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Reaction mechanisms for describing Heavy Ion Double Charge Exchange

A(Za,N4) +a(Zs, Ny) = B(Za+2,NaF2)+b(Z, F2,N, +2)

Sequential DCE (dSCE)

sequence of two Uncorrelated SCE reactions
(2vPp-like mechanism)

Majorana-like DCE (mDCE)

sequence of two Correlated SCE reactions
(OvBp-like mechanism)
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(B) B(Za+2,NsF2)+b(Zy F2,N, £2)

(V) C(Za+1,NaF1)+c(ZaF1,Ny,+1)

(0)

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

A(Za,N4) +a(Zs, Ny) = B(Za+2,NaF2)+b(Z, F2,N, +2)

T
T

A(ZAg f\fTA) -+ G(Za: j\ra)

sequence of two uncorrelated SCE reactions
(2vPBp-like mechanism)
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Analogies between dSCE and 2vBf} matrix elements
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Sequential DCE Cross Section - 4“Ca(130,!3Ne, ; )*°Ar, .
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Yca ("0, "Ne) “Ar atE =275 MeV

B NUMEN data
dSCE PLB scheme - CCEP (from elastic scatt. data analysis)
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Sequential DCE Cross Section - 76Se(130,18Ne,)7°Ge, .
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Sequential DCE Cross Section - 16Cd(2'Ne,??0, )!16Sn
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(B) B(Za£2,NsF2)+b(Z, F2,N, £2)

(v) C

(0)

(Za+1,NaF1)4+c(Z, F1,N, £1)

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

A(Z4,Na) +a(Za,No) = B(Za £2,NA T 2) + b(Zo T 2, N, £ 2)

T
T

A{ZﬂjNﬂ) + {I(Zm Na)

sequence of two uncorrelated SCE reactions
(2vBB-like mechanism)
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e dSCE transition matrix element in momentum space

Sequential DCE Cross Section - s-channel formalism

H. Lenske, J.I.B., M. Colonna, D. Gambacurta, Universe 7(4):98 (2021)
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Sequential DCE Cross Section - s-channel formalism
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SUMMARY and CONCLUSIONS

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

Heavy Ion Double Charge Exchange (DCE) direct reactions:

A(Za,N4) + a(Za,N,) = B(Za+2,NsF 2) +b(Z, F2, N, £ 2)

e powerful and alternative tool to gain information on OvBf decay Nuclear Matrix Element (NME)

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

® OvBp NME information are embedded in HI DCE transition matrix element:
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reaction kernel

e at low momentum transfer, the nuclear structure term containing information on Ov3§ NME can be
factorized from all the other ingredients entering the HI one-step Charge Exchange cross section

H. Lenske, J. 1. Bellone, M. Colonna, J. A. Lay, Phys. Rev. C (2018) 98, 044620

E. Santopinto ef 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
(2vPBp-like mechanism)

(B) B(Za+2,NsF2)+b(Zy F2,N, £2)
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Checks on SCE reactions - 76Se(130,18F)76As vs 76Ge(2'Ne,20F)70As

Integrated o [ub]; 4°<0,,, < 11.5°

Energy range

(MoV) 76Se(180,18F)76As 76Ge(2°Ne,20F)76As
[0,3] 7742 20.1 371 5.8
[0,5] 170 £ 3 36.5 03 + 2 12.5

[0,10] 552 + 6 163 34744 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 - 116Cd(?°Ne,2'F)11¢In

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

Integrated o [ub]; 4.5°< 0, <14.5°

Energy range

Theo. states used SCE o [ub]
+ 10-3
Transfer Direct 25 2?2:33
SCE SCE 9-8- '

3* 1.62:10-2
[0,0.35] 0.7+0.3 0.31 0.036* ] e
0.042 * (0.4 MeV- theo.) 1.86-10
: : . - 4+ 5.76:10-7
* using SPP optical potential, evaluated from elastic (0.15 MeV-theo) 6-10-7
and inelastic channels analysis
S5* 1.64-10-2
*using DFOL optical potential, evaluated from (0.3 MeV-theo.) 1.93-10-2
elastic and inelastic channels analysis

» 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




DCE state — of — art

e 1t — N reactions — spin — isospin transition operator different from beta decay ones

ten =too +t100 - (k x K) + (¢ +t53 (7r - 7n) + tio - (k x K)) (7= -Tn)  (acting twice)

J. Alster and J. Warszawski, Phys. Rep.52, 2 (1979) 87-132|| D. S. Koltun and M. K. Singham, Phys. Rev. C 39, (1989) 704

— no information on f§ decay NMEs !

e Light Ion DCE reactions
— more than 2 fragments in the final channel | — difficulties in measurement and
reconstruction of trajectories

e Heavy lon DCE reactions — Past attempts — low statistics
— high background

J. Cerny, 3rd International Conference on Nuclei Far from Stability,
Cargese, France, 19 - 26 May 1976, pp.225-34 (CERN-1976-013).

— Brink’s kinematical conditions matched
mmmmms) multi-nucleon transfer dominates

D.M. Drake et al., Phys. Rev. Lett. 45, 1765 (1980)

— no information on B} decay NMEs !

— Recent attempts —high resolution experiments allow to reach:

e significant statistics
e low background

H. Matsubara et al., Few-Body System 54, 1433 (2013)

F. Cappuzzello et al., Eur. Phys. J. A (2015), 51

M. Takaki et al., CNS Ann. Rep. 94, 9 (2014)




Two-body Transition Densities - s-channel formalism
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