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MDCE Pion-Nucleon Box Diagrams
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Heavy lon DCE Reaction Mechanism

The Complete Picture: from Transfer DCE to Mesonic ,,Majorana“ DCE

'Ne + *Ar
p2 n-2
80 + Y°Ca ®Ne + “°Ar
n-2 p?
0 + *Ca




Nuclear Double Charge Exchange (DCE) Reactions

nt pt

DSCE (talk by Maria Colonna)
-2 2v2P

( T universe Universe 7 (2021) 4, 98

Physics Letters B

Article
Nuclear Matrix Elements for Heavy Ion Sequential Double
Charge Exchange Reactions

Two-step description of heavy ion double charge exchange reactions

Jessica 1. Bellone *, Stefano Burrello®, Maria Colonna**, José-Antonio Lay "¢, -
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NUMEN Collaboration

Horst Lenske **(, Jessica Bellone >, Maria Colonna ** and Danilo Gambacurta >*

H. Lenske, NRM Varenna, June 2023 5



DCE Reactions via 2-Nucleon Processes



DCE by Double Meson Exchange and Pair-Correlation
Interaction by ©N T-matrix, not NN T-matrix

MDCE
Box Diagrams

Q, ,=(pn) €> € 4=(np™)

L

On-shell counterpart:
(*,m) and (7, 7t*)
DCE reactions

Two-Nucleon nn € pp Process
* Final states are 2p2h-configurations w.r.t. the parent nuclei

DCE by dynamically generated rank-2 Isotensor Interaction!
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The MDCE Box Diagrams

z

e*e" Bhabha Scattering QED Box MDCE Isotensor Hadronic Box
One independent momentum variable k or p NN momenta are fixed by k,k and p, ,
Integral over product of 2 lepton and 2 photon Propagators Meson Potentials and Nuclear Vertices
Closed form by Mellin-Barnes Integrals Numerical Evaluation
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MDCE Isotensor Transition Kernel

Uz (P1, P2) = Wi2(P1, P2) D g e (P1, P2)W3a(P2, P1);

3
Wii(p, p') = Z/%an(p’,k)Dﬂo(k2,wn)Fm-(p,k)-

Fue(p, k) = (d]e*™ 47T,y (p,K)|c) | (as=p£Kk)

MDCE-NME in projectile and target: two SCE-vertices connected by ©° exchange
2-Nucleon Mechanism fostered by 2-body correlations
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MDCE Vertices in Closure Approximation

Pion Mass > NATURAL SEPARATION SCALE! - keep the 1st term only 2 Closure

MDCE Transition Potential in Closure Approximation
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The MDCE Nuclear Transition Amplitude

Rank-2 Isotensor Operator

Tox2 = [T1 @ T2]ys

Pion-Potential

=> 6 potentials: Uyy(x), U,(x), U,,(x), Uy,(x), Ug,(x) and U,,(x)
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Pion Potentials at low Momentum Transfer

P,=p,=30 MeV/c
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Dominance of S-wave Components
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Ujj(x) [MeVm3]

Pion Potentials at high Momentum Transfer
p,=p,=300 MeV/c

General Feature:
Short-Range NN-Correlation — x,, ~ 0.5 fm
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Heavy lon DCE Reactions

180+40Ca - 18Ne+40Ar
T., = 15 AMeV

q,, = 10...500 MeV/c (!)
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2-step DSCE: intermediate states with J*<5*
1-step MDCE: 4°Ca(0*)>4°Ar([n"2p?]0*) : J=0+ with L=S=0 & [L=2 x S=2],,

Data: F. Cappuzzello et al., EPJ A51 (2015)
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Pion-Nucleon Interactions

1 .
T (P, K)=Ty(w +F T,(W)p; ek +IT,(w)o; e (p; xk)

/4

Progress in Particle and Nuclear Physics
Volume 98, January 2018, Pages 119-206

Review
Baryons and baryon resonances in nuclear
matter

Horst Lenske * 2, 5, Madhumita Dhar * ¥, Theodoros Gaitanos * ¢, Xu Cao * 4 ©
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PHYSICAL REVIEW C 106, 014618 (2022)

Systematic study of A(1232) resonance excitations using single isobaric charge-exchange reactions
induced by medium-mass projectiles of Sn

J. L. Rodriguez-Sanchez @, J. Benlliure,' I Vidafia,” H. Lenske," J. Vargas,”" C. Scheidenberger,” H. Alvarez-Pol,'
J. Atkinson,” T. Aumann.>° Y. Ayyad.' S. Beceiro-Novo,”" K. Boretzky,” M. Caamaiio,' E. Casarejos,” . Cortina-Gil,!
P. Diaz Ferndndez.” ¥ A. Estrade,”™! H. Geissel.” E. Haettner,” A. Kelié-Heil,” Yu. A. Litvinov,” C. Paradela.”

D. Pérez-Loureiro,”" S. Pietri,” A. Prochazka,” " M. Takechi,” " Y. K. Tanaka.”’ H. Weick,” and J. S. Winfield* ™
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Kinematical Regions of Importance for Hadronic DCE Reactions
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Nuclear Structure Aspects of DCE Physics
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MDCE and 0v2f3 Double Beta-Decay
The Majorana Aspect

Ettore Majoran
*Aug., 5, 1906, at Catania
disappeared, Mar, 1938

+ 1959 in Venezuela?
+in a Sicilian monastery?

Topological Correspondence on the Diagrammatic Level
MDCE as Probe for Nuclear for Wave Functions in 0v23-NME
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Summary and Outlook
DSCE reactions € analogue of 2v2[3 — decay
MDCE reactions € analogue of 0v2[3 — decay
Induced rank-2 IsoTensor interaction € generic for heavy ion DCE reactions
MDCE box diagrams and pion potentials
Pion-nucleon scattering and MDCE interactions
Nuclear structure aspects of DCE physics — ,,Multi-Methods“ Approach

Precision Spectroscopy with heavy ion beams

...in collaboration with the NUMEN theory group:
J. Bellone, M. Colonna, D. Gambacurta
and A. Gargano (Naples), J.-A. Lay (Valencia), and E. Santopinto (Genova)

Supported by DFG, grant Le439/16, INFN, and AvH



Backup



Question;
How to fix the Invariant Pion-Nucleon Energy?

Consider Fermi-motion (k < k;) and motion in the P+T c.m.-frame (q = q_./A)
plus
pion off-shell 4-momentum p_=(®,p)

son(k, Pl k) =((Ey (R +3)+ @) ~(R+G+ ) )

Ke

=(MN +m”)2+a)2_g§(p)+2(a)<EN(IZ+ﬁ)>K —mﬂl\/lN)

= On-shell only for w=¢_
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