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Main Goals

➢ Two-particle transfer is a very good tool to study the correlations of

both transferred particles in the transfer reaction.

✓ Sequential and direct mechanisms are involved.
18O+12,13C, 18O+16O, 18O+28Si, 18O+64Ni

➢ Transfer reactions can be a contaminant in collisions where double

charge Exchange cross sections are measured.
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𝑇𝛼𝛽
𝐷𝑖𝑟𝑒𝑐𝑡 = 𝜓𝛽

(−) 𝑊𝛼 𝜓𝛼
(+)

Theoretical models and main ingredients

✓ Fresco code – I. Thompson;

✓DWBA, CCBA and CRC calculations;

✓Woods-Saxon potential are used to
generate the single-particle wave
functions;

✓ São Paulo potential is used in each
partition;

✓ Spectroscopic amplitudes
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➢ Código Fresco (I. Thompson)

➢ São Paulo Potential

L. C. Chamon, et al. Phys. Rev. Lett. 79, 5218 (1997)

L. C. Chamon, et al. Phys. Rev. C. 66, 014610 (2002)

➢ 𝑈 𝑅 = 1.0 + 0.78𝑖 𝑉𝐿𝐸
𝑆𝑃 𝑅 𝑖𝑛𝑡𝑒𝑟𝑚𝑒𝑑𝑖𝑎𝑡𝑒 𝑎𝑛𝑑 𝑓𝑖𝑛𝑎𝑙 𝑝𝑎𝑟𝑡𝑖𝑡𝑖𝑜𝑛

L. R. Gasques, et. al., Nucl. Phys. A 764, 135 (2006)

➢ 𝑈 𝑅 = 1.0 + 0.6𝑖 𝑉𝐿𝐸
𝑆𝑃 𝑅 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑝𝑎𝑟𝑡𝑖𝑡𝑖𝑜𝑛

D. Pereira et al. PLB 670, 330 (2009)

Theoretical models and main ingredients

𝑉𝐹 = 𝜌1(𝒓1)𝒱(𝑹 − 𝒓1 + 𝒓2)𝜌2(𝒓2) 𝑑𝒓1d𝒓2

𝑉𝐿𝐸
𝑆𝑃 = 𝑉𝐹(𝑹)𝑒

4𝓋2/𝑐2

𝒱 𝑹 − 𝒓1 + 𝒓2 𝑖𝑠 𝑡ℎ𝑒 𝑘𝑛𝑜𝑤𝑛 𝑛𝑢𝑐𝑙𝑒𝑜𝑛 − 𝑛𝑢𝑐𝑙𝑒𝑜𝑛 𝑀3𝑌 𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛

𝑅0 = 1.31𝐴 Τ1 3 − 0.84 𝑓𝑚

𝑎 = 0.56 𝑓𝑚
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❑ Shell Model

➢ Ligther nuclei

✓ Interaction: p-sd-mod (4He as core)

✓ Y. Utsuno and S. Chiba, Phys. Rev. C 83, 021301(R) (2001)

➢ Heavy nuclei

✓ Interaction: jj45pna

✓ R. Machleidt, Phys. Rev. C 63, 024001 (2001). 

✓ 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

✓ Interaction: 88Sr45

✓ L. Coraggio, A. Gargano, and N. Itaco, Phys. Rev. C 93, 

064328 (2016) 

✓ 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

Structure calculation

2p-transfer stripping reaction in the 20Ne+116Cd collision at 306 MeV



116Cd(20Ne,18O)118Sn

Sp = 7.5 MeV

2p-transfer stripping reaction in the 20Ne+116Cd collision at 306 MeV

➢ D. Carbone et al., Phys. Rev C 102,
044606 (2020)



jj45pna 88Sr45

Final channel Exp. IC-1 (nb) Seq-1 (nb) IC-2 (nb) Seq-2 (nb) IC-2 (nb) Seq-2 (nb)

18𝑂𝑔𝑠 0+ + 118𝑆𝑛𝑔𝑠(0
+) 40 ± 15 22 19.1 30.9 52.1 39.5 88.5

18𝑂𝑔𝑠 0+ + 118𝑆𝑛1.229(2
+) 140 ± 60 5.3 1.6 26.9 39.8 52.7 106.3

➢ IC-1 e Seq-1 – no couplings
with inelastic states in the
initial partition.

➢ D. Carbone et al., Phys. Rev C
102, 044606 (2020)

118Sn

2p-transfer stripping reaction in the 20Ne+116Cd collision at 306 MeV
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116Cd(20Ne,22Ne)114Cd

Sn = 6.1 MeV

2n-transfer pickup reaction in the 20Ne+116Cd collision at 306 MeV

➢ D. Carbone et al., Phys. Rev C 102, 044606 (2020)



Final channel Exp. IC-1 (nb) Seq-1 (nb) IC-2 (nb) Seq-2 (nb)
20𝑁𝑒𝑔𝑠 0+ + 114𝐶𝑑𝑔𝑠(0

+) 370 ± 190 251 613 209 427

20𝑁𝑒𝑔𝑠 0+ + 114𝐶𝑑0.558(2
+) 420 ± 190 313 721 314 636

➢ IC-1 e Seq-1 – no couplings with
inelastic states in the initial
partition.

➢ D. Carbone et al., Phys. Rev C
102, 044606 (2020)

116Cd

2n-transfer pickup reaction in the 20Ne+116Cd collision at 306 MeV
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2p-transfer stripping reaction in the 18O+40Ca collision at 270 MeV

Spectroscopic amplitudes for the target overlaps

❑ Shell Model calculations – NuShellX

➢ Efective interaction: ZBMmod
E. Caurier et al., 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

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

12C as core
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2p-transfer stripping reaction in the 18O+40Ca collision at 270 MeV

Spectroscopic amplitudes for the target overlaps

❑ Shell Model calculations – NuShellX
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E. Caurier et al., Phys. Lett. B 522, 240 (2001).

M. L. Bissell, et al., Phys. Rev. Lett. 113, 052502 (2014).
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➢ 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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2p-transfer stripping reaction in the 18O+40Ca collision at 270 MeV

Couplings for direct two-proton transfer Couplings for sequential two-proton transfer
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➢ J. L. Ferreira et al., Phys. Rev C
103, 054604 (2021)



2p-transfer stripping reaction in the 18O+40Ca collision at 270 MeV
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➢ Direct and sequential two-proton transfer mechanisms compete with each other populating the ground

states of both 20Ne+38Ar and 18O+118Sn 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 ,18O)78Se and the multinuceon transfer

reaction in the 40Ca(18O,18Ne)40Ar

Conclusions and outlooks
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18O + 13C

18O + 16O

18O + 16O

18O + 64Ni

18O + 28Si

7Be + 9Be



➢ Eur. Phys. J. A (2018) 54: 150 

➢ Phys. Rev C 98, 054615 (2018)   

18O + 16O
18O + 28Si

18O + 64Ni

d + 55Mn



H = 𝑇𝛼 + ℎ𝛼 + 𝑉𝛼 = 𝑇𝛽+ℎ𝛽 + 𝑉𝛽

Ψ = ϕ𝛼(𝜉𝛼)𝜓𝛼(𝑹𝛼) + ϕ𝛽(𝜉𝛽)𝜓𝛽(𝑹𝛽)

(𝐸𝛼 − 𝑇𝛼 −ℎ𝛼 − 𝑉𝛼)Ψ = 0

(1)

(2)

(3)

(𝐸 − 𝑇𝛼 − 𝜀𝛼 − 𝑉𝛼𝛼)𝜓𝛼(𝒌𝛼, 𝑹𝛼) = (𝐸 − 𝑇𝛼 − 𝜀𝛼)𝑛𝛼𝛽𝜓𝛽(𝒌𝛽 , 𝑹𝛽) + 𝑉𝛼𝛽𝜓𝛽(𝒌𝛽 , 𝑹𝛽) (4)

(5)(𝐸 − 𝑇𝛽 − 𝜀𝛽 −𝑉𝛽𝛽)𝜓𝛽(𝒌𝛽 , 𝑹𝛽) = (𝐸 − 𝑇𝛽 − 𝜀𝛽)𝑛𝛽𝛼𝜓𝛼(𝒌𝛼, 𝑹𝛼) + 𝑉𝛽𝛼𝜓𝛼(𝒌𝛼, 𝑹𝛼)

(6)



➢ Reactions purposed:

o 40Ca(18O,18Ne)40Ar;

o 116Sn(18O,18Ne)116Cd;

o 116Cd(18O,18Ne)116Sn;

o 116Cd(20Ne,20O)116Sn;

o 130Te(20Ne,20O)116Xe;

o 76Ge(20Ne,20O)76Se;

o 76Se(18O,18Ne)76Ge;

A reação 116Cd(20Ne,20O)116Sn

Mesured Channels

✓
116Cd(20Ne,20Ogs)

116Sngs

✓
116Cd(20Ne,20Ogs)

116Sn2+

+
116Cd(20Ne,20O2+)

116Sngs

✓
116Cd(20Ne,18Ogs)

118Sngs

✓
116Cd(20Ne,18Ogs)

118Sn2+

✓
116Cd(20Ne,22Negs)

114Cdgs

✓
116Cd(20Ne,22Negs)

114Cd2+

DCE

2p-transfer

2n-transfer






