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• Equation of state (EoS) of nuclear matter 

• Low-energy (E/A~5-10 MeV/A), reaction 
mechanisms: from fusion to quasi-fission and deep-
inelastic  

• The tool: mean-field models (TDHF, Vlasov) and 
effective interactions 

• Sensitivity of selected observables to specific 
ingredients of the effective interaction 

• Conclusions

Outline



 3A.W. Steiner et al., Phys. Rep. 411, 325 (2005)

EoS

Equation of State (EoS) is important
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Nuclear Density functional theory

Based on the philosophy of Bethe, Goldstone, and Brueckner, one 
has a density dependent interaction in the nuclear interior  E(ρ) 

At present, the ansatz for E(ρ) is phenomenological:    

• Skyrme:     non-relativistic, zero range 

• Gogny:       non-relativistic, finite range (Gaussian) 

• CDFT:        Covariant density functional theory

• Nuclear DFT has been introduced by effective 
Hamiltonians:  by Vautherin and Brink PRC 5, 626 (1972), 
using the Skyrme model as a vehicle

courtesy of J. Meng
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Skyrme EoS (standard form)

E. Chabanat et al., NPA 627, 710 (1997), M. Dutra et al. PRC 85, 035201 (2012)

• Effective interaction in standard form

Modifications can be introduced and are referred as non-standard form. 
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Skyrme EoS (standard form)
• Within the standard form, the total energy density is

E. Chabanat et al., NPA 627, 710 (1997)

Nine parameters

(t0, t1, t2, t3, x0, x1, x2, x3,�)
<latexit sha1_base64="nXL5kogGT7yInDqwnce1BuDUjBk="></latexit>



 7Ad.R. Raduta et al., EPJA 50, 24 (2014)

Skyrme EoS

H.Zheng, S.Burrello, M.Colonna, D.Lacroix and G.Scamps, PRC 98, 024622 (2018)

• The total energy density in another form is



➢  analogy with Weizsacker  
mass formula for nuclei (symmetry term) !

Energy per nucleon E/A (MeV) Symmetry energy Esym (MeV)

poorly 
known …

predictions of several  
effective interactions

25  ≤ J ≤  35  MeV 20  ≤ L ≤  120  MeV

EoS(T=0) and symmetry energy

E/A(⇢, �) = E/A(⇢, � = 0) + Esym(⇢)�2 +O(�4)
<latexit sha1_base64="zVc7fsxpxIcf1kLQBIbYRw1lekM="></latexit>

� =
⇢n � ⇢p

⇢
<latexit sha1_base64="pWauneaQV7uvSzSsis4jKYJx/E0=">AAACCnicbZC7TsMwFIYdrqXcCowshgqJpVVSkNoOiAoGGItEL1ITVY7rtFYdJ7IdRBV1ZuFVWBhAiJUXgI2JV8FNKsTtlyz//s85sv25IaNSmea7MTM7N7+wmFnKLq+srq3nNjabMogEJg0csEC0XSQJo5w0FFWMtENBkO8y0nKHp5N664oISQN+qUYhcXzU59SjGCkddXM7do8whY5sTyAc22IQdHkh2cJxchx3c3mzaCaCf401Nfna8cfrdaFyVu/m3uxegCOfcIUZkrJjmaFyYiQUxYyMs3YkSYjwEPVJR1uOfCKdOPnKGO7ppAe9QOjFFUzS7xMx8qUc+a7u9JEayN+1SfhfrRMpr+LElIeRIhynF3kRgyqAEy6wRwXBio20QVhQ/VaIB0hDUZpeNoFQTQRTUz6cmqr1BaFZKloHxdKFpnECUmXANtgF+8ACZVAD56AOGgCDG3AHHsCjcWvcG0/Gc9o6Y0xntsAPGS+f7ROfGw==</latexit>

Esym(⇢) = S0(orJ) + L
⇢� ⇢0
3⇢0

+ · · ·
<latexit sha1_base64="4aRf96RN90JJvwe9EFiTSTBpZfU="></latexit>



1. Saturation density
2. Energy per nucleon
3. Incompressibility
4. Isoscalar effective mass
5. Isovector effective mass
6. Symmetry energy
7. Slope of the symmetry energy
8. isoscalar surface term
9. Isovector surface term
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Associate the nuclear properties with Skyrme EoS

L.W. Chen, C.M. Ko, B.A.Li, J. Xu, PRC 82, 024321 (2010)

⇢0
<latexit sha1_base64="oWbir2/UCnHhdaTiYNKutfymgZA=">AAAB7XicbZDLSgMxFIbPeK31VnWpSLAIrspMFWp3RTcuW7AXaIeSSTNtbGYyJBmhlC7du3GhiFtfoc/hzmfwJUxninj7IfDxn3M4J78Xcaa0bb9bC4tLyyurmbXs+sbm1nZuZ7ehRCwJrRPBhWx5WFHOQlrXTHPaiiTFgcdp0xtezurNWyoVE+G1HkXUDXA/ZD4jWBur0ZED0bW7ubxdsBOhv+DMIV85mNY+7g6n1W7urdMTJA5oqAnHSrUdO9LuGEvNCKeTbCdWNMJkiPu0bTDEAVXuOLl2go6N00O+kOaFGiXu94kxDpQaBZ7pDLAeqN+1mflfrR1r/9wdszCKNQ1JusiPOdICzb6OekxSovnIACaSmVsRGWCJiTYBZZMQyolQCqWzOZSdrxAaxYJzWijWTBoXkCoD+3AEJ+BACSpwBVWoA4EbuIdHeLKE9WA9Wy9p64I1n9mDH7JePwFyOZMl</latexit>

E/A(⇢0)
<latexit sha1_base64="nHo7MyGeau32UnlnaW994A31XTA=">AAAB8nicbZDLSsNAFIYn9VbrrerSzdAiVISaVKF2VxXBZQV7gSSUyXTaDp1kwsxECKFvoRsXirj1adz1bZwmRbz9MPDxn3M4Z34vZFQq05wZuaXlldW1/HphY3Nre6e4u9eRPBKYtDFnXPQ8JAmjAWkrqhjphYIg32Ok602u5vXuPRGS8uBOxSFxfTQK6JBipLRlX59cVBwx5n3zqF8sm1UzFfwL1gLKzZJz/DBrxq1+8cMZcBz5JFCYISltywyVmyChKGZkWnAiSUKEJ2hEbI0B8ol0k/TkKTzUzgAOudAvUDB1v08kyJcy9j3d6SM1lr9rc/O/mh2p4bmb0CCMFAlwtmgYMag4nP8fDqggWLFYA8KC6lshHiOBsNIpFdIQGqlgBvWzBTSsrxA6tap1Wq3d6jQuQaY8OAAlUAEWqIMmuAEt0AYYcPAInsGLoYwn49V4y1pzxmJmH/yQ8f4J74CTwQ==</latexit>

K0
<latexit sha1_base64="WdR6xLWJu27/DZ5slUaG72Prq/Q=">AAAB6nicbZDLSgMxFIbPeK31VhXcuAkWwVWZqULtrtSN4KZFe4F2KJk0bUMzmSHJCGXoI7hxoYhbt76FT+DOjc9iOlPE2w+Bj/+cwzn5vZAzpW373VpYXFpeWc2sZdc3Nre2czu7TRVEktAGCXgg2x5WlDNBG5ppTtuhpNj3OG154/NZvXVDpWKBuNaTkLo+Hgo2YARrY11d9uxeLm8X7EToLzhzyFf26x/spfpa6+Xeuv2ARD4VmnCsVMexQ+3GWGpGOJ1mu5GiISZjPKQdgwL7VLlxcuoUHRmnjwaBNE9olLjfJ2LsKzXxPdPpYz1Sv2sz879aJ9KDMzdmIow0FSRdNIg40gGa/Rv1maRE84kBTCQztyIywhITbdLJJiGUE6EUSqdzKDtfITSLBeekUKybNKqQKgMHcAjH4EAJKnABNWgAgSHcwj08WNy6sx6tp7R1wZrP7MEPWc+f43uRow==</latexit>

m⇤
S

<latexit sha1_base64="poyjRi807nZrEzKipOXf31HW2B0=">AAAB7HicbZDLSgMxFIYz9VbrrerSTWgRiosyU4XaXdGNy4pOW2jHkknTNjTJDElGKEOfwY0Lpbj1Xdy6E30Y05ki3n4IfPznHM7J74eMKm3bb1ZmaXlldS27ntvY3Nreye/uNVUQSUxcHLBAtn2kCKOCuJpqRtqhJIj7jLT88fm83rolUtFAXOtJSDyOhoIOKEbaWC7vXd0c9fJFu2wngn/BWUCxXih9vFdfZo1e/rXbD3DEidCYIaU6jh1qL0ZSU8zINNeNFAkRHqMh6RgUiBPlxcmxU3honD4cBNI8oWHifp+IEVdqwn3TyZEeqd+1uflfrRPpwakXUxFGmgicLhpEDOoAzn8O+1QSrNnEAMKSmlshHiGJsDb55JIQaolgCtWTBdScrxCalbJzXK5cmjTOQKosOAAFUAIOqII6uAAN4AIMKLgDD+DREta9NbOe0taMtZjZBz9kPX8CtfqSvw==</latexit>

m⇤
V

<latexit sha1_base64="xPDnkWx9EH2oHdny72q8cEFjwKQ=">AAAB7HicbZDLSgMxFIYz9VbrrerSTWgRiosyU4XaXdGNywpOW6hjyaSZNjTJDElGKEOfwY0Lpbj1Xdy6E30Y05ki3n4IfPznHM7J70eMKm3bb1ZuaXlldS2/XtjY3NreKe7utVUYS0xcHLJQdn2kCKOCuJpqRrqRJIj7jHT88fm83rklUtFQXOlJRDyOhoIGFCNtLJf32zdH/WLZrtqp4F9wFlBuliof7/WXWatffL0ehDjmRGjMkFI9x460lyCpKWZkWriOFYkQHqMh6RkUiBPlJemxU3honAEMQmme0DB1v08kiCs14b7p5EiP1O/a3Pyv1ot1cOolVESxJgJni4KYQR3C+c/hgEqCNZsYQFhScyvEIyQR1iafQhpCIxXMoH6ygIbzFUK7VnWOq7VLk8YZyJQHB6AEKsABddAEF6AFXIABBXfgATxawrq3ZtZT1pqzFjP74Ies50+6jJLC</latexit>

J
<latexit sha1_base64="CGfTVwSMdODh06Sybcv0jN7AcuM=">AAAB6HicbZDLSsNAFIYnXmu8VV26GSyCq5JUoXYhFt2IqxbsBdpQJtOTduxkEmYmQgl9AjcuFHGrD+Pejfg2pkkRbz8MfPznHM6Z3w05U9qyPoy5+YXFpeXcirm6tr6xmd/abqogkhQaNOCBbLtEAWcCGpppDu1QAvFdDi13dD6tt25AKhaIKz0OwfHJQDCPUaITq37ZyxesopUK/wV7BoXTV/MkfHk3a738W7cf0MgHoSknSnVsK9ROTKRmlMPE7EYKQkJHZACdBAXxQTlxeugE7ydOH3uBTJ7QOHW/T8TEV2rsu0mnT/RQ/a5Nzf9qnUh7x07MRBhpEDRb5EUc6wBPf437TALVfJwAoZIlt2I6JJJQnWRjpiFUUuEMykczqNhfITRLRfuwWKpbheoZypRDu2gPHSAblVEVXaAaaiCKAN2ie/RgXBt3xqPxlLXOGbOZHfRDxvMnP1uQnw==</latexit>

L
<latexit sha1_base64="SWNiS85ZhZzKC62Mjw2dH0U6q2s=">AAAB6HicbZDLSsNAFIYnXmu8VV26GSyCq5JUoXYhFt24cNGCvUAbymR60o6dTMLMRCihT+DGhSJu9WHcuxHfxjQp4u2HgY//nMM587shZ0pb1ocxN7+wuLScWzFX19Y3NvNb200VRJJCgwY8kG2XKOBMQEMzzaEdSiC+y6Hljs6n9dYNSMUCcaXHITg+GQjmMUp0YtUve/mCVbRS4b9gz6Bw+mqehC/vZq2Xf+v2Axr5IDTlRKmObYXaiYnUjHKYmN1IQUjoiAygk6AgPignTg+d4P3E6WMvkMkTGqfu94mY+EqNfTfp9Ikeqt+1qflfrRNp79iJmQgjDYJmi7yIYx3g6a9xn0mgmo8TIFSy5FZMh0QSqpNszDSESiqcQfloBhX7K4RmqWgfFkt1q1A9Q5lyaBftoQNkozKqogtUQw1EEaBbdI8ejGvjzng0nrLWOWM2s4N+yHj+BEJjkKE=</latexit>

GS
<latexit sha1_base64="9wEbBLWwsAxPrvObCZOCJZzCqik=">AAAB6nicbZC7SgNBFIbPxluMt6hgYzMYBKuwG4WYLsRCy4SYCyRLmJ3MJkNmL8zMCmHJI9hYKGJr61v4BHY2PouT3SDefhj4+M85nDO/E3ImlWm+G5ml5ZXVtex6bmNza3snv7vXlkEkCG2RgAei62BJOfNpSzHFaTcUFHsOpx1ncjGvd26okCzwr9U0pLaHRz5zGcFKW83LQXOQL5hFMxH6C9YCCtWDxgd7qb3WB/m3/jAgkUd9RTiWsmeZobJjLBQjnM5y/UjSEJMJHtGeRh97VNpxcuoMHWtniNxA6OcrlLjfJ2LsSTn1HN3pYTWWv2tz879aL1LuuR0zP4wU9Um6yI04UgGa/xsNmaBE8akGTATTtyIyxgITpdPJJSFUEqEUymcLqFhfIbRLReu0WGroNGqQKguHcAQnYEEZqnAFdWgBgRHcwj08GNy4Mx6Np7Q1Yyxm9uGHjOdPEn6Rwg==</latexit>

GV
<latexit sha1_base64="k3Xpr1m30uPwCnMhxmT9HUhLBi4=">AAAB6nicbZDLSgMxFIbPeK31VhXcuAkWwVWZqULtrtSFLlu0F2iHkknTNjSTGZKMUIY+ghsXirh161v4BO7c+CymM0W8/RD4+M85nJPfCzlT2rbfrYXFpeWV1cxadn1jc2s7t7PbVEEkCW2QgAey7WFFORO0oZnmtB1Kin2P05Y3Pp/VWzdUKhaIaz0JqevjoWADRrA21tVFr9nL5e2CnQj9BWcO+cp+/YO9VF9rvdxbtx+QyKdCE46V6jh2qN0YS80Ip9NsN1I0xGSMh7RjUGCfKjdOTp2iI+P00SCQ5gmNEvf7RIx9pSa+Zzp9rEfqd21m/lfrRHpw5sZMhJGmgqSLBhFHOkCzf6M+k5RoPjGAiWTmVkRGWGKiTTrZJIRyIpRC6XQOZecrhGax4JwUinWTRhVSZeAADuEYHChBBS6hBg0gMIRbuIcHi1t31qP1lLYuWPOZPfgh6/kTFwqRxQ==</latexit>
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(t0, t1, t2, t3, x0, x1, x2, x3,�)
<latexit sha1_base64="nXL5kogGT7yInDqwnce1BuDUjBk="></latexit>

Vs

9
The parameters can be determined



J-L correlations

SAMi-J:

SAMi-J: 
changing the symmetry energy slope 

Taking SAMi-J31 as a reference: 
consider interactions with different 
• symmetry energy 
• incompressibility 
• effective mass 
• n/p effective mass splitting 
• surface terms  

Skyrme EoS adopted

H.Zheng, S.Burrello, M.Colonna, D.Lacroix and G.Scamps, PRC 98, 024622 (2018)
H.Zheng, S.Burrello, M.Colonna, V.Baran, PLB 769, 424 (2017)
S.Burrello, M.Colonna, H.Zheng, Frontiers in Physics, Vol. 7, 53 (2019)



 11H.Zheng, S.Burrello, M.Colonna, D.Lacroix and G.Scamps, PRC 98, 024622 (2018)

The units of Gs and GV are MeV fm5
<latexit sha1_base64="G+NZPC4YSQUPmIGoIIs4nCseDcI="></latexit>

The EoS name follows the convention that we only label the terms which are 
different with respect to the ingredients of the SAMi-J31 parametrization.

Skyrme EoS adopted



 12H.Zheng, S.Burrello, M.Colonna, D.Lacroix and G.Scamps, PRC 98, 024622 (2018)

The EoS name follows the convention that we only label the terms which are 
different, with respect to the ingredients of the SAMi-J31 parametrization.

Skyrme EoS adopted
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Inelasticity and time scales at low-energy nuclear reactions

1zs = 10�21s = 300fm/c
<latexit sha1_base64="SCE39JtLvBGRBtq5gKZ9fkK0jwg=">AAACAXicbZDLSgMxGIUzXmu9jboR3IQWQRDrTCvULgpFNy4r2Au0Y8mkmTY0cyHJCONQN76Cj+DGhSJufQt3fRvTmSLeDgQ+zvl/khw7YFRIw5hoc/MLi0vLmZXs6tr6xqa+td0UfsgxaWCf+bxtI0EY9UhDUslIO+AEuTYjLXt0Ps1bN4QL6ntXMgqI5aKBRx2KkVRWT981bwWsQtO4jo+K5lhUS4YBHfcY9/S8UTASwb9gziBfy3UPHya1qN7TP7p9H4cu8SRmSIiOaQTSihGXFDMyznZDQQKER2hAOgo95BJhxckPxnBfOX3o+FwdT8LE/b4RI1eIyLXVpIvkUPzOpuZ/WSeUzqkVUy8IJfFwepETMih9OK0D9iknWLJIAcKcqrdCPEQcYalKyyYlVBLBFMonM6iYXyU0iwWzVCheqjbOQKoM2AM5cABMUAY1cAHqoAEwuAOP4Bm8aPfak/aqvaWjc9psZwf8kPb+CbvZl+Q=</latexit>



Low-energy reaction mechanisms: 
a study within mean-field models  
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• Fusion vs Quasi-fission or 
   Deep Inelastic

• Charge equilibration

(Fermi energies)

• Fragmentation

• Fragment isotopic 
   composition

• Phase transition
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(Beyond) Mean-field models and effective interactions

i~ @

@t
⇢̂(t) = [Heff [⇢̂], ⇢̂(t)] +K(⇢̂) + �K(⇢̂, ��)

<latexit sha1_base64="HZ35GBt8QPOfq1SLOZzcAOyEYbk="></latexit>

TDHF ETDHF

@f(r,p, t)

@t
+ {f,Heff} = k[f ] + �k

<latexit sha1_base64="tyCL5tHse/EzKyy3pLWv477U5Js="></latexit>

One-body 
description: ⇢̂ : the one-body density matrix

<latexit sha1_base64="CtVCEoANdlMbMUG2tz6JJWGfpWY="></latexit>

Vlasov BUU, 
Boltzmann-Langevin

Semi-classical approximation

Heff : e↵ective Hamiltonian
<latexit sha1_base64="ncjzsAy5W41ZP6lMY6oJ+4Fl97I="></latexit>

Residual interaction: 
In-medium NN cross-section 
2-body correlations, fluctuations



•  The DD emission  looks sensitive  to Esym at ρ =  0.6 ρsat  

•  Larger strength seen in the MD case 
• damping connected to n-n collision time (τcoll )  

Charge equilibration and dipole oscillations:   
dependence on the effective interaction

collcentrEDP τγ
32

0≈
(damped harmonic oscillator)

132Sn + 58Ni , E/A = 10 MeV

MI MD

2''
3

2

)(
3

2
ω

π γγ

D
Ec

e
dE
dP

!
=

3πħc3Eγ 

A
1

A
2



MI

MD

The pre-equilibrium dipole strength in 132Sn+58Ni, 10 MeV/A
H. Zheng et al. PLB 769, 424, 2017 
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132Sn + 58Ni , E/A = 10 MeV

MI MD



D.Lacroix 
IPN-Orsay

TDHF simulations process

courtesy of D. Lacroix
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Fusion vs Quasi-fission: TDHF simulations

V.E.Oberacker, A.S. Umar and C. Simenel, PRC 90, 054605 (2014)

The frozen HF barrier for
40Ca is VB = 199.13MeV

<latexit sha1_base64="4qkCeXraliyLhSZ1IyMfzf2sF4U="></latexit>

SLy4d

Sensitivity of sub-barrier fusion 
cross-section to EoS ingredients

P.-G. Reinhard et al. PRC 93, 044618 (2016)
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Fusion vs Quasi-fission: TDHF simulations

Sensitivity of sub-barrier fusion 
cross-section to EoS ingredients

P.-G. Reinhard et al. PRC 93, 044618 (2016)

Sensitivity of ion-ion interaction 
potential to EoS ingredients
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Fusion vs Quasi-fission: TDHF simulations

V.E.Oberacker, A.S. Umar and C. Simenel, PRC 90, 054605 (2014)

The frozen HF barrier for
40Ca is VB = 199.13MeV

<latexit sha1_base64="4qkCeXraliyLhSZ1IyMfzf2sF4U="></latexit>

SLy4d

238U +40 Ca at Ecm = 203MeV
<latexit sha1_base64="pSjBY7UNbrAMgLIs9J1FMsBJ9ds="></latexit>

At the threshold between 
fusion and quasi-fission
238U

<latexit sha1_base64="V7xj0iVD4gtNw29631ZPMAJd4d8=">AAAB7nicbZDLSgMxFIYz9VbHW9Wlm2ARXJWZVmi7EItuXFZw2kIdSyZN29BMJiQZoQx9CDcuFHHhxjdx70Z8G9OZIt5+CHz85xzOyR8IRpV2nA8rt7C4tLySX7XX1jc2twrbOy0VxRITD0cskp0AKcIoJ56mmpGOkASFASPtYHw2q7dviFQ04pd6IogfoiGnA4qRNlb7OilXalOvVyg6JScV/AvuHIonr/axeH63m73C21U/wnFIuMYMKdV1HaH9BElNMSNT+ypWRCA8RkPSNchRSJSfpOdO4YFx+nAQSfO4hqn7fSJBoVKTMDCdIdIj9bs2M/+rdWM9qPkJ5SLWhONs0SBmUEdw9nfYp5JgzSYGEJbU3ArxCEmEtUnITkOop4IZVI/mUHe/QmiVS26lVL5wio1TkCkP9sA+OAQuqIIGOAdN4AEMxuAW3IMHS1h31qP1lLXmrPnMLvgh6+UTKO6S2Q==</latexit>

is deformed:

1)

2)

Side

Tip

Quasi-fission is observed 
for the tip configuration



 22

TDHF simulations 

tip collisions: SAMi-J31

H.Zheng, S.Burrello, M.Colonna, D.Lacroix and G.Scamps, PRC 98, 024622 (2018)

238U +40 Ca at Ecm = 203MeV
<latexit sha1_base64="pSjBY7UNbrAMgLIs9J1FMsBJ9ds="></latexit>

Q2(t) = h2x2 � y2 � z2i
<latexit sha1_base64="xI+5Jazx0fMIc5ZICvVD1GTZ6ng="></latexit>

Quadrupole moment evolution

x axis: beam direction
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TDHF simulations

H.Zheng, S.Burrello, M.Colonna, D.Lacroix and G.Scamps, PRC 98, 024622 (2018)

238U +40 Ca at Ecm = 203MeV
<latexit sha1_base64="pSjBY7UNbrAMgLIs9J1FMsBJ9ds="></latexit>

SAMi-J31

SAMi-J35

Intuitively, larger L, thicker neutron skin 
results in quasi-fission

Side collisions, b=0 fm
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TDHF simulations

H.Zheng, S.Burrello, M.Colonna, D.Lacroix and G.Scamps, PRC 98, 024622 (2018)

GS = 140.9MeV fm5
<latexit sha1_base64="duNYirObDW+LWAoz7lSySD5LE0c=">AAAB+3icbZBNSwJBHMZn7c3sbbNjEUMSdJJdM8xDIHWoS6CUJugms+OsDs7OLjOzkYjHvkaXDkV0Dfwc3foMfYnGVaK3BwZ+PM//z/x53JBRqSzr3UjMzM7NLyQXU0vLK6tr5nq6JoNIYFLFAQtE3UWSMMpJVVHFSD0UBPkuI1du72ScX90QIWnAL1U/JI6POpx6FCOlrZaZPm1dHNl5K1uE56QGPf/6oGVmrKwVC/4FewqZ0tao8nG3PSq3zLdmO8CRT7jCDEnZsK1QOQMkFMWMDFPNSJIQ4R7qkIZGjnwinUF8+xDuaqcNvUDoxxWM3e8bA+RL2fddPekj1ZW/s7H5X9aIlHfoDCgPI0U4nnzkRQyqAI6LgG0qCFasrwFhQfWtEHeRQFjpulJxCcVYcAKF/BSK9lcJtVzW3s/mKrqNYzBREmyCHbAHbFAAJXAGyqAKMLgF9+ARPBlD48F4Nl4mowljurMBfsh4/QTUrZZ6</latexit>

GS = 131.1MeV fm5
<latexit sha1_base64="v+xZrXNTuIYfnHnuVCv38Jr4QRA=">AAAB+3icbZDLSgMxGIUz9VbrbaxLRYJFcFVmWqV2IRRd6EZo0dZCO5ZMmmlDMxeSjFiGLn0NNy4UcSv0Odz5DL6E6UwRbwcCH+f8P/k5dsCokIbxrqVmZufmF9KLmaXlldU1fT3bEH7IMaljn/m8aSNBGPVIXVLJSDPgBLk2I1f24GSSX90QLqjvXcphQCwX9TzqUIyksjp69rRzcWQWzbwJz0kDOu71QUfPGXkjFvwL5hRyla1x7eNue1zt6G/tro9Dl3gSMyREyzQCaUWIS4oZGWXaoSABwgPUIy2FHnKJsKL49hHcVU4XOj5Xz5Mwdr9vRMgVYujaatJFsi9+ZxPzv6wVSufQiqgXhJJ4OPnICRmUPpwUAbuUEyzZUAHCnKpbIe4jjrBUdWXiEsqxYAKl/SmUza8SGoW8WcwXaqqNY5AoDTbBDtgDJiiBCjgDVVAHGNyCe/AInrSR9qA9ay/JaEqb7myAH9JePwHIRJZy</latexit>

238U +40 Ca at Ecm = 203MeV
<latexit sha1_base64="pSjBY7UNbrAMgLIs9J1FMsBJ9ds="></latexit>

• J27, SAMi-J31, J35 have the same
    surface term

• Ordered  by the symmetry energy
    (Symmetry energy effects:
     associated with neutron skin)

• SAMi-J35 shows different result from J35
(Larger effects are due to the surface term)

Side collisions, b=0 fm

Symmetry energy effects
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TDHF simulations

H.Zheng, S.Burrello, M.Colonna, D.Lacroix and G.Scamps, PRC 98, 024622 (2018)

238U +40 Ca at Ecm = 203MeV
<latexit sha1_base64="pSjBY7UNbrAMgLIs9J1FMsBJ9ds="></latexit>

J35_Gs35

J35
Gs35

J31

Side collisions, b=0 fm

GS = 140.9MeV fm5
<latexit sha1_base64="duNYirObDW+LWAoz7lSySD5LE0c=">AAAB+3icbZBNSwJBHMZn7c3sbbNjEUMSdJJdM8xDIHWoS6CUJugms+OsDs7OLjOzkYjHvkaXDkV0Dfwc3foMfYnGVaK3BwZ+PM//z/x53JBRqSzr3UjMzM7NLyQXU0vLK6tr5nq6JoNIYFLFAQtE3UWSMMpJVVHFSD0UBPkuI1du72ScX90QIWnAL1U/JI6POpx6FCOlrZaZPm1dHNl5K1uE56QGPf/6oGVmrKwVC/4FewqZ0tao8nG3PSq3zLdmO8CRT7jCDEnZsK1QOQMkFMWMDFPNSJIQ4R7qkIZGjnwinUF8+xDuaqcNvUDoxxWM3e8bA+RL2fddPekj1ZW/s7H5X9aIlHfoDCgPI0U4nnzkRQyqAI6LgG0qCFasrwFhQfWtEHeRQFjpulJxCcVYcAKF/BSK9lcJtVzW3s/mKrqNYzBREmyCHbAHbFAAJXAGyqAKMLgF9+ARPBlD48F4Nl4mowljurMBfsh4/QTUrZZ6</latexit>

GS = 131.1MeV fm5
<latexit sha1_base64="v+xZrXNTuIYfnHnuVCv38Jr4QRA=">AAAB+3icbZDLSgMxGIUz9VbrbaxLRYJFcFVmWqV2IRRd6EZo0dZCO5ZMmmlDMxeSjFiGLn0NNy4UcSv0Odz5DL6E6UwRbwcCH+f8P/k5dsCokIbxrqVmZufmF9KLmaXlldU1fT3bEH7IMaljn/m8aSNBGPVIXVLJSDPgBLk2I1f24GSSX90QLqjvXcphQCwX9TzqUIyksjp69rRzcWQWzbwJz0kDOu71QUfPGXkjFvwL5hRyla1x7eNue1zt6G/tro9Dl3gSMyREyzQCaUWIS4oZGWXaoSABwgPUIy2FHnKJsKL49hHcVU4XOj5Xz5Mwdr9vRMgVYujaatJFsi9+ZxPzv6wVSufQiqgXhJJ4OPnICRmUPpwUAbuUEyzZUAHCnKpbIe4jjrBUdWXiEsqxYAKl/SmUza8SGoW8WcwXaqqNY5AoDTbBDtgDJiiBCjgDVVAHGNyCe/AInrSR9qA9ay/JaEqb7myAH9JePwHIRJZy</latexit>

GS = 131.1MeV fm5, GV = 15.4MeV fm5

GV = 3.1MeV fm5
<latexit sha1_base64="HuektQRYAjfGUpHm2dm2HV7XIXY="></latexit>

GS = 140.9MeV fm5, GV = 15.4MeV fm5

GV = 3.1MeV fm5
<latexit sha1_base64="Aw/+xQX/m1bD1eTNaZHutlhw0Fk="></latexit>

J35

Surface effects

• Isoscalar surface term —> large effect 
   (Gs reduced, favor the formation of more elongated configuration)
• Isovector surface term —> tiny effect



K0 = 290MeV
<latexit sha1_base64="i6R4qkdB59ZGcSUbBRRoc+OuMtc=">AAACA3icbZDLSgMxGIUzXmu9VQUXugkWwVWZqULtQih1I4jQgr1AOwyZ9G8bmrmQZIQyFNz4Km5EFHHrzidw58ZnMZ0W8XYg8HH+WzhuyJlUpvluzMzOzS8sppbSyyura+uZjc26DCJBoUYDHoimSyRw5kNNMcWhGQognsuh4Q5Ox/XGFQjJAv9SDUOwPdLzWZdRorTlZHbidrIkdnkEI3zumCf5ookvoD5yMlkzZybCf8GaQra0Xf1g9+XXipN5a3cCGnngK8qJlC3LDJUdE6EY5TBKtyMJIaED0oOWRp94IO04OT/C+9rp4G4g9PMVTtzvEzHxpBx6ru70iOrL37Wx+V+tFanusR0zP4wU+HRyqBtxrAI8DgR3mACq+FADoYLpv2LaJ4JQpWNLJyEUE+EJFI6mULS+Qqjnc9ZhLl/VaZTRRCm0i/bQAbJQAZXQGaqgGqLoGt2iB/Ro3Bh3xpPxPGmdMaYzW+iHjJdPmJGa7Q==</latexit>

K0 = 245MeV
<latexit sha1_base64="l+3sd+6VE9DXefaEz5zzcsfQwdM=">AAACAnicbZDLSgMxGIUzXmu9jQqCuAkWwVWZqZXahVDqRhChBXuBtpRM+rcNzVxIMkIZihtfxY2gIm5d+gTu3PgsptMi3g4EPs5/C8cJOJPKst6Nmdm5+YXFxFJyeWV1bd3c2KxKPxQUKtTnvqg7RAJnHlQUUxzqgQDiOhxqzuB0XK9dgZDM9y7VMICWS3oe6zJKlLba5k7UjJdEAjojfN62TjLZI3wB1VHbTFlpKxb+C/YUUoXt8ge7L76W2uZbs+PT0AVPUU6kbNhWoFoREYpRDqNkM5QQEDogPWho9IgLshXF10d4Xzsd3PWFfp7Csft9IiKulEPX0Z0uUX35uzY2/6s1QtU9bkXMC0IFHp0c6oYcKx+P88AdJoAqPtRAqGD6r5j2iSBU6dSScQj5WHgCuewU8vZXCNVM2j5MZ8o6jSKaKIF20R46QDbKoQI6QyVUQRRdo1v0gB6NG+POeDKeJ60zxnRmC/2Q8fIJw4Wadg==</latexit>

K0 = 200MeV
<latexit sha1_base64="Ymb8PTstPynPkYFt8e33A5Tkgdc=">AAAB8nicbZDLSgMxFIYz9VbrrSq4cRMsgqsyU4XahVDqRhChBXuB6VAyadqGZpIhyQhl6GO4caGIW30Ln8CdG5/FdKaItx8CH/85h3Py+yGjStv2u5VZWFxaXsmu5tbWNza38ts7LSUiiUkTCyZkx0eKMMpJU1PNSCeUBAU+I21/fD6rt2+IVFTwaz0JiRegIacDipE2lnvZs89Ktg2vSKuXL9hFOxH8C84cCtW9xgd9qb3We/m3bl/gKCBcY4aUch071F6MpKaYkWmuGykSIjxGQ+Ia5CggyouTk6fw0Dh9OBDSPK5h4n6fiFGg1CTwTWeA9Ej9rs3M/2pupAenXkx5GGnCcbpoEDGoBZz9H/apJFiziQGEJTW3QjxCEmFtUsolIVQSwRTKJ3OoOF8htEpF57hYapg0aiBVFuyDA3AEHFAGVXAB6qAJMBDgFtyDB0tbd9aj9ZS2Zqz5zC74Iev5ExJQk+o=</latexit>
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TDHF simulations

H.Zheng, S.Burrello, M.Colonna, D.Lacroix and G.Scamps, PRC 98, 024622 (2018)

238U +40 Ca at Ecm = 203MeV
<latexit sha1_base64="pSjBY7UNbrAMgLIs9J1FMsBJ9ds="></latexit>Side collisions, b=0 fm

• Smaller K0, easier to
   compress and expand 
• Smaller K0, larger amplitude
   density oscillations, 
   helps the system to fission 

Incompressibility effects

At the compression stage, the smaller K0 corresponds to the smaller quadrupole moment
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TDHF simulations

H.Zheng, S.Burrello, M.Colonna, D.Lacroix and G.Scamps, PRC 98, 024622 (2018)
H.Zheng, S.Burrello, M.Colonna, V.Baran, PLB 769, 424 (2017)

238U +40 Ca at Ecm = 203MeV
<latexit sha1_base64="pSjBY7UNbrAMgLIs9J1FMsBJ9ds="></latexit>

Side collisions, b=0 fm
Isoscalar effective mass

GS = 140.9MeV fm5
<latexit sha1_base64="duNYirObDW+LWAoz7lSySD5LE0c=">AAAB+3icbZBNSwJBHMZn7c3sbbNjEUMSdJJdM8xDIHWoS6CUJugms+OsDs7OLjOzkYjHvkaXDkV0Dfwc3foMfYnGVaK3BwZ+PM//z/x53JBRqSzr3UjMzM7NLyQXU0vLK6tr5nq6JoNIYFLFAQtE3UWSMMpJVVHFSD0UBPkuI1du72ScX90QIWnAL1U/JI6POpx6FCOlrZaZPm1dHNl5K1uE56QGPf/6oGVmrKwVC/4FewqZ0tao8nG3PSq3zLdmO8CRT7jCDEnZsK1QOQMkFMWMDFPNSJIQ4R7qkIZGjnwinUF8+xDuaqcNvUDoxxWM3e8bA+RL2fddPekj1ZW/s7H5X9aIlHfoDCgPI0U4nnzkRQyqAI6LgG0qCFasrwFhQfWtEHeRQFjpulJxCcVYcAKF/BSK9lcJtVzW3s/mKrqNYzBREmyCHbAHbFAAJXAGyqAKMLgF9+ARPBlD48F4Nl4mowljurMBfsh4/QTUrZZ6</latexit>

GS = 131.1MeV fm5
<latexit sha1_base64="v+xZrXNTuIYfnHnuVCv38Jr4QRA=">AAAB+3icbZDLSgMxGIUz9VbrbaxLRYJFcFVmWqV2IRRd6EZo0dZCO5ZMmmlDMxeSjFiGLn0NNy4UcSv0Odz5DL6E6UwRbwcCH+f8P/k5dsCokIbxrqVmZufmF9KLmaXlldU1fT3bEH7IMaljn/m8aSNBGPVIXVLJSDPgBLk2I1f24GSSX90QLqjvXcphQCwX9TzqUIyksjp69rRzcWQWzbwJz0kDOu71QUfPGXkjFvwL5hRyla1x7eNue1zt6G/tro9Dl3gSMyREyzQCaUWIS4oZGWXaoSABwgPUIy2FHnKJsKL49hHcVU4XOj5Xz5Mwdr9vRMgVYujaatJFsi9+ZxPzv6wVSufQiqgXhJJ4OPnICRmUPpwUAbuUEyzZUAHCnKpbIe4jjrBUdWXiEsqxYAKl/SmUza8SGoW8WcwXaqqNY5AoDTbBDtgDJiiBCjgDVVAHGNyCe/AInrSR9qA9ay/JaEqb7myAH9JePwHIRJZy</latexit>

m⇤
S = 0.675m

<latexit sha1_base64="jhhO0s6o5Kny+bsp7Mf9V98W/NQ=">AAAB9HicbZBLSwMxFIUzPmt9VV26CS1CcVFm6mPsQii6cVnRPqAdSyZN29BkZkwyhTL0d7jQhSJu/R9u3Yn+GNOZIr4OBD7OuZdcjhswKpVpvhkzs3PzC4uppfTyyuraemZjsyb9UGBSxT7zRcNFkjDqkaqiipFGIAjiLiN1d3A6yetDIiT1vUs1CojDUc+jXYqR0pbDr3bbF8dm4dA+gLydyZkFMxb8C9YUcuVs/uPdfrmttDOvrY6PQ048hRmSsmmZgXIiJBTFjIzTrVCSAOEB6pGmRg9xIp0oPnoMd7TTgV1f6OcpGLvfNyLEpRxxV09ypPrydzYx/8uaoeoeORH1glARDycfdUMGlQ8nDcAOFQQrNtKAsKD6Voj7SCCsdE/puIRSLJiAvT+FkvVVQq1YsPYKxXPdxglIlALbIAvywAI2KIMzUAFVgME1uAH34MEYGnfGo/GUjM4Y050t8EPG8yemkpTZ</latexit>

m⇤
S = 0.85m

<latexit sha1_base64="t+qlr4i3N6deqFDuMJ/LywqCZYM=">AAACAnicbZDLSgMxGIUz9VbrbdSVuAktQnFRZqrSdiEU3bisaC/Q1pJJ0zY0mRmSjFCG4sa3cO3GhSJufQG37kQfxnSmiLcDgY/z38JxfEalsqw3IzEzOze/kFxMLS2vrK6Z6xs16QUCkyr2mCcaDpKEUZdUFVWMNHxBEHcYqTvD40m9fkmEpJ57rkY+aXPUd2mPYqS01TG3wla0JBSkO+YXu52zQytXPIB83DEzVs6KBP+CPYVMOZ39eC+83FQ65mur6+GAE1dhhqRs2pav2iESimJGxqlWIImP8BD1SVOjiziR7TC6PoY72unCnif0cxWM3O8TIeJSjrijOzlSA/m7NjH/qzUD1Su2Q+r6gSIujg/1AgaVByd5wC4VBCs20oCwoPqvEA+QQFjp1FJRCKVIMIbC/hRK9lcItXzO3svlT3UaRyBWEmyDNMgCGxRAGZyACqgCDK7ALbgHD8a1cWc8Gk9xa8KYzmyCHzKePwF7AJrz</latexit>

m⇤
S = 1.0m

<latexit sha1_base64="18ibxj8CKsWxstE8n3hnO1lxHNU=">AAACAnicbZDLSgMxGIUz9VbrbdSVuAktQnFRZqpQuxCKblxWtBdoxyGTpm1oMjMkGaEMxY1v4dqNC0Xc+gJu3Yk+jOm0iLcDgY/z38LxQkalsqw3IzUzOze/kF7MLC2vrK6Z6xt1GUQCkxoOWCCaHpKEUZ/UFFWMNENBEPcYaXiD43G9cUmEpIF/roYhcTjq+bRLMVLacs2tuJ0siT0WkRG/2HXPDu2CBfnINXNWwUoE/4I9hVwlm/94L73cVF3ztd0JcMSJrzBDUrZsK1ROjISimJFRph1JEiI8QD3S0ugjTqQTJ9dHcEc7HdgNhH6+gon7fSJGXMoh93QnR6ovf9fG5n+1VqS6B05M/TBSxMeTQ92IQRXAcR6wQwXBig01ICyo/ivEfSQQVjq1TBJCORGcQGl/CmX7K4R6sWDvFYqnOo0jMFEabIMsyAMblEAFnIAqqAEMrsAtuAcPxrVxZzwaT5PWlDGd2QQ/ZDx/AscTmyQ=</latexit>

m⇤
S = 1.0m

<latexit sha1_base64="18ibxj8CKsWxstE8n3hnO1lxHNU=">AAACAnicbZDLSgMxGIUz9VbrbdSVuAktQnFRZqpQuxCKblxWtBdoxyGTpm1oMjMkGaEMxY1v4dqNC0Xc+gJu3Yk+jOm0iLcDgY/z38LxQkalsqw3IzUzOze/kF7MLC2vrK6Z6xt1GUQCkxoOWCCaHpKEUZ/UFFWMNENBEPcYaXiD43G9cUmEpIF/roYhcTjq+bRLMVLacs2tuJ0siT0WkRG/2HXPDu2CBfnINXNWwUoE/4I9hVwlm/94L73cVF3ztd0JcMSJrzBDUrZsK1ROjISimJFRph1JEiI8QD3S0ugjTqQTJ9dHcEc7HdgNhH6+gon7fSJGXMoh93QnR6ovf9fG5n+1VqS6B05M/TBSxMeTQ92IQRXAcR6wQwXBig01ICyo/ivEfSQQVjq1TBJCORGcQGl/CmX7K4R6sWDvFYqnOo0jMFEabIMsyAMblEAFnIAqqAEMrsAtuAcPxrVxZzwaT5PWlDGd2QQ/ZDx/AscTmyQ=</latexit>

m⇤
S = 0.675m

<latexit sha1_base64="jhhO0s6o5Kny+bsp7Mf9V98W/NQ=">AAAB9HicbZBLSwMxFIUzPmt9VV26CS1CcVFm6mPsQii6cVnRPqAdSyZN29BkZkwyhTL0d7jQhSJu/R9u3Yn+GNOZIr4OBD7OuZdcjhswKpVpvhkzs3PzC4uppfTyyuraemZjsyb9UGBSxT7zRcNFkjDqkaqiipFGIAjiLiN1d3A6yetDIiT1vUs1CojDUc+jXYqR0pbDr3bbF8dm4dA+gLydyZkFMxb8C9YUcuVs/uPdfrmttDOvrY6PQ048hRmSsmmZgXIiJBTFjIzTrVCSAOEB6pGmRg9xIp0oPnoMd7TTgV1f6OcpGLvfNyLEpRxxV09ypPrydzYx/8uaoeoeORH1glARDycfdUMGlQ8nDcAOFQQrNtKAsKD6Voj7SCCsdE/puIRSLJiAvT+FkvVVQq1YsPYKxXPdxglIlALbIAvywAI2KIMzUAFVgME1uAH34MEYGnfGo/GUjM4Y050t8EPG8yemkpTZ</latexit>

MI MD

• With increased effective mass, jump from quasi-fission to fusion



 28

TDHF simulations

H.Zheng, S.Burrello, M.Colonna, D.Lacroix and G.Scamps, PRC 98, 024622 (2018)
Y.X. Zhang, M.B. Tsang and Z.X. Li, PLB 749, 262 (2015)

238U +40 Ca at Ecm = 203MeV
<latexit sha1_base64="pSjBY7UNbrAMgLIs9J1FMsBJ9ds="></latexit>Side collisions, b=0 fm

Isovector effective mass

m⇤
n > m⇤

p
<latexit sha1_base64="mmJ6OW0Vkijx3CRg4pe3JjYGxEQ=">AAACAnicbZDLSgMxGIUzXmu9VV2Jm2ARRKHMqFC7kaIblxVsFdo6ZNK/bTDJDElGKENx487X0I0LRdz6FO58EPem0yLeDgQ+zn8LJ4g408Z1352x8YnJqenMTHZ2bn5hMbe0XNNhrChUachDdR4QDZxJqBpmOJxHCogIOJwFl0eD+tkVKM1CeWp6ETQF6UjWZpQYa/m51aSRLkkCHkNf+PJi60D40cVW38/l3YKbCv8FbwT58vbH3S3ko4qfe2u0QhoLkIZyonXdcyPTTIgyjHLoZxuxhojQS9KBukVJBOhmkl7v4w3rtHA7VPZJg1P3+0RChNY9EdhOQUxX/64NzP9q9di095sJk1FsQNLhoXbMsQnxIA/cYgqo4T0LhCpm/4pplyhCjU0tm4ZQSoWHUNwbQcn7CqG2U/B2CzsnNo1DNFQGraF1tIk8VERldIwqqIooukb36BE9OTfOg/PsvAxbx5zRzAr6Ief1E4VMm5M=</latexit>

GS = 140.9MeV fm5
<latexit sha1_base64="duNYirObDW+LWAoz7lSySD5LE0c=">AAAB+3icbZBNSwJBHMZn7c3sbbNjEUMSdJJdM8xDIHWoS6CUJugms+OsDs7OLjOzkYjHvkaXDkV0Dfwc3foMfYnGVaK3BwZ+PM//z/x53JBRqSzr3UjMzM7NLyQXU0vLK6tr5nq6JoNIYFLFAQtE3UWSMMpJVVHFSD0UBPkuI1du72ScX90QIWnAL1U/JI6POpx6FCOlrZaZPm1dHNl5K1uE56QGPf/6oGVmrKwVC/4FewqZ0tao8nG3PSq3zLdmO8CRT7jCDEnZsK1QOQMkFMWMDFPNSJIQ4R7qkIZGjnwinUF8+xDuaqcNvUDoxxWM3e8bA+RL2fddPekj1ZW/s7H5X9aIlHfoDCgPI0U4nnzkRQyqAI6LgG0qCFasrwFhQfWtEHeRQFjpulJxCcVYcAKF/BSK9lcJtVzW3s/mKrqNYzBREmyCHbAHbFAAJXAGyqAKMLgF9+ARPBlD48F4Nl4mowljurMBfsh4/QTUrZZ6</latexit>

GS = 131.1MeV fm5
<latexit sha1_base64="v+xZrXNTuIYfnHnuVCv38Jr4QRA=">AAAB+3icbZDLSgMxGIUz9VbrbaxLRYJFcFVmWqV2IRRd6EZo0dZCO5ZMmmlDMxeSjFiGLn0NNy4UcSv0Odz5DL6E6UwRbwcCH+f8P/k5dsCokIbxrqVmZufmF9KLmaXlldU1fT3bEH7IMaljn/m8aSNBGPVIXVLJSDPgBLk2I1f24GSSX90QLqjvXcphQCwX9TzqUIyksjp69rRzcWQWzbwJz0kDOu71QUfPGXkjFvwL5hRyla1x7eNue1zt6G/tro9Dl3gSMyREyzQCaUWIS4oZGWXaoSABwgPUIy2FHnKJsKL49hHcVU4XOj5Xz5Mwdr9vRMgVYujaatJFsi9+ZxPzv6wVSufQiqgXhJJ4OPnICRmUPpwUAbuUEyzZUAHCnKpbIe4jjrBUdWXiEsqxYAKl/SmUza8SGoW8WcwXaqqNY5AoDTbBDtgDJiiBCjgDVVAHGNyCe/AInrSR9qA9ay/JaEqb7myAH9JePwHIRJZy</latexit>

m⇤
n < m⇤

p
<latexit sha1_base64="nBd97bWhOcPnxo29m27Pwz3Pums=">AAACA3icbVDLSgMxFM34rPVVdaebYBGkQpmpQi24KLpxWcE+oI8hk2ba0CQzJBmhDAU3rvwNceNCEbf+hDs/xL3ptIivA4HDOffeE44XMqq0bb9bM7Nz8wuLqaX08srq2npmY7OmgkhiUsUBC2TDQ4owKkhVU81II5QEcY+Rujc4G/v1KyIVDcSlHoakzVFPUJ9ipI3kZrbjVnIk9hjCgxF3RSd3wt2wkxu5maydtxPAv8SZkmz54OPulmTDipt5a3UDHHEiNGZIqaZjh7odI6kpZmSUbkWKhCYF9UjTUIE4Ue04iR/BPaN0oR9I84SGifp9I0ZcqSH3zCRHuq9+e2PxP68Zaf+4HVMRRpoIPAnyIwZ1AMeFwC6VBGs2NARhSc1fIe4jibA2taWTEkoJ4IQUj6ak5HyVUCvkncN84cK0cQomSIEdsAv2gQOKoAzOQQVUAQbX4B48gifrxnqwnq2XyeiMNd3ZAj9gvX4CMY6b8A==</latexit>

m⇤
n ⇡ m⇤

p
<latexit sha1_base64="FVJMYa+0DsEHj0ar946f+/Sq8Cg=">AAACCHicbZDLSgMxFIYz3q23qksXBosgCmVGBXUnunFZwV6grUMmPdVgkglJRixDl270Ndy5caGIWx/BnQ/i3nRaxNsPgY//XHL4I8WZsb7/7g0Nj4yOjU9M5qamZ2bn8vMLFRMnmkKZxjzWtYgY4ExC2TLLoaY0EBFxqEYXh7169RK0YbE8sR0FTUHOJGszSqyzwvxy2siWpBpaXRHK0/UGUUrHV1iE6nS9G+YLftHPhP9CMIDC/sbH3S0UVCnMvzVaMU0ESEs5MaYe+Mo2U6Itoxy6uUZiQBF6Qc6g7lASAaaZZjd08apzWrgda/ekxZn7fSIlwpiOiFynIPbc/K71zP9q9cS2d5spkyqxIGn/o3bCsY1xLxXcYhqo5R0HhGrmbsX0nGhCrcsul4Wwlwn3YWd7AHvBVwiVzWKwVdw8dmkcoL4m0BJaQWsoQDtoHx2hEiojiq7RPXpET96N9+A9ey/91iFvMLOIfsh7/QRR0p46</latexit>

• For fI>0, leads to larger neutron repulsion, in addition to symmetry energy
• For fI<0, tends to counterbalance symmetry energy effects but enhance the Coulomb 

repulsion

With increased effective mass splitting
 faster quasi-fission
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Conclusions
• Dissipative reactions at low energies open the opportunity to learn 

about fundamental properties of the nuclear effective interaction 
of interest also in the astrophysical context 

•  Competition between fusion and quasi-fission 
   In 40Ca + 238U reactions at energies close to the Coulomb barrier  
   an important sensitivity is observed to nuclear EoS properties: 
   surface - incompressibility – effective mass – symmetry energy



Thank you  
for  

your attention
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