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» Two-particle transfer is a very good tool to study the correlations of
both transferred particles in the transfer reaction.
v' Sequential and direct mechanisms are involved.
180+12'13C, 180_,_160) 180+285i’ 180+64Ni

> Transfer reactions can be a contaminant in collisions where double
charge Exchange cross sections are measured.
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» Sdo Paulo Potential
L. C. Chamon, etal. Phys. Rev. Lett. 79,5218 (1997)
L. C. Chamon, etal. Phys.Rev. C. 66,014610 (2002)

> U(R) = (1.0 + 0.78{)VF(R) intermediate and final partition
L. R. Gasques, et. al., Nucl. Phys. A 764,135 (2006)

> U(R) = (1.0 + 0.60)V>F (R) initial partition
D. Pereiraetal. PLB 670,330 (2009)

VEF = Ve(R)e** /<

Ve = [ p1(r))V(R =1y +15)p, () drydr,

V(R —1r,+71,) isthe knownnucleon — nucleon M3Y interaction

(1) = Po Ry = (1.314Y3 —0.84) fm
1+ elr=Ro)/a a = 0.56 fm
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Structure calculation

[ Shell Model
» Ligther nuclei

v’ Interaction: p-sd-mod (4He as core)
v Y. Utsuno and S. Chiba, Phys. Rev. C 83,021301(R) (2001)

» Heavy nuclei

v’ Interaction: jj45pna
v R. Machleidt, Phys. Rev. C 63,024001 (2001).

v’ Model Space
protons — 1f5/2, 2p3/2, 2p1/2 e 1g9/2
neutrons — 1g7/2, 2d5/2, 2d3/2, 3s1/2 e 1h11/2
78Ni as core

v Interaction: 88Sr45

v’ L. Coraggio, A. Gargano, and N. Itaco, Phys. Rev. C 93,
064328 (2016)

v' Model Space
protons — 2p1/2, 1g9/2, 1g7/2 e 2d5/2
neutrons — 1g7/2, 2d5/2, 2d3/2, 3s1/2 e 1h11/2
88Sr as core
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116Cd(ZONe’180)118Sn

» D. Carbone et al., Phys.
044606 (2020)
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jJa5pna 885Sr45
Final channel Exp. IC-1 (nb) Seg-1(nb) IC-2(nb) Seg-2(nb) IC-2(nb) Seg-2 (nb)
180gs(0+) n 1185ngs(0+) 40 + 15 22 19.1 30.9 52.1 39.5 88.5
180gs(0+) + 185 o(2%) 140 + 60 5.3 1.6 26.9 39.8 52.7 106.3
» D. Carbone et al., Phys. Rev C il AT 156, SIIF
102, 044606 (2020) (FNe,FOgs) Fong,
102-—\
A
» IC-1 e Seg-1 — no couplings féw’/‘\\ e ,
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115Cd(2°Ne,22Ne)114Cd
» D. Carbone et al., Phys. Rev C 102, 044606 (2020)
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Final channel IC-1 (nb) Seq-1(nb) IC-2(nb) Seqg-2(nb)
“'Neys(07) + M4 Cdys(07) 370 + 190 251 613 209 427
“'Neys(0%) + 11*Cdy 555(2%) 420 £ 190 313 721 314 636
> D. Carbone et al., Phys. Rev C 107 ———— T
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D. Carbone et al Phys. Rev. C 102, 044606 (2020)
S. Burrello et al Phys. Rev. C 105 024616 (2022);
J. L. Ferreira et al Phys. Rev. C 105014630 (2022)




Spectroscopic amplitudes for the target overlaps
1 Shell Model calculations — NuShellX

» Efective interaction: ZBMmod
E. Caurier etal, Phys. Lett. B 522,240 (2001).
M. L. Bissell, etal., Phys. Rev. Lett. 113,052502 (2014).

» Model Space for both protons and neutrons
2s1/2, 1d3/2, 1f7/2 and 2p3/2
28Si as core

Spectroscopic amplitudes for the proj. overlaps

> Efective interaction: ZBM

A. P. ZuKer, B. Buck,and J. B. McGrory, Phys. Rev. Lett. 21,
39 (1968).

» Model Space for both protons and neutrons

1p1/2, 1d5/2 and 2s1/2

12C as core
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Spectroscopic amplitudes for the target overlaps

(] Shell Model calculations — NuShellX

> Efective interaction: ZBMmod
E. Caurier etal, Phys. Lett. B 522,240 (2001).

M. L. Bissell, et al., Phys. Rev. Lett. 113,052502 (2014).

» Model Space for both protons and neutrons
2s1/2, 1d3/2, 1f7/2 and 2p3/2
28Si as core

Spectroscopic amplitudes for the proj. overlaps

> Efective interaction: ZBM

A. P. ZuKer, B. Buck,and J. B. McGrory, Phys. Rev. Lett. 21,
39 (1968).

» Model Space for both protons and neutrons
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» J. L. Ferreira et al., Phys. Rev C
103, 054604 (2021)
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FIG. 1. Excitation energy spectrum for the “’Ca('*Q, ?°Ne) **Ar
reaction at 270 MeV in the angular range of 0° < 6, < +8°. In the
inset a zoomed view of the ground-state region is shown.
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» J. L. Ferreira et al., Phys. Rev C 103, 054604 (2021)
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» Direct and sequential two-proton transfer mechanisms compete with each other populating the ground
states of both 20Ne+38Ar and 180+1185n in final partition.

» The first 2+ excited states in the final partition are preferably populated by sequential mechanism.
» Couplings with inelastic states are important to be taken into account in the initial partition.

» The orbits above the 1g9/2 (proton model space) play a relevant role in the transfer reaction for the
20Ne+116Cd collision.

» Next step is to analyse two-proton transfer in the 76Ge(20Ne ,180)78Se and the multinuceon transfer
reaction in the 40Ca(180,18Ne)40Ar
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TABLE IV. Integrated cross sections in the angular range of
0° % 8. % 12° for each channel that might coninbute to the exper-
imental cross section calculated by direct (1C) and sequential (Seq)
mechanisms (see the text). For the fourth peak the cross sections
obtained by the ZBM2-modified and vpd it interacthions are listed.

Channels corresponding to the thard peak [Fig. 3(a)]

Iheoretical cross sections (nh)
Final channel Darect (IC) aeq
e, (07) + P Ary 55 (07F) 485 677
Neg, (07) + ¥ Ary g (37) 24.11 2937
Neg, (0 ) + P Arg ge(2+) 260,26 317.78
Neg. (0) +  Argsa(24) 605.31 694,32
Neg. () + * Argse(57) 4.81 9.37
MNesa(2H) + S Ara(2) 122.60 394985
MNegas(4%) + ®Ar,, (0F) 14690 27853

Channels commesponding to the fourth peak [Fig. 3(b)]

Theoretical cross sections (nh)

ZBM2mod v
Final channel IC Seq. IC Se.

e, (0F) + PArg(2¥) 17149 61425 309 1.19
e, (0F) + PArgee(57) 12654 43829 4481 14344
MNeg, (0+) + PArgg:(3-) 7134 26276 610 12.53
Nega (0F) + Arsos(4t) 065 088 D002 001
Nega (0F) + Areas(2t) 8133 24265 395 6.95
Neg. (0F) + ®Araas(4t) 028 029 402 00414
Neg, (0F) + PArg g (6%) 020 2230 U439 00032
Neg, (00) + PArg(2Y) 11517 39142 174 0.27
Neg, (0F) + P Arg(57) 021 4.92 3.51 1.32
e aa(2P) + FAr o2ty 1283 2630 7210 TEOO
e sl 2P)+ FAr, o(2Y) 3116 BOTO 2835 25003
e sl 24+ FAr, (5-) 2055 5897 098 568
MNesa(25) + TAnmi(i™) 17881 456011 12231 50.72
N 2%+ PArss(2t) 1678 4670 1406 436
Mhesa(2) + B Ars w4ty 362 688 00015 00273
Mhe sl 2P0+ A (37) 3468 5861 14.11 7.29
Moy {4y + B Ar, o(2Y) 4733 25880 TEST 8214
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TABLE Il. Companison between the experimental and the the-
orctical predictions of the reduced clectnc quadrupole [B{E2)] and
octupole [B(E 3)] transition probabilities for the ®Ar, *K, and **Ca

nuclel.
Ba
B(E2) (e fm*) =1 Exp. Theo.
0 — 27 o 105
B(E3) (e fm®) =1 Exp. Theo.
oF — 37 1 1_800" 11420
K
B(E2)(e*fm*) I7 =1 Exp. Theo.
12— 3423 .90, 2 274
B(E3){e*fm®) IF I Exp. Theo.
3/ = 12 124 106
3/ — 32 2647 217
320 — 9427 6947 90
327 — 5;1; 5407 1233
Ar
B(E2) (e fm*) IF =17 Exp. Theo.
o+ — 2} 1309;121 £ 768 2285
o — 2 10,63 £+ 0.76° 15.29
of - 23 42 11.43
2 56+ 11° 2419
R 7.59 & 2 28° 13.5
g 235.3 + 68.3° 41.1
63 — 47 607 £ 34° 37.26
57 — 37 .44 £ 015
57 —= 37 22453
B(E3)(e*fm®) IF— 17 Exp. Theo.
o+ — 37 9500" 1251
sReference [T1].
bReference [72].
“Reference [75].
YReference [T6].
“Reference [77].

"Reference [ TH].

TABLE L. Comparison among the Bar, ¥K_*Cs experimental
specira, and the one obtained by shell-model calculation considening
the ZBM2-miodified interaction.

1
I= Egp (MeV) Epen, (MeV)
o7 0 o
i 3.353 3.538
3 3.737 4.614
2} 3.904 4.117

)

K

" Epy (MeV) Eqpen, (MeV)
3fz 0 0
142 2523 1.998
42 2314 2.119
3f 3.019 3.196
9427 3.597 3544
5427 3.383 4.106
3fx 3.939 4.465
12 3.944 3314
323 4.082 4.363
1425 4.096 4.718
/2 4.127 3.935

3%

Ar

I Egg. (MeV) Emien. (Me¥)
o7 0 o
¥ 2.168 2.201
ik 3.378 3.862
3 3.810 3.135
¥ 3.936 3418
2% 4.565 4328
57 4.586 3.731
3; 4.877 4.782
27 5.157 4813
a7 5.349 4.405
37 5.513 5.224
2t 5.595 5.340
57 5.659 5271
37 5.825 5.631
a7 6.053 5.420
2F £.250) 5.560)
4 6.276 6.071
6y 6.409 5.120
rrg 6.520 6.184
57 f.674 6.227
6y 7.289 6.355




TABLE III. Comparison between the theoretical and experimental low-lying spectra obtained by shell-model calculations for the target
and residual nuclei involved in the studied reactions. Energies are in MeV.

Shell model: jj45pna interaction

ecq Expt. Th. "5¢cd Expt. Th. 4cd Expt. Th.
0+ 0 0 1/2+ 0 0.325 0+ 0 0
2+ 0.513 0.740 (11/2)— 0.181 2.195 2+ 0.558 0.604
2+ 1.213 1.782 (3/2)+ 0.229 0.0 0+ 1.135 1.264
4+ 1.219 1.712 (5/2)+ 0.361 0.534 2+ 1.210 1.074
0+ 1.283 1.526 (7/2)— 0.394 1.879 4+ 1.284 1.543
0+ 1.380 2.949 (9/2)— 0.417 2.141 0+ 1.305 2.117
Shell model: 88Sr45 interaction

6cd Expt. Th. " n Expt. Th. 18gn Expt. Th.
0+ 0 0 9/24+ 0 0 0+ 0 0
2+ 0.513 0.721 1/2— 0.315 0.078 2+ 1.230 0.802
2+ 1.213 1.284 3/2— 0.589 1.023 0+ 1.758 3.474
4 1.219 1.653 3/24+ 0.660 2.147 2+ 2.043 2.018
0+ 1.283 2.032 7/2+ 0.748 1.082 0+ 2.057 4.304
0+ 1.380 2.745 1/2+ 0.749 2.011 4+ 2.280 2.936




TABLE 1V. Comparison between calculated and experimental

low-lying states for the ''°Cd, '*Cd, and '"*Sn nuclei. Energies are
in MeV.

Interacting Boson Model-2

'"Cd Expt. Th. '"“Cd Expt. Th. '"Sn Expt. Th

0+ 0 0 0+ 0 0 0+ 0 0

24 0513 0516 24 0558 0492 24 1.230 1.201
2+ 1.213 1.178 04 1.135 1.274 04 1.758 1.790
4+ 1.219 1.186 24 1.210 1.125 24 2.043 2.261
0+ 1.283 1.325 44 1284 1.130 44 2280 2.267




TABLE VII. Comparison between experimental and theoretical integrated cross sections corresponding to the two-proton stripping (for
4° < B, < 14°) transfer processes. The amplitudes for the projectile overlaps were derived by shell-model calculation using the p-sd-mod

interaction. For the target overlaps, the results using the jj45pna and 885r45 interactions within the SM, microscopic IBM-2, and the QRPA
are reported.

Cross Sections (nb)

Theory
SA-shell model SA-shell model SA SA
p-sd-mod + jj43pna int. p-sd-mod + 885rd5 IBM-2 QRPA
Final IC Seq IC Seq IC Seq IC IC IC
Channel Expt. CRC-1 DWBA CRC-2 CCBA CRC-2 CCBA CRC-1 CRC-2 CRC-1
B0 (07) + '"*Sng(07) 40 + 15 22 19.1 30.9 52.1 39.5 88.5 32.7 23.1 19

B0, (07) + '"®Sn; 29(27) 140 £ 60 5.3 1.6 26.9 39.8 52.7 106.3 3.1 2.6 55
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Reacao de Transferéncia 1ln-transfer
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Processo de transferéncia de um nucleon e dois nucleons Formalismo teorico

2Ne p p 17

19F

H = Ta+ha+Va=T,8+h,8+V,8 (1)
VY =0b,()Pa(Ry) + dp(Sp)Pp(Rp) (2)
(Eq —Tqg —hg =V )¥ =0 (3)

(E _ Ta: —&q T aa)l/)a(ka' Ra) — (E _ Ta _ ga:)na:ﬁl/)ﬁ (kﬁJ R,B) + Vaﬁl/)ﬁ (k,[i" Rﬂ) (4)

(E —Tp—¢eg —Vgp)p(kp,Rp) = (E —Tp — eg)npaPa(ke Ry) + VpaPa (ke Ry)  (5)

nep = | D26y (656 Vg = | GuCElVatby (55) e (6)



NUMEN project

A reagdo 11°Cd(*°Ne,*°0)!%sn

Reactions purposed: Mesured Channels
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Andlise da transferéncia de multiplos na reacao ®Cd(*°Ne,?°0)*15Sn
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Nucleus B(E2),
0t = 27 (e*b?)

e 4 0.0018

™ ™0 0.0045
““Mg 0.035
S 0.022
"N | 0.060
Ge | 0.270



