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➢ Brief overview of MNT reactions

➢ Theoretical description of MNT reactions based on the dinuclear system 

model

➢ Results and discussion

✓ Fusion-evaporation reactions

✓ Yields, total kinetic energy spectra and angular distribution in MNT reactions

✓ Cluster transfer and cluster emission in MNT reactions

➢ Summary and perspective
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Dubna experiments, Nuclear Physics A 176 (1971) 

284-288, A 211 (1973) 299-309, A 215 (1973) 91-108
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Multi-nucleon transfer reactions (MNT), experiment progress

Lab. Reaction system References

Dubna 136Xe + 208Pb
156,160Gd + 186W

Phys. Rev. C 86, 044611 (2012); 

Phys. Rev. C 96, 064621 (2017)

GSI 238U+238U
48Ca+248Cm

48Ca+238U

Phys. Rev. Lett. 39, 385 (1977); 

Phys. Rev. Lett. 41, 469 (1978);

Phys. Lett. B 748, 199 (2015); 

Eur. Phys. J. A 56, 224 (2020)

GANIL 238U+238U; 136Xe+198Pt IJMPE 17, 2235-2239 (2008);

Phys. Rev. Lett. 115, 172503 (2015)

Argonne 136Xe+208Pb
204Hg+198Pt

Phys. Rev. C 91, 064615 (2015); 
Physics Letters B 771, 119-124 (2017)

RIKEN-KISS 238U+198Pt→241U Phys. Rev. Lett. 130, 132502 (2023)
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Slide from Yuri Oganessian in Lanzhou, 2005

PRL39(1977)1065, PRL41(1978)469, ZPA292(1979)171,

PRL43(1979)1483, PRC88(2013)054615

Damped collisions of two actinide nuclei
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New isotope production around N=126
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136Xe+198Pt, 8 MeV/nucleon

208Pb(1GeV/nucleon)+Be
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New isotope 241U via MNT reactions and high-precision mass measurement
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New isotope production around 

N= 162 in MNT reactions
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Cluster emission (, 8Be, etc) at IMP (Lanzhou) 

in the reaction of 12C+209Bi near barrier energy
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Diffusion dynamics within the concept of dinuclear system

II. Dinuclear system model

Quasifission fragments:
G. G. Adamian, N. V. Antonenko, and A. S. Zubov, Phys. Rev. C 71, 034603 (2005)
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Peng-Hui Chen et al., Physical Review C 101, 024610 (2020); 102, 014621 (2020)
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CSs in the fusion-evaporation and MNT reactions
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W. Li et al., Europhys. Lett. 64 (2003) 750;  Z.-Q. Feng et al., NPA 771 (2006) 50, PRC 76 (2007) 044606, NPA 816 (2009) 33

Transition probability

The distribution probability with pure nucleon transfer

The distribution probability with cluster transfer (neutron, proton, deuteron, triton, 3He and )

1 p t

1 p t

1 1

Z Z ,

N N

1 1 1
0, 0

( , , , ) 1

Z
N

Z N

P Z N E t

= +

= +

= =

=

MNT2024



13

Potential energy surface
With {} being

40Ca+248Cm

30Si+252Cf
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Nucleus-nucleus potential from the Skyrme energy-density 
functional

Bartel J and Bencheikh K 2002 Eur. Phys. J. A 14 179
Denisov V Y and Nörenberg W 2002 Eur. Phys. J. A 15 375
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Survival probability and fusion-evaporation CSs

P. H. Chen, Z. Q. Feng* et al., Chinese Physics C 40, 091002 (2016) (highlight CPC in 2016)

Peng-Hui Chen, Zhao-Qing Feng*, et al., Eur. Phys. J. A 53, 95 (2017)
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Data from RIKEN (K. Nishio, H. Ikezoe, S. Mitsuoka et al, Phys. Rev. C 62, 014602 (2000))
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1. Fusion-evaporation reactions for synthesizing 119 and 120

MNT2024

Fei Niu, Peng-Hui Chen, Zhao-Qing Feng, Nuclear Science and Techniques 32 (2021) 103

Q(54Cr+248Cm) = -207.77 MeV

3n=4 fb，E*CN=33 MeV，

Ec.m.=240.77 MeV, 

Elab=5.43 MeV/nucleon
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10 fb in the reactions 54Cr(243Am, 3n)294119 at the 
excitation energy 34 MeV, Q=-205.43 MeV, 
Ec.m.=239.43 MeV, Elab=5.42 MeV/nucleon

mass table: P. Möller et al., PRC 91, 024310 (2015)

MNT2024

http://dx.doi.org/10.1006/adnd.1995.1002
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2. Yields, total kinetic energy spectra and 

angular distribution in MNT reactions
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Cluster transfer effect on the MNT fragment production

Phys. Rev. C 108, L051601 (2023), arXiv:2308.03127

3. Cluster transfer and cluster emission in massive 

transfer reactions



大质量转移反应中前平衡结团发射研究
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Preequilibrium cluster emission
58,64,72Ni+198Pt @ Ec.m.=240MeV
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➢ The maximal cross sections with 10 fb for the reaction of 54Cr(243Am,3n)294119 corresponding to 

Ec.m.=239.43 MeV and 4 fb for 54Cr(248Cm,3n) 299120 at 33 MeV, Ec.m.=240.77 MeV, Elab=5.43 

MeV/nucleon.

➢ Shell effect plays an important role on the MNT fragments formation. New neutron-rich isotopes 

around N=162 is the stepstone to reach the ‘island of stability’. The cluster transfer in the MNT 

reactions broadens the isotopic distribution and slightly enhances the fusion probability.

➢ Preequilibrium clusters enable the similar reaction dynamics with the MNT reactions

MNT2024

Perspective: Influence of cluster structure of projectile nuclides, such as 12C, 16O, 

on the cluster emission, spectroscopic factor.


