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» Nuclear charge-exchange (CE) transitions:

- Collective nuclear excitations induced by strong interaction
(Isobaric Analog Resonance, Gamow-Teller Resonance)

> Isospin and spin-isospin terms in the effective nucleon-nucleon
interaction in the medium.

- Spontaneous processes induced by weak interactions
(B and double-p decays )
= Astrophysical processes, Nuclear Matrix Elements (NME) for
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Nuclear interaction vs Weak interaction vertices: analogies
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Structure model calculations for CE transitions

L.Coraggio et al.
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» Charge exchange reactions offer the possibility to explore nuclear

transitions in the spin-isospin channel

(ex: Fermi (S=0, T=1) and Gamow-Teller excitations (S=1, T=1)

» Double charge exchange reactions
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Outline;:

» Modeling Heavy Ion charge exchange reactions:
1s it possible to isolate the information on nuclear structure ?

» DCE cross section and comparison to data

» Analogies between (double) strong and weak charge exchange processes



Single Charge Exchange (SCE)
Cross Section
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SCE cross section factorization at small momentum transfer
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Cross section factorization at small momentum transfer: heavy ions

Reaction amplitude
Trend of unit cross section for heavy ions
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@ Second order CEX reactions: double charge-exchange (DCEX) reactions

Double SCEX (dSCE) Majorana DCEX (mDCE)
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Double Charge Exchange (DCE) as an (uncorrelated) 2-step process
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DCE as a two-step process:
comparison to exp data

0.15 —71 r 1 r 71 1T 17T "TT7T 17T "™ T "7 T "1 "™ 7Tt

ey = NUMEN data
0.01 5—1 x All energy levels
F = —— SSD (FRESCO)

- X
0.001: i L) EI

IEII¥
1

0.0001

do/dQ  [mb/sr]

le-05E
le-06

'“F only one intermediate state (17)

1 1 1 1 1 1 1 1 1 1 1 1
e > 3 4 s 6 7 8 9 10 1 12
0.y [deg]

g

180 + 40Ca - 18F + 4K - 18Ne + “0Ar
@ 15 MeV/A (07 = 0)

data: F. Cappuzzello et al.,
EPJAS1, 145 (2015), EPJA 54, 72 (2018)

» SCE transition strengths
evaluated with QRPA (M3Y effective

nuclear interaction)

= Full calculations: intermediate states up to 15 MeV and J =5
Might short range correlations («Majorana» mechanism) improve the agreement ?

Bellone et al., in preparation




DCE as a two-step process:
comparison to exp data
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= Full calculations: intermediate states up to 15 MeV and J =5
Might short range correlations («Majorana» mechanism) improve the agreement ?

Bellone et al., in preparation




DCE as a two-step process
comparison to exp data
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» Optical potential (distortion effects):
double folding approach
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NN interaction with HFB densities
(Franey & Love, PRC 31 (1985))

= Full calculations: intermediate states up to 15 MeV and J =5
Might short range correlations («Majorana» mechanism) improve the agreement ?

Bellone et al., in preparation



DCE as a two-step process:
comparison to exp data
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= Full calculations: intermediate states up to 15 MeV and J =5
Might short range correlations («Majorana» mechanism) improve the agreement ?

Bellone et al., in preparation




DCE as a two-step process:

comparison to exp data
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evaluated with QRPA (M3Y effective

nuclear interaction)
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= Full calculations: intermediate states up to 15 MeV and J =9
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DCE as a two-step process:
comparison to exp data
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Analogies with double-f3 decay

Reaction amplitude
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Analogies with double-p3 decay

..but intermediate transitions with several multipolarities play a role in DCE ...

Ov double beta decay Transition matrix element (simple t:wﬁﬁ mei."jhariisrnl
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Summary and Perspectives :

» New development for: = SCE modeling
- Cross section factorisation for heavy ion reactions
- Evaluation of distortion factor

» DCE reactions as a two-step process /

» «Majorana» DCE mechanism : 5 — T
The two charge changing nucleons in the target ( L
(or in the projectile) are correlated through the tr P
exchange of a neutral meson T,,NE'J":'--"-;,": _________ i HoLenske
(the process can be off shell) mee ™ E.Santopin’to
—> Short range correlations ! ‘
A—=>B

» Interplay between CE processes and competing channels

(multi-nucleon transfer) p 0"‘
also in collaboration with o
Ce T

J.Ferreira, J.Lubian, E.Santopinto
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Analogies with double-f3 decay

Reaction amplitude

= MO (ks ka A[,fgfg”(k Ky)Geoc(wy. wa) Mg (ky. Ka).
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Competing channels: DCE vs Transfer

2p

The role of multi-nucleon transfer routes

20Ne + 116Cd at 20 MeV/A

Ferreira - Lubian

The diagonal process (experimental cross section 12 + 2 nb)
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Ferreira - Lubian
The role of multi-nucleon transfer routes

Vs
The diagonal process (experimental cross section 12 + 2 nb)
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Cross section factorization at small momentum transfer: heavy ions ?

Reaction amplitude

Trend of unit cross section for heavy ions
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Ov double beta decay:

(simple OvBB mechanism)

M =) (13|04 [24)(f|c}éac]éali). =\
1234 ovBp ’t}lnl =

Ocr =T1-To— (0'1 '0'2) HGT("_- Eh’)'

2R [ fu(qr)ha(q?)adq
Hﬂ . "} EH — ]
(r, £x) ./1) q+E.— (Ei+Ey)/2

T

Moaop(ky ky) = MUT (i, ko) (bl dr- (k1) dre (o) a)

- d*k
MJElB)(klakQ) :/(271.)3

/T(ﬂ)ro SN (INTTT) NI DT (N T N\ AN




SCE: 180 + 490Ca - 18F + 40K, 15 MeV/A --- « Crucial » ingredients
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HIDEX code: Lenske, PRL62 (1989)

“Structure” term
» Transition density:

QRPA, with EDF

F. Hofmann and H. Lenske,
, Phys. Rev. C 57, 2281 (1998)

for 80 = BF g.s. (17)

Integral * (2J+1) * (g /gy)? ~2.5 >
Bgr ~3 [Mercer, PRC 49 (1994)]

“Reaction” term

» Optical potential:

double folding approach

NN interaction with HFB densities
(Franey & Love, PRC 31 (1985))

- real and imaginary part



(S=1, T=1)

I80Q + 90Ca at 15 MeV/A: cross sections for Gamow Teller-like transitions
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@ Isolate CEX contribution from cross section
= description of competing processes (2N-transfer)

@ Transfer sensitive to N-nucleus mean-field potential

= no probe of Viyy responsible for F and GT response
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(S=1, T=1)

I80Q + 90Ca at 15 MeV/A: cross sections for Gamow Teller-like transitions
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HIDEX code

DWBA calculations:
1* transitions (L = 0) dominate at
very forward angles
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Double Charge Exchange (DCE) as a 1-step process:
analogies with Ov double beta decay

H-Lenske

weak interaction strong interaction

EOP c-—ow
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. nmn — ppw_ 7w reaction. Ex: in the target

The two charge changing nucleons
in the target (or in the projectile) are correlated
through the exchange of a neutral meson
(the process can be off shell)
—> Short range correlations
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jugated reaction pp — nnw 7" reaction

and other double-pion production channels were

in fact already investigated experimentally

COSY, HADES, ...
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Single Charge Exchange vs. Transfer

= H. Lenske et al., PRL62 (1989)
1457

e E/A — 100 MeV/A
x States at Qi

Double CE vs. Transfer
x Not much known

| L%

v' An opportunity to exctract
further information on the
Wavefunction




