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Agenda:

• Heavy ion Single Charge Exchange (SCE) reactions

• SCE reactions and 1ν1β decay

• 2-step Double Single Charge Exchange reactions (DSCE) 

• 1-step DCE Mechanism: „Majorana“ DCE reactions (MDCE)

• Connection to NME of 2ν2β and 0ν2β double beta decay

• Summary and Outlook
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Single Charge Exchange 
Reactions
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Separation of Reaction and Nuclear Dynamics

Distortion Coefficient and S-Matrix:
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Transition Operator:
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Nuclear Interactions and beta-Decay
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Nuclear Double Charge 
Exchange Processes
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The NUMEN Scheme of a Double Charge Exchange Reaction:
Double-SCE (DSCE) plus Majorana-DCE (MDCE)
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DSCE+MDCE



Double-Single Charge 
Exchange (DSCE) Reactions
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18 40 18 40 18 40O Ca F K Ne Ar+ → + → +

Reaction Amplitude

DSCE:
Double Charge Exchange  by Sequential Single Charge Exchange

H. Lenske, NSD 2019



H. Lenske, NSD 2019 12

DSCE Results in Pole Approximation

Theory: J. Bellone, M. Collona, H.L. (2019); 
Data: F. Cappuzzello et al., EPJ A51 (2015)

18O+40Ca →18Ne+40Ar



DSCE and 2ν2β Beta Decay

13

2nd order
Strong Interaction

2nd order
Weak Interaction 
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Double Charge Exchange 
through 2-Body Interactions:

„Majorana“ DCE
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Weak 0ν2β Decay and Strong Interaction Analogue

0ν2β Decay Hadronic Analogue
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A B:

a  b:

Majorana DCE Transitions by Meson Exchange
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…two-nucleon DCE mechanism ↔ SRC:
~ 20% effect in nuclear ground states
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MDCE Cross Section
18O+40Ca → 18Ne+40Ar
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Data: F. Cappuzzello et al., EPJ A51 (2015)



19

MDCE and DSCE Cross Sections
18O+40Ca → 18Ne+40Ar

2-step DSCE

1-step MDCE
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Data: F. Cappuzzello et al., EPJ A51 (2015)
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Summary and Outlook

• Theory of heavy ion SCE reactions: direct 1-step, transfer 2-step

• 2-step DSCE reaction mechanism ↔ 2ν2β – decay analogue

• 1-step MDCE ↔ 0ν2β – decay analogue

• Effective rank-2 IsoTensor ion-ion interaction

• Investigations of rare processes :

• Probing nuclear 2-body CC currents and short range correlations

• Probing 2ν2β & 0ν2β-type NME in a hadronic analogue process

• Gateway to precision physics with heavy ions

…together with the NUMEN theory group J. Bellone, S. Burello,  M. Colonna 
(Catania), J.-A. Lay (Sevilla), E. Santopinto (Genova) 

and the NUMEN@LNS collaboration
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Backups
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Effective rank-2 Iso-Tensor Interaction  ~  [τj x τk]2

DCE Reaction Amplitude

DSCE Interaction

MDCE Interaction

Rank-2 iso-tensor interactions
with spin operators of rank S=0,1,2
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The 0ν2β 0+  0+ Nuclear Matrix Element

Nuclear charge-changing (CC) Currents JL:

• Vector 
• Pseudo-Vector
• Axial-Vector
• Magnetic-Tensor 

H. Lenske, NSD 2019



24

→

covariant Non-relativistic

Axial Vector

Weinberg-Tomozawa

Work in Progress:
EFT Approach to MDCE in Time-Ordered Perturbation Theory

→

covariant Non-relativistic
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Hadronic CC Currents and Transition Amplitude

Nucleon Iso-spinor Fields:

Meson Iso-vector Fields:

Meson Iso-scalar Field:

…requires πN
T-matrix!

H. Lenske, NSD 2019



26

( ) ( ) ( )( , )MDCEM Uαβ β αβ α β αχ χ− += r r

3 3

3 3( , ) ( , )
(2 ) (2 )

ip r ip rd p d pU e e Kβ β α αβ α
αβ α β αβ α βπ π

• •= ∫ ∫r r p p

The MDCE Reaction Amplitude
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The MDCE Vertex 
Heavy Meson Approximation

…being measured on-shell at HADES@GSI via 
ppppπ+π-

H. Lenske, NSD 2019
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