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Reaction mechanisms for describing Heavy Ion Double Charge Exchange 

1) charged meson-induced (direct DCE)

 Heavy Ion DCE reactions: analogies with 0νββ  F. Cappuzzello et al., Eur. Phys. J. A (2018), 54: 72 
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I-step SCE TME 
M(1)

αγ (kα , kγ )
II-step SCE TME 

M(2)
γβ (kγ , kβ)



focusing on sequential Heavy Ion Double Charge Exchange 

- sum and integral over the angular and linear 
  momenta involved in the (off-shell) 
  intermediate channel - Green function accounting for the 

   propagation of the nuclear system 
   in the (off-shell) intermediate channel

I-step SCE TME 
M(1)

αγ (kα , kγ )
II-step SCE TME 

M(2)
γβ (kγ , kβ)
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← fixing Optical Potential by elastic and inelastic
     channel analysis



focusing on sequential Heavy Ion Double Charge Exchange 

q2
γ

M.Cavallaro, J.I. B. et. al., Front. Astron. Space Sci. 8:659815 (2021)

← fixing Optical Potential by elastic and inelastic
     channel analysis
(SPPotential + CC effects effectively included = CCEP)



focusing on sequential Heavy Ion Double Charge Exchange 
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H. Lenske, J. I. Bellone, M. Colonna, J. A. Lay  
Phys. Rev. C (2018) 98, 044620.



DSCE NME 2νββ NME

  J. Barea, J. Kotila, F. Iachello, Phys. Rev. C 91 034304 (2015)

H. Lenske, J.I. B., M. Colonna, D. Gambacurta, Universe 7 (2021) 4, 98
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factorized expression working for
                              for Light Ions 

How to extract information on ββ decay strengths from DCE cross section measurements?
 

DCE cross section factorization 

•  Relation between Light Ion SCE reaction cross section at intermediate and high energies provided since the 80's
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0° cross section for (3He,t) reactions at RCNP 

C. D. Goodman et al., Phys. Rev. Lett. 44 (1980) 1755 
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focusing on sequential Heavy Ion Double Charge Exchange 

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

 neglegible net absorption effect of the intermediate channel 
     (at forward scattering angles)



focusing on sequential Heavy Ion Double Charge Exchange 

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

 order of magnitude of the data 
     recovered only considering 
     several nuclear states in the 
     intermediate channel



focusing on sequential Heavy Ion Double Charge Exchange 

t - channel
J. I. Bellone, S. Burrello, M. Colonna, 
J. A. Lay, H. Lenske, 
Phys. Lett. B 807 (2020) 135528

 projectile and target NMEs 
still not disentangled

_



focusing on sequential Heavy Ion Double Charge Exchange 

 t- and s- channel formulations analytically equivalent, because simply 
     related by unitary transformation in angular momentum space

t - channel

s 
- c

ha
nn

el
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s 
- c

ha
nn

el
 Advantage : 
     get information on projectile
     and target DCE NMEs separately,
     from cross section measurements 
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fixing the depedence on kγ within the reaction kernels and thus exploiting 
bi-orthonormality of the distorted waves describing the intermediate channel
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summing over all intermediate nuclear states 
fixing average value of intermediate channel energy 
within the propagator 

◎
◎ ~ Closure Approximation
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fixing the depedence on kγ within the reaction kernels and thus exploiting 
bi-orthonormality of the distorted waves describing the intermediate channel

◎

◎

summing over all intermediate nuclear states 
fixing average value of intermediate channel energy 
within the propagator 

◎
◎

◎ to extract dSCE NMEs proper recoupling 
of all angular momenta + need no ξ dependence

~ Closure Approximation
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transition Form Factor (              ) 
→ particular case of collinear approximation
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   transition density (2BTD)
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like a single-step formalism
→ factorization at low
     momentum transfer

H. Lenske, J. I. B., M. Colonna, J. A. Lay  
Phys. Rev. C (2018) 98, 044620.

~ 2-body dSCE
   transition density (2BTD)



s 
- c

ha
nn

el

◎

◎

◎

one can take into account only the contribution for q1 = q2 = 0 in dSCE 
transition Form Factor (              ) 
→ particular case of collinear approximation

 but neither the diffraction pattern nor the order of magnitude of t-channel calculations are recovered  
     →  other values of  ξ  play non-neglegible role

~ 2-body dSCE
   transition density (2BTD)

dSCE 
TME 

t-channel -CCEP
s-channel -CCEP (x 0.03)



like a single-step formalism
→ factorization at low
     momentum transfer
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◎

◎

averaging over the half-off-shell  ξ  linear relative momentum ◎

~ average 2-body dSCE
   transition density (2BTD)

dSCE 
TME 

H. Lenske, J. I. Bellone, M. Colonna, J. A. Lay  
Phys. Rev. C (2018) 98, 044620.



 the diffraction pattern 
      (at very small scattering angles) recovered
      for all the nuclear dSCE reaction cross
      sections studied
 checks in progress for better reproducing the 

order of magnitude together with trend and
      diffraction pattern for larger scattering angles
  

 cu r ren t  r e s u l t s  s how tha t   s - channe l 
formalism represents a promising tool to get 
separate information on projectile and target 
dSCE NMEs.



J.I. B., S. Burrello, M. Colonna, J.A. Lay, H. Lenske, PLB 807 (2020) 135528
F. Cappuzzello et al., Progress in Particle and Nuclear Physics, submitted

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

Exp. Theo.
13 ± 2 1.4

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

Discrepancies with the data could be related to: 
  - effect of nuclear structure deformations (affecting also SCE calculations) 
  - contribution of Majorana-like mechanism



..some hint on Majorana-like HIDCE reaction mechanism... 

Majorana-like DCE (mDCE)

sequence of two Correlated SCE reactions  
(0νββ-like mechanism)

H. Lenske, IOP Conf. Series: Journal of Physics: Conf. Series 1056 (2018)  012030
E. Santopinto et al. , Phys. Rev. C 98 061601 (R) (2018)
H. Lenske et al., Progress in Particle and Nuclear Physics 109 (2019) 103716
F. Cappuzzello et al., Progress in Particle and Nuclear Physics, submitted
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CE mode
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Analogies with 0νββ matrix elements
 Majorana-like DCE (MDCE)

0νββ MDCE

 x 0.72

    MDCE differential cross section
(diagonal s-wave and p-wave Tπ,N contributions in NMEs)

40Ca(18O,18Neg.s.)40Arg.s. @ 15.3 MeV/u

MDCE

DSCE

   

   

H. Lenske et al., Progr. in Part. and Nucl. Phys. 109 (2019) 103716
F. Cappuzzello et al., PPNP (2022), submitted

DCE reactions by double meson exchange: MDCE  

MDCE calculations by Prof. 
Lenske



SUMMARY and OUTLOOK
 Sequential DCE (dSCE) cross section calculations progressively underestimate data  
     for increasingly heavier nuclear systems:
     → contribution of Majorana-like DCE reaction mechanism, which should be coherently added to the sequential one
     → possible effect of nuclear deformation not properly treated (already affecting SCE)
           further improvement of nuclear structure inputs → testing new QRPA code
                                                                                        → check the effect of nuclear deformations 
                                                                                        → try to establish a protocol allowing to better
                                                                                             reproduce experimental energy spectra                                                                                  

 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

 calculations already performed for g.s. → g.s. DCE transitions : extension to g.s.  →  (excited states) DCE
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