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Nuclear fission

» Nuclear fission is a decay process by which a heavy nucleus splits into
two or more lighter fragments.

» Nuclear fission is a dynamic process of a complex quantum many-body
system and involves many complicated mechanisms.
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Fission fragment distribution

» Understanding these physical mechanisms in nuclear fission plays an
important role in the prediction of the fragment observable distributions.

» The fragment observable distributions reflect these physical mechanisms
and can provide tests for nuclear models.
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» Developing a nuclear model that can simultaneously include these
mechanisms and accurately predict fragment observable distribution
is one of the long-standing goals of nuclear theory.




Nuclear models for nuclear fission

» Liquid drop model weitner and Frisch, Nature 143, 239 (1939); Bohr and Wheeler, PR 56, 426 (1939).

» Macroscopic-microscopic model Brack, et al., RMP 44, 320 (1972); Kowal, et al., PRC 82, 014303 (2010).

» Langevin approach Aaritomo, et al., PRC 88, 044614 (2013); Liu, et al., RPC 111, 024607 (2025).

» FREYA model randrup and Vogt, PRC 80, 024601 (2009); Randrup and Vogt, PRL 127, 062502 (2009).

» Dinuclear model shneidman, et al., PRC 111, 064521 (2025).

» Nonequilibrium Green'’s function approach uzawa and Hagino, PRC 110, 014321 (2024).

» Improved quantum molecular dynamics approach zhao, et al., PLB 839, 137817 (2023).

» Density functional theory Fiocard, et al., NPA 203, 433 (1973); Egido and Robledo, RPL 85, 1998 (2000).
v" Time-dependent density functional theory (TDDFT)

Simenel and Umar, PRC 89, 031601(R) (2014); Nakatsukasa, et al, RMP 88, 045004 (2016);
Bulgac, et al., PRL 116, 122504 (2016); Ren, et al., PRL 128, 172501 (2022); Scamps, et al., PRC 108 L061602 (2023)

v' Time-dependent generator coordinate method (TDGCM)
Goutte, et al., PRC 71, 024316 (2005); Tao, et al., PRC 96, 024319 (2017); Zhao, et al, PRC 99, 054613 (2019)

There remain several open questions in understanding fission mechanisms
and predicting fragment distributions.




Classical aspects of TDDFT

» Since TDHF equations emerge as a classical field theory for interacting
single-particle fields, the TDDFT approach can neither describe the
motion of the system in classically-forbidden regions of the collective
space nor quantum fluctuations. sender, et ai., JPG: NNP 47, 113002 (2020)
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» TDDFT lacks quantum fluctuations of collective degree of freedom, since
underestimates the width of fission fragment yield.




Adiabatic approximation in TDGCM

» Most implementations of TDGCM assume that the collective motion
stays in the adiabatic potential energy surface, since the manifestation of
non-adiabaticity, and a proper description of the transfer of energy

from collective motion to internal excitation, cannot be achieved.

Bender, et al., JPG: NNP 47, 113002 (2020)
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» TDGCM lacks dissipative mechanism, since overestimates the total
kinetic energy (TKE) of fission fragment.




Spin correlation

» Wilson et al.’s experiment finds that there is almost no correlation
between the spins of fission fragments. wison, et al., Nature 590, 566 (2021)
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» The fission fragments are generated from a nucleus, which is a finite
complex quantum system with entangled constituents. What
mechanism lead to no correlation between the spins of fragments?




» We provide some answers to the above open questions based the
relativistic TDDFT. ren, zhao, Meng, PLB 801, 135194 (2020)

a) Develop a new method, which simultaneously includes quantum
fluctuation and dissipation mechanism in a microscopic framework,
and use it to describe charge yield and TKE of fission fragments.

b) Use relativistic TDDFT to study the spin generation and correlation
of fission fragments, and provide a mechanism to explain the
disappearance of spin correlations.
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Time-dependent relativistic TDDFT

» In relativistic TDDFT, the nuclear wavefunction is represented as a
Slater determinant, and the single-particle wavefunction vy (r,t)
satisfies time-dependent Dirac equation,

0 (r,t) = {a- [-IV-V({@, O]+ VO(rt) + Blmy + S(r, ) i (1, 1),

where potential V¥ (r,t) and S(r,t) depend on time-dependent densities
and currents pg(r,t), jH(r,t), jr, (1, 1),

S(r,t) = asps + Bsps + ysps + SsAps,
VE(r, t) = ayj* + Vv(f“]'u)]'“ + oy Aj* + TsaTVJ'#V + T35TVAJ'#V te

2 .

Evolution process in relativistic TDDFT
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Ren, Zhao, Meng, PLB 801, 135194 (2020)

Ren, Zhao, Meng, PRC 102, 044603 (2020) Wi (t+ 6t) mm) p(t + Ot) wem) ---
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Yield described by TDDFT

» TDDFT represents the nuclear wavefunction as a Slater determinant
and describes the evolutions of independent nucleons in a mean field.
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» TDDFT lacks the quantum fluctuations of collective degree of
freedom and is not suitable to describe the yields of fragments.




Yield described by TDGCM

» TDGCM represents the nuclear wavefunction as a superposition of
generator states that are functions of collective degree of freedom, and
weight functions evolve with time.
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Ren, et al., PRC 105, 044313 (2022)

» TDGCM includes the quantum fluctuations of collective degree of
freedom and is more suitable to describe the yields of fragments.




TKE described by TDGCM and TDDFT

» TDGCM lacks dissipative mechanism and overestimates the TKE of
fission fragments.

» TDDFT includes one-body dissipative mechanism and is more
suitable to describe the TKE of fission fragments.
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» We can combine the respective advantages of TDDFT and TDGCM to
describe fission dynamic and predict charge yield and TKE of fragments.
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Generalized TDGCM

» Generalized time-dependent generator coordinate method (gd-
TDGCM) represents the nuclear wavefunction as a superposition of
relativistic TDDFT trajectories, and weight functions are evolved by the
time-dependent Hill-Wheeler equations.
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BL, Vretenar, NikSic, Zhao, Meng, PRC 108, 014321 (2023) | latpk,q (t) = [RI(E) — & 1Pk (D)
BL, Vretenar, Nik$i¢, Zhao, Zhao, Meng, FoP 19, 44201 (2024) ‘

BL, Vretenar, Niksi¢, Zhao, Meng, PRC 111, L051302 (2025) s, Ren, et al., PRL 128, 172501 (2022)

See Prof. NiksSi¢'s talk for details
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Charge yield and TKE
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v' Compared with TDDFT, gd-TDGCM can reproduce the width of charge
yield due to including quantum fluctuation of collective degree of freedom.

v' Compared with TDGCM, gd-TDGCM can reproduce the TKE of fission
fragment near the peak of charge yield due to including one-body
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dissipative mechanism.

See Prof. NiksSi¢'s talk for details
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Some limitations in the description of TKE

» There remain some limitations in the description of TKE within the
TDDFT and generalized TDGCM framework.
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» Limitations:
v" The nucleon number of fission fragment is not integer.

v Underestimate the TKE of fission fragment at the tail of charge yield.
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TKE with integer nucleon number

» TKE of fragments with integer
nucleon number reads
TKE(Ny, Zy, Ny, Z;)
1 2 1 2
= EmHvH + EvaL + Ecoul-
Kinetic and Coulomb energy are
obtained from the projected

density and current (f = H, L),
j*(r Ny, Zy)

_ <‘P|17J(7‘))’“1/1 (T)ISNfﬁNﬁzfpz|‘P>

<qJ|13N PPz fﬁz|tp>

» Particle number projection can
widen the TKE distributions of
fission fragments.
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The effects of neck thickness

» The initial configuration with thinner
neck is obtained by constraining
hexadecapole B,, of the nucleus.

Density at initial and scission time
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» The TKE of fission fragments in
trajectory 4 is higher than that in
trajectory 1.
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TKE distribution of 24°Pu

» By introducing triaxial deformation
parameter f(,,, TDDFT can vyield
mass symmetric fragments
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» Total TKE distribution read
TKE, (A
TKE(A) = 2.q TKEq( ).
2ql

The trend of TKE distribution of
fission fragments is reproduced.
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Spin correlation

» Wilson et al.’s experiment finds that there is almost no correlation
between the spins of fission fragments. wiison, et al., Nature 590, 566 (2021)

» The theoretical studies on spin correlation:

1.
2.
3.

Spin are produced after scission. wilson, et al., Nature 590, 566 (2021)
Deexcitation process reduce correlations. stetcu, et al., PRL 127, 222502 (2021)

Spin are produced before scission, but the nucleon-exchange mechanism
reduces the correlations. Randrup and Vogt, PRL 127, 062502 (2021).

Spin are produced before scission, and there are some correlations
between primary fission fragments. Bulgac, et al., PRL 128, 022501 (2022)

Opening angle
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Spin correlation

» Wilson et al.’s experiment finds that there is almost no correlation
between the spins of fission fragments. wiison, et al., Nature 590, 566 (2021)

» The theoretical studies on spin correlation:
1. Spin are produced after scission. wilson, et al., Nature 590, 566 (2021)
2. Deexcitation process reduce correlations. stetcu, et al., PRL 127, 222502 (2021)

3. Spin are produced before scission, but the nucleon-exchange mechanism
reduces the correlations. Randrup and Vogt, PRL 127, 062502 (2021).

4. Spin are produced before scission, and there are some correlations
between primary fission fragments. Bulgac, et al., PRL 128, 022501 (2022)

I The studies with TDDFT assume that the
. o nucleus is axial symmetric, which introduces
“  aconstraint on the spins of two fragments,

IZ,, = I + 17 = 0.




Spin correlation

» Wilson et al.’s experiment finds that there is almost no correlation
between the spins of fission fragments. wiison, et al., Nature 590, 566 (2021)

» The theoretical studies on spin correlation:
1. Spin are produced after scission. wilson, et al., Nature 590, 566 (2021)
2. Deexcitation process reduce correlations. stetcu, et al., PRL 127, 222502 (2021)

3. Spin are produced before scission, but the nucleon-exchange mechanism
reduces the correlations. Randrup and Vogt, PRL 127, 062502 (2021).

4. Spin are produced before scission, and there are some correlations
between primary fission fragments. Bulgac, et al., PRL 128, 022501 (2022)

I The studies with TDDFT assume that the
. o nucleus is axial symmetric, which introduces
“  aconstraint on the spins of two fragments,

IZ,, = I + 17 = 0.

Triaxiality?




TDDFT trajectories for 2°*Cf

» The initial states of the axial and triaxial TDDFT trajectories are
selected beyond the saddle points, and their energies are same as
ground state energy of 2°2Cf.

Density at final time (d = 25 fm)
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» The spin distribution of fission fragments at final time are obtained by
angular momentum projection.




Joint probability distribution P(I2, I, )

» The joint probability distribution for the fragment spins along y-axis reads
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» After including the triaxial degree of freedom, the probabilities of wriggling
motion and bending motion are not equal.




Joint probability distribution P(I7, I{)

» The joint probability distribution for the fragment spins along z-axis reads
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» After including the triaxial degree of freedom, the joint probabilities
P(1§,1f) are not limited to the line I + If = 0, and tilted motion appears.
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Quantize spin correlation

» The spin correlations can be quantized by indicator C(H', L) (i =y, z),

o I(HY, L
C(H, L) = ( ) _ | 0, not correlated |
\/S(Hi)S(Li) 1, fully correlated
where mutual information I(H', L") and information entropies S(H') and
S(L") can be obtained from joint probability distribution P(1};, 1}).

Ma and Ma, PPNP 99, 120 (2018)
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Breaking axial symmetry significantly reduces I%-If correlations, and
slightly reduces I;,- I correlations.




Opening angle

» The probability distributions of opening angle between fragment spins read,

P($i) = PUp I, 1) = ) (PIP Pib. PRy W)
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These results underscore the importance of including triaxial degrees of
freedom in microscopic models of fission dynamics.
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Summary and outlook

Summary
» Develop a new method, generalized time-dependent generator
coordinate method (gd-TDGCM).

v Include quantum fluctuation of collective degree and one-body
dissipation in a microscopic framework.

v' Study the effects of mechanism such as quantum fluctuation
and dissipation on the charge yield and total kinetic energy of
fission fragments.

» Reveal how the triaxiality governs correlation of fragment spins with
relativistic time-dependent density functional theory (TDDFT).

Outlook
» Study the effects of quantum fluctuation on the spin generation and

correlation of fission fragment based on gd-TDGCM.
» Explore the reason why TDDFT underestimate the TKE of fission

fragments.
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Numerical details for 2°2Cf

> Nucleus: 2°Cf

» Box size: (Ly, Ly, L,) = (26,26,60) fm
> Step: (dx,dy, dz) = (1.0,1.0,1.0) fm
» Energy density functional: PC-PK1

Zhao, Li, Yao, Meng, PRC 82, 054319 (2012)

» Pairing: monopole pairing

» Pairing strength parameters: G, = —0.125 MeV, G, = —0.210MeV




Spin distribution P/ (I, K)

Axial

Axial

Triaxial

Triaxial

P(1,1,) = <tp|13,i'{z |LIJ> = j dQ Dy’ (Q) <1P‘ﬁvf(ﬂ)‘lli>

Scamps, et al., PRC 108, 034616 (2023)
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B0 — Re(B32) energy surface
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Average spin of fragments

»> Wilson et al.'s experiment finds wilson, et al., Nature 590, 566 (2021).
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» The fragment mass numbers of four TDRDFT trajectories are
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A TDRDFT trajectory only yields one pair of fragments.
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Ren, Zhao, Vretenar, Niksi¢, Zhao, Meng, PRC 105, 044313 (2022)

t=KE



Numerical details for 24°Pu

» Nucleus: ?4°Pu

» Box size: (Ly, Ly, L,) = (20,20,60) fm
» Step: (dx,dy,dz) = (1.0,1.0,1.0) fm
» Energy density functional: PC-PK1

Zhao, Li, Yao, Meng, PRC 82, 054319 (2012)
» Pairing: monopole pairing interaction

» Pairing strength: G,, = —0.135 MeV, G, = —0.230 MeV




Yield described by TDRDFT

» TDRDFT represents the nuclear wavefunction as a Slater determinant and

describes the time evolution of independent nucleons in a mean field.

» TDRDFT does not take into account quantum fluctuations of the collective

degree and is not suitable to describe the yields of fragments.

W()) = |¢(q, 1))

T 16 0)

t; te

q: collective degree (B0, B30, ---)

|$ (g, t)): Slater determinant

2Py, time =0 fm/c

X [fm]
ohOhNo®

24 16 -8 0 8 16 24
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TDRDFT can only simulate a
single fission event.

Ren, Zhao, Vretenar, Niksi¢, Zhao, and Meng,
PRC 105, 044313 (2022)
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Yield described by TDRDFT

» TDRDFT represents the nuclear wavefunction as a Slater determinant and

describes the time evolution of independent nucleons in a mean field.

» TDRDFT does not take into account quantum fluctuations of the collective

degree and is not suitable to describe the yields of fragments.

4
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A TDRDFT trajectory only yields
one pair of fragments.

Ren, Zhao, Vretenar, Niksi¢, Zhao, and Meng,
PRC 105, 044313 (2022)
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Yield described by TDGCM

» TDGCM represents the nuclear wavefunction as a superposition of generator states

that are functions of collective degree, and weight functions evolve with time.

» TDGCM includes quantum fluctuations of the collective degree and is more

suitable to describe the yields of fragments.

__ 35 P
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f(q,t): weight function Charge number Z

|6 (q)): Slater determinant
Ren, Zhao, Vretenar, Niksi¢, Zhao, and Meng,
PRC 105, 044313 (2022)
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Total kinetic energy (TKE)

» Because of lacking dissipative mechanism, TDGCM overestimates the total

kinetic energy of fragments.

» Due to including one-body dissipative mechanism, TDRDFT is more suitable

for describing the total kinetic energy.
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Ren, Zhao, Vretenar, NikSi¢, Zhao, Meng, RPC 105, 044313 (2022)
Can we combine TDRDFT and TDGCM to describe nuclear fission?
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New nuclear wavefunction

» To simultaneously include quantum fluctuations of the collective degree and
dissipative effects, one can represent the nuclear wavefunction as a
superposition of time-dependent Slater determinants, and the weight functions

are also time-dependent.

() = [ dq f(a,0)p(q, 1))
(g, 1))

Weight function (quantum fluctuation)

I
W) =Jdqf(q t)Id)(qlt))

Generator state (dissipative effects)

l\q

(gt @t t flat)

How do we determine the time-evolution equation of nuclear wavefunction?
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Time-dependent variation principle

» Similar with the static equation determined by variation principle, the time-

dependent equation can be determined by time-dependent variation principle.

S = J(‘P(t)|i6t —H¥Y(@®))dt=>65=0

TDDFT A / TDGCM \
¥(q,t)) = |¢(q, 1)) ¥(q,)) = | f(q.t)|p(q))

|9 (q, t)): Time-dependent f(q,t): Weight function

Slater determinant | (q)): Static Slater determinant

Time evolution equation

5= j (W(O)]id, — AW () dt;

Time evolution equation

5= j (W(O)|id, — A[¥ () dt;

----------_’
----------_‘

6S . - 5S _
—— = 0= 0, (t) = h(t)YPx(t) ——=0=iIN(@)0.f(t) = Ht)f (t);
s 5f

N men A e e e




Time-dependent variation principle

» The time equations for weight functions and generator states can also be

determined from the time-dependent variation principle.

Weight function
¥(©)) = [ dq f(q,D)I¢(q, )

v D) S=[(P@®)|io, — H¥(t))dt; —==0.

f(q,t;)




Approximation for action

» The time equations for weight functions and generator states can also be

determined from the time-dependent variation principle.

s TrEEEEEEEEEEEEEEEEEEEEEmEmm— AN
: Weight function -
() = J dq f(q,D)]¢(q,0) | _ R 5 :
v @) | § = [(Y®lid. - H[¥@®))dt;  55=0. E
N o o o o o e o o e ’

f(a.t) @t t flat)

Saq' = | fqfq'(®q|i0: — H|,)dt is neglected.

t=KE



Generalized TDGCM

> Generalized time-dependent generator coordinate method (TDGCM)

represents the nuclear wavefunction as a superposition of TDRDFT trajectories,

and weight functions are evolved by the time-dependent Hill-\Wheeler equations.

Weight function: quantum fluctuations

4
i
I
R Y =J]d ) ’ I
|
\

L Fr 2

1t e o)
1 Regnier and Lacroix, PRC 99, 064615 (2019)D
G S SN BN EEE EEN EEN DN SN EEE EEN BEN BN DS SN BEN BEN BN BN BN BEN BN BN B B v
| | W) =Jdqflqt)pq1))
TDRDFT 1
5 I’ -------------------------- -\\
f(q,t) f(q,t) te f(q.tp) { TDRDFT trajectory: dissipation 1
| |
! . ad a q i
L i kg @) =110 — 5 O]Prq@© 1
BL, Vretenar, leélé, ZhaO, Meng, PRC 108, 014321 (2023) . Ren, Vretenar, N|k§|é, Zhao, Zhao, and Meng’ :
BL, Vretenar, NikSi¢, Zhao, Zhao, Meng, FoP 19, 44201 (2024) l\ PRL 128, 172501 (2022) ll
BL, Vretenar, NikSi¢, Zhao, Meng, PRC 111, L051302 (2025) 5 -
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Time evolution of generator states

» The single particle wavefunction 1/),3 (r, t) of |®,(t)) in TDRDFT, satisfies
0 -
io- Y t) = A1, D) — g (O] (D),

where time-dependent single particle Hamiltonian h9(r, t) is determined by time-
dependent densities and currents, and & (t) = (! (r, O)|h9(r, )|} (1, 1)).
> Ignoring memory effect, the form of h9(r,t) is same as the static case,

ECI(r, t) = a- [—lV — Vq (1", t)] + qu (r, t) + ﬂ[mN + Sq(rr t)]’

where potential Vq“(r, t) and S,(r,t) depend on time-dependent densities and

currents psq (1, t), jq (1,1), jry o (1, t),

Sq (r,t) = UsPs,q T ,BSpg‘,q + ySpg,q + 55Ap5,q'

. U - . . . . 1-7
Vi(rt) = av]él + YV(JSL]u,q)]g + 6VA]5 + T3“TV]#V,q + T35TVA]#V,q Te— - AZ-

Ren, Zhao, Meng, Phys. Lett. B 801, 135194 (2020)
Ren, Vretenar, Niksi¢, Zhao, Zhao, Meng, Phys. Rev. Lett. 128, 172501 (2022)
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Time evolution of weight function

» The equation of motion for weight functions is obtained from the time-dependent

variational principle, Regnier and Lacroix, PRC 99, 064615 (2019)
iNO.f = (H—H"")f,
which reads

D iy (00:fg () = ) Horg (Ofy(6) - Z LRAGIAC!
q q
The time-dependent kernels are

Ngrg(t) = (Pg: (0)|Pq (D)),
H,rq(t) = (Pg, () |H|Pq (1)),
Hift () = (g, (0)]i0,10 (0)).
» The weight function f,(t) is not the probability amplitude of the nucleus at the

collective coordinate g. The corresponding probability amplitude g,(t) is defined

by g = N'/?f and satisfies the time evolution equation,

i0,g = N"Y2(H — HMFYN~1Y/2g 4+ iN1/2N~1/2g,




Induced fission of 24°Pu

» 25 TDRDFT trajectories are selected as generator states.

L0 fm/c [mrocort 114 g

l9|°

-1200 fm/c -

0

M 1 M 1 M 1 .(f) .O

0 400 800 1200 5 10 15 20 25
Time [fm/c] Trajectory number

BL, Vretenar, Niksi¢, Zhao, Meng, PRC 111, L051302 (2025)
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Charge Yields

50 ——— "
4o 240Pu : g&)a(r;aralized TDGCM ,"' ---------------------- "\\
L . Y 4 . . .
The proton number distribution of the
30+
ol nuclear wave functions is obtained by

10 particle number projection method.

A 0.
il huu\m!.__ @

o T
‘—------—¢

(=) B TODFT ~ AV

S 40! e || P(2|2) = (P(O)|PB," ¥ (1))

% 20| (W(O)IPI¥())

©

€ 20t \ Scamps and Lacroix, PRC 87, 014605 (2013) V4
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> 0 B TOGCN v Due to the inclusion of quantum
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fluctuations in the collective degree,

30}

generalized TDGCM, compared with

20} -
ol /..“h Im\ ] TDRDFT, can reproduce the vyields of
oleesadd?” .|| AN ||!"'-|-.- L9 fragments better.
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BL, Vretenar, Niksi¢, Zhao, Meng, PRC 111, L051302 (2025)
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Total kinetic energy (TKE)

)| —
L —=—  Exp.

210 F a TDDFT
. % TDGCM

200 F x generalized TDGCM
190 E
. *
180 -
170
160 F 2
. X
150 - X

TKE [MeV]

140 Bt

H

P

X -
A .

30 35 40 45

50 55 60 65

Charge number Z

v' Due to the inclusion of the one-body dissipative mechanism, generalized

TDGCM, compared with TDGCM, can reproduce the total kinetic energy better.

BL, Vretenar, Niksi¢, Zhao, Meng, PRC 111, L051302 (2025)
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Relativistic density functional

» Relativistic density functional: point-coupling
Etot = Exin T Eint + Eem

= J d3r Z nkl/J,lL (a-p+ Bmy)Yy
k=1

1 1 1 1 1 1

o o2 1o
+ - asps +§.BS,D§‘ +—ysps + 255,05A,05 +§“V]“]u +ZVV(]MJM) +§5V]“A]u

2 4

I D P
+ EaTV]Tv(]TV)u + E5TV]TVA(]TV)M +ej; Au - EAMAAH

» Density and currents:

ps = z UIRTRI jt = Z NPy iy Jrv = z NPy T3y
k=1 k=1 k=1
(isoscalar-scalar) (isoscalar-vector) (isovector-vector)

Zhao, Li, Yao, Meng, PRC 82, 054319 (2010)
Relativistic Density Functional for Nuclear Structure, edited by J. Meng, 2016
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Solution of TD-KS equation

» The formal solution of TD-KS equation is
t

—i | dt' h(r, t’)] Y, (1, ty),

to

l/}k (r, t) = j-\'exp

where T is time-ordering operator and vy, (1, t,) is the initial wavefunction.
» For the numerical implementation of the formal solution, the predictor-
corrector method is adopted and the evolution of the single-particle

wavefunction from t to t + At is obtained as Ren, Zhao, Meng, PRC 102, 044603 (2020)

Y (1t + At) ~ exp|—ih(r, t + At/2)At|y (1, ©).

c—T - == T T ==

p(t) | A()




TKE distribution

» The TKE distribution of fission fragments reads

1 1
TKE(Ny, Zy, Ny, Z;) = Emh,v%, +3

where the mass number and velocity of fragment is

2
m;v;y + Ecoul»

Af = Nf + Zf, 'Uf = j(rf, Nf,Zf)drf (f = H,L),

Af Vf

and the Coulomb energy between two fission fragments is

P (TH,NH,ZH)p (rLr NLJZL)
coul - f f £ 2 drH er
Vg YV

|y — 1]

» The projected density and current read [ j* = (p, j) ]

(¥ [BeyvpaIB) Pyb By | )

JH(r Np, Zf) =

(w 57 By BB, w}




>

Modern theory extension

The review “Future of nuclear fission theory” summarise the main
recommendations of this report that reflect challenges facing nuclear
fission theory

Yields described by TDDFT TKE described by TDDFT
50 P 220 e e
[ *0Py] —=— Exp. : | —=— Exp. 40Py
a0 | —— TDDFT 4 TDDFT
- ] 200 | -
2 30} . %
= | 1 = 180} 1
> 20_— 7 |§ K K
10 : L S S I
[ ] ! A s
A A
p 140 b b e e a b e b b 1
30 35 40 45 50 55 60 65 30 35 40 45 50 55 60 65
Charge number Z Charge number Z

Ren, et al., PRC 105, 044313 (2022)

TDDFT underestimates the width of fission fragment yield.
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Yield and TKE in a microscopic framework

» How to describe the charge (mass) yield and total kinetic energy
(TKE) of fission fragments in a microscopic framework?

Yields

Yields described by TDGCM
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ol
30|
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TKE described by TDGCM
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40 45 50 55 60
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TDGCM overestimates the TKE of fission fragment.

Ren, et al., PRC 105, 044313 (2022)




