 
(0.15 MeV-theo)

5.76·10-7

6·10-7

5+ 
(0.3 MeV-theo.)

1.64·10-2

1.93·10-2

 discrepancies mainly due to the deformed nature of interacting nuclei not properly accounted for in our nuclear 
structure inputs

     → part of the strength pushed out of the energy range of interest or simply underestimated?
     → too much small excitation energy range vs too high nuclear (fragment) level density to asses the quality of
          nuclear structure inputs used 
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DCE state – of – art  

(acting twice)



18O → 18Ne 40Ca → 40Ar


