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MNT - Low-energy heavy-ion reaction
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MNT -Angular Distribution
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- The emission of MNT reaction products in the laboratory system is not in the forward
direction near 0°, but covers a wide range of cone angles.

- This brings great difficulties to the collection and separation of the Multinucleon 4
transfer reaction products that we are interested in, and requires theoretical support.
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Master equation

A master equation Is a phenomenological set of first-order differential
equations describing the time evolution of (usually) the probability of a system to
occupy each one of a discrete set of states with regard to a continuous time

variable t.

dP\(D/dt = ) wyn(O){NPy(t) — MPy(1)}
M

Many physical problems in classical, quantum mechanics and problems in other
sciences, can be reduced to the form of a master equation, thereby performing a
great simplification of the problem
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https://en.wikipedia.org/wiki/Differential_equations
https://en.wikipedia.org/wiki/Differential_equations
https://en.wikipedia.org/wiki/Probability
https://en.wikipedia.org/wiki/Set_(mathematics)
https://en.wikipedia.org/wiki/Classical_mechanics
https://en.wikipedia.org/wiki/Classical_mechanics
https://en.wikipedia.org/wiki/Quantum_mechanics

Potential energy Surface (PES)
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Long Zhu, Phys Lett B, 2021. 816: 136226. PhysRevC.98.034609



Master equation

~ Master Equation:

dP\(D/dt = ) wyn(){NPy,(f) — MPy(1)}

. N : the number of channels.

M

. P\(1) : the sum over all occupation probabilities of the channels in the subset {/V}.
. wyn(?): the mean transition probability from a channel n € { N} to a channel m € {M}.

Valence nucleon

Valence space

~ Valence nucleon:

4ei A A

- €7 means the local excitation energy.

- gr denotes single nucleon energy density.

= Nucleon transfer probability:
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Dinuclear System model (DNS)

MNT nucleon transfer process Configuration probability distribution De-excitation Process
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DNS model & Experiment Data

LN L L BN R N [ L R D A D B LS LR R B T

10°F 94Pu 95A1’1’1 96Cm 97Bk

o'k t

1ok N %

10 'F

10k

10°F

10 *F of

10°F T

0oL T 23804238V e  Exp (238U+238U) .

. —— 238U+248Cm e  Exp (238U+248Cm)

10 F  —— 238U+254Es

_8 PR TR R T SR NN ST TR T N T L s s b 3 3 3 50 4 4 3 3 4 L X M 1 1 N N L 1 2 N L v s o b s 3 3 31 4 4 3 3 4 L X L M 1 " M 2 1 M 1 | 1 1 | 1 1

10 7753077245 260 230 240 250 230 245 260 240 250 _ 260 240 255 270 240 250 260 240 250 _ 260 240 _ 250 _ 260

Mass number

) L L AL "R R AL R A LS A LR I BRI r— 71 ~ 17 v [+ °+"+"*1 " v 1 [+ "+ 1 " v [ ‘—* [~ " 1 v+ [ 17T
10°F
2 o5Am 96Cm 97Bk . og Cf ooEs 1ooFn

10°F -
1

10'F -
; *100 HI:J-

10 ° ° =

[ ]

10k . . _r-|_L|:' il
= A *1 | | —l_ |

10 J T | %

10°F [ -H .

o

10 °F L [*0.01 i ] 1 | ]

10°F i - ]
| —— 48Ca+248Cm e  Exp (48Cat+248Cm) . ]

10 — 86Kr+248Cm e  Exp (86Kr+248Cm) -

107F  —— 136Xe+248Cm o  Exp(136Xe+248Cm) I-L -
_8 M 1 1 L 2 2 1 L N X 1 L M L L L ¥ 1 1 L M L 1 | I S TR T ] L 1 M L 1 L L 1 1 L L L x X L L 1 1 1 1 x 1 L L L L 1 2 1 1 X L L L 1 M M L X 2 ¥ X 1 L 1 x 2 1 L

10 230 245 260 230 240 250 230 245 260 240 250 260 240 250 260 240 250 260

Mass number

Ref: Phys. Rev. Lett. 41, 469 (1978).
Phys. Rev. Lett. 48, 852 (1982).
Phys. Rev. C 33, 1315 (1986).
Phys. Rev. C 88, 054615 (2013). 10
Phys. Rev. C 31, 1763 (1985).
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DNS model & scattering angle
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Probability

DNS model & scattering angle

136Xe + 208Ph — 137Xe @ Ec.m, = 526MeV
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H In the DNS model, the introduction of the degree of freedom evolution of fragment
deformation can self-consistently increase the fluctuation of the fragment exit angle.
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DNS model & scattering angle

> 136Xe + 208Ph @ E,,. = 526MeV
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We found that a yield ratio of 44.9% can be detected within the range of 47°<
0,,,<51°. Nearly half of the production can be detected in the optimal angle .
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Two-parameter semi-empirical formula

Two-parameter semi-empirical formula:

7 7 e* .
O(l) = 2 arctan r A O —(— )lz o
2Ec.m lg ﬂ

Here, [ and ¢ are fitted through experimental data and are related to the
reaction system and reaction energy.
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It is better to describe the peak value of experimental data, but cannot
describe the broadening of experimental data.



Three-parameter semi-empirical formula

Three-parameter semi-empirical formula:
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Here, o. [ and o are fitted through experimental data and are
related to the reaction system and reaction energy
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Optimal parameter selection

- In order to quantitatively describe the deviation
of the calculation from the experimental value,

we introduce the average deviation by:
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Three-parameter semi-empirical formula

Three-parameter semi-empirical formula:
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Bypassing the complex dynamical calculations underlying the MNT process
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Summary
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Thank you for your attention!
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