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Deep subbarrier fusion hindrance

C.L. Jiang et al., Eur. Phys. J. A57 (‘21) 235



Deep subbarrier fusion hindrance

“surface diffuness anomaly”

K.H., N. Rowley, M. Dasgupta,

PRC67 (‘03) 054603

J.R. Leigh et al., PRC52 (‘95) 3151

J.R. Leigh et al., PRC52(‘95) 3151

See also 

J.R. Leigh et al., PRC47(‘93)R437,

J.O. Newton et al., PRC70 (’04)024605



Deep subbarrier fusion hindrance

C.L. Jiang et al., Eur. Phys. J. A57 (‘21) 235

C.L. Jiang et al., PRL89 (‘02) 052701

the first measurement from ANL



T. Ichikawa, K.H., A. Iwamoto,

PRC75(’07) 064612 & 057603

C.L. Jiang et al., Eur. Phys. J. A57 (‘21) 235

Misicu-Esbensen

Ichikawa-Hagino

-Iwamoto



the sudden model the adiabatic model

the sudden versus the adiabatic models: 64Ni+64Ni 

S. Misicu and H. Esbensen,

PRL96 (‘06) 112701

PRC75 (‘07) 034606

T. Ichikawa, 

PRC92 (‘15) 064606

Both models reproduce the data equally well.



S-factor maximum

C.L. Jiang et al., Eur. Phys. J. A57 (‘21) 235

C.L. Jiang et al.: Emax ~ Ethreshold



S-factor maximum

C.L. Jiang et al., Eur. Phys. J. A57 (‘21) 235

C.L. Jiang et al.: Emax ~ Ethreshold → justifiable?



S-factor maximum

+

R. Vandenbosch,

Ann. Rev. Nucl. Part. Sci. 42(‘92)447

M. Dasgupta et al., PRL99(‘07) 192701



S-factor maximum

+

M. Dasgupta et al.,

PRL99(‘07) 192701

large L(E) → a positive slope of S(E)

T. Ichikawa, 

PRC92 (‘15) 064606



two-potential fit

K.H., A.B. Balantekin, N.W. Lwin, and E.S.Z. Thein, 

PRC97 (‘18) 034623

a=0.99 fm

a=0.71 fm
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two-potential fit

K.H., A.B. Balantekin, N.W. Lwin, and E.S.Z. Thein, 

PRC97 (‘18) 034623

Es

E.S.Z. Thein, N.W. Lwin, and K.H.,

PRC85 (‘12) 057602



A simplified adiabatic model

a simple interpolation: 

12C+24Mg

G. Montagnoli et al. (2021)



Fusion from a viewpoint of open quantum systems

deep subbarrier fusion
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heat-up

fusion for SHE

many-body dynamics after contact

→ open quantum systems

couplings to many d.o.f.



Fusion from a viewpoint of open quantum systems

heat generation when a rigid 

body stops

classical mechanics quantum mechanics

S B
VSB

system internal d.o.f.

Caldeira-Leggett model

a collection of H.O.



Fusion from a viewpoint of open quantum systems

quantum mechanics

S B
VSB

system internal d.o.f.

Caldeira-Leggett model

a collection of H.O.

cf. a vib. coupling in subbarrier

fusion
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1.45 MeV

→ C.C. calculations

2.90 MeV



Fusion from a viewpoint of open quantum systems

Caldeira-Leggett model how to deal with a huge number 

of phonon modes?

→ an efficient truncation scheme

0+

2+

0+,2+,4+

58Ni

1.45 MeV

cf. a “two-phonon” state

M. Tokieda and K. Hagino, 

Ann. of Phys. 412 (2020) 168005

Front. in Phys. 8 (2020) 8.

2.90 MeV



time-dep. wave packet approach

Application to heavy-ion fusion reactions

3D: radial coordinate for each 

partial wave

(NB. no tangential friction)

16O+208Pb

coupling to the bath

cf. the surface friction

model

absorption to simulate fusion



fusion cross sections

K=65, 2 hw

Diss

M. Tokieda, Ph.D. thesis (2021), 

Tohoku University



Q-value distribution

the next step: a comparison with the data



Summary

deep subbarrier fusion hindrance

→ dynamics after touching

✓ couplings to internal degrees of 

freedom

→ coupled-channels calculations with many d.o.f.

✓ an efficient truncation scheme

✓ application to 16O+208Pb

✓ role of energy dissipation

the next step: a comparison 

to experimental data

Diss
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